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Circular RNA and preparation method thereof

Technical field
The present invention relates to the field of biomedicine, in particular, to an engineered
circular RNA molecule, a pharmaceutical composition comprising the same, and use thereof. The

present invention also relates to the vector as well as the method used for preparing the same.

Background

Circular RNA is a common type of RNA in eukaryotes. Naturally occurring circular RNAs
are primarily produced by a molecular mechanism within cells called "back-splicing". Eukaryotic
circular RNAs have been found to have a variety of molecular and cellular regulatory functions.
For example, circular RNAs can regulate the expression of target genes by binding to microRNAs.
Circular RNAs can also regulate gene expression by directly binding to target proteins.

Due to its circular nature, circular RNA has a longer half-life than linear mRNA, so it is
speculated that circular RNA synthesized in vifro may have higher stability. Methods of forming
circular RNAs in vitro include the chemical method, the enzymatic catalysis method, and the
ribozyme catalysis method. Chemical methods are expensive and the size of the circular RNA
molecules that can be produced is limited. The enzymatic method mainly utilizes T4 RNA ligase
to catalyze the circularization of linear RNA, and the size of RNA payload that can achieve
circularization is also limited. Ribozyme catalysis (e.g., based on Group I introns) is a promising
method for the preparation of circular RNAs.

The natural Group I Intron system can undergo cleavage and ligation reactions to form
circular intronic RNAs. A specific cleavage site conserved sequence located in the 5' exon El is
cleaved by the nucleophilic attack of the free 3' hydroxyl group of guanosine triphosphate,
resulting in a naked 3' hydroxyl group, while the guanylate binds on the cleaved 5' exon El. After
that, the exposed 3' hydroxyl group at the 5' end of the intron attacks the conserved sequence
between the 3' end of the intron and the exon E2, the exon E2 is excised, and the intron undergoes
a circularizing reaction to obtain a circular intronic RNA. An improved ribozyme-catalyzed
approach derived from Anabaena tRNA introns has been reported for the formation of circular
RNAsS in vitro, termed the “Group I permuted intron-exon self-splicing system, PIE system”. This
method can excise the intron to form circular RNA containing exons. Therefore, this method has
the potential to form expressible circular RNAs. The basic design principle of the PIE system is to
connect the exon El sequence and E2 sequence end to end by molecular cloning to form a
continuous circular plasmid. The intron is cleaved by restriction endonuclease to obtain a linear

plasmid. Then, in vitro transcription is performed through the T7 promoter upstream of the
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permuted 3' intron to obtain a linear RNA containing a 3' intron-E2-E1-5' intron structure. Similar
to the natural Group I intron system, the specific cleavage site conserved sequence of exon El is
cleaved by the nucleophilic attack of the free 3' hydroxyl of guanylate, and the exon E1 produces
a naked 3" hydroxyl, while the guanylate binds to the cleaved 5' intron. Subsequently, the exposed
3' hydroxyl of exon E1 attacks the conserved sequence between the 3' intron and exon E2, the 3
intron is excised, and exon E2 and E1 undergo a circularizing reaction to obtain circular E1-E2
RNA.

However, Group I Introns available for ir vitro circularization in the prior art are limited and
only a few of them have been proved to be useful in the PIE system to form circular RNAs.
Therefore, there is a need in the art to develop new Group I Introns which can be used or in vitro

RNA circularization with high efficiency.

Summary of the invention

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5' to 3' direction:

a) a 37 self-splicing intron fragment; and

b) a 5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA through the self-splicing of the circular RNA precursor,

wherein the self-splicing intron is selected from the Group I introns and Group II introns, for
example, the self-splicing intron is selected from Group I introns,

wherein the 3’ self-splicing intron fragment is derived from a 3° terminal portion of a self-
splicing intron starting from an intron internal split site I to the 3' end of the self-splicing intron,
and the 5° self-splicing intron fragment is derived from a 5’ terminal portion of the self-splicing
intron starting from the 5' end of the self-splicing intron to an intron internal split site II.

In aspects and embodiments of the present invention, the self-splicing intron is selected from
the following group: cyanobacterium Anabaena Group I Intron, Azoarcus Group I Intron (Azo),
Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus phage Twort Group I Intron (Twort),
Scytonema-hofmani tRNA fMet group I intron (Sh), or Agrobacterium-tumefaciens group I intron
(At).

In aspects of the present invention, the circular RNA precursor further comprises a homology
arm sequence I upstream of the 3’ self-splicing intron fragment and a homology arm sequence 11
downstream of the 5” self-splicing intron fragment.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
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comprising from 5' to 3' direction:

a) a 3 self-splicing intron fragment;

b) a first residual circularizing element;

¢) a nucleotide sequence of interest;

d) a second residual circularizing element; and

e) a 5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the first residual circularizing element, the nucleotide sequence of
interest, and the second residual circularizing element through the self-splicing of the circular RNA
precursor.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5' to 3' direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest; and

c) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a circularizing
sequence fragment I comprising a ribozyme recognition site II at its 5° end and a circularizing
sequence fragment I comprising a ribozyme recognition site I at its 3’ end,

wherein the circularizing sequence fragment I is derived from a 5’ terminal portion of a
circularizing sequence, and the circularizing sequence fragment II is derived from a 3’ terminal
portion of a circularizing sequence, and

wherein in the generated circular RNA the ribozyme recognition site I is connected with the
ribozyme recognition site II, and thus the circularizing sequence fragment I is connected with the
circularizing sequence fragment II to form the circularizing sequence.

In embodiments, the circularizing sequence is a protein-coding sequence, a non-coding
sequence, a translation initiation element (TIE), or a non-TIE functional element.

In embodiments, the nucleotide sequence of interest further comprises one or more sequences
selected from the following group between the circularizing sequence fragment II and the
circularizing sequence fragment I: at least one protein coding sequences, translation initiation

element (TIE), a non-TIE functional ¢lement, at least one non-coding sequence, or any
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combination thereof.

In embodiments, the ribozyme recognition site I comprises or consists of from 5’ to 3’
direction a nucleotide motif consisting of any of SEQ ID NO: 95-116, in particular said nucleotide
motif consists of any one of CUU, CUC or CAU.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5' to 3' direction:

a) a 3 self-splicing intron fragment ;

b) a nucleotide sequence of interest; and

¢) a 57 self-splicing intron fragment;

wherein the 37 self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a protein-coding
sequence fragment I1, a translation initiation element such as an internal ribosome entry site (IRES),
and a protein-coding sequence fragment I;

wherein the protein-coding sequence fragment I is derived from a 5’ terminal portion of at
least one protein-coding sequences, and the protein-coding sequence fragment II is derived from
a 3’ terminal portion of at least one protein-coding sequence, and

the protein-coding sequence fragment I comprises a ribozyme recognition site I located at its
3’ end, the protein-coding sequence fragment II comprises a ribozyme recognition site II located
at its 5’ end, wherein in the generated circular RNA the ribozyme recognition site I is connected
with the ribozyme recognition site II, and thus the protein-coding sequence fragment [ is connected
with the protein-coding sequence fragment II to form the at least one protein-coding sequence.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5' to 3' direction:

a) a 3’ self-splicing intron fragment ;

b) a nucleotide sequence of interest; and

¢) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a protein-coding

sequence fragment II, a translation initiation element such as an internal ribosome entry site (IRES),
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and a protein-coding sequence fragment I;

wherein the protein-coding sequence fragment I is the 5’ terminal portion of the protein-
coding sequences, and the protein-coding sequence fragment I1 is the 3’ terminal portion of the
protein-coding sequence, and

the protein-coding sequence fragment I comprises a ribozyme recognition site I located at its
3’ end, the protein-coding sequence fragment IT comprises a ribozyme recognition site II located
at its 5” end, wherein in the generated circular RNA the ribozyme recognition site I is connected
with the ribozyme recognition site I1, and thus the protein-coding sequence fragment I is connected
with the protein-coding sequence fragment II to form the protein-coding sequence.

In embodiments, the at least one protein-coding sequence is a sequences encoding a
diagnostic or therapeutic protein. In embodiments, the protein encoded by the protein-coding
sequence is a mammalian protein, for example a human protein. In embodiments, the at least one
protein-coding sequence comprises at least two protein-coding sequences. In embodiments, the at
least one protein-coding sequence is a sequence encoding two or more proteins. In embodiments,
the at least one protein-coding sequence a sequence encoding two or more diagnostic or therapeutic
protein. Such at least two protein-coding sequences are operably linked with each other by spacers,
2A sequence or further translation initiation elements. In embodiments, a further translation
initiation element is operably linked between any two adjacent protein-coding sequences. In
embodiments, the translation initiation element is selected from an IRES sequence, a 5° UTR
sequence, a Kozak sequence, a sequence containing m®A modification, a sequence complementary
to ribosome 18S rRNA, or any combination thereof. In embodiments, the translation initiation
element is an IRES sequence.

In embodiments, the ribozyme recognition site I comprises or consists of from 5’ to 3’
direction a nucleotide motif consisting of any of SEQ ID NO: 95-116, in particular said nucleotide
motif consists of any one of CUU, CUC or CAU.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5’ to 3’ direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest; and

¢) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a translation
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initiation element fragment II, at least one protein-coding sequence, and a translation initiation
element fragment I;

wherein the translation initiation element fragment 1 is derived from a 5’ terminal portion of
a translation initiation element, and the translation initiation element fragment Il is derived from a
3’ terminal portion of the translation initiation element, and

the translation initiation element fragment I comprises a ribozyme recognition site I located
at its 3” end, the translation initiation element fragment II comprises a ribozyme recognition site 11
located at its 5° end, wherein in the generated circular RNA the ribozyme recognition site I is
connected with the ribozyme recognition site II, and thus the translation initiation element
fragment I 1s connected with the translation initiation element fragment II to form the translation
initiation element which can recruit ribosome to initiate translation.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5’ to 3’ direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest; and

c) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3’ direction: a translation
initiation element fragment II, at least one protein-coding sequence, and a translation initiation
element fragment I;

wherein the translation initiation element fragment I is the 5° terminal portion of a translation
initiation element, and the translation initiation element fragment II is the 3’ terminal portion of
the translation initiation element, and

the translation initiation element fragment I comprises a ribozyme recognition site I located
at its 3’ end, the translation initiation element fragment II comprises a ribozyme recognition site 11
located at its 5° end, wherein in the generated circular RNA the ribozyme recognition site I is
connected with the ribozyme recognition site II, and thus the translation initiation element
fragment I 1s connected with the translation initiation element fragment II to form the translation
initiation element which can recruit ribosome to initiate translation.

In embodiments, the at least one protein-coding sequence is a sequence encoding a diagnostic
or therapeutic protein. In embodiments, the protein encoded by the protein-coding sequence is a

mammalian protein, for example a human protein. In embodiments, the at least one protein-coding
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sequence comprises at least two protein-coding sequences. In embodiments, the at least one
protein-coding sequence is a sequence encoding two or more proteins. In embodiments, the at least
one protein-coding sequence a sequence encoding two or more diagnostic or therapeutic protein.
Such at least two protein-coding sequences may be operably linked with each other by spacers, 2A
sequence or further translation initiation elements. In embodiments, the translation initiation
element is selected from an IRES sequence, 5> UTR sequence, Kozak sequence, a sequence
containing m6OA, a sequence complementary to ribosome 18S rRNA, or any combination thereof.
In embodiments, the translation initiation element is an IRES sequence.

In embodiments, the ribozyme recognition site I comprises or consists of from 5’ to 3’
direction a nucleotide motif consisting of any of SEQ ID NO: 95-116, in particular said nucleotide
motif consists of any one of CUU, CUC or CAU.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5’ to 3’ direction:

a) a3’ self-splicing intron fragment;

b) anucleotide sequence of interest;

¢) a5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5’ to 3’ direction: a non-TIE
functional element fragment II, a translation initiation element, and at least one protein-coding
sequence, and a non-TIE functional element fragment I;

wherein the non-TIE functional element fragment I is derived from a 5° terminal portion of a
non-TIE functional element, and the non-TIE translation initiation element fragment IT is derived
from a 3’ terminal portion of the non-TIE functional element, and the non-TIE functional element
fragment I comprises a ribozyme recognition site I located at its 3’ end, the non-TIE functional
fragment II comprises a ribozyme recognition site II located at its 5° end, wherein in the generated
circular RNA the ribozyme recognition site I is connected with the ribozyme recognition site II,
and thus the non-TIE functional element fragment [ is connected with the non-TIE functional
element fragment II to form the non-TIE functional element.

In embodiments, the non-TIE functional element is a 3° UTR or a replicon. In embodiments,
the at least one protein-coding sequence comprises at least two protein-coding sequences. Such at
least two protein-coding sequences may connect with each other by spacers, 2A sequence or further

translation initiation elements. In embodiments, the translation initiation element is selected from
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an IRES sequence, 5’ UTR sequence, Kozak sequence, a sequence containing m®A modification,
a sequence complementary to ribosome 18S rRNA, or any combination thereof. In embodiments,
the translation initiation element is an IRES sequence.

In embodiments, the ribozyme recognition site I comprises or consists of from 5’ to 3’
direction a nucleotide motif consisting of any of SEQ ID NO: 95-116, in particular said nucleotide
motif consists of any one of CUU, CUC or CAU.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5’ to 3 direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest;

¢) a 5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5’ to 37 direction: a non-coding
sequence fragment II, and a non-coding sequence fragment I;

wherein the non-coding sequence fragment I is derived from a 5’ terminal portion of a non-
coding sequence, and the non-coding sequence fragment II is derived from a 3’ terminal portion
of the non-coding sequence, and the non-coding sequence fragment 1 comprises a ribozyme
recognition site I located at its 3’ end, the non-coding sequence fragment II comprises a ribozyme
recognition site II located at its 5” end, wherein in the generated circular RNA the ribozyme
recognition site I is connected with the ribozyme recognition site II, and thus the non-coding
sequence fragment I is connected with the non-coding sequence fragment II to form the complete
non-coding sequence.

In embodiments, the non-coding sequence is an endogenous circular RNA. In embodiments,
the nucleotide sequence of interest further comprises one or more non-coding sequences between
the non-coding sequence fragment I and the non-coding sequence fragment II.

In embodiments, the ribozyme recognition site T comprises or consists of from 5’ to 3’
direction a nucleotide motif consisting of any of SEQ ID NO: 95-116, in particular said nucleotide
motif consists of any one of CUU, CUC or CAU.

In aspects of the present invention, the protein-coding sequence is a sequence encoding an
aquaporin protein, such as AQP-1 protein or a protein having the same activity as the AQP-1
protein and derived from the AQP-1 protein through substitution, deletion or addition of 1, 2, 3, 4,

5, 6,7, 8,9, 10 or more amino acids in the amino acid sequence of the AQP-1 protein. In
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embodiments, the AQP-1 protein is a mammalian AQP-1 protein, in particular, a human AQP-1
protein.

In another aspect, it is an object of the present invention to provide a nucleic acid vector for
generating a circular RNA molecule, said vector comprises a coding sequence of the circular RNA
precursor as described above,

In another aspect, it is an object of the present invention to provide a circular RNA
polynucleotide, which is prepared from the circular RNA precursor as described above or from the
nucleic acid vector as described above. In embodiments, the circular RNA polynucleotide of the
present invention has a duration of in vivo expression of at least 24 hours (1 day), for example, 36
hours, 48 hours, 72 hours, 96 hours, 5 days, 10 days, 15 days, 16 days, 17 days, 18 days, 19 days,
20 days or more. In another aspect, it is an object of the present invention to provide use of the
circular RNA precursor as described above and/or the circular RNA as described above as an
expression vector. In embodiments, the expression vector is used to express one or more diagnostic
or therapeutic proteins.

In another aspect, it is an object of the present invention to provide a pharmaceutical
composition comprising the circular RNA precursor as described above and/or the nucleic acid
vector as described above and/or the circular RNA as described above, and a pharmaceutically
acceptable carrier.

In another aspect, it is an object of the present invention to provide a method for preparing a
circular RNA, comprising:

1) providing the circular RNA precursor as described above or obtaining a circular RNA
precursor by transcribing from the nucleic acid vector as described above;

2) incubating the circular RNA precursor in the presence of a divalent metal cation at a
temperature at which RNA circularization occurs; and

3) harvesting the circular RNA obtained in step 2).

In another aspect, it is an object of the present invention to provide a method for preparing a
circular RNA, comprising

a) providing a nucleic acid vector comprising a self-splicing intron-based RNA circularizing
elements as a transcription template; and

b) incubating the nucleic acid vector in an in vitro transcription system comptising a divalent
metal cation and an RNA polymerase for a first time period during which the linear RNA produced
by in vitro transcription is self-circularized under the action of the RNA circularizing elements to
produce a circular RNA.

In another aspect, it is an object of the present invention to provide a method for purifying a

circular RNA, comprising:
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a) contacting a mixture comprising the circular RNA and the circular RNA precursor with a
circular RNA-specific probe under a condition that allows the circular RNA-specific probe to
specifically bind to and form a complex with the circular RNA;

b) separating the complex from one or more components in the mixture that are not bound to
the circular RNA-specific probe; and

¢) releasing the circular RNA from the complex.

In another aspect, it is an object of the present invention to provide a method for purifying a
circular RNA, comprising;

1) contacting a mixture comprising the circular RNA and the circular RNA precursor to a
linear circular RNA precursor-specific probe under a condition that allows the linear circular RNA
precursor-specific probe to specifically bind to and form a complex with the linear circular RNA
precursor; and

i) removing the complex formed by the linear circular RNA precursor-specific probe with
the linear circular RNA precursor from the mixture,

ii1) collecting the circular RNA-containing mixture obtained in step ii), and

optionally, steps 1)-iii) are performed multiple times, e.g., 2 times, 3 times, 4 times or more.

In another aspect, it is an object of the present invention to provide a method for purifying a
circular RNA, comprising:

1) adding a linear RNA-specific tag to the linear RNA in a mixture comprising circular RNA
and linear RNA;

i1) contacting the mixture comprising circular RNA and linear RNA with a linear RNA probe
that specifically binds to the tag under a condition that allows the probe to specifically bind to and
form a complex with the linear RNA; and

iii) removing the complex formed by the linear RNA probe with the linear RNA from the
mixture,

1v) collecting the circular RNA-containing mixture obtained in step iii),

optionally, steps 1i)-1v) are performed multiple times, e.g., 2 times, 3 times, 4 times or more.

In another aspect, it is an object of the present invention to provide a product expressed by
the circular RNA as described above, the circular RNA prepared by the method as described above
or the circular RNA purified by the method as described above.

In yet another aspect, it is an object of the present invention to provide a pharmaceutical
composition comprising the circular RNA precursor as described above and/or the nucleic acid
vector as described above and/or the circular RNA as described above and/or the circular RNA
prepared by the method as described above and/or the circular RNA purified by the method as

described above, and a pharmaceutically acceptable carrier.

10
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In yet another aspect, it is an object of the present invention to provide a method for
preventing or treating a disease or condition in a subject, comprising administering to a subject the
circular RNA as described above, the circular RNA prepared by the method as described above or
the circular RNA purified by the method as described above, or the pharmaceutical composition
as described above.

In another aspect, it is an object of the present invention to provide use of the circular RNA as
described above, the circular RNA prepared by the method as described above or the circular RNA
purified by the method as described above, or the pharmaceutical composition as described above
in the manufacture of a medicament for preventing or treating a disease or condition in a subject.

In some aspects, it is an object of the present invention to provide a method of screening a
target open reading frame (ORF) sequence encoding a target polypeptide for a nucleotide motif,
comprising steps of:

1) extracting amino acid units in the direction of N terminal to C terminal in the target
polypeptide containing m amino acids, and each group of amino acid units includes an amino acid
with the number of n; with a step of 1 amino acid, slide along the N terminal to the C terminal, n
is an integer and n>2, m is an integer and > 1;

2) listing all nucleotide sequences corresponding to each group of amino acid units according
to their degenerate codons; and

3) identifying nucleotide sequences obtained from step 2) that match the nucleotide motif;

wherein the nucleotide motif consists of any one of SEQ ID NO: 95-116, preferably CUU,
CUC or CAU, and

4) optionally, selecting the target ORF as the circularizing sequence of a circular RNA
precursot.

In some aspects, it is an object of the present invention to provide a system for screening a
target open reading frame (ORF) for a nucleotide motif, wherein the target open reading frame
(ORF) is a nucleotide sequence encoding a target polypeptide, and the system comprises:

a) an amino acid extraction module, which is used for extracting amino acid units in the
direction of N terminal to C terminal in the target polypeptide containing m amino acids, wherein
each group of amino acid units comprise an amino acid with a number of n, with a step of 1 amino
acid, sliding along the N terminal to the C terminal, and n is an integer and n>2, m is an integer
and > 1;

b) a conversion module, which is used for determining the set of codon sequences of each
amino acid unit, each set of codon sequences includes all degenerate codon sequences
corresponding to each set of amino acid units; and

¢) a target codon sequence filtering module, which is used for determining whether the target

11
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codon sequence contain a nucleotide sequence that exactly matches the nucleotide motif;
wherein the nucleotide motif consists of any one of SEQ ID NO: 95-116, preferably CUU,
CUC or CAU.

In some aspects, it is an object of the present invention to provide a method for screening a
target internal ribosome entry site (IRES) for a nucleotide motif, comprising steps of:

1) identifying regions of non-conserved sequences of the target IRES by comparing the target
IRES with the other IRES sequences from the same viral subgenus, through multiple sequence
alignment tools, for example: Clustal Omega, or MUSCLE;

2) based on the results of multiple sequence alignment, determining a low-structure region of
the target IRES through secondary structure prediction software, such as RNAfold, Mfold,
RNAstructure or RNAalifold; and

3) editing 0, 1, or 2 bases in the low-structure region in the target IRES to match the nucleotide
motif without affecting the translation initiation activity of said IRES;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO: 95-
116, preferably CUU, CUC or CAU.

In some aspects, it is an object of the present invention to provide a system for screening a
target internal ribosome entry site (IRES) for a nucleotide motif, wherein the system comprises:

a) a multi-sequence alignment module, which is used for comparing the target IRES with the
other IRES sequences from the same viral subgenus to identify regions of non-conservative
sequences;

b) a low-structure prediction module, which is used for determining a low-structure region
within the target IRES according to the result of the multiple sequence alignments of the target
IRES; and

¢) a base editing module, which is used for editing the bases at any one or more positions in
the region to obtain an edited region matching the nucleotide motif,

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO: 95-
116, preferably CUU, CUC or CAU.

In some aspects, it is an object of the present invention to provide a screening method for
screening a target non-TIE functional element for the nucleotide motif in ribozyme recognition
site I, comprising a step of:

a) editing 0, 1, or 2 bases on the non-TIE functional element so that the non-TIE functional
element sequence (such as 3> UTR or a replicon) comprises an edited region that matches the
nucleotide motif whilst maintaining the non-TIE function;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO: 95-
116, preferably CUU, CUC or CAU.

12
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In some aspects, it is an object of the present invention to provide a system for screening a
target region sequence in a non-TIE functional element sequence (such as 3° UTR or a replicon)
for a nucleotide motif, wherein the screening system comprises:

a) a base editing module, which is used for editing the bases at any one or more positions in
the region to obtain an edited region matching the nucleotide motif;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO:
95-116, preferably CUU, CUC or CAU.

It is to be understood that each of the method of prevention or treatment embodiments herein can

also be formulated as corresponding use type embodiments.

Brief description of the figures

Figure 1. Different PIE designs of Azoarcus Group I Intron (Azop).

Figure 2. The circularization efficiency of Azop with different PIEs.

Figure 3. PIE design of Scytalidium dimidiatum Group I Intron (S.d).

Figure 4. The circularization efficiency of S.d with different PIEs.

Figure 5. Different PIE designs of Staphylococcus phage Twort Group I Intron (Twort).

Figure 6. The circularization efficiency of Twort with different PIEs.

Figure 7. Different PIE designs of Scytonema hofmanii Group I Intron (Sh).

Figure 8. The circularization efficiency of Scytonema hofmanii (Sh).

Figure 9. Circularization efficiency of IL2 with different Group I Introns of the present
invention.

Figure 10. The RNA circularization efficiency of Agrobacterium-tumefaciens Group I Intron
(A1).

Figure 11. Homology arm (HA) design: structure prediction of precursors with different HAs.

Figure 12. The circularization efficiency of AnaX-IL2 with different Homology arms.

Figure 13. Analysis of the correlation between circularization efficiency and average base
MFE of Homology arm.

Figure 14. Design of CLEAN-PIE on ORF or IRES from PIE.

Figure 15. Design of CLEAN-PIE on functional element from PIE.

Figure 16. Sequence and structure of CLEAN-PIE designs for I1L2.

Figure 17. The circularization efficiency of AnaX Clean PIE for IL2.

Figure 18. Different CLEAN-PIE Designs for circular RNA polynucleotides expressing the
AQP1 protein (CLEAN-PIE circAQP1).

Figure 19. The circularization efficiency, translation and immunogenicity of Clean PIE for

circAQP1 (CLEAN-PIE circAQP1).
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Figure 20. The effect of miRNA target sites in circRNA on expression level.
Figure 21. The effect of UTR on circRNA translation.
Figure 22. CLEAN-PIE circAQP1 expression in salivary glands in rats.

Figure 23. Representative images of [HC staining for AQP1 expression in salivary glands.

Detailed description of the invention

In the present invention, unless indicated otherwise, the scientific and technological
terminologies used herein refer to meanings commonly understood by a person skilled in the art.
Also, the terminologies and experimental procedures used herein relating to protein and nucleotide
chemistry, molecular biology, cell and tissue cultivation, microbiology, immunology, all belong to
terminologies and conventional methods generally used in the art. For example, the standard DNA
recombination and molecular cloning technology used herein are well known to a person skilled
in the art, and are described in details in the following references: Sambrook, J., Fritsch, Efland
Maniatis, T., Molecular Cloning: A Laboratory Manual; Cold Spring Harbor Laboratory Press:
Cold Spring Harbor, 1989. In the meantime, in order to better understand the present invention,
definitions and explanations for the relevant terminologies are provided below.

"non

As used herein, the singular forms "a," "an," and "the" include plural referents unless the
context clearly dictates otherwise. It is further noted that the claims may be drafted to exclude any
optional element. For example, a circular RNA precursor refers to one or more circular RNA

"

precursors. As such, the terms "a

" " 1"
3

an", "one or more" and "at last one" can be used
interchangeably. For example, the term “at least one™ refers to one, two or more. This statement is

"on

intended to serve as antecedent basis for use of such exclusive terminology as "solely," "only" and

the like in connection with the recitation of claim elements, or use of a "negative" limitation.
Similarly the terms "comprising”, "including” and "having" can be used interchangeably.

As used herein, the term "and/or” encompasses all combinations of items connected by the
term, and each combination should be regarded as individually listed herein. For example, "A
and/or B" covers "A", "A and B", and "B". For example, "A, B, and/or C" covers "A", "B", "C",

"Aand B", "Aand C", "B and C", and "A and B and C".

"non "

As used herein, "about, " "approximately, " "substantially, " and "significantly" will be
understood by persons of ordinary skill in the art and will vary to some extent on the context in
which they are used. If there are uses of these terms which are not clear to persons of ordinary skill
in the art given the context in which they are used, "about" and "approximately" will mean plus or
minus <10% of the particular term and "substantially" and "significantly” will mean plus or
minus >10% of the particular term.

In the present application, "optional” or "optionally" means that the subsequently described

14



WO 2024/193634 PCT/CN2024/082941

event or circumstance may or may not occur, and that the description includes instances where
said event or circumstance occurs and instances in which it does not.

"Polynucleotide", "nucleic acid sequence”, "nucleotide sequence”, or "nucleic acid fragment"
are used interchangeably to refer to a polymer of RNA or DNA that is single- or double-stranded,
optionally containing synthetic, non-natural or altered nucleotide bases. Nucleotides (usually
found in their 5'-monophosphate form) are referred to by their single letter designation as follows:
"A" for adenylate or deoxyadenylate (for RNA or DNA, respectively), "C" for cytidylate or
deoxycytidylate, "G" for guanylate or deoxyguanylate, "U" for uridylate, "T" for
deoxythymidylate, "R" for purines (A or G), "Y" for pyrimidines (C or T), "K" for G or T, "H" for
Aor CorT, "I" for inosine, and "N" for any nucleotide. Although the nucleotide sequences hercin
may be represented as DNA sequences (comprising T(s)), when referring to RNA, one skilled in
the art can readily determine the corresponding RNA sequence (i.e., replacing T with U).

For example, the nucleotide sequence of interest in the present invention can be a non-coding
sequence, such as an antisense RNA, aptamer, guide RNA, or non-coding RNA existing in any
organism.

Sequence "identity" has recognized meaning in the art, and the percentage of sequence
identity between two nucleic acids or polypeptide molecules or regions can be calculated using the
disclosed techniques. Sequence identity can be measured along the entire length of a
polynucleotide or polypeptide or along a region of the molecule. (See, for example, Computational
Molecular Biology, Lesk, A.M., ed., Oxford University Press, New York, 1988; Biocomputing:
Informatics and Genome Projects, Smith, D.W., ed., Academic Press, New York, 1993; Computer
Analysis of Sequence Data, Part 1, Griffin, A.M., and Griffin, H.G., eds., Humana Press, New
Jersey, 1994; Sequence Analysis in Molecular Biology, von Heinje, G., Academic Press, 1987; and
Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton Press, New York,
1991). There are many methods for determining sequence identity. An example of algorithms
suitable for determining percent sequence identity is the algorithm used in the Basic Local
Alignment Search Tool (hereinafter "BLAST"), see e.g., Altschul et al., J. Mol. Biol. 215:403-410,
1990 and Altschul et al, Nucleic Acids Res., 15:3389-3402, 1997. Software for performing BLAST
analysis is publicly available through the National Center for Biotechnology Information
(hereafter "NCBI"). Default parameters used to determine sequence identity using software
available from NCBI (such as BLASTN for nucleic acid sequences) are described in McGinnis et
al. Nucleic Acids Res., 32: W20-W25, 2004.

A polynucleotide sequence (e.g. a RNA polynucleotide sequence or its fragments) "derived
from" a designated polynucleotide sequence means the former polynucleotide sequence is

originated from the latter. In some embodiments, the polynucleotide sequence which is derived
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from a particular polynucleotide sequence has a polynucleotide sequence that is identical,
essentially identical or homologous to that particular sequence or a fragment thereof.
Polynucleotide sequences derived from a particular polynucleotide sequence may be variants of
that particular sequence or a fragment thereof. For example, it will be understood by one of
ordinary skill in the art that the circular RNA molecules suitable for use herein may be altered such
that they vary in sequence from the sequences from which they were derived, while retaining the
desirable activity thereof."Circular RNA precursor” herein refers to a linear RNA molecule capable
of forming a covalently linked closed circular RNA molecule, e.g., by self-splicing. The circular
RNA precursor may be produced by transcription from a nucleic acid vector comprising a coding
sequence of the circular RNA precursor. Alternatively, the circular RNA precursor may also be
obtained by chemical synthesis.

In some embodiments, the circular RNA precursor is capable of forming a covalently linked
closed circular RNA molecule by self-splicing under the action of the self-splicing intron
fragments and the residual circularizing elements.

As used herein, the term "self-splicing intron" refers to an intron having self-splicing
ribozyme activity and capable of excising itself and joining two flanking exons. In some
embodiments, the splicing is autocatalytic splicing.

"Self-splicing introns" include, but are not limited to, Group I introns and Group II introns.
Group I introns contain 14 subgroups, while most of the Group I introns belong to the IC3
subgroup. For example, the Group I intron may be a Group I intron of the cyanobacterium
Anabaena belonging to the IC3 subgroup or a Group I intron from a T4 phage Group I intron
belonging to the [A2 subgroup or a Group I intron from Azoarcus sp. BH72 belonging to the IC3
subgroup. Additional examples of self-splicing introns useful in the present invention include, but
are not limited to, self-splicing introns derived from the following organisms: Enterobacteriophage
T4, Bacteriophage Twort, Bacteriophage SPOI1, Bacteriophage S3b, Bacillus anthracis,
Clostridium botulinum, Tetrahymena thermophila , Dunaliclla parva, Pneumocystis carinii,
Physarum polycephalum, Anabaena sp. PCC7120, Scytonema hofmanni, Agrobacterium
tumefaciens, Synechocystis PCC 6803, Synechococcus elongatus PCC 6301, Neurospora crassa,
Candida albicans, Scytalidium cerradiumydiaces, Pediadiaces Chlamydomonas nivalis, Chlorella
vulgaris, Amoebidium parasiticum, Neurospora crassa, Emericella nidulans, Saccharomyces
cerevisiae, Schizosaccharomyces pombe, Neochloris aquatica, Dunaliella parva, Symkania
negevensis, Emericella nidulans. See e.g., Vicens, Q., et al., (2008). Toward predicting self-
splicing and protein-facilitated splicing of group I introns. RNA 14: 2013-2029; Tanner, A. M., et
al., (1996). Activity and thermostability of the small self-splicing group I intron in the pre-tRNAIle
of the purple bacterium Azoarcus. RNA 2:74-83.
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In some embodiments, the self-splicing intron is selected from the following group:
cyanobacterium Anabaena Group I Intron such as AnaX, Azoarcus Group I Intron (Azo),
Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus phage Twort Group I Intron (Twort),
Scytonema-hofmani tRNA fMet Group [ Intron (Sh), or Agrobacterium-tumefaciens Group I
Intron (At). For example, the self-splicing intron is selected from a nucleotide sequence of any one
of SEQ ID NO: 1-6, or a nucleotide sequence having at least 50%, at least 60%, at least 70%, at
least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence identity to any one
of SEQ ID NO: 1-6.

In some embodiments, the 3’ self-splicing intron fragment and the 5’ self-splicing intron
fragment are derived from a same self-splicing intron. In some embodiments, the 3’ self-splicing
intron fragment is derived from or contains a 3’ terminal portion of the self-splicing intron (a native
self-splicing intron), and accordingly the 5° self-splicing intron fragment is derived from or
contains a 5’ terminal portion of the self-splicing intron (a native self-splicing intron). In some
embodiments, the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of the self-splicing intron (a native self-splicing intron).

In some embodiments, the self-splicing intron is a Group I intron. In some embodiments, the
self-splicing intron is a Group I intron of the IA2 or IC3 subgroup, preferably IC3 subgroup.

In some embodiments, the 3” self-splicing intron fragment is a 3' Group I intron fragment. In
some embodiments, the 5’ self-splicing intron fragment is a 5' Group I intron fragment.

As used herein, a 3' self-splicing intron fragment (e.g., a 3' Group I intron fragment) is a
sequence that is at least 75%, e.g., at least 80%, at least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 99% or 100% identical to the 3' terminal portion of a native self-splicing intron (e.g., a Group
[ intron). A 5' self-splicing intron fragment (e.g., a 5' Group I intron fragment) is a sequence that
is at least 75%, e.g., at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or
100% 1dentical to the 5' terminal portion of a native self-splicing intron (e.g., a Group I intron).

It is generally believed that in order to achieve circularization, the native Group I intron needs
to be split at an internal site to form a so called “Group I permuted intron-exon self-splicing system,
PIE system”. An internal split site as used herein refers to a location where the native Group I

intron is split into two portions, and the internal split site is selected such that the generated two
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separate portions of native Group I intron (the 3' terminal portion and the §' terminal portion)
together can maintain ribozyme activity necessary for the self-splicing, even after permutation. It
is believed that the two separate portions of native Group I intron maintaining the overall
conformation of the native Group I intron can maintain ribozyme activity necessary for the self-
splicing. As used herein, the internal split site is located between an intron internal split site I and
an intron internal split site IT, the intron internal split site I refers to the first nucleotide downstream
of the internal split site and the intron internal split site II refers to the first nucleotide upstream of
the internal split site. As used herein, “PIE” or “PIE method” or “PIE system” refers to the above
described “Group I permuted intron-exon self-splicing system, PIE system™.

In some embodiments, the 3’ self-splicing intron fragment is derived from a 3’ terminal
portion of a self-splicing intron starting from an intron internal split site I to the 3' end of the self-
splicing intron, and the 5’ self-splicing intron fragment is derived from a 5’ terminal portion of the
self-splicing intron starting from the 5' end of the self-splicing intron to an intron internal split site
IL.

Only a few Group I introns of which the exact internal split site have been determined by a
person skilled in the art, e.g., by referenced to Puttaraju M., et al., (1992) Group I permuted intron-
exon (PIE) sequences self-splice to produce circular exons; and/or Puttaraju M., et al., (1996)
Circular ribozymes generated in Escherichia coli using group I self-splicing permuted intron-exon
sequences. For example, for a Group I intron, especially an Anabaena Group I intron, it can usually
be split at a specific site in its P6 region to form the PIE system.

The 3' terminal portion of a native Group [ intron may have a length of about 5% to about
95%, such as about 5%, about 10%, about 20%, about 30%, about 40%, about 50%, about 60%,
about 70%, about 80%, about 90%, about 95% of the full length of the native Group I intron.
Accordingly, the 5' terminal portion of a native Group I intron may have a length of about 5% to
about 90%, such as about 5%, about 10%, about 20%, about 30%, about 40%, about 50%, about
60%, about 70%, about 80%, about 90%, about 95% of the full length of the native Group I intron.

In some embodiments, the combination of the 3' Group I intron fragment and the 5' Group 1
intron fragment substantially has the self-splicing activity of the corresponding native Group I
intron.

“Circularization efficiency” as used herein may refer to the ratio of outcome circular RNA to
input precursor in a given time period. Alternatively, “Circularization efficiency” as used herein
may refer to the ratio of desired circular RNA to linear circRNA precursor or the ratio of circRNA
to the sum of circRNA and linear circRNA precursor in the final product in a given time period.
The circularizing efficiency can be determined by methods well known in the art, such as those

described in Example 2, 4, 6 and 8 of the present application.
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In some embodiments, the circularizing efficiency of the circular RNA is increased by at least
about 10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%, at least
about 60%, at least about 70%, at least about 80%, at least about 90%, at least about 100%, at least
about 200%, at least about 300%, at least about 400%, at least about 500% or more.

“Reduced immunogenicity” as used herein may refer to that the circular RNA, upon contacted
with cells, elicits a reduced immune response, i.e., an immune response at a level lower than a
control circular RNA or control linear RNA. For example, reduced immune response refers to
reduced expression of cytokines. The cytokines include, but are not limited to, IFNf8, TNFa, IL6
and/or RIG-I. In some embodiments, the immunogenicity of the circular RNA is reduced by at
least about 10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%, at
least about 60%, at least about 70%, at least about 80%, at least about 90% or more.

As used herein, "spacer" refers to any contiguous nucleotide sequence that at least does not
negatively interfere with the function of the elements connected by it. Generally, if it is desired to
avoid the interaction of two near or adjacent elements, a spacer can be inserted between the two
elements. The spacer sequences described herein can serve two functions: (1) to facilitate
circularization and (2) to facilitate functionality by allowing correct folding of the residual
circularizing element and the nucleotide sequence of interest (e.g., IRES). In some embodiments,
the spacer is no more than 150, no more than 100, no more than 50, no more than 30, no more than
10, no more than 5, or no more than 3 nucleotides in length. In some embodiments, the spacer is
5 nucleotides in length. In some embodiments, the spacer is 4 nucleotides in length. In some
embodiments, the spacer is 3 nucleotides in length. In some embodiments, the first spacer may be
absent. In some embodiments, the second spacer may be absent. In some embodiments, the first
spacer and the second spacer may be absent.

In one aspect, the present invention provides a circular RNA precursor comprising from 5' to

3" direction :

a) a 37 self-splicing intron fragment; and

b) a 5° self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in

combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA through the self-splicing of the circular RNA precursor,

wherein the self-splicing intron is selected from the Group I introns and Group II introns, for

example, the self-splicing intron is selected from Group I introns.

In embodiments of the present invention, the self-splicing intron is selected from the

following group: cyanobacterium Anabaena Group I Intron such as AnaX, Azoarcus Group I

Intron (Azo), Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus phage Twort Group 1
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Intron (Twort), Scytonema-hofmani tRNA fMet group I intron (Sh), or Agrobacterium-
tumefaciens group I intron (Af).

In some embodiments of the present invention, the 3’ self-splicing intron fragment is derived
from a 3’ terminal portion of a self-splicing intron starting from an intron internal split site I to the
3' end of the self-splicing intron, and the 5 self-splicing intron fragment is derived from a 5’
terminal portion of the self-splicing intron starting from the 5' end of the self-splicing intron to an
intron internal split site II.

In some embodiments of the present invention, when the self-splicing intron is
cyanobacterium Anabaena Group I Intron such as AnaX, the intron internal split site IT and the
intron internal split site [ are the nucleotide A at position 115 and the nucleotide A at position 116
from 5° end of the AnaX intron (SEQ ID NO:1) respectively, and when connected form the
nucleotide sequence of AA.

In some embodiments of the present invention, when the self-splicing intron is Azoarcus
Group I Intron (Azo) (SEQ ID NO:2),

1) the intron internal split site 1T and the intron internal split site I are the nucleotide A at
position 24 and the nucleotide A at position 25 from 5’ end of the Azo intron respectively, and
when connected form the nucleotide sequence of AA (P2);

2) the intron internal split site II and the intron internal split site I are the nucleotide A at
position 85 and the nucleotide A at position 86 from 5’ end of the Azo intron respectively, and
when connected form the nucleotide sequence of AA (P4-5);

3) the intron internal split site II and the intron internal split site I are the nucleotide C at
position 71 and the nucleotide C at position 72 from 5” end of the Azo intron respectively, and
when connected form the nucleotide sequence of CC (P5);

4) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
108 and the nucleotide U at position 109 from 5 end of the Azo intron respectively, and when
connected form the nucleotide sequence of CU (P6);

5) the intron internal split site II and the intron internal split site I are the nucleotide A at
position 154 and the nucleotide A at position 155 from 5’ end of the Azo intron respectively, and
when connected form the nucleotide sequence of AA (P8); or

6) the intron internal split site Il and the intron internal split site [ are the nucleotide C at
position 198 and the nucleotide A at position 199 from 5’ end of the Azo intron respectively, and
when connected form the nucleotide sequence of CA (P9).

In some embodiments of the present invention, when the self-splicing intron is Scytalidium
dimidiatum Group I Intron (Sd) (SEQ ID NO:4),

1) the intron internal split site II and the intron internal split site I are a nucleotide A at position
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88 and a nucleotide G at position 89 from 5 end of the Sd intron respectively, and when connected
form a nucleotide sequence of AG (P2);

2) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
173 and a nucleotide G at position 174 from 5’ end of the Sd intron respectively, and when
connected form a nucleotide sequence of UG (P5);

3) the intron internal split site IT and the intron internal split site T are a nucleotide A at position
204 and a nucleotide G at position 205 from 5 end of the Sd intron respectively, and when
connected form a nucleotide sequence of AG (P6);

4) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
252 and a nucleotide G at position 253 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of CG (P8); or

5) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
370 and a nucleotide G at position 371 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of CG (P9).

In some embodiments of the present invention, when the self-splicing intron is
Staphylococcus phage Twort Group I Intron (Twort) (SEQ ID NO:3),

1) the intron internal split site IT and the intron internal split site [ are a nucleotide U at position
70 and a nucleotide A at position 71 from 5 end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (PS);

2) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
103 and a nucleotide A at position 104 from 5° end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P6);

3) the intron internal split site II and the intron internal split site I are a nucleotide A at position
132 and a nucleotide U at position 133 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AU (P7);

4) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
173 and a nucleotide C at position 174 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UC (P8);

5) the intron internal split site IT and the intron internal split site T are a nucleotide A at position
206 and a nucleotide A at position 207 from 5° end of the Twort intron respectively, and when
connected form a nucleotide sequence of AA (P9);

6) the intron internal split site IT and the intron internal split site I are a nucleotide G at position
226 and a nucleotide U at position 227 from 5 end of the Twort intron respectively, and when
connected form a nucleotide sequence of GU (P9.1);

7) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
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23 and a nucleotide A at position 24 from 5 end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P2); or

&) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
82 and a nucleotide A at position 83 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AA (P4-5).

In some embodiments of the present invention, when the self-splicing intron is Scytonema-
hofmani tRNA fMet group I intron (Sh) (SEQ ID NO:5),

1) the intron internal split site I and the intron internal split site I are a nucleotide A at position
129 and a nucleotide A at position 130 from 5° end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P6).

2) the intron internal split site Il and the intron internal split site I are a nucleotide A at position
60 and a nucleotide A at position 61 from 5” end of the Sh intron respectively, and when connected
form a nucleotide sequence of AA (P2).

3) the intron internal split site Il and the intron internal split site I are a nucleotide A at position
109 and a nucleotide A at position 110 from 5’ end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P4-5).

4) the intron internal split site II and the intron internal split site I are a nucleotide A at position
213 and a nucleotide A at position 214 from 5 end of the Sh intron respectively, and when
connected form a nucleotide sequence of UA (P9).

In some embodiments of the present invention, when the self-splicing intron is
Agrobacterium-tumefaciens group I intron (At) (SEQ ID NO:6), the intron internal split site II and
the intron internal split site I are a nucleotide A at position 107 and a nucleotide A at position 108
from 5’ end of the At intron respectively, and when connected form a nucleotide sequence of AA
(P6).

In some embodiments of the present invention, the 3' self-splicing intron fragment is a
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% sequence identity to the 3' terminal portion of the self-splicing intron, and the 5' self-
splicing intron fragment is a sequence having at least 75%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% sequence identity to the 5' terminal portion of the self-
splicing intron.

In some embodiments of the present invention, the self-splicing intron is the cyanobacterium
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Anabaena Group I Intron such as AnaX, the 3' self-splicing intron fragment comprises or consists
of a nucleotide sequence of SEQ ID NO: 7 or a nucleotide sequence having at least 75%, at least
80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% or 100% identity to SEQ ID
NO: 7, and the 5' self-splicing intron fragment comprises or consists of a nucleotide sequence of
SEQ ID NO: 8 or a nucleotide sequence having at least 75%, at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 8.

In some embodiments of the present invention, the self-splicing intron is AnaX (SEQ ID
NO:1), wherein the 3' self-splicing intron fragment comprises or consists of a nucleotide sequence
of SEQ ID NO: 7, and the 5' self-splicing intron fragment comprises or consists of a nucleotide
sequence of SEQ ID NO: 8.

In some embodiments of the present invention, the self-splicing intron is the Azoarcus Group
[ Intron (Azo), the 3' self-splicing intron fragment comprises or consists of a nucleotide sequence
of SEQ ID NO: 9, 11, 13, 15, 17 or 19 or a nucleotide sequence having at least 75%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at lcast 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 9, 11,
13, 15, 17 or 19, and the 5' self-splicing intron fragment comprises or consists of a nucleotide
sequence of SEQ ID NO: 10, 12, 14, 16, 18 or 20 or a nucleotide sequence having at least 75%, at
least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
87%., at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID
NO: 10, 12, 14, 16, 18 or 20.

In some embodiments of the present invention, the self-splicing intron is the Azoarcus Group
[ Intron (Azo) (SEQ ID NO:2), wherein the 3° self-splicing intron fragment and the 5' self-splicing
intron fragment respectively are: SEQ ID NO: 9 and SEQ ID NO: 10, SEQ ID NO: 11 and SEQ
ID NO: 12, SEQ ID NO: 13 and SEQ ID NO: 14, SEQ ID NO: 15 and SEQ ID NO: 16, SEQ ID
NO: 17 and SEQ ID NO: 18.

In some embodiments of the present invention, the self-splicing intron is the Scytalidium
dimidiatum Group I Intron (Sd) (SEQ ID NO:4) , the 3' self-splicing intron fragment comprises or
consists of a nucleotide sequence of SEQ ID NO: 37, 39, 41, 43 or 45 or a nucleotide sequence

having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
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85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or
100% identity to SEQ ID NO: 37, 39, 41, 43 or 45, and the 5' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 38, 40, 42, 44 or 46 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 38, 40, 42, 44 or 46.

In some embodiments of the present invention, the self-splicing intron is the Scytalidium
dimidiatum Group I Intron (Sd) (SEQ ID NO:4) , wherein the 3’ self-splicing intron fragment and
the 5' self-splicing intron fragment respectively are: SEQ ID NO: 37 and SEQ ID NO: 38, SEQ ID
NO: 39 and SEQ ID NO: 40, SEQ ID NO: 41 and SEQ ID NO: 42, SEQ ID NO: 43 and SEQ ID
NO: 44, SEQ ID NO: 45 and SEQ ID NO: 46.

In some embodiments of the present invention, the sclf-splicing intron is the Staphylococcus
phage Twort Group I Intron (Twort) (SEQ ID NO:3), the 3’ self-splicing intron fragment comprises
or consists of a nucleotide sequence of SEQ ID NO: 21, 23, 25, 27, 29, 31, 33 or 35 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at lcast 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 21, 23, 25, 27, 29, 31, 33 or 35, and the 5’ self-splicing
intron fragment comprises or consists of a nucleotide sequence of SEQ ID NO: 22, 24, 26, 28, 30,
32, 34 or 36 or a nucleotide sequence having at least 75%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 22, 24, 26, 28, 30, 32, 34 or 36.

In some embodiments of the present invention, the self-splicing intron is the Staphylococcus
phage Twort Group I Intron (Twort) (SEQ ID NO:3), wherein the 3’ self-splicing intron fragment
and the 5° self-splicing intron fragment respectively are: SEQ ID NO: 21 and SEQ ID NO: 22,
SEQ ID NO: 23 and SEQ ID NO: 24 SEQ ID NO: 25 and SEQ ID NO: 26, SEQ ID NO: 27 and
SEQ ID NO: 28, SEQ ID NO: 29 and SEQ ID NO: 30, SEQ ID NO: 31 and SEQ ID NO: 32, SEQ
ID NO: 33 and SEQ ID NO: 34, SEQ ID NO: 35 and SEQ ID NO: 36.

In some embodiments of the present invention, the self-splicing intron is the Scytonema-
hofmani Trna fMet group I intron (Sh) (SEQ ID NO:5), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 47, 49, 51, 53, or a nucleotide

sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
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at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 47, 49, 51, 53, and the 5' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 48, 50, 52, 54, or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 48, 50, 52, 54.

In some embodiments of the present invention, the self-splicing intron is the Scytonema-
hofmani Trna fMet group I intron (Sh) (SEQ ID NO:5), wherein the 37 sclf-splicing intron
fragment and the 5 self-splicing intron fragment respectively are: SEQ ID NO: 47 and SEQ ID
NO: 48, SEQ ID NO: 49 and SEQ ID NO: 50, SEQ ID NO: 51 and SEQ ID NO: 52, SEQ ID NO:
53 and SEQ ID NO: 54.

In some embodiments of the present invention, the self-splicing intron is the Agrobacterium-
tumefaciens group I intron (At) (SEQ ID NO:6), the 3' self-splicing intron fragment comprises or
consists of a nucleotide sequence of SEQ ID NO: 55 or a nucleotide sequence having at least 75%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ
ID NO: 55, and the 5' self-splicing intron fragment comprises or consists of a nucleotide sequence
of SEQ ID NO: 56 or a nucleotide sequence having at least 75%, at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 56.

In some embodiments of the present invention, the self-splicing intron is the Agrobacterium-
tumefaciens group I intron (At) (SEQ ID NO:6), wherein the 3’ self-splicing intron fragment and
the 5’ self-splicing intron fragment respectively are: SEQ ID NO: 55 and SEQ ID NO: 56.

In one aspect, the present invention provides a circular RNA precursor comprising from 5' to
3' direction:

a) a 37 self-splicing intron fragment;

b) a first residual circularizing element;

¢) optionally, a nucleotide sequence of interest;

d) a second residual circularizing element; and

e)a 5’ self-splicing intron fragment;

wherein the 3° self-splicing intron fragment and the 5’ self-splicing intron fragment in
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combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the first residual circularizing element, the nucleotide sequence of
interest, and the second residual circularizing element through the self-splicing of the circular RNA
precursor,

wherein the total length of the first residual circularizing element and the second residual
circularizing element is about 2 to about 200 nucleotides.

As used herein, a "residual circularizing element" refers to an exon-derived sequence that is
additionally introduced to facilitate the circularization process. The residual circularizing element
is a sequence derived from the native exon of the self-splicing intron (the exon flanking the self-
splicing intron) and is involved in or required for circularization by the self-splicing intron and
participates in circularization together with the self-splicing intron but is retained in the final
circular RNA. In particular, the residual circularizing element is capable of being recognized
and/or spliced by the self-splicing intron (or a combination of the first self-splicing intron fragment
and the second self-splicing intron fragment), and thus is required for circularization.

As used herein, “exon region” in the residual circularizing element is a sequence derived from
the native exon of the self-splicing intron (the exon flanking the self-splicing intron) and capable
of being recognized and/or spliced by the self-splicing intron (or a combination of the first self-
splicing intron fragment and the second self-splicing intron fragment), and thus is required for
circularization. An “exon region” can also be referred as a “splicing site sequence” herein.

In some embodiments, the first residual circularizing element comprises or consists of from
57 to 3’ direction a 3' exon region and optionally a first spacer. In the circular RNA precursor, the
5'end of the 3' exon region is directly connected to the 3' end of the 3’ self-splicing intron fragment.

In some embodiments, the 3' exon region is derived from the native 3' exon of the self-splicing
intron (the exon flanking (downstream of) the 3' end of the self-splicing intron) or a contiguous
fragment thereof starting from the 5' terminal nucleotide.

In some embodiments, the total length of the first residual circularizing element and the
second residual circularizing element is no greater than about 500 nucleotides, e.g., no greater than
about 200, about 100, about 90, about 80, about 70, about 60, about 50, about 40, about 30, about
20, about 15, about 10, about 5 nucleotides, about 4, nucleotides, about 3 nucleotides, about 2
nucleotides, about 1 nucleotide or 0 nucleotide.

In some embodiments, the total length of the first residual circularizing element and the
second residual circularizing element is from about 2 to about 200 nucleotides, or any integer
number therebetween. In some embodiments, the total length of the first residual circularizing
element and the second residual circularizing element is about 2 to about 30 nucleotides, or any

integer number therebetween. In some embodiments, the total length of the first residual
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circularizing element and the second residual circularizing element is from about 2 to about 20
nucleotides, or any integer number therebetween. In some embodiments, the total length of the
first residual circularizing element and the second residual circularizing element is from about 2
to about 15 nucleotides, or any integer number therebetween. In some embodiments, the total
length of the first residual circularizing element and the second residual circularizing element is
about 2 to about 10 nucleotides, or any integer number therebetween.

In some embodiments, the total length of the first residual circularizing element and the
second residual circularizing element is at least 5 nucleotides in length. In some embodiments, the
total length of the first residual circularizing element and the second residual circularizing element
is at least 10 nucleotides in length. In some embodiments, the total length of the first residual
circularizing element and the second residual circularizing element is at least 15 nucleotides in
length.

In some embodiments, the total length of the first residual circularizing element and the
second residual circularizing element is from about 5 to about 100 nucleotides, or any integer
number therebetween. In some embodiments, the total length of the first residual circularizing
element and the second residual circularizing element is from about 10 to about 100 nucleotides,
or any integer number therebetween. In some embodiments, the total length of the first residual
circularizing element and the second residual circularizing element is from about 15 to about 100
nucleotides, or any integer number therebetween.

In some embodiments, the total length of the first residual circularizing element and the
second residual circularizing element is 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45,46, 47,48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,
71,72,73,74,75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, 100, 200 nucleotides.

In some embodiments, the first residual circularizing element and the second residual
circularizing element are configured such that the circular RNA comprising them has reduced
immunogenicity.

In some embodiments, the first residual circularizing element and the second residual
circularizing element are configured such that the circular RNA or circular RNA precursor
comprising them has comparable or increased circularization efficiency.

In some embodiments, the first residual circularizing element comprises or consists of from
5’ to 3’ direction a 3' exon region and optionally a first spacer. In the circular RNA precursor, the
5'end of the 3' exon region is directly connected to the 3' end of the 3° self-splicing intron fragment.

Asused herein, “exon region” in the residual circularizing element is a sequence derived from
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the native exon of the self-splicing intron (the exon flanking the self-splicing intron) and capable
of being recognized and/or spliced by the self-splicing intron (or a combination of the first self-
splicing intron fragment and the second self-splicing intron fragment), and thus is required for
circularization. An “exon region” can also be referred as a “splicing site sequence” herein.

In some embodiments, the 3' exon region is derived from the native 3' exon of the self-splicing
intron (the exon flanking (downstream of) the 3' end of the self-splicing intron) or a contiguous
fragment thereof starting from the 5' terminal nucleotide.

In some embodiments, the 3' exon region is the entire native 3' exon of the self-splicing intron,
or has at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%., at least 97%, at
least 98% or at least 99% sequence identity with the entire native 3' exon of the self-splicing intron,
orhas1,2,3,4,5,6,7,8,9, or 10 or more nucleotide substitutions, deletions or additions compared
to the entire native 3' exon of the self-splicing intron.

In some embodiments, the 3' exon region is a contiguous fragment starting from the 5'
terminal nucleotide of the native 3' exon. In some embodiments, the 3' exon region has at least
50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% or at
least 99% sequence identity with a contiguous fragment starting from the 5' terminal nucleotide of
the native 3' exon. In some embodiments, the 3' exon region has 1, 2, 3,4, 5,6, 7. 8,9, or 10 or
more nucleotide substitutions, deletions or additions compared to a continuous fragment starting
from the 5' terminal nucleotide of the native 3' exon.

In some embodiments, the contiguous fragment starting from the 5' terminal nucleotide of the
native 3' exon comprises or consists of at least 1%, at least 5%, at least 10%, at least 20%, at least
30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90% nucleotides
of the native 3' exon. In some embodiments, the contiguous fragment starting from the 5' terminal
nucleotide of the native 3' exon is at least 1 nucleotide in length, such as at least 2, at least 3, at
least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 15 nucleotides, at
least 20, at least 25, at least S0 or more nucleotides in length. In some embodiments, the contiguous
fragment starting from the 5' terminal nucleotide of the native 3' exon is 1 nucleotide in length or
upto2,upto3,upto4,upto S, upto6,upto7,upto8, upto9, upto 10, up to 15, up to 20, up
to 25, up to 50 nucleotides in length or up to the total length of the native 3' exon.

In some embodiments, where the self-splicing intron is a Group I intron, the 3' exon region

at least comprises a sequence (such as a sequence of about 1 to about 20 nucleotides) at it 5’
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terminus which can pair with the P1 region of the corresponding Group I intron to form a P10
duplex region.

It is believed that for self-splicing of Group I introns, the consecutive one or more nucleotides
(such as at least about 1 to about 7 nucleotides) from the 5' end of the native 3' exon can pair with
the P1 region to form a P10 duplex region, and thus plays an important role in self-splicing.
Definitions of the P1 and P10 regions of Group I introns are known in the art and can be determined,
for example, with reference to the following documents: Burke, J. M., et al., (1987) Structural
conventions for group [ introns; Stahley, R. M., et al (2006) RNA splicing: group I intron crystal
structures reveal the basis of splice site selection and metal ion catalysis; and/or Woodson, A. S.,
(2005) Structurc and assembly of group I introns.

In some embodiments, the second residual circularizing element comprises or consists of
from 3° to 5 direction a 5' exon region and optionally a second spacer. In the circular RNA
precursor, the 3' end of the 5' exon region is directly connected to the 5' end of the second self-
splicing intron fragment.

In some embodiments, the 5' exon region is derived from the native 5' exon of the self-splicing
intron (the exon flanking (downstream of) the 5' end of the self-splicing intron) or a contiguous
fragment thereof starting from the 3' terminal nucleotide.

In some embodiments, the 5' exon region is the entire native 5' exon of the self-splicing intron,
or has at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98% or at least 99% sequence identity with the entire native 5' exon of the Group I intron, or
has1,2,3,4,5,6,7,8,9, or 10 or more nucleotide substitutions, deletions or additions compared
to the entire native 5' exon of the self-splicing intron.

In some embodiments, the 5' exon region is a contiguous fragment starting from the 3'
terminal nucleotide of the native 5' exon. In some embodiments, the 5' exon region has at least
50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% or at
least 99% sequence identity with a contiguous fragment starting from the 3' terminal nucleotide of
the native 5' exon. In some embodiments, the 5' exon region has 1, 2, 3,4, 5,6, 7, 8, 9, or 10 or
more nucleotide substitutions, deletions or additions compared to a continuous fragment starting
from the 3' terminal nucleotide of the native 5' exon.

In some embodiments, the contiguous fragment starting from the 3' terminal nucleotide of the

native 5' exon comprises or consists of at least 1%, at least 5%, at least 10%, at least 20%, at least
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30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90% nucleotides
of the native 5' exon. In some embodiments, the contiguous fragment starting from the 3' terminal
nucleotide of the native S' exon is at least 1 nucleotide in length, such as at least 2, at least 3, at
least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 15 nucleotides, at
least 20, at least 25, at least 50 or more nucleotides in length. In some embodiments, the contiguous
fragment starting from the 3' terminal nucleotide of the native 5' exon is 1 nucleotide in length or
upto2,upto3,upto4,upto 5, upto6,upto7,upto8, upto9, upto10,upto 15, upto 20, up
to 25, up to 50 nucleotides in length or up to the total length of the native 5' exon.

In some embodiments, where the self-splicing intron is a Group I intron, the 5' exon region
comprises a sequence (for example, a sequence of about 3 to about 8 consecutive nucleotides) at
its 3' terminus which can pair with the internal guide sequence (IGS) of the corresponding Group
I intron to form a Pl double-stranded region.

It is believed that for self-splicing of Group I introns, about 3 to about 8 consecutive
nucleotides from the 3' end of the native 5' exon can pair with the internal guide sequence (IGS)
of the intron to form the P1 double-stranded region, thus playing an important role in self-splicing.
Definitions of IGS and/or P1 region of Group I introns are known in the art and can be determined,
for example, with reference to the following documents: Burke, J. M., et al.,, (1987) Structural
conventions for group [ introns; Stahley, R. M., et al (2006) RNA splicing: group I intron crystal
structures reveal the basis of splice site selection and metal ion catalysis; and/or Woodson, A. S.,
(2005) Structure and assembly of group I introns.

In some embodiments, the first residual circularizing element and the second residual
circularizing element comprise spacers of different sequences, or one of them comprises a spacer
and the other does not.

In some embodiments, the first residual circularizing element and the second residual
circularizing element are configured to be capable of forming a stem-loop structure. In some
embodiments, the loop of the stem-loop structure comprises the splicing junction.

In some embodiments, the presence of the stem-loop structure can be predicted and/or
determined by the nucleotide sequences of the 3” self-splicing intron fragment (e.g., 3' Group 1
intron fragment), the first residual circularizing element, the second residual circularizing element,
and the 5’ self-splicing intron fragment (e.g., 5' Group I intron fragment) involved in circularization.
In some embodiments, the presence of a stem-loop structure can be predicted and/or determined
from the nucleotide sequence by RNA structure prediction tools such as RNAfold
(http://rna.tbi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi) or RNAstructure
(https://rna.urmc.rochester.edu/RNAstructure Web/index.html).

In some embodiments, the first residual circularizing element comprises the sequence
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structure of the following formula: 5'-first loop sequence-first pairing sequence-first non-pairing
sequence-3'; and the second residual circularizing element comprises the sequence structure of the
following formula: S5'-second non-pairing sequence-second pairing sequence-second loop
sequence-3',

wherein the first non-pairing sequence or the second non-pairing sequence may be
independently present or absent,

the first pairing sequence and the second pairing sequence can complementarily pair to each
other to form the stem of the stem-loop structure, wherein the first loop sequence and the second
loop sequence can form the loop of the stem-loop structure, e.g., through self-splicing for
circularization.

Typically, the sequences forming the loop of the stem-loop structure are derived from the 3'
exon region and/or the 5' exon region.

In some embodiments, where the self-splicing intron is a Group I intron, the first loop
sequence comprises or consists of one or more nucleotides (for example, about 1 to about 20
nucleotides) which can pair with the P1 region of the corresponding Group [ intron (or the structure
formed by the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment) to form a
P10 duplex region during the circularization.

In some embodiments, the first loop sequence may comprise or consist of a nucleotide
sequence of (N)n, wherein N represents any nucleotides (A, G, U, or C), n represents an integer
from 1-20, for example, 1, 2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20. In some
specific embodiments, nis 2, 4, or 5.

In some embodiments, the first loop sequence comprises or consists of the about 1 to about 7
consecutive nucleotides starting from the 5' terminal nucleotide of the native 3' exon of the Group
[ intron.

In some embodiments, the first loop sequence for example comprises or consists of AAAA,
AA, UUUU, UAAA, CAAA, or GAAA.

In some embodiments, where the self-splicing intron is a Group I intron, the second loop
sequence comprises or consists of one or more nucleotides (about 3 to about § nucleotides) which
can pair with the internal guide sequence (IGS) of the corresponding Group I intron (or the
structure formed by the 3’ self-splicing intron fragment and the 5 self-splicing intron fragment) to
form a P1 duplex region during the circularization.

In some embodiments, the second loop sequence comprises or consists of the about 3 to about
8 consecutive nucleotides starting from the 3' terminal nucleotide of the native 5' exon of the Group
I intron.

In some embodiments, the second loop sequence for example comprises or consists of CUU
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or CUC.

In some embodiments, a loop with a sequence of CUUAAAA, CUUUUUU, CUUAA,
CUUGAAA, CUUUAAA, CUUCAAA or CUCAAAA can be formed after circularization.

In some embodiments, the first loop sequence comprises or consists of AAAA and the second
loop sequence comprises or consists of CUU. In some specific embodiments, a loop with a
sequence of CUUAAAA is formed after circularization.

The pairing sequences forming the stem of the stem-loop structure may be derived from the
exon regions, however, it may also be derived from the spacer sequences. Alternatively, the pairing
sequence may be derived from an exon region and a spacer sequence, i.e., the pairing sequence
comprises at least a portion of an exon region and at least a portion of the spacer.

Without being bound by any theory, the RNA circularization efficiency based on intron self-
splicing (e.g., Group I intron self-splicing) is related to the number of base pairs or the type or
composition of base pairs in the stem portion of the stem-loop structure formed by the residual
circularizing element. The stability of the stem-loop structure (e.g., as can be predicted from
calculated free energics) may affect the circularization efficiency.

In some embodiments, the stem portion of the stem-loop structure comprises at least 2 base
pairs, such as at least 3, at least 4, at least 5, at least 6, at least 7, at least §, at least 9, at least 10, at
least 11, at least 12, at least 13, at least 14, at least 15 or more base pairs, preferably consecutive
matched base pairs. In some embodiments, the stem portion of the stem-loop structure comprises
2-15 or more consecutive matched base pairs. In some embodiments, the stem portion of the stem-
loop structure comprises 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 base pairs, preferably
consecutive matched base pairs. In some embodiments, the stem portion of the stem-loop structure
comprises 5 base pairs, preferably consecutive matched base pairs. In some embodiments, the stem
portion of the stem-loop structure comprises 6 base pairs, preferably consecutive matched base
pairs. In some embodiments, the stem portion of the stem-loop structure comprises 7 base pairs,
preferably consecutive matched base pairs.

In some embodiments, the stem portion in the stem-loop structure comprises up to 2 base
mismatches, or up to 1 base mismatch, preferably, the stem portion comprises no base mismatches.

In some embodiments, the first pairing sequence comprises only G and the second pairing
sequence comprises only Cs. In some embodiments, the first pairing sequence comprises only C
and the second pairing sequence comprises only G. In some embodiments, the first pairing
sequence includes only A and the second pairing sequence includes only U.

In some embodiments, the circular RNA precursor further comprises a 5' homology arm
sequence and a 3' homology arm sequence capable of complementary pairing to form a homology

arm double-stranded region. In some embodiments, the 5" homology arm sequence is upstream of
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the 5' end of the 3’ self-splicing intron fragment and the 3" homology arm sequence is downstream
of the 3' end of the 5° self-splicing intron fragment.

In some embodiments, the nucleotide sequence of interest provided herein comprises at least
one protein-coding sequence and a translation initiation element such as an internal ribosome entry
site (IRES) operably linked thereto. Here, “operably linked” refers to that the translation initiation
element such as IRES can mediate translation of the encoded protein. In some embodiments, in
the circular RNA precursor, the translation initiation element, such as an IRES, is located upstream
of the 5' end of the at least one protein-coding sequence, or the translation initiation element, such
as an IRES, is located downstream of the 3' end of the at least one protein-coding sequence.

Protein-coding sequences can encode proteins of cukaryotic, prokaryotic or viral origin. In
certain embodiments, the protein can be any protein for therapeutic or diagnostic use. For example,
the protein coding region can encode human proteins, antigens, antibodies, gene editing enzymes
such as CRISPR nucleases, and the like. For example, the encoded protein can be a chimeric
antigen receptor, an immunomodulatory protein, and/or a transcription factor, and the like. Some
specific examples include, but are not limited to, EGF, FGF1, RBD, G6PC, PAH, HGF, and the
like.

In some embodiments, the at least one protein-coding sequence can encode IL-2 or an
aquaporin, such as AQP-1 protein or a protein having the same activity as the naturally occurring
AQP-1 protein and derived from the naturally occurring AQP-1 protein through substitution,
deletion or addition of 1, 2, 3,4, 5, 6,7, 8, 9, 10 or more amino acids in the amino acid sequence
of the naturally occurring AQP-1 protein. In embodiments, the protein-coding sequence of the
present invention encodes the AQP-1 protein. In embodiments, the AQP-1 protein is a mammalian
AQP-1 protein, in particular, a human AQP-1 protein.

In some embodiments, the at least one protein-coding sequence of the invention comprises a
nucleotide sequence of any one of SEQ ID NO: 117-118, or a nucleotide sequence having at least
50%, at least 60%, at least 70%, at least 80%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98% , or at least 99% sequence identity to any one of SEQ ID NO: 117-118.

In some embodiments, the translation initiation element of the invention comprises: IRES
sequence, 5° UTR sequence, Kozak sequence, a sequence containing méA, a sequence
complementary to ribosome 18S rRNA, or any combination thereof.

The IRES sequence may be selected from, but is not limited to, the following IRES sequences:
Taura syndrome virus, blood-sucking bug virus, Tyler's encephalomyelitis virus, simian virus 40,

red fire ant virus 1, cereal constriction virus, reticulovirus Endothelial hyperplasia virus, Forman
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poliovirus 1, soybean inchworm virus, Kashmir bee virus, human rhinovirus 2, glass leathopper
virus-1, human immunodeficiency virus type 1, glass leathopper virus-1, lice P virus , Hepatitis C
virus, Hepatitis A virus, Hepatitis GB virus, Foot and mouth disease virus, Human enterovirus 71,
Equine rhinovirus, Tea inchworm-like virus, Encephalomyocarditis virus (EMCV), Drosophila C
virus, Cruciferous tobacco Virus, cricket paralysis virus, bovine viral diarrhea virus 1, black queen
cell virus, aphid lethal paralysis virus, avian encephalomyelitis virus, acute bee paralysis virus,
hibiscus yellow ring spot virus, swine fever virus, human FGF2, human SFTPA1, Human
AMLI1/RUNXI, Drosophila Antennae, Human AQP4, Human AT1R, Human BAG-1, Human
BCL2, Human BiP, Human ¢c-IAP1, Human c-myc, Human e[F4G, Mouse NDST4L, Human LEF1,
Mouse HIFla, Human n.myc, mouse Gtx, human p27kipl, human PDGF2/c-sis, human p53,
human Pim-1, mouse Rbm3, Drosophila reaper, canine Scamper, Drosophila Ubx, human UNR,
mouse UtrA, human VEGF-A, human XIAP, Drosophila hairless, Saccharomyces cerevisiae
TFIID, Saccharomyces cerevisiae YAP1, human c-src, human FGF-1, simian picornavirus, turnip
crepe disease virus, elF4G aptamer, Coxsackie Virus B3 (CVB3) or Coxsackie virus A (CVAL1/2).
Wild-type TRES sequences can also be modified and used in the present invention. Preferably, the
IRES is CVB3, HRV-B3, BRAV-1 L, PV1 L, CAV2 L, BRAV-1, PV1, or CAV2.

For example, the IRES comprises a nucleotide sequence set forth in one of SEQ ID NOs:
120-526, or comprises a nucleotide sequence having at least 75%, e.g., at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at lcast 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98% , at least 99% sequence identity to one of SEQ ID NOs: 120-526.

In some embodiments, the circular RNA precursor further comprises a homology arm
sequence I and a homology arm sequence II capable of complementary pairing to each other to
form a homology arm double-stranded region.

In some embodiments, the homology arm sequence I is upstream of the 3’ self-splicing intron
fragment and the homology arm sequence II is downstream of the 5’ self-splicing intron fragment.

In some embodiments, the homology arm sequence I or the homology arm sequence II is
about 5-500, about 5-450, about 5-400, about 5-350, about 5-300, about 5-250, about 5-200, about
5-150, about 5-100, about 5-80, about 5-60, about 5-50, about 5-40, about 5-30, about 5-25, about
5-20, about 5-15 or about 5-10 nucleotides in length, preferably, about 20, 25, 40, 50, 100, or 300
nucleotides in length.

In some embodiments, the two homology arm sequences may be polyA and polyT,
respectively, or polyG and polyC, respectively.

In some embodiments, one of the homology arm sequence I and the homology arm sequence

IT of the invention comprises a nucleotide sequence of any one of SEQ ID NO: 71-94 or a
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nucleotide sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% sequence identity to any one of SEQ ID NO: 71-94,
while the other homology arm sequence comprises the corresponding complementary sequence.

In some embodiments, the circular RNA precursor of the invention comprises a nucleotide
sequence selected from any one of SEQ ID NO: 527, 532 and 537-542, or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% sequence identity to any one of SEQ ID NO: 527, 532 and 537-542.

In some embodiments, the nucleotide sequence of interest is a non-coding sequence. For
example, the non-coding sequence can be POLR2A, antisense RNA, aptamer, guide RNA, or non-
protein-coding RN A existing in any organism, and the like. The non-coding sequence may or may
not contain a specific secondary structure.

In one aspect, provided herein is a nucleic acid vector for generating a circular RNA molecule,
said vector comprises a coding sequence of the circular RNA precursor of the present invention.

As used herein, "vector" refers to a DNA derived from a virus, plasmid or cell of a higher
organism into which a foreign DNA fragment can be or has been inserted for cloning and/or
expression purposes. In certain embodiments, the vector can be stably maintained in the organism.
The vector may contain, for example, an origin of replication, a selectable marker or a reporter
gene, such as antibiotic resistance or GFP, and/or a multiple cloning site (MCS). The term includes
linear DNA fragments (e.g., PCR products, linear plasmid fragments), plasmid vectors, viral
vectors, cosmids, bacterial artificial chromosomes (BACs), yeast artificial chromosomes (YACs),
and the like.

In some embodiments, the nucleic acid vector further comprises an RNA polymerase
promoter sequence operably linked to the coding sequence of the circular RNA precursor. The
operably linked promoter allows in vivo and/or in vitro transcription of the circular RNA precursor.
The promoter is, for example, a T7 RNA polymerase promoter, a T6 viral RNA polymerase
promoter, a SP6 viral RNA polymerase promoter, a T3 viral RNA polymerase promoter or a T4
viral RNA polymerase promoter.

There is provided herein a novel Clean PIE system for preparation of circular RNA, which
can improve the sequence accuracy of the circular RNA, reduce the change of the secondary
structure of circular RNA, thereby decreasing the immunogenicity of the circular RNA, increasing

the stability of the circular RNA in cells and reducing the safety risk in clinical applications.
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In one aspect, the present invention provides a circular RNA precursor comprising from 5' to
3' direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest; and

¢) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a circularizing
sequence fragment I comprising a ribozyme recognition site II at its 5’ end and a circularizing
sequence fragment I comprising a ribozyme recognition site I at its 3’ end,

wherein the circularizing sequence fragment I is derived from a 5° terminal portion of a
circularizing sequence, and the circularizing sequence fragment II is derived from a 3’ terminal
portion of a circularizing sequence, and

wherein in the generated circular RNA the ribozyme recognition site 1 is connected with the
ribozyme recognition site II, and thus the circularizing sequence fragment I is connected with the
circularizing sequence fragment II to form the circularizing sequence.

In one aspect, the present invention provides a circular RNA precursor comprising from 5' to
3' direction:

a) a 37 self-splicing intron fragment;

b) a nucleotide sequence of interest; and

c) a 5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a circularizing
sequence fragment I comprising a ribozyme recognition site IT at its 5° end and a circularizing
sequence fragment I comprising a ribozyme recognition site [ at its 3’ end,

wherein the circularizing sequence fragment I is the 5’ terminal portion of a circularizing
sequence, and the circularizing sequence fragment II is the 3’ terminal portion of a circularizing
sequence, and

wherein in the generated circular RNA the ribozyme recognition site I is connected with the

ribozyme recognition site II, and thus the circularizing sequence fragment I is connected with the
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circularizing sequence fragment II to form the circularizing sequence.

In embodiments, the nucleotide sequence of interest comprises one or more sequences
selected from the following group between the circularizing sequence fragment II and the
circularizing sequence fragment I: at least one protein coding sequences, translation initiation
element (TIE), a non-TIE functional element or any combination thereof.

As used herein, in the Clean-PIE system, "circularizing sequence" refers to a nucleotide
sequence which is part of the nucleotide sequence of interest. The circularization sequence is
involved in or required for circularization by the self-splicing intron and participates in
circularization together with the self-splicing intron. In embodiments, the circularizing sequence
is a protein-coding sequence, a non-coding sequence, a translation initiation element (TIE), or a
non-TIE functional element. As used herein, in the Clean-PIE system, "circularizing sequence
fragment I’ and “‘circularizing sequence fragment II” each is part of the circularizing sequence. In
the Clean-PIE system of the present invention, circularizing sequence fragments I and II are
connected to form the circularizing sequence and such a circularizing sequence formed will retain
its biological functions or activities.

As used herein, in the Clean-PIE system, "ribozyme recognition site" refers to a segment of
nucleotide sequence which belongs to a part of the circularizing sequence. The ribozyme
recognition site is involved in or required for circularization by the self-splicing intron and
participates in circularization together with the self-splicing intron but is retained as a part of the
circularizing sequence in the final circular RNA. In embodiments, the ribozyme recognition site
I is connected with ribozyme recognition II to form the ribozyme recognition site. In
embodiments, the ribozyme recognition site comprises 2 to 50 nucleotides, for example 2 to 40,
2 to 30, 2 to 25, 2 to 20, 2 to 15, 2 to 10 nucleotides, in particular 2, 3,4, 5,6, 7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or more nucleotides. In embodiments, the
ribozyme recognition site I is comprised of 1 to 10 nucleotides, in particular 1, 2, 3, 4, 5, 6, 7, 8,
9 or 10 nucleotides. In embodiments, the ribozyme recognition site II 1s comprised of 1 to 10
nucleotides, in particular 1, 2, 3,4, 5, 6, 7, 8, 9 or 10 nucleotides.

As used herein, “a nucleotide motif” refers to a nucleotide sequence pattern that is related to
biological function of the ribozyme recognition site. In the present invention, the nucleotide motif
is located at the 3” end of ribozyme recognition site L.

In embodiments, the ribozyme recognition site I comprises or consists of from 5’ to 3’
direction a nucleotide motif consisting of any of SEQ ID NO: 95-116, in particular said nucleotide
motif consists of any one of CUU, CUC or CAU.

Only for the purpose of illustrating the present invention, it is provided herein the following

examples of the “Clean-PIE system” of the invention. These particular examples include “Clean-
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PIE-Cargo system”, “Clean-PIE-TIE system”, “Clean-PIE-NonTIE system” and “Clean-PIE-
Non-coding Cargo system”. A person skilled in the art understands that any variations, deviations,
modifications etc. that are made to the “Clean-PIE system” illustrated as follows do not deviate
from the present invention and are thus comprised in the scope of the present invention.
For Clean-PIE-Cargo system, the present invention provides a circular RNA precursor
comprising from 5' to 3' direction:
a) a 3 self-splicing intron fragment;
b) a nucleotide sequence of interest; and
¢) a 57 self-splicing intron fragment;
wherein the 37 self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;
wherein the nucleotide sequence of interest comprises from 5'to 3' direction: a protein-coding
sequence fragment I1, a translation initiation element such as an internal ribosome entry site (IRES),
and a protein-coding sequence fragment I;
wherein the protein-coding sequence fragment I is derived from a 5’ terminal portion of at
least one protein-coding sequence, and the protein-coding sequence fragment II is derived from a
3’ terminal portion of at least one protein-coding sequence, and
the protein-coding sequence fragment I comprises a ribozyme recognition site I located at its
3’ end, the protein-coding sequence fragment II comprises a ribozyme recognition site II located
at its 5’ end, wherein in the generated circular RNA the ribozyme recognition site I is connected
with the ribozyme recognition site II, and thus the protein-coding sequence fragment [ is connected
with the protein-coding sequence fragment II to form the at least one protein-coding sequence.
The present invention provides a circular RNA precursor comprising from 5' to 3' direction:
a) a 3’ self-splicing intron fragment;
b) a nucleotide sequence of interest; and
¢) a 5’ self-splicing intron fragment;
wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;
wherein the nucleotide sequence of interest comprises from 5'to 3' direction: a protein-coding
sequence fragment I, a translation initiation element such as an internal ribosome entry site (IRES),

and a protein-coding sequence fragment I;
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wherein the protein-coding sequence fragment I is the 5° terminal portion of at least one
protein-coding sequence, and the protein-coding sequence fragment II is the 3’ terminal portion of
at least one protein-coding sequence, and

the protein-coding sequence fragment I comprises a ribozyme recognition site I located at its
3’ end, the protein-coding sequence fragment II comprises a ribozyme recognition site II located
at its 5’ end, wherein in the generated circular RNA the ribozyme recognition site I is connected
with the ribozyme recognition site II, and thus the protein-coding sequence fragment I is connected
with the protein-coding sequence fragment II to form the at least one protein-coding sequence.

In embodiments, the at least one protein-coding sequence is a sequence encoding a diagnostic
or therapeutic protein. In embodiments, the protein encoded by the protein-coding sequence is a
mammalian protein, for example a human protein. In embodiments, the at least one protein-coding
sequence comprises at least two protein-coding sequences. In embodiments, the at least one
protein-coding sequence is a sequence encoding two or more proteins. In embodiments, the at least
one protein-coding sequence a sequence encoding two or more diagnostic or therapeutic protein.
In some embodiments, the at least one protein-coding sequence comprises at least two protein-
coding sequences, and another translation initiation element may be linked between any two
adjacent protein-coding sequences, and such another translation initiation element comprises:
IRES sequence, 5> UTR sequence, Kozak sequence, a sequence containing m6A, a sequence
complementary to ribosome 18S rRNA, or any combination thereof;

In some embodiments, the at least one protein-coding sequence comprises a nucleotide
sequence of any one of SEQ ID NO: 117-118, or a nucleotide sequence having at least 50%, at
least 60%, at least 70%, at least 80%, at least 80%, at least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or
at least 99% sequence identity to any one of SEQ ID NO: 117-118.

It is understood that, in the Clean-PIE-Cargo system of the invention, ribozyme recognition
site I and ribozyme recognition site II are respectively a segment of nucleotide sequence which
belongs to a part of a cargo sequence, and configured such that the circular RNA comprising them
has reduced immunogenicity. In some embodiments, the ribozyme recognition site 1 and the
ribozyme recognition site II are configured such that the circular RNA precursor comprising them
has comparable or increased circularization efficiency.

In some embodiments, the total length of the ribozyme recognition site I and the ribozyme
recognition site II is about 0 to about 100 nucleotides, about 0 to about 90 nucleotides, about 0 to
about 80 nucleotides, about 0 to about 70 nucleotides, about 0 to about 60 nucleotides, about 0 to

about 50 nucleotides, about 0 to about 40 nucleotides, about 0 to about 35 nucleotides, about 2 to
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about 100 nucleotides, about 5 to about 100 nucleotides, about 10 to about 100 nucleotides, about
20 to about 100 nucleotides, about 30 to about 100 nucleotides, or about 30 to about 100
nucleotides, such as 1,2,3,4,5,6,7,8,9,10, 11,12, 13,14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26,27, 28,29, 30,31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76,
77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100
nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site I is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about
40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, suchas 1,2, 3,4, 5,6, 7, 8,9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, 40, 41, 42,43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70,71, 72,73, 74,75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site II is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about
40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, such as 1, 2, 3,4, 5,6, 7, 8,9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74,75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, &8,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the ribozyme recognition site I comprises the sequence structure of
the following formula: 5'-third non-pairing sequence-third pairing sequence-third loop sequence-
3'; and the ribozyme recognition site [ comprises the sequence structure of the following formula:
5'-fourth loop sequence-fourth pairing sequence-fourth non-pairing sequence-3'.

In some examples, the third non-pairing sequence or the fourth non-pairing sequence may be
independently present or absent.

In some embodiments, the ribozyme recognition site [ comprises or consists of a ‘nucleotide

motif as defined above. In embodiments, the ribozyme recognition site I comprises or consists of
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from 5’ to 3’ direction a nucleotide motif, wherein the nucleotide motif consists of any of SEQ ID
NO: 95-116, in particular said nucleotide motif consists of any one of CUU, CUC or CAU.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
motif having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at
least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99% or 100% sequence identity to a nucleotide sequence of any one of SEQ
ID NO: 95-116.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence having at least 50%, at least 60%, at least 70%, at least 80%, at lcast 81%, at lcast 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% sequence identity to a nucleotide sequence selected from
SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70; preferably, the ribozyme recognition site I comprises a
nucleotide sequence of GAGGUCUU, AGAGACUU, UCCAGCUU or UCUGGCAU.

In some embodiments, the ribozyme recognition site I[I comprises or consists of a nucleotide
sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at lcast 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% sequence identity to a nucleotide sequence selected from
SEQ ID NO: 57, 59, 61, 63, 65, 67 or 69; preferably, the ribozyme recognition site II comprises a
nucleotide sequence of AAACCUC, AAUCUCU, AACUGGA or AACCAGC.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence of any one of SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70 and the ribozyme recognition site
IT comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 57, 59, 61, 63, 65, 67
or 69.

In embodiments, the ribozyme recognition site I is selected from a nucleotide sequence of
UGUAACUU, GAGGUCUU, AGAGACUU, UCCAGCUU, or UCUGGCAU.

In embodiments, the ribozyme recognition site II is selected from a nucleotide sequence of
AGAAGUAAC, AAAAUUACA, AAACCUC, AAUCUCU, AACUGGA, or AACCAGC-

In embodiments, the ribozyme recognition site I is UGUAACUU, and the ribozyme
recognition site II is AGAAGUAAC.

In embodiments, the ribozyme recognition site I is UGUAACUU, and the ribozyme
recognition site I is AAAAUUACA.

In embodiments, the ribozyme recognition site I is GAGGUCUU, and the ribozyme
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recognition site IT is AAACCUC.

In embodiments, the ribozyme recognition site I is AGAGACUU, and the ribozyme
recognition site IT is AAUCUCU.

In embodiments, the ribozyme recognition site I is UCCAGCUU, and the ribozyme
recognition site Il is AACUGGA.

In embodiments, the ribozyme recognition site I is UCUGGCAU, and the ribozyme
recognition site II is AACCAGC.

For Clean-PIE-TIE system, the present invention provides a circular RNA precursor
comprising from 5' to 3' direction:

a) a 37 self-splicing intron fragment;

b) a nucleotide sequence of interest; and

¢) a 5’ self-splicing intron fragment;

wherein the 3° self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a translation
initiation element fragment II, at least one protein-coding sequence, and a translation initiation
element fragment I;

wherein the translation initiation element fragment 1 is derived from a 5” terminal portion of
a translation initiation element, and the translation initiation element fragment II is derived from a
3’ terminal portion of the translation initiation element, and

the translation initiation element fragment I comprises a ribozyme recognition site I located
at its 3’ end, the translation initiation element fragment II comprises a ribozyme recognition site I1
located at its 5* end, wherein in the generated circular RNA the ribozyme recognition site I is
connected with the ribozyme recognition site II, and thus the translation initiation element
fragment I is connected with the translation initiation element fragment II to form the translation
initiation element which can recruit ribosome to initiate translation.

The present invention provides a circular RNA precursor comprising from 5' to 3' direction:

a) a 37 self-splicing intron fragment;

b) a nucleotide sequence of interest; and

c) a 5" self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a

circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
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circular RNA precursor;

wherein the nucleotide sequence of interest comprises from §' to 3' direction: a translation
initiation element fragment II, at least one protein-coding sequence, and a translation initiation
element fragment I;

wherein the translation initiation element fragment I is the 5’ terminal portion of a translation
initiation element, and the translation initiation element fragment IT is the 3’ terminal portion of
the translation initiation element, and

the translation initiation element fragment I comprises a ribozyme recognition site I located
at its 3’ end, the translation initiation element fragment Il comprises a ribozyme recognition site II
located at its 5* end, wherein in the generated circular RNA the ribozyme recognition site T is
connected with the ribozyme recognition site II, and thus the translation initiation element
fragment I is connected with the translation initiation element fragment II to form the translation
initiation element which can recruit ribosome to initiate translation.

In embodiments, the at least one protein-coding sequence is a sequence encoding a diagnostic
or therapeutic protein. In embodiments, the protein encoded by the protein-coding sequence is a
mammalian protein, for example a human protein. In embodiments, the at least one protein-coding
sequence comprises at least two protein-coding sequences. In embodiments, the at least one
protein-coding sequence is a sequence encoding two or more proteins. In embodiments, the at least
one protein-coding sequence a sequence encoding two or more diagnostic or therapeutic protein.
In some embodiments, the at least one protein-coding sequence comprises at least two protein-
coding sequences, and another translation initiation element may be linked between any two
adjacent protein-coding sequences, and such another translation initiation element comprises:
IRES sequence, 5° UTR sequence, Kozak sequence, a sequence containing m6A, a sequence
complementary to ribosome 18S rRNA, or any combination thereof.

In some embodiments, the at least one protein-coding sequence of the invention comprises a
nucleotide sequence of any one of SEQ ID NO: 117-118, or a nucleotide sequence having at least
50%, at least 60%, at least 70%, at least 80%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98% , or at least 99% sequence identity to any one of SEQ ID NO: 117-118.

It will be understood that, in the Clean-PIE-TIE system of the invention, ribozyme
recognition site I and ribozyme recognition site IT are respectively a nucleotide sequence that
belongs to a part of an IRES sequence, and configured such that the circular RNA comprising them
has reduced immunogenicity. In some embodiments, the ribozyme recognition site I and the

ribozyme recognition site II are configured such that the circular RNA precursor comprising them
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has comparable or increased circularization efficiency.

In some embodiments, the total length of the ribozyme recognition site I and the ribozyme
recognition site IT is about 0 to about 100 nucleotides, about 0 to about 90 nucleotides, about 0 to
about 8 nucleotides, about 0 to about 70 nucleotides, about 0 to about 60 nucleotides, about 0 to
about 50 nucleotides, about 0 to about 40 nucleotides, about 0 to about 35 nucleotides, about 2 to
about 100 nucleotides, about 5 to about 100 nucleotides, about 10 to about 100 nucleotides, about
20 to about 100 nucleotides, about 30 to about 100 nucleotides, or about 30 to about 100
nucleotides, such as 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51,52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76,
77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100
nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site I is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about
40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, such as 1, 2, 3,4, 5,6, 7, 8,9, 10,
11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68,69, 70,71, 72,73,74,75,76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site II is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about
40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, such as 1,2, 3,4, 5,6, 7, 8,9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39,40, 41,42, 43, 44,45, 46,47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the ribozyme recognition site I comprises the sequence structure of
the following formula: 5'-third non-pairing sequence-third pairing sequence-third loop sequence-

3'; and the ribozyme recognition site II comprises the sequence structure of the following formula:
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5'-fourth loop sequence-fourth pairing sequence-fourth non-pairing sequence-3'.

In some embodiments, the third non-pairing sequence or the fourth non-pairing sequence may
be independently present or absent.

In some embodiments, the ribozyme recognition site I comprises a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at lcast 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% sequence identity to a nucleotide sequence of any one of SEQ ID
NO: 95-116.

In some embodiments, the ribozyme recognition site I comprises or consists of from 5’ to 3’
direction a nucleotide motif consists of any of SEQ ID NO: 95-116, in particular said nucleotide
motif consists of any one of CUU, CUC or CAU.

In some embodiments, the ribozyme recognition site IT can be selected from various sequence.

In some embodiments, the ribozyme recognition site II comprises or consists of a 3' exon
region as defined above, and the ribozyme recognition site [ comprises or consists of a 5' exon
region as defined above.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% sequence identity to a nucleotide sequence selected from
SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70; preferably, the ribozyme recognition site I comprises a
nucleotide sequence of GAGGUCUU, AGAGACUU, UCCAGCUU or UCUGGCAU.

In some embodiments, the ribozyme recognition site [ comprises or consists of a nucleotide
sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 8§2%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% sequence identity to a nucleotide sequence selected from
SEQ ID NO: 57, 59, 61, 63, 65, 67 or 69; preferably, the ribozyme recognition site II comprises a
nucleotide sequence of AAACCUC, AAUCUCU, AACUGGA or AACCAGC.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence of any one of SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70 and the ribozyme recognition site
IT comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 57, 59, 61, 63, 65, 67
or 69.

In embodiments, the ribozyme recognition site I is selected from a nucleotide sequence of
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UGUAACUU, UGUAACUU, GAGGUCUU, AGAGACUU, UCCAGCUU, or UCUGGCAU.

In embodiments, the ribozyme recognition site II is selected from a nucleotide sequence of
AGAAGUAAC, AAAAUUACA, AAACCUC, AAUCUCU, AACUGGA, or AACCAGC.

In embodiments, the ribozyme recognition site [ is UGUAACUU, and the ribozyme
recognition site Il is AGAAGUAAC.

In embodiments, the ribozyme recognition site I is UGUAACUU, and the ribozyme
recognition site Il is AAAAUUACA.

In embodiments, the ribozyme recognition site I is GAGGUCUU, and the ribozyme
recognition site I is AAACCUC.

In embodiments, the ribozyme recognition site I is AGAGACUU, and the ribozyme
recognition site I is AAUCUCU.

In embodiments, the ribozyme recognition site I is UCCAGCUU, and the ribozyme
recognition site Il is AACUGGA.

In embodiments, the ribozyme recognition site [ is UCUGGCAU, and the ribozyme
recognition site Il is AACCAGC.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5’ to 3’ direction:

a) a3’ self-splicing intron fragment;

b) anucleotide sequence of interest;

¢) a5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5 to 3’ direction: a non-TIE
functional element fragment II, a translation initiation element, and at least one protein-coding
sequence , and a non-TIE functional element fragment I;

wherein the non-TIE functional element fragment I is derived from a 5’ terminal portion of a
non-TIE functional element, and the non-TIE translation initiation element fragment 11 is derived
from a 3’ terminal portion of the non-TIE functional element, and

the non-TIE functional element fragment I comprises a ribozyme recognition site I located at
its 3” end, the non-TIE functional fragment IT comprises a ribozyme recognition site IT located at
its 57 end, wherein in the generated circular RNA the ribozyme recognition site I is connected with
the ribozyme recognition site II, and thus the non-TIE functional element fragment I is connected

with the non-TIE functional element fragment II to form the functional element.
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As used herein, the term “non-TIE functional element” refers to a functional element that is
not involved in translation initiation, such as a nucleotide sequence for regulating RNA translation,
RNA circularization or RNA transcription.

In embodiments, the non-TIE functional element is a 3° UTR or a replicon. In embodiments,
the at least one protein-coding sequence comprises at least two protein-coding sequences. Such at
least two protein-coding sequences may connect with each other by spacers or further translation
initiation elements. In embodiments, the translation initiation element is selected from an IRES
sequence, 5 UTR sequence, Kozak sequence, a sequence containing m6A modification, a
sequence complementary to ribosome 18S rRNA, or any combination thereof. In embodiments,
the translation initiation element is an IRES sequence.

In some embodiments, the total length of the ribozyme recognition site I and the ribozyme
recognition site IT is about 0 to about 100 nucleotides, about 0 to about 90 nucleotides, about 0 to
about 8 nucleotides, about 0 to about 70 nucleotides, about 0 to about 60 nucleotides, about 0 to
about 50 nucleotides, about 0 to about 40 nucleotides, about 0 to about 35 nucleotides, about 2 to
about 100 nucleotides, about 5 to about 100 nucleotides, about 10 to about 100 nucleotides, about
20 to about 100 nucleotides, about 30 to about 100 nucleotides, or about 30 to about 100
nucleotides, such as 1,2,3,4,5,6,7,8,9, 10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,26,27,28,29, 30,31, 32,33, 34, 35,36, 37, 38, 39,40,41, 42,43, 44, 45, 46, 47, 48, 49, 50,
51,52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76,
77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100
nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site I is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about
40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, such as 1, 2, 3,4, 5,6, 7, 8,9, 10,
11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38,39,40, 41,42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69,70,71,72,73,74,75,76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, &8,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site 1T is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about

40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
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100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, such as 1,2, 3,4, 5,6,7, 8,9, 10,
11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 18, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the ribozyme recognition site I comprises a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% sequence identity to a nucleotide sequence of any one of SEQ ID
NO: 95-116.

In some embodiments, the ribozyme recognition site II can be selected from various
sequences.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
motif as defined above. In embodiments, the ribozyme recognition site I comprises or consists of
from 5° to 3’ direction a nucleotide motif, wherein the nucleotide motif consists of any of SEQ ID
NO: 95-116, in particular said nucleotide motif consists of any one of CUU, CUC or CAU.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% sequence identity to a nucleotide sequence selected from
SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70; preferably, the ribozyme recognition site I comprises a
nucleotide sequence of GAGGUCUU, AGAGACUU, UCCAGCUU or UCUGGCAU.

In some embodiments, the ribozyme recognition site II comprises or consists of a nucleotide
sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% sequence identity to a nucleotide sequence selected from
SEQ ID NO: 57, 59, 61, 63, 65, 67 or 69; preferably, the ribozyme recognition site Il comprises a
nucleotide sequence of AAACCUC, AAUCUCU, AACUGGA or AACCAGC.
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In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence of any one of SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70 and the ribozyme recognition site
IT comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 57, 59, 61, 63, 65, 67
or 69.

In embodiments, the ribozyme recognition site I is selected from a nucleotide sequence of
UGUAACUU, UGUAACUU, GAGGUCUU, AGAGACUU, UCCAGCUU, or UCUGGCAU.

In embodiments, the ribozyme recognition site II is selected from a nucleotide sequence of
AGAAGUAAC, AAAAUUACA, AAACCUC, AAUCUCU, AACUGGA, or AACCAGC.

In embodiments, the ribozyme recognition site 1 is UGUAACUU, and the ribozyme
recognition site Il is AGAAGUAAC.

In embodiments, the ribozyme recognition site I is UGUAACUU, and the ribozyme
recognition site IT is AAAAUUACA.

In embodiments, the ribozyme recognition site I is GAGGUCUU, and the ribozyme
recognition site I is AAACCUC.

In embodiments, the ribozyme recognition site I is AGAGACUU, and the ribozyme
recognition site Il is AAUCUCU.

In embodiments, the ribozyme recognition site I 18 UCCAGCUU, and the ribozyme
recognition site Il is AACUGGA.

In embodiments, the ribozyme recognition site I is UCUGGCAU, and the ribozyme
recognition site IT is AACCAGC.

In one aspect, it is an object of the present invention to provide a circular RNA precursor
comprising from 5’ to 3’ direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest;

c) a 5’ self-splicing intron fragment;

wherein the 3° self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5’ to 3° direction: a non-coding
sequence fragment I1, and a non-coding sequence fragment I;

wherein the non-coding sequence fragment I is derived from a 5’ terminal portion of a non-
coding sequence, and the non-coding sequence fragment II is derived from a 3’ terminal portion
of the non-coding sequence, and the non-coding sequence fragment I comprises a ribozyme

recognition site I located at its 3” end, the non-coding sequence fragment II comprises a ribozyme
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recognition site II located at its 5 end, wherein in the generated circular RNA the ribozyme
recognition site I is connected with the ribozyme recognition site II, and thus the non-coding
sequence fragment I is connected with the non-coding sequence fragment IT to form the complete
non-coding sequence.

In embodiments, the non-coding sequence is an endogenous circRNA.

In some embodiments, the total length of the ribozyme recognition site I and the ribozyme
recognition site II is about 0 to about 100 nucleotides, about 0 to about 90 nucleotides, about 0 to
about 8 nucleotides, about 0 to about 70 nucleotides, about 0 to about 60 nucleotides, about 0 to
about 50 nucleotides, about 0 to about 40 nucleotides, about 0 to about 35 nucleotides, about 2 to
about 100 nucleotides, about 5 to about 100 nucleotides, about 10 to about 100 nucleotides, about
20 to about 100 nucleotides, about 30 to about 100 nucleotides, or about 30 to about 100
nucleotides, suchas 1,2,3,4,5,6,7,8,9,10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20,21, 22,23, 24,
25,26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,69, 70, 71, 72, 73, 74, 75, 76,
77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100
nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site I is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about
40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, such as 1, 2, 3,4, 5, 6, 7, §, 9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74,75, 76, 77, 78, 79, 80, 81, &2, &3, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site II is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about
40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, such as 1, 2, 3,4, 5,6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38,39,40,41,42,43, 44,45, 46,47, 48,49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, &8,
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89,90, 91, 92, 93,94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the ribozyme recognition site I comprises a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% sequence identity to a nucleotide sequence of any one of SEQ ID
NO: 95-116.

In some embodiments, the ribozyme recognition site II can be selected from various
sequences.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
motif as defined above. In embodiments, the ribozyme recognition site I comprises or consists of
from 5’ to 3’ direction a nucleotide motif, wherein the nucleotide motif consists of any of SEQ ID
NO: 95-116, in particular said nucleotide motif consists of any one of CUU, CUC or CAU.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% sequence identity to a nucleotide sequence selected from
SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70; preferably, the ribozyme recognition site I comprises a
nucleotide sequence of GAGGUCUU, AGAGACUU, UCCAGCUU or UCUGGCAU.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99% or 100% sequence identity to a nucleotide sequence selected from
SEQ ID NO: 57, 59, 61, 63, 65, 67 or 69; preferably, the ribozyme recognition site Il comprises a
nucleotide sequence of AAACCUC, AAUCUCU, AACUGGA or AACCAGC.

In some embodiments, the ribozyme recognition site I comprises or consists of a nucleotide
sequence of any one of SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70 and the ribozyme recognition site
II comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 57, 59, 61, 63, 65, 67
or 69.

In embodiments, the ribozyme recognition site I is selected from a nucleotide sequence of
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UGUAACUU, UGUAACUU, GAGGUCUU, AGAGACUU, UCCAGCUU, or UCUGGCAU.

In embodiments, the ribozyme recognition site II is selected from a nucleotide sequence of
AGAAGUAAC, AAAAUUACA, AAACCUC, AAUCUCU, AACUGGA, or AACCAGC.

In embodiments, the ribozyme recognition site I comprises or consists of from 5’ to 3’
direction a nucleotide motif consists of any of SEQ ID NO: 95-116, in particular said nucleotide
motif consists of any one of CUU, CUC or CAU.

In embodiments, the ribozyme recognition site I is UGUAACUU, and the ribozyme
recognition site I is AGAAGUAAC.

In embodiments, the ribozyme recognition site 1 is UGUAACUU, and the ribozyme
recognition site Il is AAAAUUACA.

In embodiments, the ribozyme recognition site I is GAGGUCUU, and the ribozyme
recognition site IT is AAACCUC.

—
(2]

In embodiments, the ribozyme recognition site I

recognition site Il is AAUCUCU.

AGAGACUU, and the ribozyme

—

In embodiments, the ribozyme recognition site |
recognition site Il 1s AACUGGA.

In embodiments, the ribozyme recognition site I is UCUGGCAU, and the ribozyme
recognition site Il is AACCAGC.

s UCCAGCUU, and the ribozyme

In some embodiments, the nucleotide sequence of interest is at least 10, 20, 40, 60, 80, 100,
200, 300, 400, 500, 600, 700, 800, 900, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 10000,
20000 nucleotides in length.

In some embodiments, the circular RNA is at least 10, 20, 40, 60, 80, 100, 200, 300, 400, 500,
600, 700, 800, 900, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 10000, 20000
nucleotides in length. In some embodiments, the circular RNA is at least about 10 nucleotides in
length. In some embodiments, the circular RNA is about 50 nt or less. In some embodiments, the
circular RNA 1s about 80 nt or less. In some embodiments, the circular RNA is about 100 nt or
less. In some embodiments, the circular RNA is about 150 nt or less. In some embodiments, the
circular RNA is about 200 nt or less. In some embodiments, the circular RNA is about 250 nt or
less. In some embodiments, the circular RNA is about 300 nt or less. In some embodiments, the
circular RNA is about 350 nt or less. In some embodiments, the circular RNA is about 400 nt or
less. In some embodiments, the circular RNA is about 450 nt or less. In some embodiments, the
circular RNA is about 500 nt or less. In some embodiments, the circular RNA is about 600 nt or
less. In some embodiments, the circular RNA is about 700 nt or less. In some embodiments, the
circular RNA is about 800 nt or less. In some embodiments, the circular RNA is about 900 nt or

less. In some embodiments, the circular RNA is at least about 1000 nt.
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In further aspect, the present invention provides a pharmaceutical composition comprising
the circular RNA precursor of the invention and/or the nucleic acid vector of the invention and/or
the circular RNA of the invention, and a pharmaceutically acceptable carrier.

In some embodiments, a pharmaceutically acceptable carrier may include, but are not limited
to, buffers, excipients, stabilizers or preservatives. Examples of pharmaceutically acceptable
carriers are physiologically compatible solvents, dispersion media, coatings, antibacterial and
antifungal agents, isotonic and absorption delaying agents, and the like, such as salts, buffers,
carbohydrates, antioxidants, aqueous or non-aqueous carriers, preservatives, wetting agents,
surfactants or emulsifying agents or combinations thereof. The amount of a pharmaceutically
acceptable carrier in a pharmaceutical composition can be determined experimentally based on the
activity of the carrier and the desired properties of the formulation, such as stability and/or minimal
oxidation.

In another aspect, the present invention provides a method for preparing a circular RNA, the
method comprises:

1) providing a circular RNA precursor of the present invention or obtaining a circular RNA
precursor by transcribing from the nucleic acid vector of the present invention;

2) incubating the circular RNA precursor in the presence of a divalent metal cation at a
temperature at which RNA circularization occurs; and

3) harvesting the circular RNA obtained in step 2).

In some embodiments, the divalent metal cation is Mg?* and/or Mn?".

In some embodiments, the concentration of the divalent metal cation is at least about 5 mM,
e.g., about 5 mM to about 550 mM, e.g., at least about 5 mM, about 10 mM, about 15 mM, at least
about 20 mM, at least about 30 mM, at least about 40 mM, at least about 50 mM, at least about 60
mM, at least about 70 mM, at least about 80 mM, at least about 90 mM, at least about 100 mM, at
least about 125 mM, at least about 150 mM, at least about 175 mM, at least about 200 mM, at least
about 250 mM, at least about 300 mM, at least about 350 mM , at least about 400 mM, at least
about 450 mM, at least about 500 mM, at least about 550 mM or higher.

In another aspect, the present invention provides a method for preparing a circular RNA, the
method comprises

a) providing a nucleic acid vector comprising a self-splicing intron-based RNA circularizing
elements as a transcription template; and

b) incubating the nucleic acid vector in an in vitro transcription system comprising a divalent
metal cation and an RNA polymerase for a first time period during which the linear RNA produced
by in vitro transcription is self-circularized under the action of the RNA circularizing elements to

produce a circular RNA.
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In some embodiments, the nucleic acid vector is the nucleic acid vector of the present
invention.

In some embodiments, the divalent metal cation in the in vitro transcription system is Mg>".

In some embodiments, the in vitro transcription system further comprises a monovalent metal
cation and/or a monovalent anion.

In some embodiments, the monovalent metal cation is Na* or K*.

In some embodiments, the monovalent metal anion is CI- or CH;:COO™ (OAc).

In some embodiments, the concentration of the divalent metal cation in the system during the
first time period is from about 5§ mM to about S0 mM, e.g., about 5 mM, about 10 mM, about 15
mM, about 20 mM, about 25 mM, about 30 mM, about 35 mM, about 40 mM, about 45 mM, about
50 mM. In some embodiments, the concentration of the divalent metal cation in the system during
the first time period is 30 mM.

In some embodiments, the concentration of the monovalent metal cation in the system during
the first time period is from about 5 mM to about 50 mM, ¢.g., about 5 mM, about 10 mM, about
15 mM, about 20 mM, about 25 mM, about 30 mM, about 35 mM, about 40 mM, about 45 mM,
about 50 mM, about 60 mM, about 70 mM, about 80 mM, about 90 mM, about 100 mM . In some
embodiments, the monovalent metal cation is Na*, the concentration in the system during the first
time period is 15 mM. In some embodiments, the monovalent metal cation is K*, the concentration
in the system during the first time period is 90 mM.

In some embodiments, the concentration of the monovalent anion in the system during the
first time period is from about 5 mM to about 50 mM, e.g., about 5 mM, about 10 mM, about 15
mM, about 20 mM, about 25 mM, about 30 mM, about 35 mM, about 40 mM, about 45 mM, about
50 mM, about 100 mM, about 150 mM. In some embodiments, the monovalent anion is CI", the
concentration in the system during the first time period is 90 mM. In some embodiments, the
monovalent anion is CH3COO™ (OAc), the concentration in the system during the first time period
18 125 mM.

In some embodiments, the in vitro transcription and self-circularization occur in the same
reaction system.

In some embodiments, the method does not include a step of isolating and/or purifying the
linear RNA produced by the in vitro transcription.

Those skilled in the art would know that the in vitro transcription system also comprises
various components required for transcription, such as buffers, rATP, tCTP, rUTP, rGTP and the
like.

In some embodiments, the buffer of the in vitro transcription system is Tris-HCI buffer, or

HEPES bufter, or MES buffer, or citrate buffer, or phosphate buffer. In some embodiments, the
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buffer of the in vitro transcription system is HEPES buffer.

In some embodiments, the in vitro transcription system has a pH of about 5- about 8, such as
apH of about 5, about 5.5, about 6, about 6.5, about 7, about 7.5, or about 8. In some embodiments,
the in vitro transcription system has a pH of about 7.5.

The RNA polymerase depends on the promoter used in the nucleic acid vector to drive
transcription. The RNA polymerase may include, but is not limited to, a T7 RNA polymerase, a
T6 viral RNA polymerase, a SP6 viral RNA polymerase, a T3 viral RNA polymerase, or a T4 viral
RNA polymerase. In some embodiments, the RNA polymerase is T7 RNA polymerase.

In some embodiments, the first time period is at least 0.5 hours, such as about 0.5 hours to
about 24 hours, such as about 0.5 hours, about 1 houtr, about 1.5 hours, about 2 hours, about 2.5
hours, about 3 hours, about 3.5 hours, about 4 hours, about 5 hours, about 10 hours, or about 24
hours. In some embodiments, the first time period is 3 hours.

In some embodiments, the incubation for the first time period is carried out at about 16°C to
about 60°C, such as at about 16°C, about 17°C, about 18°C, about 19°C, about 20°C °C, about
21°C, about 22°C, about 23°C, about 24°C, about 25°C, about 26°C, about 27°C, about 28°C,
about 29°C, about 30°C °C, about 31°C, about 32°C, about 33°C, about 34°C, about 35°C, about
36°C, about 37°C, about 38°C, about 39°C, about 40°C °C, about 41°C, about 42°C, about 43°C,
about 44°C, about 45°C, about 46°C, about 47°C, about 48°C, about 49°C, about 50°C °C, about
51°C, about 52°C, about 53°C, about 54°C, about 55°C, about 56°C, about 57°C, about 58°C,
about 59°C, or about 60°C. In some embodiments, the incubation for the first time period is carried
out at about 37°C.

In some embodiments, after incubation for the first time period in step b), the method further
comprises step ¢):

adding an additional amount of metal cation to the in vitro transcription system and incubating
for a second time period; or

changing the buffer of the system, adding a metal cation and incubating for a second time
period.

In some embodiments, the metal cation added for the incubation of the second time period is
a divalent metal cation, such as Mg”* or Mn*",

In some embodiments, during the incubation of the second time period, the metal cation is
added to a final concentration of at least about 5 mM, such as about 5 mM to about 550 mM, such
as at least about 5 mM, at least about 10 mM, at least about 15 mM, at least about 20 mM, at least
about 30 mM, at least about 40 mM , at least about 50 mM, at least about 60 mM, at least about
70 mM, at least about 80 mM, at least about 90 mM, at least about 100 mM, at least about 125
mM, at least about 150 mM, at least about 175 mM, at least about 200 mM, at least about 250 mM,
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at least about 300 mM, at least about 350 mM, at least about 400 mM, at least about 450 mM, at
least about 500 mM, at least about 550 mM or higher.

In some embodiments, the buffer of the system is changed to Tris-HCI buftfer, or HEPES
buffer, or MES buffer, or citrate buffer, or phosphate buffer during the second time period.

In some embodiments, the pH of the system in the second time period is 5-8, such as pH 5,
pH 5.5, pH 6, pH 6.5, pH 7, pH 7.5, or pH 8.

In some embodiments, the second time period is at least 5 minutes, such as about 5 minutes
to about 2 hour, such as about 5 minutes, about 10 minutes, about 15 minutes, about 20 minutes,
about 25 minutes, about 30 minutes, about 45 minutes, about 50 minutes, about 55 minutes, about
60 minutes, about 120 minutes or more.

In some embodiments, wherein the reaction for the second time period is carried out at about
25°C to about 75°C, such as at about 25°C, about 26°C, about 27°C, about 28°C, about 29°C,
about 30°C, about 31°C, about 32°C, about 33°C , about 34°C, about 35°C, about 36°C, about
37°C, about 38°C, about 39°C, about 40°C, about 41°C, about 42°C, about 43°C , about 44°C,
about 45°C, about 50°C, about 55°C, about 60°C, about 65°C, about 70°C, or about 75°C.

In some embodiments, the method further comprises a step of recovering or purifying the
circular RNA as produced.

In one aspect, the present invention provides a circular RNA produced by the method of the
invention.

In one aspect, the present invention provides an in vitro transcription method comprising:

a) providing a nucleic acid vector as a template for in vitro transcription,

b) incubating the nucleic acid vector in an in vitro transcription system comprising a divalent
metal cation and an RNA polymerase for a first period of time; and

¢) 1) adding an additional amount of metal cation to the system, or ii) changing the buffer of
the system and adding a metal cation to the system, and incubating the system for a second period
of time.

In some embodiments, the in vitro transcription system during the first time period further
comprises a monovalent metal cation and/or a monovalent anion.

In some embodiments, the divalent metal cation in the in vitro transcription system during
the first time period is Mg?".

In some embodiments, the monovalent metal cation during the first time period is Na* or K.

In some embodiments, the monovalent metal anion during the first time period is Cl or
CH3COO (OAc).

The RNA polymerase depends on the promoter used in the nucleic acid vector to drive

transcription. The RNA polymerase may include, but is not limited to, a T7 RNA polymerase, a
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T6 viral RNA polymerase, a SP6 viral RNA polymerase, a T3 viral RNA polymerase, or a T4 viral
RNA polymerase. In some embodiments, the RNA polymerase is T7 RNA polymerase.

In some embodiments, the concentration of the divalent metal cation in the system for the
first time period is from about 5 mM to about 50 mM, e.g., about 5 mM, about 10 mM, about 15
mM, about 20 mM, about 25 mM, about 30 mM, about 35 mM, about 40 mM, about 45 mM, about
50 mM.

In some embodiments, the concentration of the monovalent metal cation in the system for the
first time period is from about S mM to about 100 mM, e.g., about 5 mM, about 10 mM, about 15
mM, about 20 mM, about 25 mM, about 30 mM, about 35 mM, about 40 mM, about 45 mM, about
50 mM, about 60 mM, about 70 mM, about 80 mM, about 90 mM, about 100 mM.

In some embodiments, the concentration of the monovalent anion in the system for the first
time period is from about 5 mM to about 150 mM, e.g., about 5§ mM, about 10 mM, about |5 mM,
about 20 mM, about 25 mM, about 30 mM, about 35 mM, about 40 mM, about 45 mM, about 50
mM, about 100 mM, about 150 mM.

In some embodiments, the buffer of the in vitro transcription system for the first time period
is Tris-HC1 buffer, or HEPES buffer, or MES buffer, or citrate buffer, or phosphate buffer.

In some embodiments, the pH of the in vitro transcription system for the first time period is
5-8,such aspH 5, pH 5.5, pH 6, pH 6.5, pH 7, pH 7.5, or pH 8.

In some embodiments, the first time period is at least 0.5 hours, such as about 0.5 hours to
about 24 hours, such as about 0.5 hours, about 1 hour, about 1.5 hours, about 2 hours, about 2.5
hours, about 3 hours, about 3.5 hours, about 4 hours, about 5 hours, about 10 hours, or about 24
hours.

In some embodiments, the incubation for the first time period is carried out at about 16°C to
about 60°C, such as at about 16°C, about 17°C, about 18°C, about 19°C, about 20°C °C, about
21°C, about 22°C, about 23°C, about 24°C, about 25°C, about 26°C, about 27°C, about 28°C,
about 29°C, about 30°C °C, about 31°C, about 32°C, about 33°C, about 34°C, about 35°C, about
36°C, about 37°C, about 38°C, about 39°C, about 40°C °C, about 41°C, about 42°C, about 43°C,
about 44°C, about 45°C, about 46°C, about 47°C, about 48°C, about 49°C, about 50°C °C, about
51°C, about 52°C, about 53°C, about 54°C, about 55°C, about 56°C, about 57°C, about 58°C,
about 59°C, or about 60°C.

In some embodiments, the added metal cation in the system for the second time period is a
divalent metal cation, such as Mg®" or Mn?",

In some embodiments, during the second time period, the metal cation is added to a final
concentration of at least about 5 mM, such as about 5 mM to about 550 mM, such as at least about

5 mM, at least about 10 mM, at least about 15 mM, at least about 20 mM, at least about 30 mM,
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at least about 40 mM , at least about 50 mM, at least about 60 mM, at least about 70 mM, at least
about 80 mM, at least about 90 mM, at least about 100 mM, at least about 125 mM, at least about
150 mM, at least about 175 mM, at least about 200 mM, at least about 250 mM, at least about 300
mM, at least about 350 mM, at least about 400 mM, at least about 450 mM, at least about 500 mM,
at least about 550 mM or higher.

In some embodiments, the second time period is at least 5 minutes, such as about 5 minutes
to about 2 hour, such as about 5 minutes, about 10 minutes, about 15 minutes, about 20 minutes,
about 25 minutes, about 30 minutes, about 45 minutes, about 50 minutes, about 55 minutes, about
60 minutes, about 120 minutes or more.

In some embodiments, the incubation for the second time period is carried out at about 25°C
to about 75°C, such as at about 25°C, about 26°C, about 27°C, about 28°C, about 29°C, about
30°C, about 31°C, about 32°C, about 33°C , about 34°C, about 35°C, about 36°C, about 37°C,
about 38°C, about 39°C, about 40°C, about 41°C, about 42°C, about 43°C , about 44°C, about
45°C, about 50°C, about 55°C, about 60°C, about 65°C, about 70°C, or about 75°C.

In some embodiments, the method further comprises a step of recovering and/or purifying the
RNA obtained in step ¢).

In one aspect, the present invention provides an RNA produced by the method of the invention.

In another aspect, the present invention provides a method for purifying a circular RNA, the
method comprises:

a) contacting a mixture comprising circular RNA and the circular RNA precursor with a
circular RNA-specific probe under a condition that allows the circular RNA-specific probe to
specifically bind to and form a complex with the circular RNA;

b) separating the complex from one or more components in the mixture that are not bound to
the circular RNA-specific probe; and

¢) releasing the circular RNA from the complex.

In some embodiments, the circular RNA is prepared by circularizing a linear circular RNA
precursor. In some embodiments, the circular RNA is prepared by ligating both ends of a linear
circular RNA precursor with an RNA ligase, such as a T4 RNA ligase. In some embodiments, the
circular RNA is prepared by the self-splicing ribozyme activity of Group I intron-based
circularizing elements contained in the linear circular RNA precursor, e.g., the circular RNA is the
circular RNA described in Section I herein or any clause below and/or prepared by the method
described in Section II herein or any clause below.

In some embodiments, the circular RNA-specific probe is a single-stranded DNA probe.

In some embodiments, the circular RN A-specific probe is a single-stranded RNA probe.

In some embodiments, the circular RNA-specific probe specifically hybridizes to a region
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flanking the circularization junction of the circular RNA.

In some embodiments, the circular RNA-specific probe is at least 10 nucleotides, at least 12
nucleotides, at least 14 nucleotides, at least 16 nucleotides, at least 18 nucleotides in length acid,
at least 20 nucleotides, at least 25 nucleotides, at least 30 nucleotides, at least 35 nucleotides in
length or longer, for example, the circular RNA-specific probe is 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,25,27, 28, 29 or 30 nucleotides in length.

In some embodiments, the circular RNA-specific probe is immobilized on a support such as
a solid support, e.g., the circular RNA-specific probe is immobilized on the support after binding
to the circular RNA or the circular RNA-specific probe is pre-immobilized on the support.

In some embodiments, the condition in step a) include denaturing the RNA at between about
60°C and about 95°C (e.g., about 60°C, about 62°C, about 64°C, about 66°C, about 68°C, about
70°C, about 75°C, about 80°C, about 85°C, about 90°C, about 95°C) for about 2 minutes to about
10 minutes (e.g., about 2, 3,4, 5, 6,7, 8,9, or 10 minutes), then gradually reducing the temperature
to below about 40°C (e.g., below about 35°C, below about 30°C, below about 25°C, below about
20°C or less) to allow the circular RN A annealing to the circular RNA-specific probe.

In some embodiments, the condition in step a) include a high salt concentration range of
0.25M-2M, e.g., 0.25M, 0.5M, 0.75M, 1M, 1.25M,1.5M, 1.75M or 2M. In some embodiments,
the salt is NaCl or a guanidine salt (e.g., Guanidine hydrochloride).

In some embodiments, in step b), the one or more components are removed by washing the
complex with a washing buffer.

In some embodiments, step ¢) is performed by increasing the temperature to about 60°C to
about 95°C (e.g., about 60°C, about 62°C, about 64°C, about 66°C, about 68°C) C, about 70°C,
about 75°C, about 80°C, about 85°C, about 90°C, about 95°C) to release the circular RNA.

In some embodiments, in step ¢) the circular RNA is released by elution with an elution buffer.
In some embodiments, the elution buffer is a low salt buffer, e.g., a buffer with salt concentration
lower than 0.5M. In some embodiment, the elution buffer is Tris-EDTA buffer (TE buffer) or water.

In some embodiments, the method further includes the following steps:

1) contacting the mixture comprising circular RNA and the circular RNA precursor to a linear
circular RNA precursor-specific probe in a condition that allows the linear circular RNA precursor-
specific probe to specifically bind to and form a complex with the linear circular RNA precursor;

i1) removing the complex formed by the linear circular RNA precursor-specific probe with
the linear circular RNA precursor from the mixture, and

i11) collecting the circular RNA-containing mixture obtained in step ii).

In some embodiments, steps 1)-iii) are performed before step a), for example, steps 1)-iii) may

be performed multiple times before step a), e.g., 2, 3, 4 or more times. In some embodiments, steps
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i)-1ii) are performed concurrently with steps a)-c).

In one aspect, the present invention provides a method for purifying circular RNA, the method
comprises:

i) contacting a mixture comprising circular RNA and the circular RNA precursor to a linear
circular RNA precursor-specific probe under a condition that allows the linear circular RNA
precursor-specific probe to specifically bind to and form a complex with the linear circular RNA
precursor; and

i) removing the complex formed by the linear circular RNA precursor-specific probe with
the linear circular RNA precursor from the mixture,

i11) collecting the circular RNA-containing mixture obtained in step i1), and

optionally, steps i)-iii) are performed multiple times, e.g., 2 times, 3 times, 4 times or more.

In some embodiments, the linear circular RNA precursor-specific probe specifically binds to
the linear circular RNA precursor and does not substantially bind to the circular RNA.

In some embodiments, the linear circular RNA precursor-specific probe is immobilized on a
support, such as a solid support, for example, the linear circular RNA precursor-specific probe is
then immobilized on the support after binding to the linear circular RNA precursor, or the linear
circular RNA precursor-specific probe is pre-immobilized on the support.

In some embodiments, the circular RNA-specific probe specifically hybridizes to at least a
portion of the first residual circularizing element and a portion of the second residual circulatizing
element.

In some embodiments, the linear precursor RNA-specific probe hybridizes to a portion of the
linear circular RNA precursor outside the first residual circularizing element, the nucleotide
sequence of interest, and the second residual circularizing element.

In some embodiments, the linear precursor RNA-specific probe hybridizes to the 3” self-
splicing intron fragment or a portion thereof or a 5° flanking sequence thercof, or the 5° self-
splicing intron fragment or a portion thereof or a 3’ flanking sequence thereof.

In some specific embodiments, the linear circular RNA precursor contains a sequence
selected from SEQ ID NOs:600-610 or a complement sequence thereof, preferably, SEQ ID
NO:606 or a complement sequence thereof outside the first residual circularizing element, the
nucleotide sequence of interest, and the second residual circularizing element, to which the linear
precursor RNA-specific probe specifically hybridizes.

In some embodiments of the method for purifying circular RNA of the invention, the molar
ratio of the probe to the RNA molecules in the mixture is from about 1:1 to about 100,000:1.

In some embodiments, the linear circular RNA precursor-specific probe hybridizes to a 3'

homology arm sequence or portion thereof on the linear circular RNA precursor, or a 5" homology
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arm sequence or portion thereof on the linear circular RNA precursor. In some embodiments, the
homology arm sequence comprises polyA, polyU, polyC or polyG. In some embodiments, the
homology arm sequence is about 10-about 200 nt in length. Accordingly, in some embodiments,
the linear precursor RNA-specific probe comprises polyU, poly A, polyG or polyC. In some
embodiments, the linear precursor RNA-specific probe is about 10-about 200 nt in length.

In one aspect, the present invention provides a method for purifying circular RNA, the method
comprises:

i) adding a linear RNA-specific tag to a mixture comprising circular RNA and linear RNA,
wherein the linear RNA-specific tag can be linked to the linear RNA;

i1) contacting the mixture comprising circular RNA and lincar RNA with a lincar RNA probe
that specifically binds to the tag under a condition that allows the probe to specifically bind to and
form a complex with the linear RNA; and

iif) removing the complex formed by the linear RNA probe with the linear RNA from the
mixture,

iv) collecting the circular RNA-containing mixture obtained in step iii),

optionally, steps ii)-iv) are performed multiple times, e.g., 2 times, 3 times, 4 times or more.

In some embodiments, the tag comprises a polyA, polyG, polyU, or polyC sequence.
Accordingly, the probe includes a polyT/polyU, polyC, polyA, or polyG sequence. Alternatively,
the tag can be a random sequence, and the probe comprises a sequence complementarily paired
with said random sequence.

In some embodiments, the tag may be about 10-200nt in length. In some embodiments, the
probe may be about 10-200nt in length.

In some embodiments, the tag is added to the linear RNA by adding a PolyA/T/C/G
polymerase or a ligase to the mixture. In some embodiments, adding rATP, rGTP, rUTP, rCTP or
rNTP, or a random tag sequence of about 10-200nt to the mixture is also included.

In some embodiments, the lincar RNA probe specifically binds to the added tag without
substantially binding to the circular RNA. In some embodiments, the linear RNA probe is a single-
stranded DNA probe, or a single-stranded RNA probe.

In some embodiments, the linear RNA probe is immobilized on a support such as a solid
support, for example, the linear RNA probe is immobilized on the support after binding to the
linear RNA, or, the lincar RNA probe is pre-immobilized on the support.

In some embodiments, the present invention provides a method of screening a target open
reading frame (ORF) sequence encoding a target polypeptide for a nucleotide motif, the method
comprises steps of:

1) extracting amino acid units in the direction of N terminal to C terminal in the target
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polypeptide containing m amino acids, and each group of amino acid units includes an amino acid
with the number of n; with a step of 1 amino acid, slide along the N terminal to the C terminal, n
is an integer and n>2, m is an integer and > 1;

2) listing all nucleotide sequences corresponding to each group of amino acid units according
to their degenerate codon; and

3) identifying nucleotide sequences obtained from step 2) that matches the nucleotide motif;

wherein the nucleotide motif consists of any one of SEQ ID NO: 95-116, preferably CUU,
CUC or CAU, and

4) optionally, selecting the target ORF as the circularizing sequence of a circular RNA
precursor.

In some embodiments, the present invention provides a system for screening a target open
reading frame (ORF) for a nucleotide motif, wherein the target open reading frame (ORF) is a
nucleotide sequence encoding a target polypeptide, and the system comprises:

a) an amino acid extraction module, which is used for extracting amino acid units in the
direction of N terminal to C terminal in the target polypeptide containing m amino acids, wherein
each group of amino acid units comprise an amino acid with a number of n, with a step of 1 amino
acid, sliding along the N terminal to the C terminal, and n is an integer and n>2, m is an integer
and > 1;

b) a conversion module, which is used for determining the set of codon sequences of each
amino acid unit, each set of codon sequences includes all degenerate codon sequence
corresponding to each set of amino acid units; and

¢) a target codon sequence filtering module, which is used for determining whether the target
codon sequence contain a nucleotide sequence that exactly matches the nucleotide motif;

wherein the nucleotide motif consists of any one of SEQ ID NQO: 95-116, preferably CUU,
CUC or CAU.

In some embodiments, the present invention provides a method of screening a target non-
coding sequence for a nucleotide motif, comprising a step of:

1) editing O, 1, or 2 bases on the non-coding sequence so that the non-coding sequence
comprises an edited region that matches the nucleotide motif whilst maintaining the non-coding
sequence’s function;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO: 95-
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116, preferably CUU, CUC or CAU.; and

2) optionally, selecting the target non-coding sequence as the circularizing sequence of a
circular RNA precursor, wherein the target non-coding sequence is an endogenous circRNA.

In some embodiments, the present invention provides a system for screening a target non-
coding sequence for a nucleotide motif, wherein the target non-coding sequence is an endogenous
circRNA, and the system comprises:

a) a base editing module, which is used for editing the bases at any one or more positions in
the target non-coding sequence to obtain an edited region matching the nucleotide motif,
wherein the nucleotide motif consists of any one of SEQ ID NO: 95-116, preferably CUU,

CUC or CAU.

In some embodiments, the present invention provides a method for screening a target internal
ribosome entry site (IRES) for a nucleotide motif, comprising steps of:

1) identifying regions of non-conserved sequences of the target IRES by comparing the target
IRES with the other IRES sequences from the same viral subgenus, through multiple sequence
alignment tools, for example: Clustal Omega, or MUSCLE;

2) based on the results of multiple sequence alignment, determining a low-structure region of
the target IRES through secondary structure prediction software, such as RNAfold, Mfold,
RNAstructure or RNAalifold; and

3) editing 0, 1, or 2 bases in the low-structure region in the target IRES to match the nucleotide
motif without affecting the translation initiation activity of said IRES;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO: 95-
116, preferably CUU, CUC or CAU.

As used herein, the term “low-structure region” refers to a region that does not have a stem-
loop structure, a region having high free energy, or a single strand region.

In some embodiments, the present invention provides a system for screening a target internal
ribosome entry site (IRES) for a nucleotide motif, wherein the system comprises:

a) a multi-sequence alignment module, which is used for comparing the target IRES with the
other IRES sequences from the same viral subgenus to identify regions of non-conservative
sequences;

b) a low-structure prediction module, which is used for determining a low-structure region

within the target IRES according to the result of the multiple sequence alignments of the target
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IRES; and

¢) a base editing module, which is used for editing the bases at any one or more positions in
the region to obtain an edited region matching the nucleotide motif,

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO: 95-
116, preferably CUU, CUC or CAU.

In some embodiments, the present invention provides a screening method for screening a
target non-TIE functional element for the nucleotide motif in ribozyme recognition site I,
comprising a step of:

a) editing 0, 1, or 2 bases on the non-TIE functional element so that the non-TIE functional
element sequence (such as 3° UTR or a replicon) comprises an edited region that matches the
nucleotide motif whilst maintaining the non-TIE function;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO: 95-
116, preferably CUU, CUC or CAU.

In some embodiments, the present invention provides a system for screening a target region
sequence in a non-TIE functional element sequence (such as 3’UTR or a replicon) for a nucleotide
motif, wherein the screening system comprises:

a) a base editing module, which is used for editing the bases at any one or more positions in
the region to obtain an edited region matching the nucleotide motif;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO:
95-116, preferably CUU, CUC or CAU.

In another aspect, there is provided a method for preventing or treating a disease or condition
in a subject, comprising administering to a subject the circular RNA of the invention, or the
pharmaceutical composition of the invention.

In some embodiments, the disease or condition comprises but not limited to xerostomia,
xerophthalmia, Sjogren's syndrome or the like.

Sjogren's syndrome is a systemic autoimmune disease in which immune cells attack and
destroy the exocrine glands that produce saliva and tears. Sjogren's syndrome can also affect
multiple organs, including kidneys and lungs. Sjégren's syndrome can occur in all age groups of
both women and men. Sjogren's syndrome can occur independently, referred to as primary
Sjogren's syndrome, or may develop years after the onset of an associated rheumatic disorder,
referred to as secondary Sjdgren's syndrome.

Xerostomia (dry mouth) and xerophthalmia (conjunctivitis sicca, dry eyes) are hallmarks of
Sjogren's syndrome. Immunologically-activated or apoptotic glandular epithelial cells that expose

autoantigens in predisposed individuals might drive autoimmune-mediated tissue injury. Immune
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activation is typically presented as focal, mononuclear (T, B and macrophage) cell infiltrates
proximal to the ductal epithelial cells (epithelitis) and forms sialadenitis. Though the pathogenetic
mechanism for this autoimmune e¢xocrinopathy has not been fully ¢lucidated, it has been shown
that CD4+ T-lymphocytes constitute 60-70 percent of the mononuclear cells infiltrating the glands.
Abnormal activation of proinflammatory Th1l and Th17 cells have been reported to be central to
induction of SS in either human or animal models.

The present invention provides a novel therapy to prevent or treat Sjogren's syndrome-related
xerostomia in a subject. The inventors have discovered that administration of a circular RNA
comprising a nucleotide sequence that encodes an aquaporin-1 (AQP-1) protein or variants thereof
to a subject can prevent or treat Sjégren's syndrome-related xerostomia in a subject.

In embodiments, a protein useful in the present invention is an AQP-1 protein or variants
thereof, wherein such AQPI protein or variants thereof refers to a naturally occurring AQP-1
protein, or a protein having the same activity as the naturally occurring AQP-1 protein and derived
from the naturally occurring AQP-1 protein through substitution, deletion or addition of 1, 2, 3, 4,
5,6,7,8,9, 10 or more amino acids in the amino acid sequence of the naturally occurring AQP-1
protein.

In some embodiments, an AQP-1 protein or variants thereof comprises a sequence having at
least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80% at least
81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98% , or at least 99% sequence identity to the entire amino acid
sequence of a naturally occurring AQP-1 protein. In embodiments, an AQP-1 protein is a portion
of the amino acid sequence of an AQP-1 protein, wherein such portion of an AQP-1 protein retains
the ability to form a channel in a cell membrane that allows the passage of water. It is also known
in the art that several isoforms of AQP-1 protein exist. Thus, in embodiments, an AQP-1 protein
is an 1soform of an AQP-1 protein, wherein such isoform retains the ability to form a channel that
allows the passage of water. In embodiments, an AQP-1 protein is a portion of an isoform or other
naturally-occurring variant of an AQP-1 protein, wherein such portion retains the ability to form a
channel in a membrane that allows the passage of water. Methods to produce functional portions
and variants of AQP-1 proteins, such as conservative variants, of AQP-1 protein are known to
those skilled in the art.

In some embodiments, the present invention provides a circular RNA precursor comprising
from 5’ to 3’ direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest, comprising from 5’ to 3’ direction: protein-coding
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sequence fragment II, a translation initiation element such as an internal ribosome entry site (IRES)
and a protein-coding sequence fragment I; and

c¢) a 5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the protein-coding sequence fragment II, the translation initiation
element, and the protein-coding sequence fragment I through the self-splicing of the circular RNA
precursor;

wherein the protein-coding sequence fragment I is derived from a 5’ terminal portion of at
least on¢ protein-coding sequence, and the protein-coding sequence fragment Il is derived from a
3’ terminal portion of at least one protein-coding sequence, and

the protein-coding sequence fragment I comprises a ribozyme recognition site I located at its
3’ end, the protein-coding sequence fragment II comprises a ribozyme recognition site II located
at its 5° end, wherein in the generated circular RNA the ribozyme recognition site I is connected
with the ribozyme recognition site IT, and thus the protein-coding sequence fragment I is connected
with the protein-coding sequence fragment II to form the at least one protein-coding sequence;

wherein the at least one protein-coding sequence encodes an aquaporin, such as AQP-1
protein or variants thereof.

In some embodiments, the present invention provides a circular RNA precursor comprising
from 5’ to 3’ direction:

a) a 37 self-splicing intron fragment;

b) a nucleotide sequence of interest, comprising from 5’ to 3’ direction: protein-coding
sequence fragment II, a translation initiation element such as an internal ribosome entry site (IRES)
and a protein-coding sequence fragment I; and

c) a 5’ self-splicing intron fragment;

wherein the 3° self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the protein-coding sequence fragment II, the translation initiation
element, and the protein-coding sequence fragment I through the self-splicing of the circular RNA
precursor;

wherein the protein-coding sequence fragment I is the 5 terminal portion of at least one
protein-coding sequence, and the protein-coding sequence fragment I is the 3’ terminal portion of
at least one protein-coding sequence, and

the protein-coding sequence fragment I comprises a ribozyme recognition site I located at its

3’ end, the protein-coding sequence fragment II comprises a ribozyme recognition site II located
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at its 5” end, wherein in the generated circular RNA the ribozyme recognition site I is connected
with the ribozyme recognition site II, and thus the protein-coding sequence fragment I is connected
with the protein-coding sequence fragment II to form the at least one protein-coding sequence;

wherein the at least one protein-coding sequence encodes an aquaporin, such as AQP-1
protein or variants thereof.

In embodiments, the present invention provides a circular RNA precursor comprising from 5'
to 3' direction:

a) a 3’ self-splicing intron fragment;

b) a translation initiation element (TIE) fragment II;

¢) a nucleotide sequence that encodes an aquaporin-1 (AQP-1) protein or variants thereof;

d) a translation initiation element fragment I and

e) a 5 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the TIE fragment I is derived from a 5’ terminal portion of a TIE sequence, and the
TIE fragment II is derived from a 3’ terminal portion of a TIE sequence, and

the TIE fragment I comprises a ribozyme recognition site I located at its 3’ end, the TIE
fragment II comprises a ribozyme recognition site II located at its 5’ end, wherein in the generated
circular RNA the ribozyme recognition site I is connected with the ribozyme recognition site IT,
and thus the TIE I is connected with the TIE II to form the TIE sequence which is able to recruit
ribosome to initiate translation.

In embodiments, the present invention provides a circular RNA precursor comprising from 5'
to 3' direction:

a) a 3’ self-splicing intron fragment;

b) a translation initiation element (TIE) fragment II;

¢) a nucleotide sequence that encodes an aquaporin-1 (AQP-1) protein or variants thereof;

d) a translation initiation element fragment I and

¢) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in

combination retain the self-splicing activity of a self-splicing intron and allow generation of a
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circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the TIE fragment [ is the 5° terminal portion of a TIE sequence, and the TIE fragment
I1 is the 3’ terminal portion of a TIE sequence, and

the TIE fragment I comprises a ribozyme recognition site I located at its 3’ end, the TIE
fragment II comprises a ribozyme recognition site II located at its 5° end, wherein in the generated
circular RNA the ribozyme recognition site I is connected with the ribozyme recognition site II,
and thus the TIE I is connected with the TIE II to form the TIE sequence which is able to recruit
ribosome to initiate translation.

In some embodiments, the self-splicing intron is selected from the following group:
cyanobacterium Anabaena Group I Intron such as AnaX, Azoarcus Group I Intron (Azo),
Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus phage Twort Group I Intron (Twort),
Scytonema-hofmani tRNA fMet group I intron (Sh), or Agrobacterium-tumefaciens group I intron
(A1),

In some embodiments, the self-splicing intron is selected from a nucleotide sequence of any
one of SEQ ID NO: 1-6, or a nucleotide sequence having at least 50%, at least 60%, at least 70%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to
any one of SEQ ID NO: 1-6.

In some embodiments, the self-splicing intron is selected from a nucleotide sequence of any
one of SEQ ID NO: | and 3, or a nucleotide sequence having at least 50%, at least 60%, at least
70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%,
at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence identity
to any one of SEQ ID NO: 1 and 3.

In some embodiments, the self-splicing intron is the cyanobacterium Anabaena Group I Intron
such as AnaX, the 3' self-splicing intron fragment comprises or consists of a nucleotide sequence
of SEQ ID NO: 7 or a nucleotide sequence having at least 75%, at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 7, and the 5' self-splicing
intron fragment comprises or consists of a nucleotide sequence of SEQ ID NO: § or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
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least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 8.

In some embodiments, the self-splicing intron is the Staphylococcus phage Twort Group 1
Intron (Twort), the 3' self-splicing intron fragment comprises or consists of a nucleotide sequence
of SEQ ID NO: 27 or a nucleotide sequence having at least 75%, at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 27, and the 5' self-splicing
intron fragment comprises or consists of a nucleotide sequence of SEQ ID NO: 28 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at lcast 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 28.

In some embodiments, the total length of the ribozyme recognition site I and the ribozyme
recognition site IT is about 0 to about 100 nucleotides, about 0 to about 90 nucleotides, about 0 to
about 80 nucleotides, about 0 to about 70 nucleotides, about 0 to about 60 nucleotides, about 0 to
about 50 nucleotides, about 0 to about 40 nucleotides, about 0 to about 35 nucleotides, about 2 to
about 100 nucleotides, about 5 to about 100 nucleotides, about 10 to about 100 nucleotides, about
20 to about 100 nucleotides, about 30 to about 100 nucleotides, or about 30 to about 100
nucleotides, such as 1,2, 3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,26,27,28,29,30,31, 32,33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76,
77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100
nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site I is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about
40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, such as 1, 2, 3,4, 5,6, 7, 8, 9, 10,
11,12,13, 14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70,71, 72,73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, &8,
89,90, 91,92, 93,94, 95,96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the total length of the ribozyme recognition site II is about 0 to about
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100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 80 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about
40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides, such as 1, 2, 3,4, 5,6, 7, 8,9, 10,
11,12,13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74,75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

In some embodiments, the ribozyme recognition site I comprises a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% sequence identity to a nucleotide sequence of any one of SEQ ID
NO: 58, 60 or 64.

In some embodiments, the ribozyme recognition site 1 comprises a nucleotide sequence of
UCCAGCUU, UCUGGCAU or UGUAACUU.

In some embodiments, the ribozyme recognition site I comprises a nucleotide sequence of
AACUGGA, AACCAGC or AAAAUUACA.

In embodiments, the ribozyme recognition site I is UCCAGCUU, and the ribozyme
recognition site Il is AACUGGA.

In embodiments, the ribozyme recognition site I is UCUGGCAU, and the ribozyme
recognition site Il is AACCAGC.

In embodiments, the ribozyme recognition site I is UGUAACUU, and the ribozyme
recognition site Il is AAAAUUACA.

In some embodiments, the circular RNA precursor further comprises a homology arm
sequence [ and a homology arm sequence II capable of complementary pairing to each other to
form a homology arm double-stranded region.

In some embodiments, the homology arm sequence 1 is upstream of the 3 self-splicing intron
fragment and the homology arm sequence 11 is downstream of the 5’ self-splicing intron fragment.

In some embodiments, the homology arm sequence I or the homology arm sequence 1II is
about 5-200 nucleotides in length, about 5-150 nucleotides in length, about 5-100 nucleotides in
length, about 5-80 nucleotides in length, about 5-50 nucleotides in length, about 5-40 nucleotides
in length, about 5-30 nucleotides in length, about 5-20 nucleotides in length, about 5-10
nucleotides in length, preferably, about 5, 10, 15, 20, 25, 30, 35 or 40 nucleotides in length.
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In some embodiments, one of the homology arm sequence I and the homology arm sequence
II comprises a nucleotide sequence of any one of SEQ ID NO: 83-84 or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98% , or at least 99% sequence identity to any one of SEQ ID NO: 83-84 | while the other
homology arm sequence comprises the corresponding complementary sequence.

In some embodiments, the translation initiation element is an internal ribosome entry site
(IRES) which is selected from CVB3, HRV-B3, BRAV-1 L, PVl L, CAV2 L, BRAV-1, PV1, or
CAV2, preferably CVB3.

In embodiments, the IRES comprises a nucleotide sequence set forth in one of SEQ ID NOs:
120-526, or comprises a nucleotide sequence having at least 75%, e.g., at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at lecast 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at lcast 98% , at least 99% sequence identity to one of SEQ ID NOs: 120-526.

In some embodiments, the IRES comprises a nucleotide sequence of SEQ ID NO: 121, or
comprises a nucleotide sequence having at least 75%, e.g., at least 80%, at least 81%, at least 82%,
at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at lcast 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98% , or at least 99% sequence identity to SEQ ID NO: 121.

In some embodiments, the at least one protein-coding sequence comprises an AQP-1 protein
coding sequence, or a nucleotide sequence encoding a protein having the same activity as the AQP-
1 protein and derived from the AQP-1 protein through substitution, deletion or addition of 1, 2, 3,
4,5,6,7, 8,9, 10 or more amino acids in the amino acid sequence of the AQP-1 protein.

In some embodiments, an AQP-1 protein encoding sequence comprises a nucleotide sequence
of SEQ ID NO: 118, or a nucleotide sequence having at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or
at least 99% sequence identity to SEQ ID NO: 118. In particular, the AQP-1 protein coding
sequence is SEQ ID NO: 118, or a nucleotide sequence having 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98% or 99% sequence identity to SEQ ID NO: 118.

In some embodiments, the circular RNA precursor of the invention comprises a nucleotide
sequence selected from any one of SEQ ID NO: 533-536, or a nucleotide sequence having at least

50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
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at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% sequence identity to any one of SEQ ID NO: 533-536.

In embodiments, the present invention provides a circular RNA precursor comprising from 5'
to 3' direction:

a) a 3’ self-splicing intron fragment;

b) a non-translation initiation element (non-TIE) fragment II;

¢) a nucleotide sequence that encodes an aquaporin-1 (AQP-1) protein, or a variant thereof;

d) a non-translation initiation element (non-TIE) fragment I and

e) a 5’ self-splicing intron fragment;

wherein the 37 self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precutsor;

wherein the non-TIE fragment I is derived from a 5’ terminal portion of a non-TIE sequence,
and the non-TIE II is derived from a 3’ terminal portion of a non-TIE sequence, and

the non-TIE fragment I comprises a ribozyme recognition site I located at its 3° end, the non-
TIE fragment II comprises a ribozyme recognition site II located at its 5’ end, wherein in the
generated circular RNA the ribozyme recognition site I is connected with the ribozyme recognition
site I1, and thus the non-TIE fragment I is connected with the non-TIE fragment II to form the non-

TIE sequence. In embodiments, the non-TIE sequence is a 3’ UTR sequence.

Additionally, the present invention further provides the following items:
1. A circular RNA precursor comprising from 5' to 3' direction:

a) a 3’ self-splicing intron fragment; and

b) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA through the self-splicing of the circular RNA precursor,

wherein the self-splicing intron is selected from Group I introns and Group II introns, for
example, the self-splicing intron is selected from Group I introns.

2. The circular RNA precursor of item 1, wherein the self-splicing intron is selected from the
following group: cyanobacterium Anabaena Group I Intron such as AnaX, Azoarcus Group I Intron

(Azo0), Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus phage Twort Group I Intron
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(Twort), Scytonema-hofmani tRNA fMet group I intron (Sh), or Agrobacterium-tumefaciens group
I intron (At), for example, the self-splicing intron is selected from a nucleotide sequence of any
one of SEQ ID NO: 1-6, or a nucleotide sequence having at least 50%, at least 60%, at least 70%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence identity to
any one of SEQ ID NO: 1-6.

3. The circular RNA precursor of item 1 or 2, wherein the 3’ self-splicing intron fragment is
derived from a 3’ terminal portion of a self-splicing intron starting from an intron internal split site
I to the 3' end of the self-splicing intron, and the 5 self-splicing intron fragment is derived from a
5’ terminal portion of the self-splicing intron starting from the 5' end of the self-splicing intron to
an intron internal split site II.

4. The circular RNA precursor of any one of items 1-3, wherein when the self-splicing intron
is cyanobacterium Anabaena Group I Intron such as AnaX, the intron internal split site II and the
intron internal split site I are a nucleotide A at position 115 and a nucleotide A at position 116 from
5" end of the AnaX intron (SEQ ID NO:1) respectively, and when connected form a nucleotide
sequence of AA.

5. The circular RNA precursor of any one of items -4, wherein when the self-splicing intron
is Azoarcus Group I Intron (Azo) (SEQ ID NO:2),

1) the intron internal split site II and the intron internal split site I are a nucleotide A at position
24 and a nucleotide A at position 25 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of AA (P2);

2) the intron internal split site I and the intron internal split site I are a nucleotide A at position
85 and a nucleotide A at position 86 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of AA (P4-5);

3) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
71 and a nucleotide C at position 72 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of CC (P5);

4) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
108 and a nucleotide U at position 109 from 5° end of the Azo intron respectively, and when
connected form a nucleotide sequence of CU (P6);

5) the intron internal split site IT and the intron internal split site [ are a nucleotide A at position
154 and a nucleotide A at position 155 from 5 end of the Azo intron respectively, and when
connected form a nucleotide sequence of AA (P8); or

6) the intron internal split site I and the intron internal split site I are a nucleotide C at position
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198 and a nucleotide A at position 199 from 5’ end of the Azo intron respectively, and when
connected form a nucleotide sequence of CA (P9).

6. The circular RNA precursor of any one of items 1-4, wherein when the self-splicing intron
is Scytalidium dimidiatum Group I Intron (Sd) (SEQ ID NO:4),

1) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
88 and a nucleotide G at position 89 from 5’ end of the Sd intron respectively, and when connected
form a nucleotide sequence of AG (P2);

2) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
173 and a nucleotide G at position 174 from 5 end of the Sd intron respectively, and when
connected form a nucleotide sequence of UG (P5);

3) the intron internal split site I and the intron internal split site I are a nucleotide A at position
204 and a nucleotide G at position 205 from 5’ end of the Sd intron respectively, and when
connected form a nucleotide sequence of AG (P6);

4) the intron internal split site II and the intron internal split site I are a nucleotide C at position
252 and a nucleotide G at position 253 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of CG (P8); or

5) the intron internal split site IT and the intron internal split site [ are a nucleotide C at position
370 and a nucleotide G at position 371 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of CG (P9).

7. The circular RNA precursor of any one of items 1-4, wherein when the self-splicing intron
is Staphylococcus phage Twort Group I Intron (Twort) (SEQ ID NO:3),

1) the intron internal split site IT and the intron internal split site T are a nucleotide U at position
70 and a nucleotide A at position 71 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P5);

2) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
103 and a nucleotide A at position 104 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P6);

3) the intron internal split site 1T and the intron internal split site [ are a nucleotide A at position
132 and a nucleotide U at position 133 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AU (P7);

4) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
173 and a nucleotide C at position 174 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UC (P8);

5) the intron internal split site IT and the intron internal split site I are a nucleotide A at position

206 and a nucleotide A at position 207 from 5’ end of the Twort intron respectively, and when
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connected form a nucleotide sequence of AA (P9);

6) the intron internal split site IT and the intron internal split site I are a nucleotide G at position
226 and a nucleotide U at position 227 from 5 end of the Twort intron respectively, and when
connected form a nucleotide sequence of GU (P9.1);

7) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
23 and a nucleotide A at position 24 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P2); or

&) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
82 and a nucleotide A at position 83 from 5 end of the Twort intron respectively, and when
connected form a nucleotide sequence of AA (P4-5).

8. The circular RNA precursor of any one of items 1-4, wherein when the self-splicing intron
is Scytonema-hofmani tRNA fMet group I intron (Sh) (SEQ ID NO:5),

1) the intron internal split site I and the intron internal split site I are a nucleotide A at position
129 and a nucleotide A at position 130 from 5 end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P6);

2) the intron internal split site Il and the intron internal split site I are a nucleotide A at position
60 and a nucleotide A at position 61 from 5’ end of the Sh intron respectively, and when connected
form a nucleotide sequence of AA (P2);

3) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
109 and a nucleotide A at position 110 from 5’ end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P4-5); or

4) the intron internal split site I and the intron internal split site I are a nucleotide A at position
213 and a nucleotide A at position 214 from 5 end of the Sh intron respectively, and when
connected form a nucleotide sequence of UA (P9).

9. The circular RNA precursor of any one of items 1-4, wherein when the self-splicing intron
is Agrobacterium-tumefaciens group I intron (At) (SEQ ID NO:6), the intron internal split site II
and the intron internal split site [ are a nucleotide A at position 107 and a nucleotide A at position
108 from 5° end of the At intron respectively, and when connected form a nucleotide sequence of
AA (P6).

10. The circular RNA precursor of any one of items 1-9, wherein the 3' self-splicing intron
fragment is a sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% or 100% sequence identity to the 3' terminal portion of the self-splicing intron,

and the 5' self-splicing intron fragment is a sequence having at least 75%, at least 80%, at least
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81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to the ' terminal
portion of the self-splicing intron.

11. The circular RNA precursor of any one of items 1-10, wherein the self-splicing intron is
the cyanobacterium Anabaena Group I Intron such as AnaX, the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 7 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 7, and the 5' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: § or a nucleotide sequence having at least 75%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at lcast 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at lcast 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 8.

12. The circular RNA precursor of any one of items 1-10, wherein the self-splicing intron is
the Azoarcus Group I Intron (Azo), the 3' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 9, 11, 13, 15, 17 or 19 or a nucleotide sequence having at
least 75%, at lcast 80%, at least 81%, at least 82%, at lcast 83%, at lcast 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity
to SEQIDNO: 9, 11, 13, 15, 17 or 19, and the 5' self-splicing intron fragment comprises or consists
of a nucleotide sequence of SEQ ID NO: 10, 12, 14, 16, 18 or 20 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 10, 12, 14, 16, 18 or 20.

13. The circular RNA precursor of any one of items 1-10, wherein the self-splicing intron is
the Scytalidium dimidiatum Group I Intron (Sd), the 3' self-splicing intron fragment comprises or
consists of a nucleotide sequence of SEQ ID NO: 37, 39, 41, 43 or 45 or a nucleotide sequence
having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or
100% identity to SEQ ID NO: 37, 39, 41, 43 or 45, and the 5' self-splicing intron fragment

comprises or consists of a nucleotide sequence of SEQ ID NO: 38, 40, 42, 44 or 46 or a nucleotide
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sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 38, 40, 42, 44 or 46.

14. The circular RNA precursor of any one of items 1-10, wherein the self-splicing intron is
the Staphylococcus phage Twort Group I Intron (Twort), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 21, 23, 25, 27,29, 31, 33 or 35 or
a nucleotide sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least §5%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% or 100% identity to SEQ ID NO: 21, 23, 25,27, 29, 31, 33 or 35, and the 5' self-
splicing intron fragment comprises or consists of a nucleotide sequence of SEQ ID NO: 22, 24,
26, 28, 30, 32, 34 or 36 or a nucleotide sequence having at least 75%, at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 22, 24, 26, 28, 30,
32, 34 or 36.

15. The circular RNA precursor of any one of items 1-10, wherein the self-splicing intron is
the Scytonema-hofmani tRNA fMet group I intron (Sh), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 47, 49, 51 or 53 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 47, 49, 51 or 53 and the 5' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 48, 50, 52 or 54 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at lcast 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 48, 50, 52 or 54.

16. The circular RNA precursor of any one of items 1-10, wherein the self-splicing intron is
the Agrobacterium-tumefaciens group I intron (At), the 3' self-splicing intron fragment comprises
or consists of a nucleotide sequence of SEQ ID NQ: 55 or a nucleotide sequence having at least
75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at lecast 85%, at least 86%,
at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to
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SEQ ID NO: 55, and the 5' self-splicing intron fragment comprises or consists of a nucleotide
sequence of SEQ ID NO: 56 or a nucleotide sequence having at least 75%, at least 80%, at least
81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 56,

17. The circular RNA precursor of any one of items 1-16, which further comprises from 5' to
3" direction: optionally a first residual circularizing element; a nucleotide sequence of interest; and
optionally a second residual circularizing element, located between a) and b), wherein the total
length of the first residual circularizing element and the second residual circularizing element is
about 0 to about 500 nucleotides; or

the circular RNA precursor further comprises a homology arm sequence I upstream of the 3’
self-splicing intron fragment and a homology arm sequence II downstream of the 5’ self-splicing
intron fragment.

18. The circular RNA precursor of any one of items 1-17, wherein the first residual
circularizing element comprises or consists of from 5° to 3’ direction a 3' exon region and
optionally a first spacer, the second residual circularizing element comprises or consists of from 3’
to 5’ direction a 5' exon region and optionally a second spacer.

19. The circular RNA precursor of item 18, wherein the 3' exon region is derived from the
native 3' exon of the self-splicing intron, the 5' exon region is derived from the native 5' exon of
the self-splicing intron, and the 3' exon region and 5' exon region can be recognized and/or spliced
by the self-splicing intron or a combination of the 3’ self-splicing intron fragment and the 5’ self-
splicing intron fragment.

20. The circular RNA precursor of item 19, wherein 3' exon region is a sequence having at
least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or
at least 99% sequence identity to the native 3' exon or a contiguous fragment of about 1- about 50
nucleotides starting from the 5' terminal nucleotide of the native 3' exon,

the 5' exon region is a sequence having at least 50%, at least 60%, at least 70%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence identity to the native 5'
exon or a contiguous fragment of about 1- about 50 nucleotides starting from the 3' terminal

nucleotide of the native 5' exon.
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21. A circular RNA precursor comprising from 5' to 3' direction:

a) a 3 self-splicing intron fragment;

b) a first residual circularizing element;

¢) a nucleotide sequence of interest;

d) a second residual circularizing element; and

e) a 5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the first residual circularizing element, the nucleotide sequence of
interest, and the second residual circularizing element through the self-splicing of the circular RNA
precursor,

wherein the total length of the first residual circularizing element and the second residual
circularizing element is about 0 to about 500 nucleotides.

22, The circular RNA precursor of item 21, wherein the self-splicing intron is selected from
Group I introns and Group IT introns, for example, the self-splicing intron is selected from Group
[ introns.

23. The circular RNA precursor of item 21 or 22, wherein the self-splicing intron is selected
from the following group: cyanobacterium Anabaena Group I Intron such as AnaX, Azoarcus
Group I Intron (Azo), Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus phage Twort
Group I Intron (Twort), Scytonema-hofmani tRNA fMet group I intron (Sh), or Agrobacterium-
tumefaciens group I intron (At), for example, the self-splicing intron is selected from a nucleotide
sequence of any one of SEQ ID NO: 1-6, or a nucleotide sequence having at least 50%, at least
60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least 99%
sequence identity to any one of SEQ ID NO: 1-6.

24. The circular RNA precursor of any one of items 21-23, wherein the 3’ self-splicing intron
fragment is derived from a 3’ terminal portion of a self-splicing intron starting from an intron
internal split site I to the 3' end of the self-splicing intron, and the 5’ self-splicing intron fragment
is derived from a 5’ terminal portion of the self-splicing intron starting from the 5' end of the self-
splicing intron to an intron internal split site IL.

25. The circular RNA precursor of any one of items 21-23, wherein when the self-splicing
intron is cyanobacterium Anabaena Group 1 Intron such as AnaX, the intron internal split site 11
and the intron internal split site I are a nucleotide A at position 115 and a nucleotide A at position

116 from 5’ end of the AnaX intron (SEQ ID NO:1) respectively, and when connected form a
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nucleotide sequence of AA.

26. The circular RNA precursor of any one of items 21-24, wherein when the self-splicing
intron is Azoarcus Group I Intron (Azo) (SEQ ID NO:2),

1) the intron internal split site Il and the intron internal split site I are a nucleotide A at position
24 and a nucleotide A at position 25 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of AA (P2);

2) the intron internal split site I and the intron internal split site I are a nucleotide A at position
85 and a nucleotide A at position 86 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of AA (P4-5);

3) the intron internal split site IT and the intron internal split site [ are a nucleotide C at position
71 and a nucleotide C at position 72 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of CC (PS);

4) the intron internal split site I and the intron internal split site I are a nucleotide C at position
108 and a nucleotide U at position 109 from 5 end of the Azo intron respectively, and when
connected form a nucleotide sequence of CU (P6);

5) the intron internal split site I and the intron internal split site [ are a nucleotide A at position
154 and a nucleotide A at position 155 from 5’ end of the Azo intron respectively, and when
connected form a nucleotide sequence of AA (P8); or

6) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
198 and a nucleotide A at position 199 from 5’ end of the Azo intron respectively, and when
connected form a nucleotide sequence of CA (P9).

27. The circular RNA precursor of any one of items 21-24, wherein when the self-splicing
intron is Scytalidium dimidiatum Group I Intron (Sd) (SEQ ID NO:4),

1) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
88 and a nucleotide G at position 89 from 5’ end of the Sd intron respectively, and when connected
form a nucleotide sequence of AG (P2);

2) the intron internal split site Il and the intron internal split site I are a nucleotide U at position
173 and a nucleotide G at position 174 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of UG (P5);

3) the intron internal split site Il and the intron internal split site I are a nucleotide A at position
204 and a nucleotide G at position 205 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of AG (P6);

4) the intron internal split site II and the intron internal split site I are a nucleotide C at position
252 and a nucleotide G at position 253 from 5° end of the Sd intron respectively, and when

connected form a nucleotide sequence of CG (PS); or
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5) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
370 and a nucleotide G at position 371 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of CG (P9).

28. The circular RNA precursor of any one of items 21-24, wherein when the self-splicing
intron is Staphylococcus phage Twort Group I Intron (Twort) (SEQ [D NO:3),

1) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
70 and a nucleotide A at position 71 from 5° end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P5);

2) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
103 and a nucleotide A at position 104 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P6);

3) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
132 and a nucleotide U at position 133 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AU (P7);

4) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
173 and a nucleotide C at position 174 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UC (P8);

5) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
206 and a nucleotide A at position 207 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AA (P9);

6) the intron internal split site I and the intron internal split site I are a nucleotide G at position
226 and a nucleotide U at position 227 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of GU (P9.1);

7) the intron internal split site I and the intron internal split site I are a nucleotide U at position
23 and a nucleotide A at position 24 from 5 end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P2); or

8) the intron internal split site I and the intron internal split site I are a nucleotide A at position
82 and a nucleotide A at position 83 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AA (P4-5).

29. The circular RNA precursor of any one of items 21-24, wherein when the self-splicing
intron is Scytonema-hofmani tRNA fMet group I intron (Sh) (SEQ ID NO:5),

1) the intron internal split site I and the intron internal split site T are a nucleotide A at position
129 and a nucleotide A at position 130 from 5° end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P6);

2) the intron internal split site II and the intron internal split site I are a nucleotide A at position
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60 and a nucleotide A at position 61 from 5° end of the Sh intron respectively, and when connected
form a nucleotide sequence of AA (P2);

3) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
109 and a nucleotide A at position 110 from 5’ end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P4-5); or

4) the intron internal split site I and the intron internal split site I are a nucleotide A at position
213 and a nucleotide A at position 214 from 5° end of the Sh intron respectively, and when
connected form a nucleotide sequence of UA (P9).

30. The circular RNA precursor of any one of items 21-24, wherein when the self-splicing
intron is Agrobacterium-tumefaciens group I intron (At) (SEQ ID NO:6), the intron internal split
site IT and the intron internal split site I are a nucleotide A at position 107 and a nucleotide A at
position 108 from 5’ end of the At intron respectively, and when connected form a nucleotide
sequence of AA (P6).

31. The circular RNA precursor of any one of items 21-30, wherein the 3' self-splicing intron
fragment is a sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% or 100% sequence identity to the 3' terminal portion of the self-splicing intron,
and the 5' self-splicing intron fragment is a sequence having at least 75%, at least 80%, at least
81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to the 5' terminal
portion of the self-splicing intron.

32. The circular RNA precursor of any one of items 21-31, wherein the self-splicing intron is
the cyanobacterium Anabaena Group I Intron such as AnaX, the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 7 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 7, and the §' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 8 or a nucleotide sequence having at least 75%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 8.

33. The circular RNA precursor of any one of items 21-31, wherein the self-splicing intron is
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the Azoarcus Group I Intron (Azo), the 3' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 9, 11, 13, 15, 17 or 19 or a nucleotide sequence having at
least 75%, at least 80%, at least 81%, at lcast 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity
to SEQIDNO: 9,11, 13, 15,17 or 19, and the 5' self-splicing intron fragment comprises or consists
of a nucleotide sequence of SEQ ID NO: 10, 12, 14, 16, 18 or 20 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 10, 12, 14, 16, 18 or 20.

34. The circular RNA precursor of any one of items 21-31, wherein the self-splicing intron is
the Scytalidium dimidiatum Group I Intron (Sd), the 3' self-splicing intron fragment comprises or
consists of a nucleotide sequence of SEQ ID NO: 37, 39, 41, 43 or 45 or a nucleotide sequence
having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 9%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at lecast 99% or
100% identity to SEQ ID NO: 37, 39, 41, 43 or 45, and the 5' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 38, 40, 42, 44 or 46 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 38, 40, 42, 44 or 46.

35. The circular RNA precursor of any one of items 21-31, wherein the self-splicing intron is
the Staphylococcus phage Twort Group I Intron (Twort), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 21, 23, 25, 27, 29, 31, 33 or 35 or
a nucleotide sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% or 100% identity to SEQ ID NO: 21, 23, 25,27, 29, 31, 33 or 35, and the 5' self-
splicing intron fragment comprises or consists of a nucleotide sequence of SEQ ID NO: 22, 24,
26, 28, 30, 32, 34 or 36 or a nucleotide sequence having at least 75%, at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 22, 24, 26, 28, 30,
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32, 34 or 36.

36. The circular RNA precursor of any one of items 21-31, wherein the self-splicing intron is
the Scytonema-hofmani tRNA fMet group I intron (Sh), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 47, 49, 51 or 53 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 47, 49, 51 or 53, and the 5' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 48, 50, 52 or 54 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at lcast 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 48, 50, 52 or 54.

37. The circular RNA precursor of any one of items 21-31, wherein the self-splicing intron is
the Agrobacterium-tumefaciens group I intron (At), the 3' self-splicing intron fragment comprises
or consists of a nucleotide sequence of SEQ ID NO: 55 or a nucleotide sequence having at least
75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%,
at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to
SEQ ID NO: 55, and the 5' self-splicing intron fragment comprises or consists of a nucleotide
sequence of SEQ ID NO: 56 or a nucleotide sequence having at least 75%, at least 80%, at least
81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 56.

38. The circular RNA precursor of any one of items 21-37, wherein the first residual
circularizing element and the second residual circularizing element are configured such that the
circular RNA comprising them has reduced immunogenicity.

39. The circular RNA precursor of any one of items 21-38, wherein the first residual
circularizing element and the second residual circularizing element are configured such that the
circular RNA precursor comprising them has comparable or increased circularization efficiency.

40. The circular RNA precursor of any one of items 21-39, wherein the total length of the first
residual circularizing element and the second residual circularizing element is about 0 to about
100 nucleotides, about 0 to about 90 nucleotides, about 0 to about 8 nucleotides, about 0 to about
70 nucleotides, about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about

40 nucleotides, about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about
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100 nucleotides, about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30
to about 100 nucleotides, or about 30 to about 100 nucleotides.

41. The circular RNA precursor of any one of items 21-40, wherein the first residual
circularizing element and the second residual circularizing element are configured to be capable
of forming a stem-loop structure, ¢.g., upon self-splicing for circularization.

42. The circular RNA precursor of item 41, wherein the loop of the stem-loop structure
comprises the splicing junction.

43. The circular RNA precursor of any one of items 41-42, wherein the first residual
circularizing element comprises the sequence structure of the following formula: 5'-first loop
sequence-first pairing sequence-first non-pairing sequence-3'; and the sccond residual
circularizing element comprises the sequence structure of the following formula: 5'-second non-
pairing sequence-second pairing sequence-second loop sequence-3',

wherein the first non-pairing sequence or the second non-pairing sequence may be
independently present or absent,

the first pairing sequence and the second pairing sequence can complementarily pair to each
other to form the stem of the stem-loop structure, wherein the first loop sequence and the second
loop sequence can form the loop of the stem-loop structure, e.g., through self-splicing for
circularization.

44. The circular RNA precursor of any one of items 41-43, wherein the first residual
circularizing element can be selected from various sequence, provided that the first loop sequence
of the first residual circularizing element doesn’t pair with any sequence of the second residual
circularizing element.

45. The circular RNA precursor of item 43 or 44, wherein the first loop sequence comprises
or consists of one or more nucleotides which can pair with the P1 region of the corresponding self-
splicing intron to form a P10 duplex region during the circularization.

46. The circular RNA precursor of any one of items 43-45, wherein the first loop sequence
consist of a nucleotide sequence of (N)n, wherein N represents any nucleotides (A, G, U, or C), n
represents an integer from 1-20, for example, 1,2, 3,4, 5,6, 7, 8,9, 10,11, 12, 13, 14, 15, 16, 17,
18, 19, or 20.

47. The circular RNA precursor of any one of items 43-46, wherein the first loop sequence
comprises or consists of the sequence of AAAA, AGAA, AA, UUUU, UAAA, CAAA, or GAAA,
preferably AAAA.

48. The circular RNA precursor of any one of items 43-47, wherein the second loop sequence
comprises or consists of one or more nucleotides which can pair with the internal guide sequence

(IGS) of the corresponding self-splicing intron to form a P1 duplex region during the
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circularization.

49. The circular RNA precursor of any one of items 43-48, wherein the second loop sequence
comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 95-116, such as CUU,
CAU or CUC, preferably CUU.

50. The circular RNA precursor of any one of items 43-49, wherein the loop of the stem-loop
structure has a sequence of CUUAAAA, CUUUUUU, CUUAA, CUUGAAA, CUUUAAA,
CUUAGAA, CUUCAAA or CUCAAAA, preferably CUUAAAA.

51. The circular RNA precursor of any one of items 43-50, wherein the stem portion of the
stem-loop structure comprises 2-15 or more consecutive matched base pairs, preferably, the stem
portion of the stem-loop structure comprises 5, 6 or 7 consecutive matched base pairs.

52. The circular RNA precursor of any one of items 43-51, wherein the stem portion in the
stem-loop structure comprises up to 2 base pair mismatches, or the stem portion comprises only 1
base pair mismatch, preferably, the stem portion comprises no base pair mismatches.

53. The circular RNA precursor of any one of items 43-52, wherein the first pairing sequence
comprises only G and the second pairing sequence comprises only C, or the first pairing sequence
comprises only C and the second pairing sequence comprises only G.

54. The circular RNA precursor of any one of items 43-53, wherein the first pairing sequence
comprises only A and the second pairing sequence comprises only U.

55. The circular RNA precursor of any one of items 43-54, wherein the first pairing sequence
comprises only U and the second pairing sequence comprises only A.

56. The circular RNA precursor of any one of items 21-55, wherein the first residual
circularizing element comprises or consists of from 5’ to 3’ direction a 3' exon region and
optionally a first spacer, the second residual circularizing element comprises or consists of from 3°
to 5 direction a 5' exon region and optionally a second spacer.

57. The circular RNA precursor of item 56, wherein the 3' exon region is derived from the
native 3' exon of the self-splicing intron, the 5' exon region is derived from the native 5' exon of
the self-splicing intron, and the 3' exon region and 5' exon region can be recognized and/or spliced
by the self-splicing intron or a combination of the 3’ self-splicing intron fragment and the 5° self-
splicing intron fragment.

58. The circular RNA precursor of item 56 or 57, wherein the 3' exon region is a sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% sequence identity to the native 3' exon or a contiguous fragment

of about 1- about 50 nucleotides starting from the 5' terminal nucleotide of the native 3' exon,
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the 5' exon region is a sequence having at least 50%, at least 60%, at least 70%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to the native
5' exon or a contiguous fragment of about 1- about 50 nucleotides starting from the 3' terminal
nucleotide of the native 5' exon.

59. The circular RNA precursor of any one of items 21-58, wherein the first residual
circularizing element comprises or consists of a nucleotide sequence having at least 50%, at least
60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
sequence identity to a nucleotide sequence selected from SEQ ID NO: 57, 59, 61, 63, 65, 67 or 69,
preferably the first residual circularizing element is selected from a nucleotide sequence of
AAAAUCCGUUGA or AAAACCCCCCCA.

60. The circular RNA precursor of any one of items 21-59, wherein the second residual
circularizing element comprises or consists of a nucleotide sequence having at least 50%, at least
60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at lecast 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
sequence identity to a nucleotide sequence selected from SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70,
preferably the second residual circularizing element is selected from a nucleotide sequence of
AGACGCUACGGACUU or AGACGGGGGGGGCUU.

61. The circular RNA precursor of any one of items 21-60, wherein the first residual
circularizing element comprises or consists of a nucleotide sequence of any one of SEQ ID NO:
57,59, 61, 63, 65, 67 or 69 and the second residual circularizing element comprises or consists of
a nucleotide sequence of any one of SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70.

62. The circular RNA precursor of any one of items 21-61, wherein,

1) the first residual circularizing element comprises or consists of a nucleotide sequence of
SEQ ID NO: 57 and the second residual circularizing element comprises or consists of a nucleotide
sequence of SEQ ID NO: 58;

2) the first residual circularizing element comprises or consists of a nucleotide sequence of
SEQ ID NO: 59 and the second residual circularizing element comprises or consists of a nucleotide
sequence of SEQ ID NO: 60;

3) the first residual circularizing element comprises or consists of a nucleotide sequence of

SEQ ID NO: 61 and the second residual circularizing element comprises or consists of a nucleotide

87



WO 2024/193634 PCT/CN2024/082941

sequence of SEQ ID NO: 62;

4) the first residual circularizing element comprises or consists of a nucleotide sequence of
SEQ ID NO: 63 and the second residual circularizing element comprises or consists of a nucleotide
sequence of SEQ ID NO: 64;

5) the first residual circularizing element comprises or consists of a nucleotide sequence of
SEQ ID NO: 65 and the second residual circularizing element comprises or consists of a nucleotide
sequence of SEQ ID NO: 66;

6) the first residual circularizing element comprises or consists of a nucleotide sequence of
SEQ ID NO: 67 and the second residual circularizing element comprises or consists of a nucleotide
sequence of SEQ ID NO: 68; or

7) the first residual circularizing element comprises or consists of a nucleotide sequence of
SEQ ID NO: 69 and the second residual circularizing element comprises or consists of a nucleotide
sequence of SEQ ID NO: 70;

preferably, the first residual circularizing element is selected from a nucleotide sequence of
AAAAUCCGUUGA and the second residual circularizing element is selected from a nucleotide
sequence of AGACGCUACGGACUU, or the first residual circularizing element is selected from
a nucleotide sequence of AAAACCCCCCCA and the second residual circularizing element is
selected from a nucleotide sequence of AGACGGGGGGGGCUU.

63. The circular RNA precursor of any one of items 21-62, wherein the circular RNA
precursor further comprises a homology arm sequence I and a homology arm sequence II capable
of complementary pairing to each other to form a homology arm double-stranded region.

64. The circular RNA precursor of item 63, wherein the homology arm sequence I is upstream
of the 3’ self-splicing intron fragment and the homology arm sequence II is downstream of the 5°
self-splicing intron fragment.

65. The circular RNA precursor of any one of items 61-62, wherein the homology arm
sequence I or the homology arm sequence IT is about 5-500, about 5-450, about 5-400, about 5-
350, about 5-300, about 5-250, about 5-200, about 5-150, about 5-100, about 5-80, about 5-60,
about 5-50, about 5-40, about 5-30, about 5-25, about 5-20, about 5-15 or about 5-10 nucleotides
in length, preferably, about 20, 25, 40, 50, 100, or 300 nucleotides in length.

66. The circular RNA precursor of any one of items 61-65, wherein the two homology arm
sequences may be polyA and polyU, respectively, or polyG and polyC, respectively.

67. The circular RNA precursor of any one of items 61-66, wherein one of the homology arm
sequence I and the homology arm sequence Il comprises a nucleotide sequence of any one of SEQ
ID NO: 71-94 or a nucleotide sequence having at least 50%, at least 60%, at least 70%, at least
80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%,
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at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence identity to any one
of SEQ ID NO: 71-94, while the other homology arm sequence comprises the corresponding
complementary sequence.

68. The circular RNA precursor of any one of items 21-67, wherein the nucleotide sequence
of interest comprises at least one protein-coding sequence and a translation initiation element such
as an internal ribosome entry site (IRES) operably linked thereto.

69. The circular RNA precursor of item 68, wherein the translation initiation element, such
as an IRES, is located upstream to the 5' end of the at least one protein-coding sequence.

70. The circular RNA precursor of item 68, wherein the translation initiation element, such
as an IRES, is located downstream to the 3' end of the at least one protein-coding sequence.

71. The circular RNA precursor of any one of items 68-70, wherein the translation initiation
element is an internal ribosome entry site (IRES) which is selected from the following IRES
sequences: Taura syndrome virus, blood-sucking bug virus, Tyler's encephalomyelitis virus, simian
virus 40, red fire ant virus 1, cereal constriction virus, reticulovirus Endothelial hyperplasia virus,
Forman poliovirus 1, soybean inchworm virus, Kashmir bee virus, human rhinovirus 2, glass
leathopper virus-1, human immunodeficiency virus type 1, glass leathopper virus-1, lice P virus ,
Hepatitis C virus, Hepatitis A virus, Hepatitis GB virus, Foot and mouth disease virus, Human
enterovirus 71, Equine rhinovirus, Tea inchworm-like virus, Encephalomyocarditis virus (EMCYV),
Drosophila C virus, Cruciferous tobacco Virus, cricket paralysis virus, bovine viral diarrhea virus
1, black queen cell virus, aphid lethal paralysis virus, avian encephalomyelitis virus, acute bee
paralysis virus, hibiscus yellow ring spot virus, swine fever virus, human FGF2, human SFTPA1,
Human AMLI1/RUNXI, Drosophila Antennae, Human AQP4, Human AT1R, Human BAG-1,
Human BCL2, Human BiP, Human c-IAP1, Human c-myc, Human e[F4G, Mouse NDST4L,
Human LEF1, Mouse HIF1a, Human n.myc, mouse Gtx, human p27kipl, human PDGF2/c-sis,
human p53, human Pim-1, mouse Rbm3, Drosophila reaper, canine Scamper, Drosophila Ubx,
human UNR, mouse UtrA, human VEGF-A, human XIAP, Drosophila hairless, Saccharomyces
cerevisiae TFIID, Saccharomyces cerevisiae YAPI, human c-src, human FGF-1, simian
picornavirus, turnip crepe disease virus, eI[F4G aptamer, Coxsackie Virus B3 (CVB3) or Coxsackie
virus A (CVA1/2), preferably, the IRES is selected from CVB3, HRV-B3, BRAV-1 L, PV1 L,
CAV2 L, BRAV-1, PV1, or CAV2.

72. The circular RNA precursor of any one of items 68-71, wherein the IRES comprises a
nucleotide sequence set forth in one of SEQ ID NOs: 120-526, or comprises a nucleotide sequence
having at least 75%, e.g., at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least
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92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least
99% sequence identity to one of SEQ ID NOs: 120-526.

73. The circular RNA precursor of any one of items 68-72, wherein the at least one protein-
coding sequence encodes a protein of eukaryotic, prokaryotic or viral origin, for example, a protein
for therapeutic or diagnostic use;

preferably, the at least one protein-coding sequence encodes IL-2, POLR2A, or an aquaporin,
such as AQP-1 protein or a protein having the same activity as the AQP-1 protein and derived from
the AQP-1 protein through substitution, deletion or addition of 1, 2, 3,4, 5,6, 7, 8,9, 10 or more
amino acids in the amino acid sequence of the AQP-1 protein.

74. The circular RNA precursor of any one of items 68-73, wherein the at least one protein-
coding sequence comprises a nucleotide sequence of any one of SEQ ID NO: 117-118, or a
nucleotide sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% sequence identity to any one of SEQ ID NO: 117-118.

75. The circular RNA precursor of any one of items 68-74, wherein the nucleotide sequence
of interest 1s a non-coding sequence, for example, the non-coding sequence can be antisense RNA,
aptamer, guide RNA, or non-protein-coding RNA existing in any organism.

76. The circular RNA precursor of any one of items 21-75, which comprises a nucleotide
sequence selected from any one of SEQ ID NO: 527, 532 and 537-542, or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% sequence identity to any one of SEQ ID NO: 527, 532 and 537-542.

77. A circular RNA precursor comprising from 5' to 3' direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest; and

¢) a 5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a circularizing
sequence fragment II comprising a ribozyme recognition site II at its 5° end and a circularizing

sequence fragment I comprising a ribozyme recognition site I at its 3’ end,
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wherein the circularizing sequence fragment I is derived from a 5° terminal portion of a
circularizing sequence, and the circularizing sequence fragment II is derived from a 3’ terminal
portion of a circularizing sequence, and

wherein in the generated circular RNA the ribozyme recognition site 1 is connected with the
ribozyme recognition site II, and thus the circularizing sequence fragment I is connected with the
circularizing sequence fragment I1 to form the circularizing sequence.

78. The circular RNA precursor of item 77, wherein the nucleotide sequence of interest
comprises one or more sequences selected from the following group between the circularizing
sequence fragment Il and the circularizing sequence fragment I: at least one protein coding
sequences, a non-coding sequence, translation initiation element (TIE), a non-TIE functional
element or any combination thereof.

79. The circular RNA precursor of item 77 or 78, wherein the circularizing sequence is
selected from at least one protein-coding sequence, a non-coding sequence, a translation initiation
element (TIE), or a non-TIE functional element.

80. A circular RNA precursor comprising from 5' to 3' direction:

a) a 37 self-splicing intron fragment;

b) a nucleotide sequence of interest; and

¢) a 5’ self-splicing intron fragment;

wherein the 3° self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a protein-coding
sequence fragment I, a translation initiation element such as an internal ribosome entry site (IRES),
and a protein-coding sequence fragment I;

wherein the protein-coding sequence fragment I is derived from a 5’ terminal portion of at
least one protein-coding sequence, and the protein-coding sequence fragment Il is derived from a
3’ terminal portion of at least one protein-coding sequence, and

the protein-coding sequence fragment I comprises a ribozyme recognition site I located at its
3’ end, the protein-coding sequence fragment Il comprises a ribozyme recognition site II located
at its 5’ end, wherein in the generated circular RNA the ribozyme recognition site I is connected
with the ribozyme recognition site I1, and thus the protein-coding sequence fragment I is connected
with the protein-coding sequence fragment II to form the at least one protein-coding sequence;

optionally, the at least one protein-coding sequence comprises at least two protein-coding

sequences, and a further translation initiation element, 2A sequence or spacet may be linked
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between any two adjacent protein-coding sequences, and the translation initiation element
comprises: IRES sequence, 5” UTR sequence, Kozak sequence, a sequence containing moA, a
sequence complementary to ribosome 18S rRNA, or any combination thercof.

81. The circular RNA precursor of any one of items 77-80, wherein the self-splicing intron is
selected from the Group I introns and Group II introns, for example, the self-splicing intron is
selected from Group I introns.

82. The circular RNA precursor of any one of items 77-81, wherein the self-splicing intron is
selected from the following group: cyanobacterium Anabaena Group I Intron such as AnaX,
Azoarcus Group I Intron (Azo), Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus
phage Twort Group I Intron (Twort), Scytonema-hofmani tRNA fMet group I intron (Sh), or
Agrobacterium-tumefaciens group I intron (At) , for example, the self-splicing intron is selected
from a nucleotide sequence of any one of SEQ ID NO: 1-6, or a nucleotide sequence having at
least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at lcast 94%, at least 95%, at least 96%, at least 97%, at least 98% , or
at least 99% sequence identity to any one of SEQ ID NO: 1-6.

83. The circular RNA precursor of any one of items 77-82, wherein the 3’ self-splicing intron
fragment is derived from a 3’ terminal portion of a self-splicing intron starting from an intron
internal split site I to the 3' end of the self-splicing intron, and the 5’ self-splicing intron fragment
is derived from a 5’ terminal portion of the self-splicing intron starting from the 5' end of the self-
splicing intron to an intron internal split site IL

84. The circular RNA precursor of any one of items 77-83, wherein when the self-splicing
intron is cyanobacterium Anabaena Group I Intron such as AnaX, the intron internal split site I1
and the intron internal split site I are a nucleotide A at position 115 and a nucleotide A at position
116 from 5 end of the AnaX intron (SEQ ID NO:1) respectively, and when connected form a
nucleotide sequence of AA.

85. The circular RNA precursor of any one of items 77-83, wherein when the self-splicing
intron is Azoarcus Group I Intron (Azo) (SEQ ID NO:2),

1) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
24 and a nucleotide A at position 25 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of AA (P2);

2) the intron internal split site I and the intron internal split site T are a nucleotide A at position
85 and a nucleotide A at position 86 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of AA (P4-5);

3) the intron internal split site I and the intron internal split site I are a nucleotide C at position
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71 and a nucleotide C at position 72 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of CC (P5);

4) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
108 and a nucleotide U at position 109 from 5 end of the Azo intron respectively, and when
connected form a nucleotide sequence of CU (P6);

5) the intron internal split site IT and the intron internal split site T are a nucleotide A at position
154 and a nucleotide A at position 155 from 5° end of the Azo intron respectively, and when
connected form a nucleotide sequence of AA (P8); or

6) the intron internal split site IT and the intron internal split site [ are a nucleotide C at position
198 and a nucleotide A at position 199 from 5’ end of the Azo intron respectively, and when
connected form a nucleotide sequence of CA (P9).

86. The circular RNA precursor of any one of items 77-83, wherein when the self-splicing
intron is Scytalidium dimidiatum Group I Intron (Sd) (SEQ ID NO:4),

1) the intron internal split site II and the intron internal split site [ are a nucleotide A at position
88 and a nucleotide G at position 89 from 5’ end of the Sd intron respectively, and when connected
form a nucleotide sequence of AG (P2);

2) the intron internal split site ITand the intron internal split site I are a nucleotide U at position
173 and a nucleotide G at position 174 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of UG (P5);

3) the intron internal split site IT and the intron internal split site [ are a nucleotide A at position
204 and a nucleotide G at position 205 from 5’ end of the Sd intron respectively, and when
connected form a nucleotide sequence of AG (P6);

4) the intron internal split site Il and the intron internal split site I are a nucleotide C at position
252 and a nucleotide G at position 253 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of CG (P8); or

5) the intron internal split site I and the intron internal split site I are a nucleotide C at position
370 and a nucleotide G at position 371 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of CG (P9).

87. The circular RNA precursor of any one of items 77-83, wherein when the self-splicing
intron is Staphylococcus phage Twort Group I Intron (Twort) (SEQ [D NO:3),

1) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
70 and a nucleotide A at position 71 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P5);

2) the intron internal split site IT and the intron internal split site I are a nucleotide U at position

103 and a nucleotide A at position 104 from 5’ end of the Twort intron respectively, and when
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connected form a nucleotide sequence of UA (P6);

3) the intron internal split site I and the intron internal split site I are a nucleotide A at position
132 and a nucleotide U at position 133 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AU (P7);

4) the intron internal split site Il and the intron internal split site I are a nucleotide U at position
173 and a nucleotide C at position 174 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UC (P8);

5) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
206 and a nucleotide A at position 207 from 5 end of the Twort intron respectively, and when
connected form a nucleotide sequence of AA (P9);

6) the intron internal split site I and the intron internal split site I are a nucleotide G at position
226 and a nucleotide U at position 227 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of GU (P9.1);

7) the intron internal split site I and the intron internal split site I are a nucleotide U at position
23 and a nucleotide A at position 24 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P2); or

8) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
82 and a nucleotide A at position 83 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AA (P4-5).

88. The circular RNA precursor of any one of items 77-83, wherein when the self-splicing
intron is Scytonema-hofmani tRNA fMet group I intron (Sh) (SEQ ID NO:5),

1) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
129 and a nucleotide A at position 130 from 5 end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P6);

2) the intron internal split site II and the intron internal split site I are a nucleotide A at position
60 and a nucleotide A at position 61 from 5” end of the Sh intron respectively, and when connected
form a nucleotide sequence of AA (P2);

3) the intron internal split site II and the intron internal split site I are a nucleotide A at position
109 and a nucleotide A at position 110 from 5 end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P4-5); or

4) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
213 and a nucleotide A at position 214 from 5 end of the Sh intron respectively, and when
connected form a nucleotide sequence of UA (P9).

89. The circular RNA precursor of any one of items 77-83, wherein when the self-splicing

intron is Agrobacterium-tumefaciens group I intron (At) (SEQ ID NO:6), the intron internal split
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site IT and the intron internal split site I are a nucleotide A at position 107 and a nucleotide A at
position 108 from 5° end of the At intron respectively, and when connected form a nucleotide
sequence of AA (P6).

90. The circular RNA precursor of any one of items 77-89, wherein the 3' self-splicing intron
fragment is a sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% or 100% sequence identity to the 3' terminal portion of the self-splicing intron,
and the 5’ self-splicing intron fragment is a sequence having at least 75%, at least 80%, at least
81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to the 5' terminal
portion of the self-splicing intron.

91. The circular RNA precursor of any one of items 77-90, wherein the self-splicing intron is
the cyanobacterium Anabaena Group I Intron such as AnaX, the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 7 or a nucleotide sequence having
at least 75%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at 1east 99% or 100% identity to SEQ
ID NO: 7, and the 5' self-splicing intron fragment comprises or consists of a nucleotide sequence
of SEQ ID NO: 8 or a nucleotide sequence having at least 75%, at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 8.

92. The circular RNA precursor of any one of items 77-90, wherein the self-splicing intron is
the Azoarcus Group I Intron (Azo), the 3' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 9, 11, 13, 15, 17 or 19 or a nucleotide sequence having at
least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity
to SEQIDNO: 9,11, 13,15, 17 or 19, and the 5' self-splicing intron fragment comprises or consists
of a nucleotide sequence of SEQ ID NO: 10, 12, 14, 16, 18 or 20 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
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identity to SEQ ID NO: 10, 12, 14, 16, 18 or 20.

93. The circular RNA precursor of any one of items 77-90, wherein the self-splicing intron is
the Scytalidium dimidiatum Group I Intron (Sd), the 3' self-splicing intron fragment comprises or
consists of a nucleotide sequence of SEQ ID NO: 37, 39, 41, 43 or 45 or a nucleotide sequence
having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or
100% identity to SEQ ID NO: 37, 39, 41, 43 or 45, and the 5' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 38, 40, 42, 44 or 46 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at lcast 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 38, 40, 42, 44 or 46.

94. The circular RNA precursor of any one of items 77-90, wherein the self-splicing intron is
the Staphylococcus phage Twort Group I Intron (Twort), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 21, 23, 25, 27, 29, 31, 33 or 35 or
a nucleotide sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at lcast 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% or 100% identity to SEQ ID NO: 21, 23, 25, 27, 29, 31, 33 or 35, and the 5' self-
splicing intron fragment comprises or consists of a nucleotide sequence of SEQ ID NO: 22, 24,
26, 28, 30, 32, 34 or 36 or a nucleotide sequence having at least 75%, at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 22, 24, 26, 28, 30,
32, 34 or 36.

95. The circular RNA precursor of any one of items 77-90, wherein the self-splicing intron is
the Scytonema-hofmani tRNA fMet group I intron (Sh), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 47 , 49, 51 or 53 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 47, 49, 51 or 53, and the 5' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 48, 50, 52 or 54 or a nucleotide

sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
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at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 48, 50, 52 or 54.

96. The circular RNA precursor of any one of items 77-90, wherein the self-splicing intron is
the Agrobacterium-tumefaciens group I intron (At), the 3' self-splicing intron fragment comprises
or consists of a nucleotide sequence of SEQ ID NO: 55 or a nucleotide sequence having at least
75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%,
at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to
SEQ ID NO: 55, and the 5' self-splicing intron fragment comprises or consists of a nucleotide
sequence of SEQ ID NO: 56 or a nucleotide sequence having at least 75%, at least 80%, at least
81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 56.

97. The circular RN A precursor of any one of items 77-96, wherein the ribozyme recognition
site I and the ribozyme recognition site II are configured such that the circular RNA comprising
them has reduced immunogenicity.

98. The circular RNA precursor of any one of items 77-97, wherein the ribozyme recognition
site I and the ribozyme recognition site II are configured such that the circular RNA precursor
comprising them has comparable or increased circularization efficiency.

99. The circular RNA precursor of any one of items 77-98, wherein the total length of the
ribozyme recognition site I and the ribozyme recognition site IT is about 0 to about 100 nucleotides,
about 0 to about 90 nucleotides, about 0 to about 8 nucleotides, about 0 to about 70 nucleotides,
about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about 40 nucleotides,
about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about 100 nucleotides,
about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30 to about 100
nucleotides, or about 30 to about 100 nucleotides, such as 1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41,42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
67,68, 69,70, 71,72,73,74,75, 76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

100. The circular RNA precursor of any one of items 77-99, wherein the total length of the
ribozyme recognition site I is about 0 to about 100 nucleotides, about 0 to about 90 nucleotides,
about 0 to about 8 nucleotides, about 0 to about 70 nucleotides, about 0 to about 60 nucleotides,

about 0 to about 50 nucleotides, about 0 to about 40 nucleotides, about 0 to about 35 nucleotides,

97



WO 2024/193634 PCT/CN2024/082941

about 2 to about 100 nucleotides, about 5 to about 100 nucleotides, about 10 to about 100
nucleotides, about 20 to about 100 nucleotides, about 30 to about 100 nucleotides, or about 30 to
about 100 nucleotides, such as 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23,24,25,26,27,28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,75, 76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
or 100 nucleotides in length.

101. The circular RNA precursor of any one of items 77-100, wherein the ribozyme
recognition site I and the ribozyme recognition site Il are configured to be capable of forming a
stem-loop structure, ¢.g., upon self-splicing for circularization.

102. The circular RNA precursor of item 101, wherein the loop of the stem-loop structure
comprises the splicing junction.

103. The circular RNA precursor of any one of items 77-102, wherein the ribozyme
recognition site I comprises the sequence structure of the following formula: 5'-third non-pairing
sequence-third pairing sequence-third loop sequence-3'; and the ribozyme recognition site 1
comprises the sequence structure of the following formula: 5'-fourth loop sequence-fourth pairing
sequence-fourth non-pairing sequence-3',

wherein the third non-pairing sequence or the fourth non-pairing sequence may be
independently present or absent,

the third pairing sequence and the fourth pairing sequence can complementarily pair to each
other to form the stem of the stem-loop structure, wherein the third loop sequence and the fourth
loop sequence can form the loop of the stem-loop structure, e.g., through self-splicing for
circularization.

104. The circular RNA precursor of any one of items 77-103, wherein the ribozyme
recognition site Il can be selected from various sequence.

105. The circular RNA precursor of item 103 or 104, wherein the fourth loop sequence
comprises or consists of one or more nucleotides which can pair with the P1 region of the
corresponding self-splicing intron to form a P10 duplex region during the circularization.

106. The circular RNA precursor of any one of items 103-105, wherein the fourth loop
sequence consist of a nucleotide sequence of (N)n, wherein N represents any nucleotides (A, G,
U, or C), n represents an integer from 1-20, for example, 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, or 20.

107. The circular RNA precursor of any one of items 103-106, wherein the fourth loop
sequence comprises or consists of the sequence of AAAA, AGAA, AA, UUUU, UAAA, CAAA,
or GAAA, preferably AAAA.
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108. The circular RNA precursor of any one of items 103-107, wherein the ribozyme
recognition site I comprises a nucleotide sequence having at least 50%, at least 60%, at least 70%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity
to a nucleotide sequence of any one of SEQ ID NO: 95-116.

109. The circular RNA precursor of any one of items 103-108, wherein the third loop
sequence comprises or consists of one or more nucleotides which can pair with the internal guide
sequence (IGS) of the corresponding self-splicing intron to form a P1 duplex region during the
circularization.

110. The circular RNA precursor of any one of items 103-109, wherein the third loop
sequence comprises ot consists of a nucleotide sequence of any one of SEQ ID NO: 95-116, such
as CUU, CAU or CUC, preferably CUU.

111. The circular RNA precursor of any one of items 103-110, wherein the loop of the stem-
loop structure has a sequence of CUUAAAA, CUUUUUU, CUUAA, CUUGAAA, CUUUAAA,
CUUAGAA, CUUCAAA or CUCAAAA, preferably CUUAAAA.

112. The circular RNA precursor of any one of items 103-111, wherein the stem portion of
the stem-loop structure comprises 2-15 or more consecutive matched base pairs, preferably, the
stem portion of the stem-loop structure comprises 5, 6 or 7 consecutive matched base pairs.

113. The circular RNA precursor of any one of items 103-112, wherein the stem portion in
the stem-loop structure comprises up to 2 base pair mismatches, or the stem portion comprises
only 1 base pair mismatch, preferably, the stem portion comprises no base pair mismatches.

114. The circular RNA precursor of any one of items 103-113, wherein the third pairing
sequence comprises only G and the fourth pairing sequence comprises only C, or the third pairing
sequence comprises only C and the fourth pairing sequence comprises only G.

115. The circular RNA precursor of any one of items 103-114, wherein the third pairing
sequence comprises only A and the fourth pairing sequence comprises only U, or the third pairing
sequence comprises only U and the fourth pairing sequence comprises only A.

116. The circular RNA precursor of any one of items 77-115, wherein the ribozyme
recognition site I comprises or consists of a 3' exon region, and the ribozyme recognition site 1
comprises or consists of a 5’ exon region.

117. The circular RNA precursor of item 116, wherein the 3' exon region is derived from the
native 3' exon of the self-splicing intron, the 5' exon region is derived from the native 5' exon of
the self-splicing intron, and the 3' exon region and 5' exon region can be recognized and/or spliced

by the self-splicing intron or a combination of the 3’ self-splicing intron fragment and the 5° self-
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splicing intron fragment.

118. The circular RNA precursor of item 116 or 117, wherein the 3' exon region is a sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% sequence identity to the native 3' exon or a contiguous fragment
of about 1- about 50 nucleotides starting from the 5' terminal nucleotide of the native 3' exon, and

the 5' exon region is a sequence having at least 50%, at least 60%, at least 70%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to the native
5' exon ot a contiguous fragment of about 1- about 50 nucleotides starting from the 3' terminal
nucleotide of the native 5' exon.

119. The circular RNA precursor of any one of items 77-118, wherein the ribozyme
recognition site [ comprises or consists of a nucleotide sequence having at least 50%, at least 60%,
at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at lcast 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
sequence identity to a nucleotide sequence selected from SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70;
preferably, the ribozyme recognition site I comprises a nucleotide sequence of GAGGUCUU,
AGAGACUU, UCCAGCUU or UCUGGCAU.

120. The circular RNA precursor of any one of items 77-119, wherein the ribozyme
recognition site I comprises or consists of from 5’ to 3’ direction a nucleotide motif consisted of
any of SEQ ID NO: 95-116, in particular the nucleotide motif consists of CUU, CUC or CAU.

121. The circular RNA precursor of any one of items 77-120, wherein the ribozyme
recognition site I comprises or consists of a nucleotide sequence having at least 50%, at least 60%,
at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
sequence identity to a nucleotide sequence selected from SEQ ID NO: 57, 59, 61, 63, 65, 67 or 69;
preferably, the ribozyme recognition site II comprises a nucleotide sequence of AAACCUC,
AAUCUCU, AACUGGA or AACCAGC.

122. The circular RNA precursor of any one of items 77-121, wherein the ribozyme
recognition site I comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 58,

60, 62, 64, 66, 68 or 70 and the ribozyme recognition site I comprises or consists of a nucleotide
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sequence of any one of SEQ ID NO: 57, 59, 61, 63, 65, 67 or 69.

123. The circular RNA precursor of any one of items 77-122, wherein,

1) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ ID
NO: 58 and the ribozyme recognition site II comprises or consists of a nucleotide sequence of SEQ
ID NO: 57;

2) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ ID
NO: 60 and the ribozyme recognition site Il comprises or consists of a nucleotide sequence of SEQ
ID NO: 59;

3) the ribozyme recognition site [ comprises or consists of a nucleotide sequence of SEQ ID
NO: 62 and the ribozyme recognition site II comprises or consists of a nucleotide sequence of SEQ
ID NO: 61;

4) the ribozyme recognition site [ comprises or consists of a nucleotide sequence of SEQ ID
NO: 64 and the ribozyme recognition site II comprises or consists of a nucleotide sequence of SEQ
ID NO: 63;

5) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ 1D
NO: 66 and the ribozyme recognition site Il comprises or consists of a nucleotide sequence of SEQ
ID NO: 65;

6) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ ID
NO: 68 and the ribozyme recognition site II comprises or consists of a nucleotide sequence of SEQ
ID NO: 67; or

7) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ ID
NO: 70 and the ribozyme recognition site II comprises or consists of a nucleotide sequence of SEQ
ID NO: 69;

preferably, the ribozyme recognition site I is selected from a nucleotide sequence of
UGUAACUU, and the ribozyme recognition site II is selected from a nucleotide sequence of
AGAAGUAAC;

the ribozyme recognition site [ is selected from a nucleotide sequence of UGUAACUU, and
the ribozyme recognition site II is selected from a nucleotide sequence of AAAAUUACA;

the ribozyme recognition site I is selected from a nucleotide sequence of GAGGUCUU, and
the ribozyme recognition site II is selected from a nucleotide sequence of AAACCUC,

the ribozyme recognition site I is selected from a nucleotide sequence of AGAGACUU, and
the ribozyme recognition site II is selected from a nucleotide sequence of AAUCUCU;

the ribozyme recognition site I is selected from a nucleotide sequence of UCCAGCUU, and
the ribozyme recognition site II is selected from a nucleotide sequence of AACUGGA; or

the ribozyme recognition site I is selected from a nucleotide sequence of UCUGGCAU, and
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the ribozyme recognition site II is selected from a nucleotide sequence of AACCAGC.

124. The circular RNA precursor of any one of items 77-123, wherein the circular RNA
precursor further comprises a homology arm sequence I and a homology arm sequence II capable
of complementary pairing to each other to form a homology arm double-stranded region.

125. The circular RNA precursor of item 124, wherein the homology arm sequence I is
upstream of the 3’ self-splicing intron fragment and the homology arm sequence I1 is downstream
of the 5° self-splicing intron fragment.

126. The circular RNA precursor of any one of items 124-125, wherein the homology arm
sequence I or the homology arm sequence II is about 5-500, about 5-450, about 5-400, about 5-
350, about 5-300, about 5-250, about 5-200, about 5-150, about 5-100, about 5-80, about 5-60,
about 5-50, about 5-40, about 5-30, about 5-25, about 5-20, about 5-15 or about 5-10 nucleotides
in length, preferably, about 20, 25, 40, 50, 100, or 300 nucleotides in length.

127. The circular RNA precursor of any one of items 124-126, wherein the two homology
arm sequences may be polyA and polyU, respectively, or polyG and polyC, respectively.

128. The circular RNA precursor of any one of items 124-127, wherein one of the homology
arm sequence I and the homology arm sequence II comprises a nucleotide sequence of any one of
SEQ ID NO: 71-94 or a nucleotide sequence having at least 50%, at least 60%, at least 70%, at
least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence identity to any one
of SEQ ID NO: 71-94, while the other homology arm sequence comprises the corresponding
complementary sequence.

129. The circular RN A precursor of any one of items 77-128, wherein the translation initiation
element is an internal ribosome entry site (IRES) which is selected from the following IRES
sequences: Taura syndrome virus, blood-sucking bug virus, Tyler's encephalomyelitis virus, simian
virus 40, red fire ant virus 1, cereal constriction virus, reticulovirus Endothelial hyperplasia virus,
Forman poliovirus 1, soybean inchworm virus, Kashmir bee virus, human rhinovirus 2, glass
leafhopper virus-1, human immunodeficiency virus type 1, glass leathopper virus-1, lice P virus ,
Hepatitis C virus, Hepatitis A virus, Hepatitis GB virus, Foot and mouth disease virus, Human
enterovirus 71, Equine rhinovirus, Tea inchworm-like virus, Encephalomyocarditis virus (EMCV),
Drosophila C virus, Cruciferous tobacco Virus, cricket paralysis virus, bovine viral diarrhea virus
1, black queen cell virus, aphid lethal paralysis virus, avian encephalomyelitis virus, acute bee
paralysis virus, hibiscus yellow ring spot virus, swine fever virus, human FGF2, human SFTPA1,
Human AMLI1/RUNX1, Drosophila Antennae, Human AQP4, Human ATIR, Human BAG-1,
Human BCL2, Human BiP, Human c-IAP1, Human c-myc, Human eIF4G, Mouse NDST4L,
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Human LEF1, Mouse HIF1a, Human n.myc, mouse Gtx, human p27kipl, human PDGF2/c-sis,
human p53, human Pim-1, mouse Rbm3, Drosophila reaper, canine Scamper, Drosophila Ubx,
human UNR, mouse UtrA, human VEGF-A, human XITAP, Drosophila hairless, Saccharomyces
cerevisiae TFIID, Saccharomyces cerevisiac YAPI, human c-sre, human FGF-1, simian
picornavirus, turnip crepe disease virus, elF4G aptamer, Coxsackie Virus B3 (CVB3) or Coxsackie
virus A (CVA1/2), preferably, the IRES is selected from CVB3, HRV-B3, BRAV-1 I, PV1 T,
CAV2 L, BRAV-1, PV1, or CAV2.

130. The circular RNA precursor of any one of items 77-129, wherein the IRES comprises a
nucleotide sequence set forth in one of SEQ ID NOs: 120-526, or comprises a nucleotide sequence
having at least 75%, ¢.g., at lcast 80%, at least 81%, at lcast 82%, at least 83%, at least 84%, at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least
99% sequence identity to one of SEQ ID NOs: 120-526.

131. The circular RNA precursor of any one of items 77-130, wherein the at least one protein-
coding sequence encodes a protein of eukaryotic, prokaryotic or viral origin, for example, a protein
for therapeutic or diagnostic use.

132. The circular RNA precursor of any one of items 77-131, wherein the at least one protein-
coding sequence encodes [L-2, POLR2A, or an aquaporin.

133. The circular RNA precursor of item 132, wherein the aquaporin is AQP-1 protein or a
protein having the same activity as the AQP-1 protein and derived from the AQP-1 protein through
substitution, deletion or addition of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more amino acids in the amino
acid sequence of the AQP-1 protein.

134. The circular RNA precursor of any one of items 77-133, wherein the at least one protein-
coding sequence comprises a nucleotide sequence of any one of SEQ ID NO: 117-118, or a
nucleotide sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at lcast 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% sequence identity to any one of SEQ ID NO: 117-118.

135. The circular RNA precursor of any one of items 77-134, which comprises a nucleotide
sequence selected from any one of SEQ ID NO: 530, 531 and 533-534, or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98% , or at least 99% sequence identity to any one of SEQ ID NO: 530, 531 and 533-534.

136. A circular RNA precursor comprising from 5' to 3' direction:
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a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest; and

c) a 5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a translation
initiation element fragment II, at least one protein-coding sequence, and a translation initiation
element fragment I;

wherein the translation initiation element fragment I is derived from a 5’ terminal portion of
a translation initiation element, and the translation initiation element fragment II is derived from a
3’ terminal portion of the translation initiation element, and

the translation initiation element fragment I comprises a ribozyme recognition site I located
at its 3’ end, the translation initiation element fragment IT comprises a ribozyme recognition site I1
located at its 5” end, wherein in the generated circular RNA the ribozyme recognition site I is
connected with the ribozyme recognition site II, and thus the translation initiation element
fragment I is connected with the translation initiation element fragment II to form the translation
initiation element which can recruit ribosome to initiate translation;

optionally, the at least one protein-coding sequence comprises at least two protein-coding
sequences, and a further translation initiation element, 2A sequence or spacer may be linked
between any two adjacent protein-coding sequences, and the translation initiation element
comprises: IRES sequence, 5° UTR sequence, Kozak sequence, a sequence containing moéA, a
sequence complementary to ribosome 18S rRNA, or any combination thereof.

137. The circular RNA precursor of item 136, wherein the self-splicing intron is selected from
Group I introns and Group II introns, for example, the self-splicing intron is selected from Group
[ introns.

138. The circular RNA precursor of item 136 or 137, wherein the self-splicing intron is
selected from the following group: cyanobacterium Anabaena Group I Intron such as AnaX,
Azoarcus Group [ Intron (Azo), Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus
phage Twort Group I Intron (Twort), Scytonema-hofmani tRNA fMet group I intron (Sh), or
Agrobacterium-tumefaciens group I intron (At) , for example, the self-splicing intron is selected
from a nucleotide sequence of any one of SEQ ID NO: 1-6, or a nucleotide sequence having at
least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%,
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at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% sequence identity to any one of SEQ ID NO: 1-6.

139. The circular RNA precursor of any one of items 136-138, wherein the 3° self-splicing
intron fragment is derived from a 3’ terminal portion of a self-splicing intron starting from an
intron internal split site I to the 3' end of the self-splicing intron, and the 5’ self-splicing intron
fragment is derived from a 5’ terminal portion of the self-splicing intron starting from the 5' end
of the self-splicing intron to an intron internal split site II.

140. The circular RNA precursor of any one of items 136-139, wherein when the self-splicing
intron is cyanobacterium Anabaena Group I Intron such as AnaX, the intron internal split site II
and the intron internal split site I are a nucleotide A at position 115 and a nucleotide A at position
116 from 5’ end of the AnaX Intron (SEQ ID NO:1) respectively, and when connected form a
nucleotide sequence of AA.

141. The circular RNA precursor of any one of items 136-139, wherein when the self-splicing
intron is Azoarcus Group I Intron (Azo) (SEQ ID NO:2),

1) the intron internal split site IT and the intron internal split site T are a nucleotide A at position
24 and anucleotide A at position 25 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of AA (P2);

2) the intron internal split site I and the intron internal split site I are a nucleotide A at position
85 and a nucleotide A at position 86 from 5° end of the Azo intron respectively, and when connected
form a nucleotide sequence of AA (P4-5);

3) the intron internal split site I and the intron internal split site I are a nucleotide C at position
71 and a nucleotide C at position 72 from 5’ end of the Azo intron respectively, and when connected
form a nucleotide sequence of CC (P5);

4) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
108 and a nucleotide U at position 109 from 5 end of the Azo intron respectively, and when
connected form a nucleotide sequence of CU (P6);

5) the intron internal split site II and the intron internal split site I are a nucleotide A at position
154 and a nucleotide A at position 155 from 5’ end of the Azo intron respectively, and when
connected form a nucleotide sequence of AA (P8); or

6) the intron internal split site Il and the intron internal split site I are a nucleotide C at position
198 and a nucleotide A at position 199 from 5’ end of the Azo intron respectively, and when
connected form a nucleotide sequence of CA (P9).

142. The circular RNA precursor of any one of items 136-139, wherein when the self-splicing
intron is Scytalidium dimidiatum Group I Intron (Sd) (SEQ ID NO:4),

1) the intron internal split site II and the intron internal split site I are a nucleotide A at position
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88 and a nucleotide G at position 89 from 5 end of the Sd intron respectively, and when connected
form a nucleotide sequence of AG (P2);

2) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
173 and a nucleotide G at position 174 from 5’ end of the Sd intron respectively, and when
connected form a nucleotide sequence of UG (P5);

3) the intron internal split site IT and the intron internal split site T are a nucleotide A at position
204 and a nucleotide G at position 205 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of AG (P6);

4) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
252 and a nucleotide G at position 253 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of CG (P8); or

5) the intron internal split site IT and the intron internal split site I are a nucleotide C at position
370 and a nucleotide G at position 371 from 5° end of the Sd intron respectively, and when
connected form a nucleotide sequence of CG (P9).

143. The circular RNA precursor of any one of items 136-139, wherein when the self-splicing
intron is Staphylococcus phage Twort Group I Intron (Twort) (SEQ ID NO:3),

1) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
70 and a nucleotide A at position 71 from 5 end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (PS);

2) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
103 and a nucleotide A at position 104 from 5° end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P6);

3) the intron internal split site II and the intron internal split site I are a nucleotide A at position
132 and a nucleotide U at position 133 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AU (P7);

4) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
173 and a nucleotide C at position 174 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of UC (P8);

5) the intron internal split site IT and the intron internal split site T are a nucleotide A at position
206 and a nucleotide A at position 207 from 5° end of the Twort intron respectively, and when
connected form a nucleotide sequence of AA (P9);

6) the intron internal split site I and the intron internal split site I are a nucleotide G at position
226 and a nucleotide U at position 227 from 5 end of the Twort intron respectively, and when
connected form a nucleotide sequence of GU (P9.1);

7) the intron internal split site IT and the intron internal split site I are a nucleotide U at position
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23 and a nucleotide A at position 24 from 5 end of the Twort intron respectively, and when
connected form a nucleotide sequence of UA (P2); or

&) the intron internal split site IT and the intron internal split site I are a nucleotide A at position
82 and a nucleotide A at position 83 from 5’ end of the Twort intron respectively, and when
connected form a nucleotide sequence of AA (P4-5).

144. The circular RNA precursor of any one of items 136-139, wherein when the self-splicing
intron is Scytonema-hofmani tRNA fMet group I intron (Sh) (SEQ ID NO:5),

1) the intron internal split site I and the intron internal split site I are a nucleotide A at position
129 and a nucleotide A at position 130 from 5° end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P6);

2) the intron internal split site Il and the intron internal split site I are a nucleotide A at position
60 and a nucleotide A at position 61 from 5” end of the Sh intron respectively, and when connected
form a nucleotide sequence of AA (P2);

3) the intron internal split site Il and the intron internal split site I are a nucleotide A at position
109 and a nucleotide A at position 110 from 5’ end of the Sh intron respectively, and when
connected form a nucleotide sequence of AA (P4-5); or

4) the intron internal split site II and the intron internal split site I are a nucleotide A at position
213 and a nucleotide A at position 214 from 5 end of the Sh intron respectively, and when
connected form a nucleotide sequence of UA (P9).

145. The circular RNA precursor of any one of items 136-139, wherein when the self-splicing
intron is Agrobacterium-tumefaciens group I intron (At) (SEQ ID NO:6), the intron internal split
site IT and the intron internal split site I are a nucleotide A at position 107 and a nucleotide A at
position 108 from 5’ end of the At intron respectively, and when connected form a nucleotide
sequence of AA (P6).

146. The circular RNA precursor of any one of items 136-145, wherein the 3' self-splicing
intron fragment is a sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% sequence identity to the 3' terminal portion of the self-splicing
intron, and the 5' self-splicing intron fragment is a sequence having at least 75%, at least 80%, at
least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least
88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to the 5' terminal
portion of the self-splicing intron.

147. The circular RNA precursor of any one of items 136-146, wherein the self-splicing intron
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is the cyanobacterium Anabaena Group I Intron such as AnaX, the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 7 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 7, and the 5' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 8 or a nucleotide sequence having at least 75%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 8.

148. The circular RNA precursor of any one of items 136-146, wherein the self-splicing intron
is the Azoarcus Group I Intron (Azo), the 3' self-splicing intron fragment comprises or consists of
a nucleotide sequence of SEQ ID NO: 9, 11, 13, 15, 17 or 19 or a nucleotide sequence having at
least 75%, at lcast 80%, at least 81%, at least 82%, at least 83%, at lcast 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity
to SEQIDNO: 9,11, 13,15, 17 or 19, and the 5' self-splicing intron fragment comprises or consists
of a nucleotide sequence of SEQ ID NO: 10, 12, 14, 16, 18 or 20 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at lcast 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 10, 12, 14, 16, 18 or 20.

149. The circular RNA precursor of any one of items 136-146, wherein the self-splicing intron
is the Scytalidium dimidiatum Group I Intron (Sd), the 3' self-splicing intron fragment comprises
or consists of a nucleotide sequence of SEQ ID NQO: 37, 39, 41, 43 or 45 or a nucleotide sequence
having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or
100% identity to SEQ ID NO: 37, 39, 41, 43 or 45, and the 5' self-splicing intron fragment
comprises ot consists of a nucleotide sequence of SEQ 1D NO: 38, 40, 42, 44 or 46 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 38, 40, 42, 44 or 46.

150. The circular RNA precursor of any one of items 136-146, wherein the self-splicing intron
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is the Staphylococcus phage Twort Group I Intron (Twort), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 21, 23, 25, 27, 29, 31, 33 or 35 or
a nucleotide sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% or 100% identity to SEQ ID NO: 21, 23, 25,27, 29, 31, 33 or 35, and the 5' self-
splicing intron fragment comprises or consists of a nucleotide sequence of SEQ ID NO: 22, 24,
26, 28, 30, 32, 34 or 36 or a nucleotide sequence having at least 75%, at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 22, 24, 26, 28, 30,
32,34 or 36.

151. The circular RNA precursor of any one of items 136-146, wherein the self-splicing intron
is the Scytonema-hofmani tRNA fMet group I intron (Sh), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 47, 49, 51 or 53 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 47, 49, 51 or 53, and the 5' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 48, 50, 52 or 54 or a nucleotide
sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identity to SEQ ID NO: 48, 50, 52 or 54.

152. The circular RNA precursor of any one of items 136-146, wherein the self-splicing intron
18 the Agrobacterium-tumefaciens group I intron (At), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 55 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 55, and the 5' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 56 or a nucleotide sequence having at least 75%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 56.
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153. The circular RNA precursor of any one of items 136-152, wherein the ribozyme
recognition site I and the ribozyme recognition site 1I are configured such that the circular RNA
comprising them has reduced immunogenicity.

154. The circular RNA precursor of any one of items 136-153, wherein the ribozyme
recognition site I and the ribozyme recognition site II are configured such that the circular RNA
precursor comprising them has comparable or increased circularization efficiency.

155. The circular RNA precursor of any one of items 136-154, wherein the total length of the
ribozyme recognition site I and the ribozyme recognition site I is about 0 to about 100 nucleotides,
about 0 to about 90 nucleotides, about 0 to about 8 nucleotides, about 0 to about 70 nucleotides,
about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about 40 nucleotides,
about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about 100 nucleotides,
about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30 to about 100
nucleotides, or about 30 to about 100 nucleotides, suchas 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14,
15,16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41,42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
67, 68, 69, 70, 71, 72,73, 74,75, 76, 77, 18, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

156. The circular RNA precursor of any one of items 136-155, wherein the total length of the
ribozyme recognition site I is about 0 to about 100 nucleotides, about 0 to about 90 nucleotides,
about 0 to about 8 nucleotides, about 0 to about 70 nucleotides, about 0 to about 60 nucleotides,
about 0 to about 50 nucleotides, about 0 to about 40 nucleotides, about 0 to about 35 nucleotides,
about 2 to about 100 nucleotides, about 5 to about 100 nucleotides, about 10 to about 100
nucleotides, about 20 to about 100 nucleotides, about 30 to about 100 nucleotides, or about 30 to
about 100 nucleotides, such as 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24,25, 26,27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,75, 76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
or 100 nucleotides in length.

157. The circular RNA precursor of any one of items 136-156, wherein the ribozyme
recognition site 1 and the ribozyme recognition site Il are configured to be capable of forming a
stem-loop structure, e.g., upon self-splicing for circularization.

158. The circular RNA precursor of item 157, wherein the loop of the stem-loop structure
comprises the splicing junction.

159. The circular RNA precursor of any one of items 157-158, wherein the ribozyme

recognition site I comprises the sequence structure of the following formula: 5'-third non-pairing
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sequence-third pairing sequence-third loop sequence-3'; and the ribozyme recognition site II
comprises the sequence structure of the following formula: 5'-fourth loop sequence-fourth pairing
sequence-fourth non-pairing sequence-3',

wherein the third non-pairing sequence or the fourth non-pairing sequence may be
independently present or absent,

the third pairing sequence and the fourth pairing sequence can complementarily pair to each
other to form the stem of the stem-loop structure, wherein the third loop sequence and the fourth
loop sequence can form the loop of the stem-loop structure, e.g., through self-splicing for
circularization.

160. The circular RNA precursor of any one of items 136-159, wherein the ribozyme
recognition site Il can be selected from a various sequence.

161. The circular RNA precursor of item 159 or 160, wherein the fourth loop sequence
comprises or consists of one or more nucleotides which can pair with the P1 region of the
corresponding self-splicing intron to form a P10 duplex region during the circularization.

162. The circular RNA precursor of any one of items 159-161, wherein the fourth loop
sequence consist of a nucleotide sequence of (N)n, wherein N represents any nucleotides (A, G,
U, or C), n represents an integer from 1-20, for example, 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, or 20.

163. The circular RNA precursor of any one of items 159-162, wherein the fourth loop
sequence comprises or consists of the sequence of AAAA, AGAA, AA, UUUU, UAAA, CAAA,
or GAAA, preferably AAAA.

164. The circular RNA precursor of any one of items 136-163, wherein the ribozyme
recognition site I comprises a nucleotide sequence having at least 50%, at least 60%, at least 70%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity
to a nucleotide sequence of any one of SEQ ID NO: 95-116.

165. The circular RNA precursor of any one of items 136-164, wherein the third loop
sequence comprises or consists of one or more nucleotides which can pair with the internal guide
sequence (IGS) of the corresponding self-splicing intron to form a P1 duplex region during the
circularization.

166. The circular RNA precursor of any one of items 159-165, wherein the third loop
sequence comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 95-116, such
as CUU, CAU or CUC, preferably CUU.

167. The circular RNA precursor of any one of items 159-166, wherein the loop of the stem-
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loop structure has a sequence of CUUAAAA, CUUUUUU, CUUAA, CUUGAAA, CUUUAAA,
CUUAGAA, CUUCAAA or CUCAAAA, preferably CUUAAAA.

168. The circular RNA precursor of any one of items 159-167, wherein the stem portion of
the stem-loop structure comprises 2-15 or more consecutive matched base pairs, preferably, the
stem portion of the stem-loop structure comprises 5, 6 or 7 consecutive matched base pairs.

169. The circular RNA precursor of any one of items 159-168, wherein the stem portion in
the stem-loop structure comprises up to 2 base pair mismatches, or the stem portion comprises
only 1 base pair mismatch, preferably, the stem portion comprises no base pair mismatches.

170. The circular RNA precursor of any one of items 159-169, wherein the third pairing
sequence comprises only G and the fourth pairing sequence comprises only C, or the third pairing
sequence comprises only C and the fourth pairing sequence comprises only G.

171. The circular RNA precursor of any one of items 159-169, wherein the third pairing
sequence comprises only A and the fourth pairing sequence comprises only U, or the third pairing
sequence comprises only U and the fourth pairing sequence comprises only A.

172. The circular RNA precursor of any one of items 159-171, wherein the ribozyme
recognition site Il comprises or consists of a 3' exon region, and the ribozyme recognition site I
comprises or consists of a 5' exon region.

173. The circular RNA precursor of item 172, wherein the 3' exon region is derived from the
native 3' exon of the self-splicing intron, the 5' exon region is derived from the native 5' exon of
the self-splicing intron, and the 3' exon region and 5' exon region can be recognized and/or spliced
by the self-splicing intron or a combination of the 3’ self-splicing intron fragment and the 5° self-
splicing intron fragment.

174. The circular RNA precursor of item 172 or 173, wherein the 3' exon region is a sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% sequence identity to the native 3' exon or a contiguous fragment
of about 1- about 50 nucleotides starting from the 5' terminal nucleotide of the native 3' exon, and

the 5' exon region is a sequence having at least 50%, at least 60%, at least 70%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity to the native
5' exon or a contiguous fragment of about 1- about 50 nucleotides starting from the 3' terminal
nucleotide of the native 5' exon.

175. The circular RNA precursor of any one of items 136-174, wherein the ribozyme
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recognition site I comprises or consists of a nucleotide sequence having at least 50%, at least 60%,
at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at lcast 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
sequence identity to a nucleotide sequence selected from SEQ ID NO: 58, 60, 62, 64, 66, 68 or 70;
preferably, the ribozyme recognition site I comprises a nucleotide sequence of UGUAACUU.

176. The circular RNA precursor of any one of items 136-175, wherein the ribozyme
recognition site I comprises or consists of from 5’ to 3’ direction a nucleotide motif consisted of
any of SEQ ID NO: 95-116, in particular the nucleotide motif consists of CUU, CUC or CAU.

177. The circular RNA precursor of any one of items 136-176, wherein the ribozyme
recognition site I comprises or consists of a nucleotide sequence having at least 50%, at least 60%,
at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at lecast 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
sequence identity to a nucleotide sequence selected from SEQ ID NO: 57, 59, 61, 63, 65, 67 or 69;
preferably, the ribozyme recognition site Il comprises a nucleotide sequence of AGAAGUAAC or
AAAAUUACA.

178. The circular RNA precursor of any one of items 136-177, wherein the ribozyme
recognition site I comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 58,
60, 62, 64, 66, 68 or 70 and the ribozyme recognition site I comprises or consists of a nucleotide
sequence of any one of SEQ ID NO: 57, 59, 61, 63, 65, 67 or 69.

179. The circular RNA precursor of any one of items 136-178, wherein,

1) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ ID
NO: 58 and the ribozyme recognition site Il comprises or consists of a nucleotide sequence of SEQ
ID NO: 57;

2) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ ID
NO: 60 and the ribozyme recognition site Il comprises or consists of a nucleotide sequence of SEQ
ID NO: 59;

3) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ 1D
NO: 62 and the ribozyme recognition site Il comprises or consists of a nucleotide sequence of SEQ
ID NO: 61;

4) the ribozyme recognition site [ comprises or consists of a nucleotide sequence of SEQ ID
NO: 64 and the ribozyme recognition site Il comprises or consists of a nucleotide sequence of SEQ
ID NO: 63;

5) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ ID
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NO: 66 and the ribozyme recognition site II comprises or consists of a nucleotide sequence of SEQ
ID NO: 65;

6) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ ID
NO: 68 and the ribozyme recognition site II comprises or consists of a nucleotide sequence of SEQ
ID NO: 67; or

7) the ribozyme recognition site I comprises or consists of a nucleotide sequence of SEQ ID
NO: 70 and the ribozyme recognition site II comprises or consists of a nucleotide sequence of SEQ
ID NO: 69;

preferably, the ribozyme recognition site I is selected from a nucleotide sequence of
UGUAACUU, and the ribozyme recognition site II is selected from a nucleotide sequence of
AGAAGUAAC;

the ribozyme recognition site I is selected from a nucleotide sequence of UGUAACUU, and
the ribozyme recognition site II is selected from a nucleotide sequence of AAAAUUACA,;

the ribozyme recognition site [ is selected from a nucleotide sequence of GAGGUCUU, and
the ribozyme recognition site 11 is selected from a nucleotide sequence of AAACCUC,

the ribozyme recognition site I is selected from a nucleotide sequence of AGAGACUU, and
the ribozyme recognition site II is selected from a nucleotide sequence of AAUCUCU;

the ribozyme recognition site I is selected from a nucleotide sequence of UCCAGCUU, and
the ribozyme recognition site II is selected from a nucleotide sequence of AACUGGA; or

the ribozyme recognition site I is selected from a nucleotide sequence of UCUGGCAU, and
the ribozyme recognition site II is selected from a nucleotide sequence of AACCAGC.

180. The circular RNA precursor of any one of items 136-179, wherein the circular RNA
precursor further comprises a homology arm sequence I and a homology arm sequence II capable
of complementary pairing to each other to form a homology arm double-stranded region.

181. The circular RNA precursor of item 180, wherein the homology arm sequence I is
upstream of the 3’ self-splicing intron fragment and the homology arm sequence II is downstream
of the 5’ self-splicing intron fragment.

182. The circular RNA precursor of any one of items 180-181, wherein the homology arm
sequence I or the homology arm sequence II is about 5-500, about 5-450, about 5-400, about 5-
350, about 5-300, about 5-250, about 5-200, about 5-150, about 5-100, about 5-80, about 5-60,
about 5-50, about 5-40, about 5-30, about 5-25, about 5-20, about 5-15 or about 5-10 nucleotides
in length, preferably, about 20, 25, 40, 50, 100, or 300 nucleotides in length.

183. The circular RNA precursor of any one of items 180-182, wherein the two homology
arm sequences may be polyA and polyU, respectively, or polyG and polyC, respectively.

184. The circular RNA precursor of any one of items 180-183, wherein one of the homology

114



WO 2024/193634 PCT/CN2024/082941

arm sequence I and the homology arm sequence II has the nucleotide sequence of any one of SEQ
ID NO: 71-94 or a nucleotide sequence having at least 50%, at least 60%, at least 70%, at least
80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence identity to any one
of SEQ ID NO: 71-94, while the other homology arm sequence has the corresponding
complementary sequence.

185. The circular RNA precursor of any one of items 136-184, wherein the translation
initiation element is an internal ribosome entry site (IRES) which is selected from the following
IRES sequences: Taura syndrome virus, blood-sucking bug virus, Tyler's encephalomyelitis virus,
simian virus 40, red fire ant virus 1, cereal constriction virus, reticulovirus Endothelial hyperplasia
virus, Forman poliovirus 1, soybean inchworm virus, Kashmir bee virus, human rhinovirus 2, glass
leafhopper virus-1, human immunodeficiency virus type 1, glass leathopper virus-1, lice P virus ,
Hepatitis C virus, Hepatitis A virus, Hepatitis GB virus, Foot and mouth disease virus, Human
enterovirus 71, Equine rhinovirus, Tea inchworm-like virus, Encephalomyocarditis virus (EMCV),
Drosophila C virus, Cruciferous tobacco Virus, cricket paralysis virus, bovine viral diarrhea virus
1, black queen cell virus, aphid lethal paralysis virus, avian encephalomyelitis virus, acute bee
paralysis virus, hibiscus yellow ring spot virus, swine fever virus, human FGF2, human SFTPA1,
Human AMLI1/RUNXI, Drosophila Antennac, Human AQP4, Human ATIR, Human BAG-1,
Human BCL2, Human BiP, Human c-IAP1, Human c-myc, Human eIF4G, Mouse NDST4L,
Human LEF!1, Mouse HIF1a, Human n.myc, mouse Gtx, human p27kipl, human PDGF2/c-sis,
human p53, human Pim-1, mouse Rbm3, Drosophila reaper, canine Scamper, Drosophila Ubx,
human UNR, mouse UtrA, human VEGF-A, human XIAP, Drosophila hairless, Saccharomyces
cerevisiae TFIID, Saccharomyces cerevisiae YAPI, human c-src, human FGF-1, simian
picornavirus, turnip crepe disease virus, e[F4G aptamer, Coxsackie Virus B3 (CVB3) or Coxsackie
virus A (CVA1/2), preferably, the IRES is selected from CVB3, HRV-B3, BRAV-1 L, PV1 L,
CAV2 L, BRAV-1, PV1, or CAV2.

186. The circular RNA precursor of any one of items 136-185, wherein the IRES comprises
anucleotide sequence set forth in one of SEQ ID NOs: 120-526, or comprise a nucleotide sequence
having at least 75%, e.g., at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least
99% sequence identity to one of SEQ ID NOs: 120-526.

187. The circular RNA precursor of any one of items 136-186, wherein the at least one

protein-coding sequence encodes a protein of eukaryotic, prokaryotic or viral origin, for example,
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a protein for therapeutic or diagnostic use.

188. The circular RNA precursor of any one of items 136-187, wherein the at least one
protein-coding sequence encodes IL-2, POLR2A, or an aquaporin, such as AQP-1 protein or a
protein having the same activity as the AQP-1 protein and derived from the AQP-1 protein through
substitution, deletion or addition of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more amino acids in the amino
acid sequence of the AQP-1 protein.

189. The circular RNA precursor of any one of items 136-188, wherein the at least one
protein-coding sequence comprises a nucleotide sequence of any one of SEQ ID NO: 117-118, or
a nucleotide sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%), at least 97%, at least 98% , or at least 99% sequence identity to any one of SEQ ID NO: [17-
118.

190. The circular RNA precursor of any one of items 136-189, which comprises a nucleotide
sequence selected from any one of SEQ ID NO: 528, 529 and 535-536, or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98% , or at least 99% sequence identity to any one of SEQ ID NO: 528, 529 and 535-536.

191. A circular RNA precursor comprising from 5’ to 3’ direction:

a) a 37 self-splicing intron fragment;

b) a nucleotide sequence of interest;

c) a 5’ self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5° self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5’ to 3” direction: a non-coding
sequence fragment I1, and a non-coding sequence fragment I;

wherein the non-coding sequence fragment I is derived from a 5’ terminal portion of a non-
coding sequence, and the non-coding sequence fragment II is derived from a 3’ terminal portion
of the non-coding sequence, and the non-coding sequence fragment I comprises a ribozyme
recognition site I located at its 3” end, the non-coding sequence fragment II comprises a ribozyme
recognition site II located at its 5° end, wherein in the generated circular RNA the ribozyme

recognition site I is connected with the ribozyme recognition site II, and thus the non-coding
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sequence fragment I is connected with the non-coding sequence fragment II to form the complete
non-coding sequence.

192. The circular RNA precursor of item 191, wherein the non-coding sequence is an
endogenous circRNA.

193. A circular RNA precursor comprising from 5' to 3' direction:

a) a 3’ self-splicing intron fragment;

b) a nucleotide sequence of interest; and

¢) a 57 self-splicing intron fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the nucleotide sequence of interest through the self-splicing of the
circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5’ to 3” direction: a non-TIE
functional element fragment II, a translation initiation element, and at least one protein-coding
sequence, and a non-TIE functional element fragment I;

wherein the non-TIE functional element fragment I is derived from a 5’ terminal portion of a
non-TIE functional element, and the non-TIE translation initiation element fragment 11 is derived
from a 3’ terminal portion of the non-TIE functional element, and

the non-TIE functional element fragment I comprises a ribozyme recognition site I located at
its 3” end, the non-TIE functional fragment II comprises a ribozyme recognition site II located at
its 5’ end, wherein in the generated circular RNA the ribozyme recognition site I is connected with
the ribozyme recognition site 11, and thus the non-TIE functional element fragment I is connected
with the non-TIE functional element fragment II to form the non-TIE functional element.

194. The circular RNA precursor of item 193, wherein the non-TIE functional element is
selected from 3° UTR or a replicon.

195. The circular RNA precursor of any one of items 191-194, wherein the self-splicing intron,
the 3' self-splicing intron fragment, or the 5' self-splicing intron fragment is defined as in any one
of items 136-190.

196. The circular RNA precursor of any one of items 191-195, wherein the ribozyme
recognition site I is as defined in any one of items 136-190 and/or the ribozyme recognition site Il
is as defined in any one of items 136-190.

197. The circular RNA precursor of any one of items 191-196, wherein the circular RNA
precursor further comprises a homology arm sequence I and a homology arm sequence 1I, which
are as defined in any one of items 180-184.

198. The circular RNA precursor of any one of items 191-197, wherein the translation
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initiation element is as defined in any one of items 185-186.

199. The circular RNA precursor of any one of items 193-198, wherein the at least one
protein-coding sequence is as defined in any one of items 136-190.

200. A circular RNA precursor comprising from 5' to 3' direction:

a) a 37 self-splicing intron fragment;

b) a nucleotide sequence of interest, comprising from 5' to 3' direction: protein-coding
sequence fragment I, a translation initiation element such as an internal ribosome entry site (IRES)
and a protein-coding sequence fragment I; and

c¢) a 57 self-splicing intron fragment;

wherein the 3° self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising the protein-coding sequence fragment II, the translation initiation
element, and the protein-coding sequence fragment I through the self-splicing of the circular RNA
precursor;

wherein the protein-coding sequence fragment I is derived from a 5’ terminal portion of at
least one protein-coding sequence, and the protein-coding sequence fragment II is derived from a
3’ terminal portion of at least one protein-coding sequence, and

the protein-coding sequence fragment I comprises a ribozyme recognition site I located at its
3’ end, the protein-coding sequence fragment IT comprises a ribozyme recognition site I located
at its 57 end, wherein in the generated circular RNA the ribozyme recognition site I is connected
with the ribozyme recognition site II, and thus the protein-coding sequence fragment I is connected
with the protein-coding sequence fragment II to form the at least one protein-coding sequence;

wherein the at least one protein-coding sequence encodes an aquaporin, such as AQP-1
protein or a protein having the same activity as the AQP-1 protein and derived from the AQP-1
protein through substitution, deletion or addition of 1, 2, 3,4, 5, 6, 7, 8, 9, 10 or more amino acids
in the amino acid sequence of the AQP-1 protein.

201. The circular RNA precursor of item 200, wherein the self-splicing intron is selected from
the following group: cyanobacterium Anabaena Group I Intron such as AnaX, Azoarcus Group 1
Intron (Azo), Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus phage Twort Group 1
Intron (Twort), Scytonema-hofmani tRNA fMet group I intron (Sh), or Agrobacterium-
tumefaciens group I intron (At).

202. The circular RNA precursor of item 200 or 201, wherein the self-splicing intron is
selected from a nucleotide sequence of any one of SEQ ID NO: 1-6, or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least §5%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
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at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98% , or at least 99% sequence identity to any one of SEQ ID NO: 1-6.

203. The circular RNA precursor of any one of items 200-202, wherein the self-splicing intron
is selected from a nucleotide sequence of any one of SEQ ID NO: 1 and 3, or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at lcast 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98% , or at least 99% sequence identity to any one of SEQ ID NO: 1 and 3.

204. The circular RNA precursor of any one of items 200-203, wherein the self-splicing intron
is the cyanobacterium Anabaena Group [ Intron such as AnaX, the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 7 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 7, and the 5' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 8 or a nucleotide sequence having at least 75%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%or 100% identity to SEQ ID NO: 8.

205. The circular RNA precursor of any one of items 200-203, wherein the self-splicing intron
is the Staphylococcus phage Twort Group I Intron (Twort), the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 27 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 27, and the 5' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 28 or a nucleotide sequence having at least 75%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 28.

206. The circular RNA precursor of any one of items 200-205, wherein the total length of the
ribozyme recognition site I and the ribozyme recognition site II is about 0 to about 35 nucleotides,
suchas 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28,29, 30, 31, 32, 33, 34, or 35 nucleotides in length.

207. The circular RNA precursor of any one of items 200-206, wherein the total length of the
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ribozyme recognition site [is 1,2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23,24,25,26,27,28, 29, 30, 31, 32, 33, 34, or 35 nucleotides in length.

208. The circular RNA precursor of any one of items 200-207, wherein the ribozyme
recognition site I comprises a nucleotide sequence having at least 50%, at least 60%, at least 70%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity
to a nucleotide sequence of any one of SEQ ID NO: 58, 60 or 64.

209. The circular RNA precursor of any one of items 200-208, wherein the ribozyme
recognition site I comprises or consists of from 5’ to 3’ direction a nucleotide motif consisted of
any of SEQ ID NO: 95-116, in particular the nucleotide motif consists of CUU, CUC or CAU.

210. The circular RNA precursor of any one of items 200-209, wherein the ribozyme
recognition site I comprises a nucleotide sequence of UCCAGCUU or UCUGGCAU.

211. The circular RNA precursor of any one of items 200-210, wherein the ribozyme
recognition site IT comprises a nucleotide sequence of AACUGGA or AACCAGC.

212. The circular RNA precursor of any one of items 200-211, wherein the circular RNA
precursor further comprises a homology arm sequence I and a homology arm sequence 11 capable
of complementary pairing to each other to form a homology arm double-stranded region.

213. The circular RNA precursor of item 212, wherein the homology arm sequence I is
upstream of the 3’ self-splicing intron fragment and the homology arm sequence 11 is downstream
of the 5 self-splicing intron fragment.

214. The circular RNA precursor of any one of items 212-213, wherein the homology arm
sequence I or the homology arm sequence II is about 5-50 nucleotides in length, preferably, about
10, 20, 30 or 40 nucleotides in length.

215. The circular RNA precursor of any one of items 212-214, wherein one of the homology
arm sequence I and the homology arm sequence II comprises a nucleotide sequence of any one of
SEQ ID NO: 71-94 such as 83-84, or a nucleotide sequence having at least 50%, at least 60%, at
least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence
identity to any one of SEQ ID NO: 71-94 such as 83-84, while the other homology arm sequence
comprises the corresponding complementary sequence.

216. The circular RNA precursor of any one of items 200-215, wherein the translation
initiation element is an internal ribosome entry site (IRES) which is selected from CVB3, HRV-
B3, BRAV-1 L, PVI L, CAV2 L, BRAV-1, PV1, or CAV2, preferably CVB3.
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217. The circular RNA precursor of any one of items 200-216, wherein the IRES comprises
a nucleotide sequence of SEQ ID NO: 121, or comprises a nucleotide sequence having at least
75%, ¢.g., at least 80%, at least 81%, at least 82%, at least 83%, at lcast 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence
identity to SEQ ID NO: 121.

218. The circular RNA precursor of any one of items 200-217, wherein the at least one
protein-coding sequence comprises an AQP1-coding sequence, such as a nucleotide sequence of
SEQ ID NO: 118, or a nucleotide sequence having at least 50%, at least 60%, at least 70%, at least
80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%,
at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98% , or at least 99% sequence identity to any one
of SEQ ID NO: 118.

219. The circular RNA precursor of any one of items 200-218, which comprises a nucleotide
sequence selected from any one of SEQ ID NO: 533-534, or a nucleotide sequence having at least
50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% sequence identity to any one of SEQ ID NO: 533-534.

220. A circular RNA precursor comprising from 5' to 3' direction:

a) a 37 self-splicing intron fragment;

b) a nucleotide sequence of interest, comprising from 5' to 3' direction: a translation initiation
element fragment II, at least one protein-coding sequence encoding an aquaporin and a translation
initiation element fragment I; and

c) a 5’ self-splicing intron fragment;

wherein the 3° self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA comprising a translation initiation element fragment II, at least one protein-coding
sequence, and a translation initiation element fragment I through the self-splicing of the circular
RNA precursor;

wherein the translation initiation element fragment I is derived from a 5’ terminal portion of
a translation initiation element, and the translation initiation element fragment II is derived from a
3’ terminal portion of the translation initiation element, and

the translation initiation element fragment I comprises a ribozyme recognition site I located

at its 3° end, the translation initiation element fragment II comprises a ribozyme recognition site II
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located at its 5° end, wherein in the generated circular RNA the ribozyme recognition site I is
connected with the ribozyme recognition site II, and thus the translation initiation element
fragment I is connected with the translation initiation element fragment II to form the translation
initiation element which can recruit ribosome to initiate translation;

wherein the aquaporin is preferably AQP-1 protein or a protein having the same activity as
the AQP-1 protein and derived from the AQP-1 protein through substitution, deletion or addition
of1,2,3,4,5,6,7,8,9, 10 or more amino acids in the amino acid sequence of the AQP-1 protein.

221. The circular RNA precursor of item 220, wherein the self-splicing intron is selected from
the following group: cyanobacterium Anabaena Group I Intron such as AnaX, Azoarcus Group |
Intron (Azo), Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus phage Twort Group I
Intron (Twort), Scytonema-hofmani tRNA fMet group I intron (Sh), or Agrobacterium-
tumefaciens group I intron (At).

222. The circular RNA precursor of item 220 or 221, wherein the self-splicing intron is
selected from a nucleotide sequence of any one of SEQ ID NO: 1-6, or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at lcast
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% sequence identity to any one of SEQ ID NO: 1-6.

223. The circular RNA precursor of any one of items 220-222, wherein the self-splicing intron
is selected from a nucleotide sequence of any one of SEQ ID NO: 1, or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% sequence identity to any one of SEQ ID NO: 1.

224. The circular RNA precursor of any one of items 220-223, wherein the self-splicing intron
18 the cyanobacterium Anabaena Group I Intron such as AnaX, the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 7 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 7, and the 5' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 8 or a nucleotide sequence having at least 75%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 8.
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225. The circular RNA precursor of any one of items 220-224, wherein the total length of the
ribozyme recognition site I and the ribozyme recognition site II is about 0 to about 35 nucleotides,
suchas 1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28,29, 30, 31, 32, 33, 34, or 35 nucleotides in length.

226. The circular RNA precursor of any one of items 220-225, wherein the total length of the
ribozyme recognition site Iis 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23,24,25,26,27,28, 29, 30, 31, 32, 33, 34, or 35 nucleotides in length.

227. The circular RNA precursor of any one of items 220-226, wherein the ribozyme
recognition site I comprises a nucleotide sequence having at least 50%, at least 60%, at least 70%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity
to a nucleotide sequence of any one of SEQ ID NO: 58 or 60.

228. The circular RNA precursor of any one of items 220-227, wherein the ribozyme
recognition site I comprises or consists of from 5’ to 3’ direction a nucleotide motif consisted of
any of SEQ ID NO: 95-116, in particular the nucleotide motif consists of CUU, CUC or CAU.

229. The circular RNA precursor of any one of items 220-228, wherein the ribozyme
recognition site I comprises a nucleotide sequence of UGUAACUU.

230. The circular RNA precursor of any one of items 220-229, wherein the ribozyme
recognition site I comprises a nucleotide sequence of AGAAGUAAC or AAAAUUACA.

231. The circular RNA precursor of any one of items 220-230, wherein the circular RNA
precursor further comprises a homology arm sequence I and a homology arm sequence II capable
of complementary pairing to each other to form a homology arm double-stranded region.

232. The circular RNA precursor of item 231, wherein the homology arm sequence I is
upstream of the 3 self-splicing intron fragment and the homology arm sequence I1 is downstream
of the 5’ self-splicing intron fragment.

233. The circular RNA precursor of any one of items 231-232, wherein the homology arm
sequence I or the homology arm sequence II is about 5-500 nucleotides in length, preferably, about
10, 20, 30, 40 or 50 nucleotides in length.

234. The circular RNA precursor of any one of items 231-233, wherein one of the homology
arm sequence I and the homology arm sequence II comprises a nucleotide sequence of any one of
SEQ ID NO: 71-94 such as 83-84, or a nucleotide sequence having at least 50%, at least 60%, at
least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence
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identity to any one of SEQ ID NO: 71-94 such as 83-84, while the other homology arm sequence
comprises the corresponding complementary sequence.

235. The circular RNA precursor of any one of items 220-234, wherein the translation
initiation element is an internal ribosome entry site (IRES) which is selected from CVB3, HRV-
B3, BRAV-1 L,PVI1 L, CAV2 L, BRAV-1, PV1, or CAV2, preferably CVB3.

236. The circular RNA precursor of any one of items 220-235, wherein the IRES comprises
a nucleotide sequence of SEQ ID NO: 121, or comprises a nucleotide sequence having at least
75%, e.g., at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence
identity to SEQ ID NO: 121.

237. The circular RNA precursor of any one of items 220-236, wherein the at least one
protein-coding sequence comprises a AQP-1-coding sequence, such as a nucleotide sequence of
SEQ ID NO: 118, or a nucleotide sequence having at least 50%, at least 60%, at least 70%, at least
80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least §7%,
at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to any one of
SEQ ID NO: 118.

238. The circular RNA precursor of any one of items 220-237, which comprises a nucleotide
sequence selected from any one of SEQ ID NO: 535-536, or a nucleotide sequence having at least
50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% sequence identity to any one of SEQ ID NO: 535-536.

239. A nucleic acid vector for generating a circular RNA molecule, said vector comprises a
coding sequence of the circular RNA precursor of any one of items 1-238.

240. The nucleic acid vector of item 239, which further comprises an RNA polymerase
promoter sequence operably linked to the coding sequence of the circular RNA precursor.

241. The nucleic acid vector of item 240, wherein the promoter is a T7 RNA polymerase
promoter, a T6 viral RNA polymerase promoter, a SP6 viral RNA polymerase promoter, a T3 viral
RNA polymerase promoter or a T4 viral RNA polymerase promoter, preferably a T7 RNA
polymerase promoter.

242. A method for preparing a circular RNA, comprising:

1) providing the circular RNA precursor of any one of items 1-238 or obtaining a circular

RNA precursor by transcribing from the nucleic acid vector of any one of items 239-241;
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2) incubating the circular RNA precursor in the presence of a divalent metal cation at a
temperature at which RNA circularization occurs; and

3) harvesting the circular RNA obtained in step 2).

243. The method of item 242, wherein the divalent metal cation is Mg?" and/or Mn**,

244, The method of item 242 or 243, wherein the concentration of the divalent metal cation
is about 5 mM to about 550 mM.

245. A method for preparing a circular RNA, comprising

a) providing a nucleic acid vector comprising a self-splicing intron-based RNA circularizing
elements as a transcription template; and

b) incubating the nucleic acid vector in an in vitro transcription system comprising a divalent
metal cation and an RNA polymerase for a first time period during which the linear RNA produced
by in vitro transcription is self-circularized under the action of the RNA circularizing elements to
produce a circular RNA.

246. The method of item 245, wherein the nucleic acid vector is the nucleic acid vector of
any one of items 239-241.

247. The method of item 245 or 246, wherein the divalent metal cation in the in vitro
transcription system is Mg?’.

248. The method of any one of items 245-247, wherein the in vitro transcription system
further comprises a monovalent metal cation and/or a monovalent anion.

249. The method of item 248, wherein the monovalent metal cation is Na* or K.

250. The method of item 248, wherein the monovalent anion is CI” or CH3COO™ (OAc).

251. The method of any one of items 245-250, wherein the concentration of the divalent metal
cation in the system during the first time period is from about 5 mM to about 50 mM.

252. The method of any one of items 248-251, wherein the concentration of the monovalent
metal cation in the system during the first time period is from about 5 mM to about 100 mM.

253. The method of any one of items 248-252, wherein the concentration of the monovalent
anion in the system during the first time period is from about 5 mM to about 150 mM.

254. The method of any one of items 245-253, wherein the method does not comprise a step
of isolating and/or purifying the linear RNA produced by the in vitro transcription.

255. The method of any one of items 245-254, wherein the buffer of the in vitro transcription
system is selected from Tris-HCI buffer, HEPES buffer, MES buffer, citrate buffer, or phosphate
buffer, preferably, the buffer of the in vitro transcription system is HEPES buffer.

256. The method of any one of items 245-255, wherein the in vitro transcription system has
a pH of about 5- about §, preferably, the in vitro transcription system has a pH of about 7.5.

257. The method of any one of items 245-256, wherein the RNA polymerase is selected from
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a T7 RNA polymerase, a T6 viral RNA polymerase, a SP6 viral RNA polymerase, a T3 viral RNA
polymerase, or a T4 viral RNA polymerase, preferably, the RNA polymerase is T7 RNA
polymerase.

258. The method of any one of items 245-257, wherein the first time period is about 0.5 hours
to about 24 hours, preferably, the first time period is 3 hours.

259. The method of any one of items 245-258, wherein the incubation for the first time period
is carried out at about 16°C to about 60°C, preferably, the incubation for the first time period is
carried out at about 37°C.

260. The method of any one of items 245-259, wherein after incubation for the first time
period in step b), the method further comprises step ¢):

adding an additional amount of metal cation to the in vitro transcription system and incubating
for a second time period; or

changing the buffer of the system, adding a metal cation and incubating for a second time
period.

261. The method of item 260, wherein the metal cation added for the incubation for the second
time period is a divalent metal cation, such as Mg?" or Mn*',

262. The method of item 260 or 261, wherein during the incubation for the second time period,
the metal cation is added to a final concentration of about S mM to about 550 mM.

263. The method of any one of items 260-262, wherein the buffer of the system is changed to
Tris-HCI buffer, HEPES buffer, MES buffer, citrate buffer, or phosphate buffer during the second
time period.

264. The method of any one of items 260-263, wherein the pH of the system during the second
time period is 5-8.

265. The method of any one of items 260-264, wherein the second time period is about 5
minutes to about 8 hours, about 5 minutes to about 6 hours, about 5 minutes to about 4 hours, or
about 5 minutes to about 2 hours.

266. The method of any one of items 260-265, wherein the incubation for the second time
period is carried out at about 25°C to about 75°C, such as about 37°C.

267. The method of any one of items 260-266, wherein the method further comprises a step
of recovering or purifying the circular RNA as produced.

268. A method for purifying a circular RNA, comprising:

a) contacting a mixture comprising the circular RNA and the circular RNA precursor with a
circular RNA-specific probe under a condition that allows the circular RNA-specific probe to
specifically bind to and form a complex with the circular RNA;

b) separating the complex from one or more components in the mixture that are not bound to
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the circular RNA-specific probe; and

¢) releasing the circular RNA from the complex.

269. The method of item 268, wherein the circular RNA is prepared by circularizing a circular
RNA precursor.

270. The method of item 268 or 269, wherein the circular RNA is prepared by ligating both
ends of a linear circular RNA precursor with an RNA ligase, or, the circular RNA is prepared by
the self-splicing ribozyme activity of self-splicing intron-based circularizing elements contained
in the circular RNA precursor.

271. The method of any one of items 268-270, wherein the circular RNA-specific probe is a
single-stranded DNA or RNA probe.

272. The method of any one of items 268-271, wherein the circular RNA-specific probe
specifically hybridizes to a region flanking the circularization junction of the circular RNA.

273. The method of any one of items 268-272, wherein the circular RNA-specific probe is
about 10 nucleotides-about 35 nucleotides, about 10 nucleotides- about 50 nucleotides, about 10
nucleotides- about 80 nucleotides, or about 10 nucleotides- about 100 nucleotides in length or
longer.

274. The method of any one of items 268-273, wherein the circular RNA-specific probe is
immobilized on a support such as a solid support, e.g., the circular RNA-specific probe is
immobilized on the support after binding to the circular RNA or the circular RNA-specific probe
is pre-immobilized on the support.

275. The method of any one of items 268-274, wherein the condition in step a) include
denaturing the RNA at between about 60°C and about 95°C for about 2 minutes to about 10
minutes, then gradually reducing the temperature to below about 40°C to allow the circular RNA
annealing to the circular RNA-specific probe.

276. The method of item 275, wherein step ¢) is performed by increasing the temperature to
about 60°C to about 95°C (e.g., about 60°C, about 62°C, about 64°C, about 66°C, about 68°C,
about 70°C, about 75°C, about 80°C, about 85°C, about 90°C, about 95°C) to release the circular
RNA.

277. The method of any one of items 268-276, wherein the condition in step a) comprises a
high salt concentration range of 0.25M-2M.

278. The method of item 277, wherein the salt is NaCl or a guanidine salt.

279. The method of item 277 or 278, wherein in step ¢) the circular RNA is released by elution
with an elution buffer, such as a low salt buffer.

280. The method of item 279, wherein the elution bufter is Tris-EDTA buffer (TE buffer) or

water.
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281. The method of any one of items 268-280, wherein in step b), the one or more components
are removed by washing the complex with a washing buffer.

282. The method of any one of items 268-281, which further comprises the following steps:

i) contacting the mixture comprising the circular RNA and the circular RNA precursor to a
linear circular RNA precursor-specific probe under a condition that allows the linear circular RNA
precursor-specific probe to specifically bind to and form a complex with the linear circular RNA
precursor;

i) removing the complex formed by the linear circular RNA precursor-specific probe with
the linear circular RNA precursor from the mixture, and

i11) collecting the circular RNA-containing mixture obtained in step ii).

283. The method of item 282, wherein steps 1)-ii1) are performed before step a), for example,
steps 1)-iii) may be performed multiple times before step a), e.g., 2, 3, 4 or more times.

284. The method of item 283, wherein steps i)-iii) are performed concurrently with steps a)-
c).

285. A method for purifying a circular RNA, comprising:

i) contacting a mixture comprising the circular RNA and the circular RNA precursor to a
circular RNA precursor-specific probe under a condition that allows the circular RNA precursor-
specific probe to specifically bind to and form a complex with the circular RNA precursor; and

i) removing the complex formed by the circular RNA precursor-specific probe with the
circular RNA precursor from the mixture,

i11) collecting the circular RNA-containing mixture obtained in step ii), and

optionally, steps i)-iii) are performed multiple times, e.g., 2 times, 3 times, 4 times or more.

286. The method of item 285, wherein the circular RNA precursor-specific probe specifically
binds to the circular RNA precursor and does not substantially bind to the circular RNA.

287. The method of item 285 or 286, wherein the circular RNA precursor-specific probe is
immobilized on a support, such as a solid support, for example, the circular RNA precursor-
specific probe is immobilized on the support after binding to the circular RNA precursor, or the
circular RNA precursor-specific probe is pre-immobilized on the support.

288. The method of any one of items 285-287, wherein the circular RNA precursor is selected
from the circular RNA precursor of any one of items 21-76,

wherein the circular RNA precursor is capable of removing the 3’ self-splicing intron
fragment and the 5° self-splicing intron fragment by self-splicing, generating a circular RNA
comprising the first residual circularizing element, the nucleotide sequence of interest and the
second residual circularizing element.

289. The method of item 288, wherein the circular RNA precursor-specific probe specifically
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hybridizes to at least a portion of the first residual circularizing element or the second residual
circularizing element.

290. The method of item 288 or 289, wherein the circular RNA precursor-specific probe
hybridizes to a portion of the circular RNA precursor outside the first residual circularizing element,
the nucleotide sequence of interest, and the second residual circularizing element,

291. The method of any one of items 288-290, wherein the circular RNA precursor-specific
probe hybridizes to the 3° self-splicing intron fragment or a portion thereof or a 5” flanking
sequence thereof, or the 5° self-splicing intron fragment or a portion thereof or a 3’ flanking
sequence thereof,

292. The method of any one of items 288-291, wherein the circular RNA precursor contains
a sequence selected from SEQ ID NOs: 600-610 or a complementary sequence thereof, preferably,
SEQ ID NO:606 or a complementary sequence thereof outside the first residual circularizing
element, the nucleotide sequence of interest, and the second residual circularizing element, to
which the circular RNA precursor-specific probe specifically hybridizes.

293. The method of any one of items 285-287, wherein the circular RNA precursor is selected
from the circular RNA precursor of any one of items 77-238,

wherein the circular RNA precursor is capable of removing the 3’ self-splicing intron
fragment and the 5’ self-splicing intron fragment by self-splicing, generating a circular RNA
comprising the nucleotide sequence of interest.

294, The method of item 293, wherein the circular RNA precursor-specific probe hybridizes
to a portion of the circular RNA precursor outside the nucleotide sequence of interest.

295. The method of any one of items 293-294, wherein the circular RNA precursor-specific
probe hybridizes to the 3° self-splicing intron fragment or a portion thereof or a 5’ flanking
sequence thereof, or the 5’ self-splicing intron fragment or a portion thereof or a 3’ flanking
sequence thereof.

296. The method of any one of items 293-295, wherein the circular RNA precursor contains
a sequence selected from SEQ ID NOs: 600-610 or a complementary sequence thereof, preferably,
SEQ ID NO:606 or a complementary sequence thereof outside the nucleotide sequence of interest,
to which the linear circular RNA precursor-specific probe specifically hybridizes.

297. The method of any one of items 285-296, wherein the molar ratio of the probe to the
RNA molecules in the mixture is from about 1:1 to about 200,000:1, from about 1:1 to about
150,000:1, from about 1:1 to about 100,000:1, from about 1:1 to about 90,000:1, from about 1:1
to about 80,000:1, from about 1:1 to about 70,000:1, from about 1:1 to about 60,000:1, from about
1:1 to about 50,000:1, from about 1:1 to about 40,000:1, from about 1:1 to about 30,000:1, from
about 1:1 to about 20,000:1, from about 1:1 to about 10,000:1.
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298. A method for purifying a circular RNA, comprising:

i) adding a linear RNA-specific tag to a mixture comprising circular RNA and linear RNA,
wherein the lincar RNA-specific tag can be linked to the linear RNA;

i) contacting the mixture comprising circular RNA and lincar RNA with a lincar RNA probe
that specifically binds to the tag under a condition that allows the probe to specifically bind to and
form a complex with the linear RNA; and

1i1) removing the complex formed by the linear RNA probe with the linear RNA from the
mixture,

1v) collecting the circular RNA-containing mixture obtained in step iii),

optionally, steps 11)-iv) are performed multiple times, ¢.g., 2 times, 3 times, 4 times or more.

299. The method of item 298, wherein the tag comprises a polyA, polyG, polyU, or polyC
sequence.

300. The method of item 298 or 299, wherein the tag is about 10-200nt in length or the probe
is about 10-200nt in length.

301. The method of any one of items 298-300, wherein the tag is added to the lincar RNA by
adding a PolyA/T/C/G polymerase or a ligase to the mixture.

302. The method of any one of items 298-301, wherein the linear RNA probe specifically
binds to the added tag without substantially binding to the circular RNA.

303. The method of any one of items 298-302, wherein the linear RNA probe is a single-
stranded DNA probe, or a single-stranded RNA probe.

304. The method of any one of items 298-303, wherein the linear RNA probe is immobilized
on a support such as a solid support, for example, the linear RNA probe is immobilized on the
support after binding to the linear RNA, or, the linear RNA probe is pre-immobilized on the support.

305. The method of any one of items 242-304, wherein the circular RNA comprises a
nucleotide sequence of any one of SEQ ID NO: 543-558, or a nucleotide sequence having at least
50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%,
at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at
least 99% sequence identity to any one of SEQ ID NO: 543-558.

306. A circular RNA, which is prepared from the circular RNA precursor of any one of items
1-238, prepared by the method of any one of items 242-267, purified by the method of any one of
items 268-305 or generated by the nucleic acid vector of any one of items 239-241.

307. The circular RNA of item 306, which comprises a nucleotide sequence of any one of
SEQ ID NO: 543-558, or a nucleotide sequence having at least 50%, at least 60%, at least 70%, at
least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
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87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to any one
of SEQ ID NO: 543-558.

308. Use of the circular RNA precursor of any one of items 1-238 and/or the circular RNA of
any one of items 306-307 as an expression vector.

309. A pharmaceutical composition comprising the circular RNA precursor of any one of
items 1-238 and/or the nucleic acid vector of any one of items 239-241 and/or the circular RNA of
any one of items 306-307, and a pharmaceutically acceptable carrier.

310. A product expressed by the circular RNA of any one of items 306-307.

311. The product of item 310, which comprises IL-2, POLR2A, or an aquaporin, such as
AQP-1 protein or a protein having the same activity as the AQP-1 protein and derived from the
AQP-1 protein through substitution, deletion or addition of 1, 2, 3,4, 5,6, 7, 8, 9, 10 or more
amino acids in the amino acid sequence of the AQP-1 protein.

312. A method for preventing or treating a disease or condition in a subject, comprising
administering to a subject the circular RNA of any one of items 306-307, or the pharmaceutical
composition of item 309.

313. The method of item 312, wherein the disease or condition comprises but not limited to
xerostomia, xerophthalmia, Sjogren's syndrome or the like.

314. Use of the circular RNA of any one of items 306-307 or the pharmaceutical composition
of item 309 in the manufacture of a medicament for preventing or treating a disease or condition
in a subject.

315. The use of item 314, wherein the disease or condition comprises but not limited to
xerostomia, xerophthalmia, Sjogren's syndrome or the like.

316. A method of screening a target open reading frame (ORF) sequence encoding a target
polypeptide for a nucleotide motif, comprising steps of:

1) extracting amino acid units in the direction of N terminal to C terminal in the target
polypeptide containing m amino acids, and each group of amino acid units includes an amino acid
with the number of n; with a step of 1 amino acid, slide along the N terminal to the C terminal, n
is an integer and n>2, m is an integer and > 1;

2) listing all nucleotide sequences corresponding to each group of amino acid units according
to their degenerate codon; and

3) identifying nucleotide sequences obtained from step 2) that matches the nucleotide motif;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO:
95-116, preferably CUU, CUC or CAU, and

4) optionally, selecting the target ORF as the circularizing sequence of a circular RNA
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precursot.

317. A system for screening a target open reading frame (ORF) for a nucleotide motif, wherein
the target open reading frame (ORF) is a nucleotide sequence encoding a target polypeptide, and
the system comprises:

a) an amino acid extraction module, which is used for extracting amino acid units in the
direction of N terminal to C terminal in the target polypeptide containing m amino acids, wherein
each group of amino acid units comprise an amino acid with a number of n, with a step of 1 amino
acid, sliding along the N terminal to the C terminal, and n is an integer and n>2, m is an integer
and > 1;

b) a conversion module, which 1s used for determining the set of codon sequences of each
amino acid unit, each set of codon sequences includes all degenerate codon sequence
corresponding to each set of amino acid units; and

¢) a target codon sequence filtering module, which is used for determining whether the target
codon sequence contain a nucleotide sequence that exactly matches the motif;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO:
95-116, preferably CUU, CUC or CAU.

318. Amethod for screening a target internal ribosome entry site (IRES) for a nucleotide motif,
comprising steps of:

1) identifying regions of non-conservative sequences of the target IRES by comparing the
target IRES with the other IRES sequences from the same viral subgenus, through multiple
sequence alignment tools, for example: Clustal Omega, or MUSCLE;

2) based on the results of multiple sequence alignment, determining a low-structure region of
the target IRES through secondary structure prediction software, such as RNAfold, Mfold,
RNAstructure or RNAalifold; and

3) editing 0, 1, or 2 bases in the low-structure region in the target IRES to match the nucleotide
motif without affecting the translation initiation activity of said IRES;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO:
95-116, preferably CUU, CUC or CAU.

319. A system for screening a target internal ribosome entry site (IRES) for a nucleotide motif,
wherein the system comprises:

a) a multi-sequence alignment module, which is used for comparing the target IRES with the
other IRES sequences from the same viral subgenus to identify regions of non-conserved sequence;

b) a low-structure prediction module, which is used for determining a low-structure region
within the target IRES according to the result of the multiple sequence alignments of the target
IRES; and
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¢) a base editing module, which is used for editing the bases at any one or more positions in
the region to obtain an edited region matching the nucleotide motif,

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO:
95-116, preferably CUU, CUC or CAU.

320. A method for screening a target non-TIE functional element for a nucleotide motif,
comprising a step of:

a) editing 0, 1, or 2 bases on the non-TIE functional element so that the non-TIE functional
element sequence (such as a 3’UTR or replicon) comprises an edited region that matches the
nucleotide motif whilst maintaining the non-TIE function;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO:
95-116, preferably CUU, CUC or CAU.

321. A system for screening a target region sequence in a non-TIE functional element
sequence (such as a 3’UTR or replicon) for a nucleotide motif, wherein the system comprises:

a) a base editing module, which is used for editing the bases at any one or more positions in
the non-TIE functional element sequence to obtain an edited region matching the nucleotide motif;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO:
95-116, preferably CUU, CUC or CAU.

322. A method for screening a target non-coding sequence for a nucleotide motif, comprising
a step of:

1) editing 0, 1, or 2 bases on the non-coding sequence so that the non-coding sequence
comprises an edited region that matches the nucleotide motif whilst maintaining the non-coding
sequence’s function;

wherein the nucleotide motif consists of a nucleotide sequence of any one of SEQ ID NO: 95-
116, preferably CUU, CUC or CAU; and

2) optionally, selecting the target non-coding sequence as the circularizing sequence of a
circular RNA precursor, wherein the target non-coding sequence is an endogenous circRNA.

323. A system for screening a target non-coding sequence for a nucleotide motif, wherein the
target non-coding sequence is an endogenous circRNA, and the system comprises:

a) a base editing module, which is used for editing the bases at any one or more positions in
the target non-coding sequence to obtain an edited region matching the nucleotide motif,

wherein the nucleotide motif consists of any one of SEQ ID NQ: 95-116, preferably CUU,
CUC or CAU.

Examples

The following examples have been included to provide guidance to one of ordinary skill in
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the art for practicing representative embodiments of the presently disclosed subject matter. In light
of the present disclosure and the general level of skill in the art, those of skill can appreciate that
the following examples are intended to be exemplary only and that numerous changes,
modifications, and alterations can be employed without departing from the scope of the presently
disclosed subject matter. The synthetic descriptions and specific examples that follow are only
intended for the purposes of illustration, and are not to be construed as limiting in any manner the

present invention.

Example 1. The permutation intron exon (PIE) design of Group I Intron

Permuted forms of group I introns in circular RNA precursors, which are interrupted by exon
sequence, would fold into an active structure capable of splicing via the normal pathway. If the
permuted intron-exon (PIE) sequence is active, the prediction is that a circular form of the ligated
exon would be generated. Nonetheless, only a few permuted Group I Introns are used in the art
that enables the self-splicing activities of Introns in the PIE system. Whether or not the Group 1
Introns will maintain the self-splicing activities after permuted at any site within the intron is
unknown. Group [ introns also possess at their core a conserved architecture formed by 10 paired
segments (P1-P10) organized in three domains: a structural domain (P4-P6) that folds
independently in the intron, a substrate domain (P1, P10), and a catalytic domain (P3, P7, and P8).
These secondary structures create even more uncertainty for the selection of permutation sites
within the self-splicing introns used for the PIE system. Which particular site is suitable as a site
for PIE design is unknown.

We designed a variety of permutation sites at loop area of P2, P4-5, P5, P6, P8, and P9 of
Azoarcus Group I Intron (Fig. 1), at loop area of P2, P5, P6, P8, and P9 of Scytalidium dimidiatum
Group I Intron (Fig. 3), and at loop area of P2, P4-5, P5, P6, P7, P8, P9, P9.1 of Staphylococcus
phage Twort Group I Intron (Fig. 5), and P2, P4-5, P6 and P9 of Scytonema hofmanii Group 1
intron (Fig. 7).

Example 2. Circularization efficiency of Azoarcus Group I Intron with different
permutation sites

The basic principle is to connect exons E1- E2 end to end by molecular cloning to generate a
continuous circular plasmid. The introns are cleaved by restrictive endonucleases to obtain
linearized plasmids. Then, in vitro transcription is performed through the promoter upstream of
the inverted 3' intron to obtain a linear RNA containing the structure of 3' intron-E2-E1-5' intron.
The conserved sequence of specific cleavage site of exon El is cleaved by the nucleophilic attack

of the free 3' hydroxyl of guanosine, exon E1 produces an exposed 3' hydroxyl, and guanosine
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binds to the cleaved 5' intron. Subsequently, the exposed 3' hydroxyl of exon E1 attacks the
conserved sequence between the 3' intron and exon E2, the 3" intron is excised, and exon E2 and
El get connected. The reaction results in circular E1-E2 RNA (Fig. 14).

Taking circPOLR2A as the example, the homology arms, 3” permuted intron-exon (PIE)
construct of Azoarcus sp Group I Intron (3’intron and Exon2), circPOLR2A, 5’ permuted intron-
exon (PIE) construct of Azoarcus sp Group I Intron (Exonl and 5’intron) and homology arms were
cloned into the plasmid containing a T7 RNA polymerase promoter by Gibson assembly. The
circPOLR24 RNAs were produced by in vitro transcription (IVT) from the linearized plasmid
template using the T7 RNA polymerase according to manufacturer’s instruction, and then an
additional step of incubation with 30mM Mg>" at 55°C for 15min. Circularization efficiency of
constructs was measured by native agarose gel. Circularization efficiency of the 6 main
permutation sites (P2, P4-5, PS, P6, P8, P9) of Azoarcus Group I Intron (Azop) are shown in Fig.2
and Table 1. The permutation sites are varied from hairpin loop to internal loop. The permutation
site of P4-5 and P9 domain which are located in internal loop showed the lower circularization
efficiency. On the contrary, when the permutation site in the hairpin loop, such as P5, P6 and P8
domain, the circularization efficiency is relatively high. Although permutation site in P2 domain
1s a hairpin loop, it involved in forming the catalytic core of the Group I Intron, so disrupting the
integrity of the P2 domain affect the splicing efficiency. These results indicate that the permutation
site of Azoarcus Group I Intron (Azop) is better selected in hairpin loop than in functional domain
or internal loop. Circularization efficiency is defined as the grayscale value for each of
circRNA/precursor RNA or circRNA/{circRNA+precursor RNA). RNase R was used as a tool
enzyme for verifying the circular structure of circular RNAs, and it can effectively degrade linear

RNAs with free ends, but not circular RNAs.

Table 1
Code Predicted Location Circularization efficiency
circRNA/(circRNA+precursor RNA)
P2 Functional domain 43%
P4-5 Internal loop 14%
P5 Hairpin loop 52%
P6 Hairpin loop 56%
P8 Hairpin loop 52%
P9 Internal loop 42%

Example 3. Circularization efficiency of S. dimidiatum Group I Intron with different

permutation sites
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Taking circPOLR2A as the example, the homology arms, 3* permuted intron-exon (PIE)
construct of Scytalidium dimidiatum Group I Intron (3’intron and Exon2), circPOLR2A, 5°
permuted intron-exon (PIE) construct of Scytalidium dimidiatum Group I Intron (Exonl and
5’intron) and homology arms were cloned into the plasmid containing a T7 RNA polymerase
promoter by Gibson assembly. The circPOLR2A RNAs were produced by in vitro transcription
(IVT) from the linearized plasmid template using the T7 RNA polymerase according to
manufacturer’s instruction, and then an additional step of incubation with 30mM Mg** at 55°C for
15min. Circularization efficiency of constructs was measured by native agarose gel.
Circularization efficiency of the 5 main permutation sites (P2, PS5, P6, P8, P9) are shown in Fig.4
and Table 2. The results show that the RNA circularization is inhibited when the permutation site
is in function domain, such as P2 domain. On the contrary, when the permutation site is in the
hairpin loop, such as PS5, P6, P8 and P9 domain, the circularization efficiency is relatively high. It
indicates that the permutation site of Scytalidium dimidiatum Group I Intron is better selected in
hairpin loop than in functional domain. Circularization efficiency is defined as the grayscale value
for each of circRNA/precursor RNA or circRNA/(circRNA-+precursor RNA). RNase R was used
as a tool enzyme for verifying the circular structure of circular RNAs, and it can effectively

degrade linecar RNAs with free ends, but not circular RNAs.

Table 2
Code Predicted Location Circularization efficiency
circRNA/(circRNA+precursor RNA)

P2 Functional domain 10%
P5 Hairpin loop 29%
P6 Hairpin loop 30%
P8 Hairpin loop 28%
P9 Hairpin loop 28%

Example 4. Circularization efficiency of Staphylococcus phage Twort Group I Intron
with different permutation sites

Taking circPOLR2A as the example, the homology arms, 3 permuted intron-exon (PIE)
construct of Staphylococcus phage Twort Group I Intron (3’intron and Exon2), circPOLR2A, §’
permuted intron-exon (PIE) construct of Staphylococcus phage Twort Group I Intron (Exonl and
5’intron) and homology arms were cloned into the plasmid containing a T7 RNA polymerase
promoter by Gibson assembly. The circPOLR24 RNAs were produced by in vitro transcription
(IVT) from the linearized plasmid template using the T7 RNA polymerase according to

manufacturer’s instruction, and then an additional step of incubation with 30mM Mg?" at 55°C for
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15min. Circularization efficiency of constructs was measured by native agarose gel.
Circularization efficiency of the 8 main permutation sites (P2, P4-5, PS, P6, P7, P§, P9, P9.1) are
shown in Fig.6 and Table 3. The permutation sites are varied from hairpin loop to internal loop.
The results show that the RNA circularization is inhibited when the permutation site is in internal
loop, such as P4-5 domain. On the contrary, when the permutation site is in the hairpin loop, such
as P2, P5, P6, P7, P§, P9 and P9.1 domain, the circularization efficiency is relatively high. It is
indicated that the permutation site of Staphylococcus phage Twort Group I Intron is better selected
in hairpin loop than in internal loop. And there’s no significant difference whether the PIE site is
symmetrical or asymmetrical from “stem”. Circularization efficiency is defined as the grayscale
value for cach of circRNA/precursor RNA or circRNA/(circRNA-+precursor RNA). RNase R was
used as a tool enzyme for verifying the circular structure of circular RNAs, and it can effectively

degrade linear RNAs with free ends, but not circular RNAs.

Table 3
Code Predicted Location Circularization efficiency
circRNA/(circRNA+precursor RNA)
P2 Hairpin loop 52%
P4-5 Internal loop 18%
P5 Hairpin loop 61%
P6 Hairpin loop 1%
P7 Hairpin loop 68%
P8 Hairpin loop 67%
P9 Hairpin loop 66%
P9.1 Hairpin loop 70%

Example 5. Circularization efficiency of Scytonema-hofmani tRNA fMet Group I Intron
with different permutation sites

Taking circPOLR2A as the example, the homology arms, 3’ permuted intron-exon (PIE)
construct of Scytonema hofmanii tRNA fMet Group I Intron (3’intron and Exon2), circPOLR2A,
5’ permuted intron-exon (PIE) construct of Scytonema hofmanii tRNA fMet Group I Intron (Exonl
and 5’intron) and homology arms were cloned into the plasmid containing a T7 RNA polymerase
promoter by Gibson assembly. The circPOLR2A RNAs were produced by in vitro transcription
(IVT) from the linearized plasmid template using the T7 RNA polymerase according to
manufacturer’s instruction, and then an additional step of incubation with 30mM Mg’* at 55°C for

15min. Circularization efficiency of constructs was measured by native agarose gel.
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Circularization efficiency of the 4 main permutation sites (P2, P4-5, P6 and P9) of Scytonema
hofmanii tRNA fMet Group I Intron (Sh) are shown in Fig.8 and Table 4. The permutation sites
are varied from hairpin loop to internal loop. The results show that the RNA circularization is
inhibited when the permutation site is in functional domain or internal loop, such as P2 and P4-5
domain. On the contrary, when the permutation site is in the hairpin loop, such as P6 and P9 domain,
the circularization efficiency is relatively high. It is indicated that the permutation site of
Scytonema hofmanii tRNA fMet Group I Intron (Sh) is better selected in hairpin loop than in
functional domain or internal loop. Circularization efficiency is defined as the grayscale value for
each of circRNA/precursor RNA or circRNA/(circRNA+precursor RNA). RNase R was used as a
tool enzyme for verifying the circular structure of circular RNAs, and it can effectively degrade
linear RNAs with free ends, but not circular RNAs.
Table 4

Circularization efficiency

circRNA/(circRNA+precursor RNA)

Code Predicted Location

P2 Functional 27.16%
P4-5 Internal loop 16.71%
P6 Hairpin loop 58.99%
P9 Hairpin loop 49.16%

Example 6. Comparison of the circularization efficiency between Staphylococcus phage
Twort Group I Intron and Anabaena Group I Intron

In order to compare the efficiency of Azoarcus Group I Intron, Twort Group I Intron, Sh
Group I Intron and Anabaena Group I Intron for formulation of circRNA, we constructed Azoarcus,
Twort, Sh and Anabaena plasmids containing T7 promoter, 5’ homology arm, 3’ permuted intron-
exon (PIE) construct of Group I Intron (3’intron and Exon2), a Salivirus FHB IRES with IL2
sequence or a CVB2 IRES with Luciferase sequence, 5’ permuted intron-exon (PIE) construct of
Group I Intron (Exon1 and 5’intron) and 3* homology arm to generate the circIL2 or circLuciferase
using the group I intron circularization method that introduced above and the circularization
efficiency was visualized on agarose gel (Fig. 9, Table 5 and Table6). The selection of PIE sites of
Azoarcus Group I Intron, Twort Group I Intron and Sh Group I Intron (P6 and P8 from Azoarcus
intron, P6 and P9-1 from Twort intron, P6 from Sh intron) were based on the cleanest and the
highest circularization efficiency PIE sites for circPOLR2A cargo. Circularization efficiency is
defined as the grayscale value for each of cricRNA/precursor RNA.

The result showed that compared with Anabaena Group I Intron (AnaX as set forth in SEQ
ID NO:1), the circularization efficiency of Twort Group I Intron (SEQ ID NO:3) and Sh Group 1
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Intron (SEQ ID NO:5) is significantly improved in the IL-2 (Fig.9A) or Luciferase cargo (Fig.9B),
and Azoarcus Group I Intron (SEQ ID NO:2) has slight increase. RNase R was used as a tool

enzyme for verifying the circular structure of circular RNAs, and it can effectively degrade linear
RNAs with free ends, but not circular RNAs.

Table 5
Circularization efficiency
Code Predicted Location  [circRNA/(circRNA-+precursor
RNA)
AnaX 18%
Azop-P6 Hairpin loop 26%
Azop-P8 Hairpin loop 22%
Twort-P6 Hairpin loop 41%
Twort-P9.1 Hairpin loop 36%
Table 6
Code Predicted Location Circularization efficiency
circRNA/(circRNA+precursor RNA)
AnaX 11%
Sh-P6 Hairpin loop 35%

Example 7. Circularization efficiency of Agrobacterium-tumefaciens Group I Intron

We designed permutation sites at loop area of P6 domain of Agrobacterium-tumefaciens

Group I Intron to test the circularization efficiency of the novel group I introns. circPOLR24 was

generated in vitro by Agrobacterium-tumefaciens Group [ Intron in a self-splicing reaction buffer
(50 mM Tris-HCI, 10 mM MgCl, 1 mM DTT, pH 7.5). The circularization efficiency was

visualized on agarose gel (Fig. 10, Table 7). The results show that Agrobacterium-tumefaciens

Group I Intron can achieve circRNA formulation. The circularization efficiency is defined as the

grayscale value for each of circRNA/precursor RNA or circRNA/(citcRNA-+precursor RNA).

RNase R was used as a tool enzyme for verifying the circular structure of circular RNAs, and it

can effectively degrade linear RNAs with free ends, but not circular RNAs.

Table 7
Circularization efficiency
Code Predicted Location . .
circRNA/(circRNA+precursor RNA)
P6 Hairpin loop 42%
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Example 8. The effect of sequence characteristic of homology arm outside the self-
splicing intron fragment on RNA circularization

In order to improve the RNA circularization efficiency of group I intron, we tested the
homology arm sequence outside the intron fragment of the AnaX system, including 1) using the
endogenous non-complementary sequence (300 bp) from POLR2A intron 1 as 5’homology arm
and fully complementary sequence (300 bp) of POLR2A4 intron 1 as 3°homology arm; 2) truncating
the endogenous non-complementary sequence (300 bp) from POLR2A intron 1 to 100 bp; 3) using
the natural 4/uSz sequence (285nt) as S5’homology arm and AluYa5 sequence (174nt) as
3’homology arm, and incomplete complementary pairing of partial 4/uSz and AluYa5 sequences;
4) modifying the natural AluYa5 (147nt) to generate an artificial fully complementary Alu pair as
homology arm; 5) truncating the endogenous non-complementary sequence (300 bp) from
POLR24 intron 1 to 50 bp which is strong complementary; 6) truncating the endogenous non-
complementary sequence (300 bp) from POLR24 intron 1 to 50 bp which is weak complementary
(Fig. 11).

Next, we examined the effect of the retrofitted homology arm sequence outside the intron
fragment on the circularization efficiency of the AnaX system. Taking the circularization of CVB3-
1.2 RNAs as an example, the circularization efficiency was detected by denature PAGE gel. The
results show that increasing the length of the complementary base-pairing sequence of the
homology arm can improve the RNA circularization efficiency until the circularization efficiency
reaches a level close to 100%. In addition, when the homology arm sequence was changed to
highly complementary state, RNA circularization efficiency had obvious better effect. On the
contrary, the non-complementary sequence reduced the RNA circularization efficiency (Fig. 12).
The circularization efficiency is defined as the grayscale value for each of circRNA/(precursor
RNA+circRNA) (Fig. 12). RNase R was used as a tool enzyme for verifying the circular structure
of circular RNAs, and it can effectively degrade linear RNAs with free ends, but not circular RNAs.
Then, we analyzed the average complementary base-pairing strength of each base on the homology
arm, and the results show that the lower the minimum free energy of the base, the stronger the

pairing strength, and the higher efficiency of circRNA formation (Fig. 13).

Example 9. The Clean PIE design for AnaX Group I Intron

For AnaX group I intron, the 3 nucleotides motif (CUU, CUC or CAU) is the ribozyme
recognition site I that pairs with the internal guide sequence (IGS) of the 5' intron to form the P1
double-stranded region of the ribozyme, which can be used for the determination of the 5° splicing
site. We designed three types of precursors in which are the ribozyme recognition site I is in IRES,

cargo and functional element respectively (Fig.14 and 15).
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1. Design Clean PIE in IRES
Taking CVB3 as an example, we searched and identified the motif of CUU or CUC or CAU

in the corresponding low structure region of CVB3 through RNAalifold, and performed minimal
mutations on the flanking nucleotides of the motif to obtain the minimum base pairing numbers
required for circularization. The precursor sequence was designed as follows from 5° to 3 direction
(SEQ ID NO:528, 529, 535 and 536):

37 self-splicing intron fragment, the sequence from downstream of motif CUU/CUC/CAU
(motif not inclusive) to the 3’ end of CVB3 (SEQ ID NO:554,556), cargo sequence, the sequence
from the 5’end of CVB3 to motif CUU/CUC/CAU (SEQ ID NO:555), and 5’ self-splicing intron
fragment,

2. Design Clean PIE in cargo

We searched and identified motif CUU or CUC or CAU through degenerate codon mutation
method in the cargo (ORF). The precursor sequence was designed as follows from 5’ to 3’ direction:

3” self-splicing intron fragment, the sequence from downstream of motif CUU/CUC/CAU
{motif not inclusive) to the 3’ end of the ORF (SEQ ID NO:557, 559, 561), IRES sequence, the
sequence from the 5° end of the ORF to motif CUU/CUC/CAU (SEQ ID NO:558, 560, 562), and
5’ self-splicing intron fragment. A specific precursor was designed and the ORF of IL.2 or AQP1
is used, wherein the corresponding sequences are SEQ ID NO. 530, 531 and 533 as shown in Fig.
16 and 18.

3. Design Clean PIE in functional element

Taking 3°’UTR as an example, we searched and identified CUU or CUC or CAU on the 3°UTR

sequence. The precursor sequence was designed as follows from 5’ to 3’ direction:

3’ self-splicing intron fragment, the sequence from downstream of motif CUU/CUC/CAU
(motif not inclusive) to the 3” end of the UTR, IRES sequence, cargo sequence, the sequence from
the 5’end of the UTR to motif CUU/CUC/CAU, and 5’ self-splicing intron fragment.

Example 10. The RNA circularization efficiency of CLEAN-PIE

Precursors (SEQ ID NO. 528-531) for circular CVB3-IL2 RNA were designed according to
the CLEAN-PIE strategy using the AnaX Group I Intron and were prepared by in vitro
transcription from the linearized plasmid template using the T7 RNA polymerase according to
manufacturer’s instruction. The circularization efficiency was visualized on agarose gel and
circular CVB3-IL2 prepared from traditional PIE method as the positive control (Fig. 17, Table 8).
The results show that CLEAN-PIE designed in IRES or Cargo can both achieve circular CVB3-
IL2 RNA, and the circularization efficiency was determined for different CLEAN-PIE designs.

The circular RNAs were identified by Sanger Sequencing. Circularization efficiency is defined as
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the grayscale value for each of circCRNA/(precursor RNA+circRNA). RNase R was used as a tool
enzyme for verifying the circular structure of circular RNAs, and it can effectively degrade linear

RNAs with free ends, but not circular RNAs.

Table 8
SEQ ID NO. CLEAN-PIE site Circularization efficiency
527 NA 60%
528 IRES: CVB3 40%
529 IRES: CVB3 45%
530 Cargo: 1L2 59%
531 Cargo: L2 35%

Example 11. Translation efficiency and immunogenicity of circRNA obtained in
CLEAN-PIE

To investigate the translation efficiency and immunogenicity of circRNA obtained from the
CLEAN PIE, CLEAN-PIE were designed in CVB3 IRES or AQP1 cargo.

For CLEAN-PIE-IRES, we searched and identified CUU or CUC on CVB3. The precursor
sequence was designed as follows from 5’ to 3’ direction (Fig. 18, SEQ ID NO.535 and 536):

3’ self-splicing intron fragment, the sequence from downstream of motif CUU (motif not
inclusive) to the 3” end of CVB3 (SEQ ID NO:554,556), cargo sequence, the sequence from the
5’end of CVB3 to motif CUU (SEQ ID NO:555), and 5’ self-splicing intron fragment.

For CLEAN-PIE-Cargo, we first searched and identified CUU or CUC through degenerate
codon mutation method on AQP1. The precursor sequence was designed as follows from 5° to 3’
direction (Fig. 18, SEQ ID NO.533):

3’ self-splicing intron fragment, the sequence from downstream of motif CUU (motif not
inclusive) to the 3’ end of the ORF (SEQ ID NO:561), IRES sequence, the sequence from the
5’end of the ORF to motif CUU (SEQ ID NO:562), and 5’ self-splicing intron fragment.

Next, the CLEAN-PIE-circAQP1 was designed by following the above described strategies
based on AnaX Group I intron (SEQ ID NO:1) and the precursors thereof were generated by in
vitro transcription using the T7 RNA polymerase according to manufacturer’s instruction.
circAQPI prepared from non-CLEAN PIE method was used as the positive control. Results show
that the CLEAN-PIE designed in IRES or Cargo can achieve AQP1 RNA circularization with
different efficiency (Fig. 19A). Then, we purified circAQP! in vitro by RNase R treatment to
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achieve high purity, and transfected circAQP1 (200ng/well) into human A253 cells in 12-well plate
using Lipofectamine MessengerMAX™ (Thermo Fisher) RNA transfection reagent. After 24
hours and 72 hours of transfection, the cells were harvested, and the expression level of the AQP1
was determined using Western blot. HSP90 was used as the internal reference. The results show
that circAQP1 produced from CLEARN-PIE had higher translation efficiency (Fig. 19B).

Further, we transfected the CLEAN-PIE-circAQP1 (200 ng/well) into human A549 cells in
12-well plate using Lipofectamine MessengerMAX™ (Thermo Fisher) RNA transfection reagent
to detect the immunogenicity. After 6 hours of transfection, the cells were harvested, and the
expression levels of the cytokines, including IFN, TNFa, IL6 and RIG-I, were determined using
quantitative RT-PCR and normalized to 18S rRNA. The results show that compared to circAQP1
prepared from traditional PIE method, the purified circAQPI prepared via CLEAN-PIE
circularization methods showed no significant differences in the expression level of IFNf, TNFaq,
IL6 and RIG-I (Fig. 19C).

These data demonstrated that the circAQPI prepared in vitro using CLEAN-PIE
circularization methods do not cause significant immune responses. IFNB, TNFa, 1L6 and RIG-1
are commonly used as marker genes for the measurement of cellular immunogenicity, and the
positive control Poly (I:C) is 2a commonly used long double-stranded RNA to mimic virus infection

at circular level. mRINA is used as a reference sequence (SEQ ID NO:624).

Example 12. In vivo expression of circRNA-hAQP1 injection

To evaluate the in vivo expression of AQP1, female wild Sprague Dawley rats of an age of 6
weeks were administrated with 100 pL of PBS (Sangon Biotech) or LNP encapsulated CLEAN-
PIE-circAQPI1 prepared in Example 11 at 0.5 pg, 1.5 pg, or 5 ug into the left submandibular
salivary gland via retrograde ductal infusion. On D3 and D16 post-treatment,in each group, both
administrated and non-administrated submandibular glands were collected from three animals for
immunohistochemistry (IHC). A specific antibody against hAQP1 (Abcam) was used for IHC
staining,

As shown in Figures 22 and 23, higher signals were detected in the groups of higher doses
(1.5 and 5 pg) as compared to the 0.5 pg dose group. On day 16, hAQP1 expression was still
detectable in the animals injected with 5 pg in contrast to the animals treated with lower dose
levels.

Retrograde ductal infusion with LNP encapsulated CLEAN-PIE-circAQP1 increases in situ
expression level of hAQP! in the administrated submandibular glands rather than the non-
administrated one. The semi-quantitative analysis revealed a trend for dose responses with higher

expression at higher doses. The duration of in situ expression in administrated submandibular
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glands lasted from day 3 up to day 16.

Example 13. The CLEAN-PIE design for Twort Group I Intron

We designed CLEAN-PIE precursor using Twort Group [ introns. Taking circCVB3-AQPI as
an example, we searched the CAU through degenerate codon mutation method. The precursor
sequence was designed as follows from 5’ to 3’ direction (Fig. 18, SEQ ID NO.534):

3” self-splicing intron fragment, the sequence from downstream of motif CAU (motif not
inclusive) to the 3” end of AQPI1 (SEQ ID NO:563), IRES sequence, the sequence from the 5’end
of the ORF of AQP1 to motif CAU (SEQ ID NO:564), and 5’ self-splicing intron fragment.

Next, circCVB3-AQP1 was generate by in vitro transcription using the T7 RNA polymerase
according to manufacturer’s instruction and then incubation with 30mM Mg*" at 55°C for 15min
for self-splicing circularization. Results show that the CLEAN-PIE designed in cargo can achieve
RNA circularization (Fig. 19A). Then, we purified the cireCVB3-AQP! in vitro by RNase R
treatment to achieve high purity, and transfected circCVB3-AQP1 (200ng/well) into human A253
cells in 12-well plate using Lipofectamine MessengerMAX™ (Thermo Fisher) RNA transfection
reagent. After 24 hours and 72 hours of transfection, the cells were harvested, and the expression
levels of the AQP1 were determined using western blot and HSP90 was used as the internal
reference. The results showed that circCVB3-AQP1 produced from CLEARN-PIE has higher
translation efficiency (Fig. 19B). It indicates that Twort group [ intron can be used in CLEAN PIE
designs to achieve RNA circularization and circRNA translation.

Further, we transfected the CLEAN-PIE circCVB3-AQP1 (200 ng/well) into human A549
cells in 12-well plate using Lipofectamine MessengerMAX™ (Thermo Fisher) RNA transfection
reagent to detect the immunogenicity. After 6 hours of transfection, the cells were harvested, and
the expression levels of the cytokines, including IFNB, TNFa, IL6 and RIG-I, were determined
using quantitative RT-PCR and normalized to 18S rRNA. The results show that compared to
circCVB3-AQP1 prepared from traditional PIE method, the purified circCVB3-AQP1 prepared via
CLEAN-PIE circularization methods show no significant differences in the expression level of
IFNB, TNFa, IL6 and RIG-I (Fig. 19C). These data demonstrate that the circCVB3-AQPI
generated by CLEAN-PIE design of Twort group I intron does not cause significant immune
responses. [FNB, TNFa, IL6 and RIG-I are commonly used as marker genes for the measurement
of cellular immunogenicity, and the positive control Poly (I.C) is a commonly used long double-

stranded RNA to mimic virus infection at circular level.

Example 14. The regulation of circRNA expression in cells by miRNA
MicroRNA (miRNA) are small non-coding RNA molecules containing 20 to 23 nucleotides.
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The main function of miRNAs is to induce mRNA degradation and translational repression by
forming complementary base-pairing with the 3' untranslated region (3'UTR) of target mRNAs. In
this example, we demonstrate the regulation of circRNA expression in cells by introducing miRNA
binding sites into circRNAs.

We inserted 1 (1x circRNA) or 2 (2x circRNA) tandem miRNA binding sites targeting
miRNA-122 or miR-671 respectively into the circRNA constructs that contain the IRES element
and luciferase coding sequence. Then circRNAs containing miRNA binding sites were transfected
into HEK293 cells overexpressing miRNA-122 or miR-671. The protein expression level and
RNA level of each circRNA were detected after transfection 6h, 24h and 48h, respectively.

The results show that the luciferase expression levels are significantly inhibited when
miRNA-122 or miR-671 binding sites were inserted into circRNAs (Fig. 20). In addition, the
amount of circRNAs containing miRNA-122 or miR-671 binding sites was also significantly
decreased compared to the control group (Fig. 20). The above results demonstrate that miRNA can
regulate circRNA expression by degrading circular RNA, and thus realize the cell type- or tissue-

specific expression of circular RNA.

Example 15. Regulation of circRNA translation by UTRs

Untranslated regions (UTR) flanking the ORF can bind with regulatory proteins and thus
affect the protein translational efficiency. In this example, we describe the regulation of circRNA
translation by introducing UTRs into the circular RNA. We inserted the UTR element into the 3’
end of RBD ORF sequence in the circular RNA and transfected the circular RNA into the THP1
cells, then detected the expression level after transfection 24h and 48h by western blot, respectively.
The results demonstrate that UTRs of different sequences may have different effects. UTR-1
enhanced the translation of circRNA, while UTR-2 and UTR-3 showed inhibitory effects (Fig. 21).

While the invention is described in conjunction with the enumerated embodiments, it will b
¢ understood that they are not intended to limit the invention to those embodiments. The inventio
n is intended to cover all alternatives, modifications, and equivalents that may be included within

the scope of the present invention. One skilled in the art will recognize many methods and mater
ials similar or equivalent to those described herein, which could be used in the practice of the pre
sent invention. The present invention is in no way limited to the methods and materials described
. In the event that one or more of the incorporated literature, patents, and similar materials differs
from or contradicts this application, including but not limited to defined terms, term usage, descr
ibed techniques, or the like, this application controls.

All references including patents, patent applications and publications cited in the present ap
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plication are incorporated herein by reference in their entirety, as if each of them is individually i
ncorporated. Further, it would be appreciated that one skilled in the art could make various chang
es or modifications to the invention without departing from the scope of the invention defined by
the appended claims below. Accordingly, the present invention is not intended to be limited to th
¢ disclosed embodiments. Rather the present invention is intended to cover the disclosed embodi
ments as well as others falling within the scope and spirit of the invention to the fullest extent per

mitted in view of this disclosure and the inventions defined by the claims appended herein below.

Sequences mentioned herein are listed as below:

S| Sequence Description
E
Q
I
D
N
@)
1| AGACGCUACGGACUUAAAUAAUUGAGCCUURAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCA GROUP I
GGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAAAAC INTRON,
ARUAGRUGACUUACAACUARUCGGARAGGUGCAGAGACUCGACGGGAGCUACCCURACGUCAAGACGA | Anabaena sp.
GGGUAAAGAGAGAGUCCAAUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAAARATUC YB301
CGUUGA
2 | GAGCAGCGGACUCAUAUUUCGAUGUGCCUUGCGCCGGGAAACCACGCAAGGGAUGGUGUCAAAUUCG GROUP I
GCGAAACCUAAGCGCCCGCCLCGGEGCGUAUGGCAACGCCGAGCCAAGCUUCGGCGCCUGCGCCGAUGA INTRON,
AGGUGUAGAGACUAGACGGCACCCACCUAAGGCARACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGS | Azoarcus
CGAAAGUCACACAAACCGGAAUCCGUUGGUGCUG olearius
BH72
3| ACUACUGARAGCAUAAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAAAUCCUCUAAUUCAGG GROUP I
GAACACCUAAACAAACUAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUAAUAAGAGAAAGUGCAA INTRON,
CGACUAUUCCGAUAGGAAGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUCUAGGGUAGUGAUA Staphvlococe
UAGUCUGAACAUAUAUGGAAACAUAUAGAAGGAUAGGAGUAACGAACCUAUUCGUAACAUAAUUGAA us phage
CUUUUAGUUAU Twort
4 | AACAGGUUGACGACAACAGGCCUGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUUUCUUCCGE GROUP I
UAGUCGAUCAUCCGUGACGGCCGGGCAAGCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGAAGGGG INTRON,
GGGCCUAGGAUGCGGCAAGACGACCCGGUUCGGGGAACGCCAGCGUGCGCUGGCCGAUCCCGAGGLG Scytalidium
AGGUGCCGUAGCGGGCACCCGUCGUAACGCGECGGUAGGGCGUCGGUCCCCCCUCCCACGGCGGRAGGG dimidiatum
GAGGCUUAAGGUACGUGCUAAACCCCCAGCGAUGGGGCCUGUAGGARAAGCCCUGGUACGGCGARGT
CUACGGGGACCGCCCGAUGGCGGUCGGAUGCCGGCGGGLCCACGGAGCCCCLCGGCGUCGAUUGCUGUU
A
5| GGGCUCAACGAGUAAGAUUGACUAAACGCUUAAAAGUUAUUCUUACUAUGGGCGGUACGUAAAGAAR GROUP I
CUUACGUAUGUUUACCUGUCAAACUCGGGGAAGCCAAUAGCGCGGUAAUCCCGAACCAAGCUCCAGA INTRON
ARUGGAGAAGGUGUAGAGACUGGARGGCAGGUACCCUARCAGUARAGCUGAGGGUARAGGGACAGUC | Seytonema-
CAGACCACAAACUGGUUAAUCCAGGCAGUGAAAACUGUAGAUGGUAAGCAUAACCC hofmani tRNA
fMet
6 | CAGGAUUCCUAAGGUARAUUGGGGGUUGCGCCCGGAAACGACGCAAUCGAUCUGCUCARAGUCGGGG GROUP I
AAAGCUUCGCUGGUCUUCCAGUAUGCCAAUCCCGAGCCAAGCUCCGGAGAAAUCCGGUGAAGGUGUA INTRON,
GAGACUGGAUGGGCAGCACCUARAGGCCGCAAGGUCCACGGUGAAGGGACRGUCCAGACCACGARCG | Agrobacteriu
CCCUUAUCCGAUUGAGAUGGGCGGCGGCGARAGCCGAAGCGGUAUGAAUCCUGGGG m-
tumefaciens
7 | AACAAUAGAUGACUUACRACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGA 3" self-
CGAGGGUAAAGAGAGAGUCCAAUUCUCAAAGCCAAUAGGCAGUAGCGARAGCUGCAAGAGAAUG splicing
intron
fragment
derived from
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Anabaena
pre-tRNA-Leu
gene GROUP I
INTRON

AAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCARACUCAGGGAAACCUARAAUCU
AGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAA

5' self-
splicing
intron
fragment
derived from
Anabaena
pre-tRNA-Leu
gene GROUP I
INTRON

AACCACGCAAGGGAUGGUGUCAAAUUCGGCGARACCUAAGCGCCCGLCCGGGCGUAUGGCAALGCCG
AGCCAAGCUUCGGCGCCUGCGCCGAUGAAGGUGUAGAGACUAGACGGCACCCACCUAAGGCAAACGE
UAUGGUGAAGGCAUAGUCCAGGGAGUGGCGAARGUCACACAAACCGG

3" self-
splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-2

=

AUUUCGAUGUGCCUUGCGCCGGGA

5" self-
splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRCON-PIE-2

=

ACGCCGAGCCRAGCUUCGGLCGCLUGCGCCGAUGAAGGUGUAGAGACUAGACGGCACCCACCUAAGGL
AAACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGGCGAAAGUCACACAARCCGG

3' self-
splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-
4-5

N =

AUUUCGAUGUGCCUUGCGCCGGGARACCACGCAAGGGAUGGUGUCARAUUCGGCGARACCUAAGCGC
CCGCCCEGGCGUAUGGCA

5' self-
splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-
4-5

CCGGGCGUAUGGCARACGCCGAGCCAAGCUUCGGCGCCUGCGCCGAUGARGGUGUAGAGACUAGACGG
CACCCACCUAAGGCAAACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGGCGAAAGUCACACARAACCGG

3' self-
splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-5

AUUUCGAUGUGCCUUGCGCCGGGARACCACGCAAGGGAUGGUGUCARAUUCGGCGARACCUAAGCGL
[slelelo)

5' self-
splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-5
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=

UGCGCCGAUGAAGGUGUAGAGACUAGACGGCACCCACCUAAGGCAAACGCUAUGGUGAAGGCAUAGU
CCAGGGAGUGGCGAAAGUCACACAAACCGG

3' self-
splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-6

AUUUCGAUGUGCCUUGCGCCGGGARACCACGCAAGGGAUGGUGUCARAUUCGGCGARACCUAAGCGC
CCGCCCGGGCGUAUGGCAACGCCGAGCCAAGCUUCGGCGLC

5" self-
splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRCN-PIE-6

=

ACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGGCGAAAGUCACACAARLCCGG

3' self-
splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-8

AUUUCGAUGUGCCUUGCGCCGGGARACCACGCAAGGGAUGGUGUCARAUUCGGCGAAACCUAAGCGC
CCGCCCGGGCGUAUGGCAACGCLCGAGCCAAGCUUCGGCGCCUGCGCCGAUGAAGGUGUAGAGACUAG
ACGGCACCCACCUAAGGCAA

5" self-
splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-8

AAACCGG

3' self-
splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-9

N

AUUUCGAUGUGCCUUGCGCCGGGARACCACGCAAGGGAUGGUGUCARAUUCGGCGARACCUARAGCGC
CCGCCCGGGCGUAUGGCAACGCLCGAGCCAAGCUUCGGCGCCUGCGCCGAUGAAGGUGUAGAGACUAG
ACGGCACCCACCUAAGGCAAACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGGCGAAAGUCACAC

5" self-
splicing
intron
fragment
derived from
Azoarcus
olearius
BH72 GROUP I
INTRON-PIE-9

AAUGUAUAUCGAAARAUCCUCUAAUUCAGGGAACACCUARACAAACUAAGAUGUAGGCAAUCCUGAG
CUAAGCUCUUAGUAAUAAGAGARAGUGCAACGCACUAUUCCGAUAGGAAGUAGGGUCAAGUGACUCGA
AAUGGGGAUUACCCUUCUAGGGUAGUGAUAUAGUCUGAACAUAUAUGGAAACAUAUAGAAGGAUAGG
AGUAACGAACCUAUUCGUAACAUAAUUG

3' self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-2

AAAUAAUUGUGCCUUUAUACAGU

5' self-
splicing
intron
fragment
derived from
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Staphvlococc
us phage
Twort GROUP
I INTRON-
PIE-2

AUCCUGAGCUAAGCUCUUAGUAAUAAGAGARAGUGCAACGACUAUUCCGAUAGGAAGUAGGGUCAAG
UGACUCGAAAUGGGGAUUACCCUUCUAGGGUAGUGAUAUAGUCUGAACAUAUAUGGAAACAUAUAGA
AGGAUAGGAGUAACGAACCUAUUCGUAACAUAAUUG

3" self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-4-5

AAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAAAUCCUCUARUUCAGGGAACACCUARACAA
ACUAAGAUGUAGGCA

5' self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GRQUP
I INTRON-
PIE-4-5

AAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUAAUAAGAGAAAGUGCAACGACUAUUCCGAUAGGA
AGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUCUAGGGUAGUGAUAUAGUCUGAACAUAUAUG
GAAACAUAUAGAAGGAUAGGAGUAACGAACCUAUUCGUAACAUAAUUG

3" self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-5

ARAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAAAUCCUCUAARUUCAGGGAACACCUARACAA
ACU

5' self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-5

N

ARUAAGAGAAARGUGCAACGACUAUUCCGAUAGGAAGUAGGGUCAAGUGACUCGARAUGGGGAUUACC
CUUCUAGGGUAGUGAUAUAGUCUGAACAUAUAUGGAAACAUAUAGAAGGAUAGGAGUAACGAACCUA
UUCGUAACAURAUUG

3" self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-6

AAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAAAUCCUCUAAUUCAGGGAACACCUARACAA
ACUAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGU

5' self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-6

w N

UAGGAAGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUCUAGGGUAGUGAUAUAGUCUGAACAU
AUAUGGAAACAUAUAGAAGGAUAGGAGUAACGAACCUAUUCGUAACAUAAUUG

3' self-
splicing
intron

fragment
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derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-7

o

AAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAAAUCCUCUARUUCAGGGAACACCUAAACAA
ACUAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUAAUAAGAGAAAGUGCAACGACUAUUCCGA

5" self-
splicing
intron
fragment
derived from
Staphylococe
us phage
Twort GROUP
I INTRON-
PIE-7

= W

CUAGGGUAGUGAUAUAGUCUGAACAUAUAUGGAAACAUAUAGAAGGAUAGGAGUAACGAACCUAUUC
GUAACAUARUUG

3' self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-8

w

AAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAAAUCCUCUAAUUCAGGGAACACCUARACAA
ACUAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUAAUAAGAGAAAGUGCAACGACUAUUCCGAUA
GGAAGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUU

5" self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-8

AACAUAUAGAAGGAUAGGAGUAACGAACCUAUUCGUAACAUAAUUG

3' self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-9

AAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAAAUCCUCUAAUUCAGGGAACACCUAAACARA
ACUAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUAAUAAGAGAAARGUGCAACGACUAUUCCGAUA
GGAAGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUCUAGGGUAGUGAUAUAGUCUGAACAUAU
AUGGA

5' self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-9

UAACGAACCUAUUCGUAACAUAAUUG

3" self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-9.1
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o W

AAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAAAUCCUCUAAUUCAGGGAACACCUAAACAA
ACUAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUAAUAAGAGAARGUGCAACGACUAUUCCGAUA
GGAAGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUCUAGGGUAGUGAUAUAGUCUGAACAUAU
AUGGAAACAUAUAGAAGGAUAGGAG

5' self-
splicing
intron
fragment
derived from
Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-9.1

w

GCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGAAGGGGGGGCCUAGGAUGCGGCARGACGACCCGG
UUCGGGGAACGCCAGCGUGCGCUGGCCGAULCCCGAGGCGAGGUGCCGUAGCGGGCACCCGUCGUARC
GCGCGGUAGGGCGUCGGUCCCCLCUCCCACGGCGGAGGGGAGGCUUAAGGUACGUGCUARACCCCCA
GCGAUGGGGCCUGUAGGAAAAGCCCUGGUACGGCGAAGCCUACGGGGACCGCCCGAUGGCGGUCGGA
UGCCGGCGGGCCACGGAGCCCCLGGCGUCGAUUG

3' self-
splicing
intron
fragment
derived from
Scytalidium
dimidiatum
GROUP I
INTRCON-PIE-2

w

UGACGACAACAGGCCUGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUUUCUUCCGCUAGUCGA
UCAUCCGUGACGGCCGGGCAA

5' self-
splicing
intron
fragment
derived from
Scytalidium
dimidiatum
GROUP I
INTRON-PIE-2

GCGCUGGCCGAUCCCGAGGCGAGGUGCCGUAGCGGGCACCCGUCGUAACGCGCGGUAGGGCGUCGGU
CCCCCCUCCCACGGLGGAGGGGAGGCUUAAGGUACGUGCUARACCCCCAGCGAUGGGGCCUGUAGGA
AAAGCCCUGGUACGGCGAAGCCUACGGGGACCGCCCGAUGGCGGUCGGAUGCCGGCGGGCCACGGAG
CCCCCGGCGUCGAUUG

3' self-
splicing
intron
fragment
derived from
Scytalidium
dimidiatum
GROUP I
INTRON-PIE-5

UGACGACARCAGGCCUGUGACAGCGGGGCUUCGARCUUUCCGUGUUUUUUUUUCUUCCGCUAGUCGA
UCAUCCGUGACGGCCGGGCAAGCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGAAGGGGGGGCCUA
GGAUGCGGCAAGACGACCCGGUUCGGGGAALGCCAGLCGU

5' self-
splicing
intron
fragment
derived from
Scytalidium
dimidiatum
GROUP I
INTRON-PIE-5

GCGGGCACCCGUCGUAACGCGCGGUAGGGCGUCGGUCCLCCCUCCCACGGLCGGAGGGGAGGCUURAG
GUACGUGCUARACCCCCAGCGAUGGGGCCUGUAGGAAAAGCCCUGGUACGGCGARGCCUACGGGGAL
CGCCCGAUGGCGGUCGGAUGCCGEGCGGGCCACGGAGCCLCCGGCGUCGAUUG

3' self-
splicing
intron
fragment
derived from
Scytalidium
dimidiatum
GROUP I
INTRON-PIE-6

UGACGACARACAGGCCUGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUUUCUUCCGCUAGUCGA
UCAUCCGUGACGGCCGGGCAAGCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGAAGGGGGEGGCCUA
GGAUGCGGCAAGACGACCCGGUUCGGGGAACGCCAGCGUGCGCUGGCCGAUCCCGAGGCGAGGUGCC
GUA

5' self-
splicing
intron
fragment
derived from
Scytalidium
dimidiatum
GROUP I
INTRON-PIE-6

i

GGCGGAGGGGAGGCUUAAGGUACGUGCUAARCCCCCAGCGAUGGGGCCUGUAGGAARAGCCCUGGUA
CGGCGAAGCCUACGGGGACCGCCCGAUGGCGGUCGGAUGCCGGCGGGCCACGGAGCCCCCGGLGUCG
AUUG

3" self-
splicing
intron
fragment
derived from
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Scytalidium
dimidiatum
GROUP I
INTRON-PIE-8

i

UGACGACAACAGGCCUGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUUUCUUCCGCUAGUCGA
UCAUCCGUGACGGCCGGGCAAGCGCCCGAGUACCAGGACCGUCGGGLCCCCCGAGAAGGGGGGGCCUA
GGAUGCGGCAAGACGACCCGGUUCGGGGAACGCCAGCGUGCGCUGGCCGAUCCCGAGGCGAGGUGCC
GUAGCGGGCACCCGUCGUAACGLCGCGGUAGGGCGUCGGUCCCCCCUCCCAC

5' self-
splicing
intron
fragment
derived from
Scytalidium
dimidiatum
GROUP I
INTRON-PIE-8

GGAGCCCCCGGCGUCGAUUG

3" self-
splicing
intron
fragment
derived from
Scytalidium
dimidiatum
GROUP I
INTRON-PIE-9Q

UGACGACAACAGGCCUGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUUUCUUCCGCUAGUCGA
UCAUCCGUGACGGCCGGGCAAGCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGAAGGGGGGGCCUA
GGAUGCGGCAAGACGACCLCGGUUCGGGGAALGLCAGCGUGCGCUGGLCGAUCCCGAGGLCGAGRUGLL
GUAGCGGGCACCCGUCGUAACGLCGCGGUAGGGCGUCGGUCCCCCCUCCCACGGCGGAGGGGAGGLCUU
AAGGUACGUGCUAAACCCCCAGCGAUGGGGCCUGUAGGAAAAGCCCUGGUACGGCGAAGCCUACGGG
GACCGCCCGAUGGCGGUCGGAUGCCGGCGGGCCAC

5" self-
splicing
intron
fragment
derived from
Scytalidium
dimidiatum
GROUP I
INTRON-PIE-9

AAUGGAGAAGGUGUAGAGACUGGAAGGCAGGUACCCUAACAGUAAAGCUGAGGGUAAAGGGACAGUC
CAGACCACAAACUGGUUAAUCCAGGCAGUGAARACUGUAGAUGGUARAG

3' self-
splicing
intron
fragment
derived from
Scytonema-
hofmani tRNA
fMet gene
GROUP I
INTRON-PIE-6

@

CAACGAGUAAGAUUGACUAAACGCUUARAARAGUUAUUCUUACUAUGGGCGGUACGUARAGAAACUUAC
GUAUGUUUACCUGUCAAACUCGGGGAAGCCAAUAGCGCGGUAAUCCCGAACCAAGCUCCAGA

5' self-
splicing
intron
fragment
derived from
Scytonema-
hofmani tRNA
fMet gene
GROUP I
INTRON-PIE-6

AACUUACGUAUGUUUACCUGUCAAACUCGGGGRAGCCAAUAGCGCGGUAAUCCCGARCCAAGCUCCA
GAAAUGGAGAAGGUGUAGAGACUGGAAGGCAGGUACCCUAACAGUAARAGCUGAGGGUARAGGGACAG
UCCAGACCACAAACUGGUUAAUCCAGGCAGUGAARACUGUAGAUGGUARG

3' self-
splicing
intron
fragment
derived from
Scytonema-—
hofmani tRNA
fMet gene
GROUP I
INTRON-PIE-2

CAACGAGUAAGAUUGACUAAACGCUUAAAAGUUAUUCUUACUAUGGGCGGUACGUAAAGA

5! self-
splicing
intron
fragment
derived from
Scytonema-
hofmani tRNA
fMet gene
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GROUP I
INTRON-PIE-2

AUCCCGAACCRAGCUCCAGAAAUGGAGAAGGUGUAGAGACUGGAAGGCAGGUACCCUAACAGUAAAG
CUGAGGGUAAAGGGACAGUCCAGACCACAARCUGGUUARUCCAGGCAGUGAAAACUGUAGAUGGUAA
G

3' self-
splicing
intron
fragment
derived from
Scytonema-
hofmani tRNA
fMet gene
GROUP I
INTRON-PIE-
4-5

CAACGAGUAAGAUUGACUAAACGCUUAAAAGUUAUUCUUACUAUGGGCGGUACGUAAAGAAACUUAC
GUAUGUUUACCUGUCAAACUCGGGGAAGCCAAUAGCGCGGUA

5" self-
splicing
intron
fragment
derived from
Scytonema-
hofmani tRNA
fMet gene
GROUP I
INTRON-PIE-
4-5

€]

AAUCCAGGCAGUGARAACUGUAGAUGGURAG

3' self-
splicing
intron
fragment
derived from
Scytonema-
hofmani tRNA
fMet gene
GROUP I
INTRON-PIE-9

&3]

CAACGAGUAAGAUUGACUAAACGCUUAAAAGUUAUUCUUACUAUGGGCGGUACGUAAAGAAACUUAC
GUAUGUUUACCUGUCAAACUCGGGGAAGCCARAUAGCGCGGUAAUCCCGAACCAAGCUCCAGAAAUGG
AGAAGGUGUAGAGACUGGAAGGCAGGUACCCUAACAGUAAAGCUGAGGGUAAAGGGACAGUCCAGAC
CACAAACUGGUU

5' self-
splicing
intron
fragment
derived from
Scytonema-
hofmani tRNA
fMet gene
GROUP I
INTRON-PIE-9

AAUCCGGUGAAGGUGUAGAGACUGGAUGGGCAGCACCUAAAGGCCGCAAGGUCCACGGUGAAGGGAC
AGUCCAGACCACGAACGCCCUUAUCCGAUUGAGAUGGGCGGCGGCGAARGCCGARGCGGUAUG

3' self-
splicing
intron
fragment
derived from
Agrobacteriu
m—
tumefaciens
GROUP I
INTRON-PIE-6

AAGGUARAUUGGGGGUUGCGCCCGGAAACGACGCAAUCGAUCUGCUCARAGUCGGGGAAAGCUUCGC
UGGUCUUCCAGUAUGCCAAUCCCGAGCCAAGCUCCGGAGA

5' self-
splicing
intron
fragment
derived from
Agrobacteriu
m-
tumefaciens
GROUP I
INTRON-PIE-6

AAAAUCCGUUGA

3" exon of
GROUP I
INTRCN from
Anabaena
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pre-tRNA-Leu
gene

Sl

AGACGCUACGGACUU

5' exon of
GROUP I
INTRON from
Anabaena
pre—-tRNA-Leu
gene

5| AARACCCCCCCA

3' exon of
GROUP I
INTRON from
Anabaena
pre-tRNA-Leu
gene

6 | AGACGGGGGGGGCUU

5' exon of
GROUP I
INTRON from
Anabaena
pre-tRNA-Leu
gene

6 | AAUCCGUUGGUGCUG

3' exon of
GRCUP I
INTRON from
Azoarcus
olearius
BH72

6 | GAGCAGCGGACUCAU

5' exon of
GROUP T
INTRON from
Azoarcus
olearius
BH72

[e

AACUUUUAGUUAU

3' exon of
GROUP I
INTRON from
Staphvlococc
us phage
Twort

6 | ACUACUGARAGCAU

5' exon of
GROUP I
INTRON from
Staphvlococc
us phage
Twort

CUGUUA

[e

3' exon of
GROUP I
INTRON from
Scytalidium
dimidiatum

6 | URACAGGU

5' exon of
GROUP I
INTRON from
Scytalidium
dimidiatum

6 | CAUAACCC

3' exon of
GROUP I
INTRON from
Scytonema-
hofmani tRNA
fMet gene

[}

GGGCU

5' exon of
GROUP I
INTRON from
Scytonema-
hofmani tRNA
fMet gene

6 | AAUCCUGGGG

3' exon of
GROUP I
INTRON from
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Agrobacteriu
m—
tumefaciens
7 | CAGGAUUCCU 5' exon of
0 GROUP I
INTRON from
Agrobacteriu
-
tumefaciens
7 | CCGUCGAUUGUCCACUGGUC 5' homology
1 arm-original
(20)
7 | GACCAGUGGACAAUCGACGG 3' homology
2 arm-original
(20)
7 | CCGUCGAUUGUCCACUGGUCCCGUCGAUUGUCCACUGGUC 5' homology
3 arm-—
2xoriginal
(40)
7 | GACCAGUGGACAAUCGACGGGACCAGUGGACARUCGACGG 3' homology
4 arm-—
2xoriginal
(40)
7 | GGACACCCCCUGACCCGGUCUCAGAAAGCCUGAAAGCAGAAUUAGUCAUUAGAAGGGUGGUUGGCUU 5' homology
5| GGUCGGCAUAGACUUUGAGCAGAAAGAGGUUGAARAUGUUGAGCCUGAUUUCUCUUAGGCCCCUCUG arm-HAL
CAGUGUCUGUUGUGGAGGCCAGAUACGUAACUGCUUCCGCUUUUUUUGGUCUCAUUCAAGGUGAGCA (300)
AAUCCCCUUCAUGUUUCUCACCAGACARAUGCAGCUGAUGAGGUUCCAGCUUUGCAARUGUAGUCAUC
CAUGAGGACUGUCUUCCUGAGAUUUCAUCAGG
7 | CCUGAUGARAUCUCAGGAAGACAGUCCUCAUGGAUGACUACAUUUGCARAGCUGGAARCCUCAUCAGC 3' homology
6 | UGCAUUGUCUGGUGAGAAACAUGAAGGGGAUUUGCUCACCUUGAAUGAGACCAARARAAGCGGAAGE arm-HA1
AGUUACGUAUCUGGCCUCCACAACAGACACUGCAGAGGGGCCUAAGAGAAAUCAGGCUCAACAUUUU (300)
CAACCUCUUUCUGCUCAAAGUCUAUGCCGACCAAGCCAACCACCCUUCUAAUGACUAAUUCUGCUUU
CAGGCUUUCUGAGACCGGGUCAGGGGGUGULC
7 | GGACACCCCCUGACCCGGUCUCAGAAAGCCUGAAAGCAGAAUUAGUCAUUAGAAGGGUGGUUGGCUU 5' homology
7 | GGUCGGCAUAGACUUUGAGCAGAAARGAGGUUGA arm-HA2
(100)
7 | UCAACCUCUUUCUGCUCARAGUCUAUGCCGACCARGCCAACCACCCUUCUAAUGACUARUUCUGCUU 3' homology
8 | UCAGGCUUUCUGAGACCGGGUCAGGGGGUGUCC arm-HA2
(100)
7 | AAAGAAGACAGUCUCGCUCUAUCGCCCAGGCUGGAGUGUAGAAUGCAGUGCUGUGAUCUUGGCUCAC 5' homology
9 | UGCAACCUCUACCUCCCAGGCUCAAGCGAUUCUUCUGCCUCAGCCUCCCGAGUAGCUAGGAUUACAG arm-HA3
GCGCGCGCCACCACACCUAGCUUAUUUUUGUAUUUUCAGUAGAGAUGGGGUUUCACCAUGUUGACCA (285)
GGCUGGUCUCAAACUCCUGAGCUUAAGUGACGUGCCCGCCUCAGCCUCCCAAAGUGCUUGGAUUAUA
GGUGUGAGCCACUGCAC
8 | CAUCUCUACUGAAARAUACAARAAAUUAGCCGGGCGUAGUGGCAUGAGCCUGUAGUCCCAGCUACUU 3' homology
0 | GGGAGGCUGAGGCAGGAGAAUGGCGUGAACUCGGGAGGCAGAGCUUGCAGUGAGCCGAGAUCACACC arm-HA3
ACUGCACUCCAGCCUGGGCGACAGAGCGAGACUCCGUCUC (174)
8 | AGAGAGUCUCGCUCUUCGCCCAGGCUGGAGUGAGUGGUGUGAUCUGGCUCACUGCAACUCUCCUCCC 5' homology
1 | GUCAGCAUUCUCUGCCUCAGCCUCCCAGUAGCUGGAUACAGGCCGCCACACCCGCUAUUUUUGUAUU arm-HA4
UUCAGUAGAGAUG (147)
8 | CAUCUCUACUGAAAAUACAAARAUAGCGGGUGUGGCGGCCUGUAUCCAGCUACUGGGAGGCUGAGGC 3' homology
2 | AGAGAAUGCUGACGGGAGGAGAGUUGCAGUGAGCCAGAUCACACCACUCACUCCAGCCUGGGCGAAG arm-HA4
AGCGAGACUCUCU (147)
8 | GGCCCCUCUGCAGUGUCUGUUGUGGAGGCCAGARUACGUAACUGCUUCCGC 5' homology
3 arm-HAS (50)
8 | GCGGAAGCAGUUACGUAUCUGGCCUCCACARCAGACACUGCAGAGGGGCC 3' homology
4 arm-HAS5 (50)
8 | UAGACUUUGAGCAGAAAGAGGUUGAARAUGUUGAGCCUGAUUUCUCUUAG 5' homology
5 arm-HA6 (50)
8 | CURAGAGAARAUCAGGCUCAACAUUUUCAACCUCUUUCUGCUCAAAGUCUA 3' homology
6 arm-HA6 (50)
8 | AUGAGGUUCCAGCUUUGCAAAUGUAGUCAUCCAUGAGGACUGUCUUCCUG 5' homology
7 arm-HA7 (50)
8 | CAGGAAGACAGUCCUCAUGGAUGACUACAUUUGCRAAGCUGGAACCUCAU 3' homology
8 arm-HA7 (50)
8 | GGACACCCCCUGACCCGGUCUCAGA 5' homology
9 arm-HA8 (25)
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UCUGAGACCGGGUCAGGGGGUGUCC 3' homology
arm-HA8 (25)

GARAGCAGAAUUAGUCAUUAGAAGG 5' homology
arm-HA9 (25)

CCUUCUAAUGACUAAUUCUGCUUUC 3' homology
arm-HA9 (25)

CGGCAUAGACUUUGAGCAGAAAGAG 5' homology
arm-HA10Q
(25)

w Wi WH YO W

{te]

CUCUUUCUGCUCAAAGUCUAUGCCG 3' homology
4 arm-HA10Q
(25)

9| CUU Nucleotide

5 motif of
ribozyme
recognition
site I of
Aaz.b.trnlL,
Asp-
2.b.trnl,
Cpa.y.trnL-
1,
Dai.c.trnL-
1,
Dai.c.trnL-
21
Dai.c.trnL-
37
Ddu.c.trnL-
1,
Ddu.c.trnL-
2,
Dla.c.trnL,
Dto.c.trnL-
11
Dto.c.trnL-
2,Dto.c.trnL
-3,
Fan.c.trnL,
Zma.c.trnl,
Vfa.c.trnlL,
Sel.b.trnL-
27
Sbi.
Pth.
Osa.
Omi.
Nta.
Mpo.
Mae.
21
Dto.c.trnL-
4,

.trnL,
.trnL,
.trnkL,
.trnL,
.trnL,
.trnkL,
.trnL-

c0oaQn0aQ0a

9| CCuU Nucleotide
3 motif of
ribozyme
recognition
site I of
Aha.b.trnR,
Atu.b.trnR,

9| CAU Nucleotide

7 motif of
ribozyme
recognition
site I of
Asp.b.trnI,
Twort.v.ORF1
42,2
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9| Uu Nucleotide

8 motif of
ribozyme
recognition
site I of
Athu.c.trnkL-
1

9| Ccu Nucleotide
9 motif of
ribozyme
recognition
site I of
Dsp.b.trnM,
Sho.b.trnM

1| GGCU Nucleotide
0 motif of
0 ribozyme
recognition
site I of
Gvi.b.trnM,
Ssp.b.trnM

=

GCU Nucleotide
motif of

1 ribozyme
recognition
site I of
Pan.m.COX1,1
6

O

=

CGUCAU Nucleotide
0 motif of

2 ribozyme
recognition
site I of
Ppo.L1949-
1.pdf

1| CGUCAU Nucleotide
0 motif of

3 ribozyme
recognition
site I of
Ppo.L1949-
2.pdf

=

GGGAU Nucleotide
0 motif of

4 ribozyme
recognition
site I of
Ppo.L2449-
1.pdf,
Ppo.L2449-
2.pdf

[

GGAU Nucleotide
0 motif of
5 ribozyme
recognition
site I of
Ban.b.nrdE

=

GGARAAU Nucleotide
motif of
6 ribozyme
recognition
site I of
Ban.b.rechA

(@]

[

UUGGAGCC Nucleotide
motif of
7 ribozyme
recognition
site I of

o
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Beta-
22.v.td, 1

1| UGGAGGU Nucleotide

o] motif of

8 ribozyme
recognition
site I of
Ceu.c.psb(C,1

1| AAGGU Nucleotide

0 motif of

9 ribozyme
recognition
site I of
Ceu.mL1931.p
df

1| GGAGGU Nucleotide

1 motif of

o] ribozyme
recognition
site I of
Cre.c.psbA,3

1| AGUGUGGUU Nucleotide

1 motif of

1 ribozyme
recognition
site I of
LL-
H.v.terL, 1

1| GCCu Nucleotide

1 motif of

2 ribozyme
recognition
site I of
Phi-
E.v.DP, 1,
spg82.v.DP, 1,
SPOl.v.DP, 1

1| GCGU Nucleotide

1 motif of

3 ribozyme
recognition
site I of
RB3.v.nrdB,1
’
T4.v.nrdB, 1

1| UAUGAGU Nucleotide

1 motif of

4 ribozyme
recognition
site I of
T4.v.nrdD, 1

1| GGGGU Nucleotide

1 motif of

5 ribozyme
recognition
site I of
T4d.v.td, 1

1| GGU Nucleotide

1 motif of

6 ribozyme
recognition
site I of
5di.s51199-1

1| AUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACARACAGCGCUCCUA IL2-N88D

1| CAAGCUCUAGCACCAAGAAAACCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCU

7 | GAACGGCAUURAACAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCU

AAGAAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGC
UUAAUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCAGCCACAUCAACGUGAU
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CGUGCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCALCCAUC
GUGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACC

1| AUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUGGCCGAGUUCCUGGCCACGACCC AQP1
1 | UCUUUGUCUUCAUCAGCAUCGGUUCUGCCCUGGGCUUCAARUACCCGGUGGGGARCAACCAGACGGC
8 | GGUCCAGGACRACGUGAAGGUGUCGCUGGCCUUCGGGCUGAGCAUCGCCACGCUGGCGCAGAGUGUG
GGCCACAUCAGCGGCGCCCACCUCAACCCGGCUGUCACACUGGGGCUGCUGCUCAGCUGCCAGAUCA
GCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGGGCCAUCGUCGCCACCGCCAUCCU
CUCAGGCAUCACCUCCUCCCUGACUGGGAACUCGCUUGGCCGCAAUGACCUGGCUGAUGGUGUGAAC
UCGGGCCAGGGCCUGGGCAUCGAGAUCAUCGGGACCCUCCAGCUGGUGCUAUGCGUGCUGGCUACUA
CCGACCGGAGGCGCCGUGACCUUGGUGGCUCAGCCCCCCUUGCCAUCGGCCUCUCUGUAGCCCUUGG
ACACCUCCUGGCUAUUGACUACACUGGCUGUGGGAUUAACCCUGCUCGGUCCUUUGGCUCCGLGGUG
AUCACACACAACUUCAGCAACCACUGGAUUUUCUGGGUGGGGCCAUUCAUCGGGGGAGCLCCUGGLUG
UACUCAUCUACGACUUCAUCCUGGCCCCACGCAGCAGUGACCUCACAGACCGCGUGARGGUGUGGAL
CAGCGGCCAGGUGGAGGAGUAUGACCUGGAUGCCGACGACAUCAACUCCAGGGUGGAGAUGAAGCCC
ARA

1| GGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAACCGGCAGCCAACUCUGCACARARUG POLR2A
UCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAA
9 | CUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCG
AGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGLCAAUCGGLCCUGUC
AUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGC
GG

=

=

GUAUAAGAGACAGGUGUUUGCCUUGUCUUCGGACUGGCAUCUUGGGACCAACCCCCCUUUUCCCCAG CrohivirusB
CCAUGGGUUAARAUGGCAAUAAAGGACGUAACAACUUUGUAACCAUUAAGCUUUGUAARUUUUGUAACC
0 | ACUAAGCUUUGUGCACAUAAUGUAACCAUCAAGCUUGUUAGUCCCAGCAGGAGGUUUGCAUGCUUGU
AGCCGARAUGGGGCUCGACCCCLCAUAGUAGGAUACUUGAUUUUGCAUUCCAUUGUGGACCUGCARAR
CUCUACACAUAGAGGCUUUGUCUUGCAUCUAAACACCUGAGUACAGUGUGUACCUAGACCCUAUAGU
ACGGGAGGACCGUUUGUUUCCUCAAUAACCCUACAUAAUAGGCUAGGUGGGCAUGCCCAAUUUGCAA
GAUCCCAGACUGGGGGUCGGUCUGGGCAGGGUUAGAUCCCUGUUAGCUACUGCCUGAUAGGGUGGUG
CUCAACCAUGUGUAGUUUAAAUUGAGCUGUUCAUAUACC

N

1 | UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUA CVB3
CCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUARACACACACCGAUCAACA
1| GUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGA
CUGCUCACGCGGUUGAAGGAGARAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAARACCUAGUAACAC
CGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAU
UCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCLCUGCCCAUGGGGAAACCCAUGGGACGCUC
UAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUARUUCCUAUACUGGCUGCUUAUGGUGACAAUUGA
GAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUU
GUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUARAACAUUACAAUUCAUUGUUAAGUUGAAUACAG
CAAA

[\S)

1 | ACAUGGGGGGUCUGCGGACGGCUUCGGCCCACCCGCGACAAGAAUGCCGUCAUCUGUCCUCAUUACC SalivirusFHB
CGUAUUCCUUCCCUUCCCCCGCAACCACCACGCUUACUCGCGCACGUGUUGAGUGGCACGUGCGUUG
2 | UCCAAACAGCUACACCCACACCCUUCGGGGLGGGUUUGUCCCGCCCUCGGGUUCCUCGCGGAACCCC
CCCCUCCCUCUCUCUCUUUCUAUCCGCCCUCACUUCCCAUAACUACAGUGCUUUGGUAGGUGAGCAC
CCUGACCCCCCGCGGARGCUGCUARCGUGGCARCUGUGGGGAUCCAGGCAGGUURUCARAGGCACCC
GGUCUUUCCGCCUUCAGGAGUAUCUCUGCCGGUGAAUUCCGGUAGGGCUCUGCUUGGUGCCAACCUC
CCCCAARUGCGCGCUGCGGGAGUGCUCUUCCCCAACUCAUCUUAGUAACCUCUCAUGUGUGUGCUUG
GUCAGCAUAUCUGAGGCGACGUUCCGCUGUCCCAGACCAGUCCAGCAAUGGACGGGCCAGUGUGCGU
AGUCGCUUUCCGGUUUUCCGGCGCAUGUUUGGCGAAACGCUGAGGUAAGGUUGGUGUGCCCAACGLC
CGUAAUUUGGUGAUACCUCAAGACCACCCAGGAAUGCCAGGGAGGUACCCCACUUCGGUGGGAUCUG
ACCCUGGGCUARAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUCUUUUUUCUGGCAUG

NS}

1 | CCCACAGCAAGAAUGCCAUCAUCUGUCCUCACCCCCAAUUUUCCCUUUUCUUCCCCUGCAACCAUUA 18-675
CGCUUACUCGCAUGUGCAUUGAGUGGUGCAUGUGUUGAACARACAGCUACACUCACAUGGGGGLGGG
3| UUUUCCCGCCCUACGGCCUCUCGCGAGGCCCACCCCUUCCCUCCCCUUAUAACUACAGUGCUUUGGU
AGGUAAGCAUCCUGAUCCCCCGCGGAAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGGUUAUC
AAAGGCACCCGGUCUUUCCGCCUUCAGGAGUAUCCCUACUAGUGAAUUCUAGCGGGGCUCUGCUUGG
UGCCAACCUCCCCCAAAUGCGCGCUGCGGGAGUGCUCUUCCCCAACUCACCCUAGUAUCCUCUCAUG
UGUGUGCUUGGUCAGCAUAUCUGAGACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGACGGGC
CAGUGCGUGUAGUCGUCUUCCGGCUUGUCCGGGGCAUGUUUGGUGARCCGGUGGGGUARGGUUGGUG
UGCCCAACGCCCGUACUUUGGUGACACCUCAAGACCACCCAGGAAUGCCAGGGAGGUACCCCACLCUC
ACGGUGGGAUCUGACCCUGGGCUAAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCUUCUGU
UCACG

W]

=

UUUGAARAGGGGGUGGGGGGGCCUCGGCCCCCUCACCCUCUUUUCCGGUGGUCUGGUCCCGGACCAL Aichivirus
CGUUACUCCAUUCAGCUUCUUCGGAACCUGUUCGGAGGAAUUAAACGGGCACCCAUACUCCCCCCAC
4 | CCCCCUUUUGUAACUAAGUAUGUGUGCUCGUGAUCUUGACUCCCACGGAACGGACCGAUCCGUUGGU
GAACAAACAGCUAGGUCCACAUCCUCCCUUCCCCUGGGAGGGCCCCCGCCCUCCCACAUCCUCCCCC
CAGCCUGACGUAUCACAGGCUGUGUGAAGCCCCCGCGARAAGCUGCUCACGUGGCAAUUGUGGGUCCC
CCCUUCAUCAAGACACCAGGUCUUUCCUCCUUAAGGCUAGCCCCGGCGUGUGAAUUCACGUUGGGCA

N
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ACUAGUGGUGUCACUGUGCGCUCCCAAUCUCGGCCGCGGAGUGCUGUUCCCCAAGCCAAACCLCUGG
CCCUUCACUAUGUGCCUGGCAAGCAUAUCUGAGARGGUGUUCCGCUGUGGCUGCCAACCUGGUGACA
GGUGCCCCAGUGUGCGUAACCUUCUUCCGUCUCCGGACGGUAGUGAUUGGUUAAGAUUUGGUGUAAG
GUUCAUGUGCCAACGCCCUGUGCGGGAUGARACCUCUACUGCCCUAGGAAUGCCAGGCAGGUALCCCC
ACCUCCGGGUGGGAUCUGAGCCUGGGCUAAUUGUCUACGGGUAGUUUCAUUUCCAAUCCUUUUAUGU
CGGAGUC

1| UUAAAACAGCCUGUGGGUUGCACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUAUCACGAU CAV2
ACCUUUGUGCGCCUGUUUUAUAUCCCCACCCCGAGUAAACGUUAGARGUUACGCAACCCCGAUCAAU
5| AGUAGGUGUAGCACUCCAGCUGCAUCGAGAUCAAGCACUUCUGUCUCCCCGGACCGAGUAUCAAUAG
ACUGCUAACGCGGUUGAAGGAGAAAACGUUCGUUACCCGGCCAAUUACUUCGAGAAGCCCAGUAGUG
CCGUGARAGUUGCGGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGCUGAUGAGUCACCGCG
AUCCCCACAGGUGACUGUGGCGGUGGCUGCGUUGGCGECCUGCCUAUGGGGCAACCCAUAGGACGLCU
CUAAUACAGACAUGGUGCGAAGAGCCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGLGGECU
AAUCCUAACUGCGGAGCACAUGCCCUCAAACCAGGGGGUGGUGUGUCGUAACGGGUAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUAUAAUGGCUGCUUAUGGUGACAAUUA
AAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAAAUCGCUCAUAUACCAGUU
UGUUGGUUUUGUUCCCUUAUCACAUACAGCUCAUAACACCCUCUUAUAUUUACUACAAUUGAAUAGC
ARGAA

N

1| UAUGGCAGGCGGGCUUGUGGACGGCUUCGGCCCACCCACAGCAAGARAUGCCAUCAUCUGUCCUCACC SalivirusNG-
CCCAAUUUUCCCUUUUCUUCCCCUGCAACCAUUACGCUUACUCGCAUGUGCAUUGAGUGGUGCAUGU J1

6 | GUUGAACAAACAGCUACACUCACAUGGGGGCGGGUUUUCCCGCCCUACGGCCUCUCGCGAGGCCCAL
CCCUUCCCUCCCCUUAUAACUACAGUGCUUUGGUAGGUAAGCAUCCUGAUCCCCCGCGGAAGCUGCU
CACGUGGCAACUGUGGGGACCCAGACAGGUUAUCAAAGGCACCCGGUCUUUCCGCCUUCAGGAGUAU
CCCUACUAGUGAAUUCUAGCGGGGCUCUGCUUGGUGCCAACCUCCCCCAARUGCGCGCUGCGGGAGU
GCUCUUCCCCAACUCACCCUAGUAUCCUCUCAUGUGUGUGCUUGGUCAGCAUAUCUGAGACGAUGUU
CCGCUGUCCCAGACCAGUCCAGUAAUGGACGGGCCAGUGCGUGUAGUCGUCUUCCGGCUUGULCGGG
GCAUGUUUGGUGAACCGGUGGGGUAAGGUUGGUGUGCCCAACGCCCGUACUUUGGUGACACCUCAAG
ACCACCCAGGAAUGCCAGGGAGGUACCCCACCUCACGGUGGGAUCUGACCCUGGGCUAAUUGUCUAC
GGUGGUUCUUCUUGCUUCCACUUCUUUCUUCUGUUCACG

N

=

CUUCCUUUUAAUUCGUAACUGAUAAGUGAUAGUCCUUGGAAGCUAGGUAUUUGUUACGCUAGUUUUG PTVB
GAUUAUCUUGUGCCCAACAUUUGUUUUCGAACAUAUGUUGUGUUUAAACACAGAAAUCUAGUUUCUU
7 | UGGUUAUGAGUUUAAUGGAAUAUCCUUUUGARAAGACUUGCCUUGGCGCGGGCUAGAGCGCAAUUGUC
ACCAGGUAUUGCACCAAUGGUGGCGACAGGGUACAGAAGAGCAAGUACUCCUGACUGGGUAAUGGGA
CUGCAUUGCAUAUCCCUAGGCAUCUAUUGAGAUUUCUCUGGAGCCCACCAGCAUGGAGUUCCUGUAU
GGGAAUGCAGGACUGGACUUGUGCUGCCUGACAGGGUCGCGGCUGGCCGUCUGUACUUUGUAUAGUC
AGUUGARACUCAUU

N

1 | UUUUGCGGCUCUGCCGCCGUUCGGGUUUUACCUGUUUUCACAGAGCAAAACAGGACCUCUAGUUUCG BRAV-1
UGCUUARACGAGAUCAUGCUCGAACUAGAACUAUARACGCUGGUCACUGGACCCGUGCCGCGCCUUGT
8 | GGAUCUUUGCGGGAAUGGUGGCUAGUGGGCUGUGGAAGUGACUCUAACCACACGCCCCUCAAGUGUG
GGAAAACACGAACUGGUGUAGCGACGACGAUAGGCCUUGGGACACCCUCUCCAGUGAUGGAGALCCCA
AGGGGCCAAAAGCCACGCCUUGUGCCLCUGUCGUUCACAACCCCAGUGCAGUUCGUGCCAGUACCUGE
UUUUGGGAAGUGUGCUUUGGACAGCUGAAARCAGUCCUAGUGGGAGACUAAGGAUGCCCAGGAGGUA
CCCGGAGGUAACAAGUGACACUCUGGAUCUGACUUGGGGAGAGCGGGUCUGCUUUACAGACGCCACU
CUUUAARARACUUCUAUGUCUCGUCAGGCACCGGAGGCLCGGGCCUUUUCCUUUARAACAAUACACUU
U

\V]

1 | UUAARACAGCUCUGGGGUUGUACCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCCGGUAUUGCGG PVl
UACCCUUGUACGCCUGUUUUAUACUCCCUUCCCGUAACUUAGACGCACAARACCAAGUUCAAUAGAA
9| GGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGAUGUCGUAUAGACUGCU
UGCGUGGUUGAAAGCGACGGAUCCGUUAUCCGCUUAUGUACUUCGAGAAGCCCAGUACCACCUCGGA
AUCUUCGAUGCGUUGCGCUCAGCACUCAACCCCAGAGUGUAGCUUAGGCUGAUGAGUCUGGACAUCC
CUCACCGGUGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUAUGGCUAACGCCAUGGGACGCUAGU
UGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACAUAAGRAUCCUCCGGCCCCUGRAUGCGGCUAAUC
CCAACCUCGGAGCAGGUGGUCACAAACCAGUGAUUGGCCUGUCGURACGCGCAAGUCCGUGGCGGAA
CCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUAUUGUGGCUGCUUAUGGUGACAAUCACAGAU
UGUUAUCAUARRAGCGAAUUGGAUUGGCCAUCCGGUGAAAGUGAGACUCAUUAUCUAUCUGUUUGCUG
GAUCCGCUCCAUUGAGUGUGUUUACUCUAAGUACARAUUUCAACAGUUAUUUCAAUCAGACAAUUGUA
UCAUA

N

1 | UUAAAACAGCGGAUGGGUAUCCCACCAUCCGACCCACAGGGUGUAGUGCUCUGGUAUUUUGUACCUU HRVB27
UGCACGCCUGUUUCCCCAUUGUACCCCUCCUUAAAUUUCCUCCCCAAGUAACGUUAGAAGUUUAAGG
0 | AAACAARUGUACAAUAGGARAGCAUCACAUCCAGUGGUGUUAUGUACAAGCACUUCUGUUUCCCCGGA
GCGAGGUAURAGUGGUACCCACCGCCGAAAGCCUUUAACCGUUAUCCGCCAAUCAACUACGUAAUGG
CUAGUAUUACCAUGUUUGUGACUUGGUGUUCGAUCAGGUGGUUCCCCCCACUAGUUUGGUCGAUGAG
GCUAGGAACUCCCCACGGGUGACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCUUUUGCUGGGAC
GCCUUUUUACAGACARUGGUGUGAAGACCUGCAUGUGCUUGAUUGUGAGUCCUCCGGCCCCUGAAUGC
GGCUAACCUUAACCCCGGAGCCUUGCAACAUAAUCCAAUGUUGUUGAGGUCGUAAUGAGUAAUUCUG
GGAUGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUUAUAUUGUCUUAUGGUCACAGC
AUAUAUAGCAUAUAUACUGUGAUC

w
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1| UUAAAACAGCGGAUGGGUAUCCCACCAUCCGGCCCACUGGGUGUAGUACUCUGGUACAUUGUACCUU HRVB92
3 | UGUACGCCUGUUUUCCCCCUCUUGUACCCGCCCUUCAAGCUCCUUGCCCAAGUARCGUUAGAAGUUU
1 | GRACAUUGGUACAAUAGGAAGCAUCACAUCCAGUGGUGUACUGUACAAACACUUCUGUUGCCCCGGA
GCGAGGUAUAGAUGGUCCCCACCGUCAAAAGCCUUUAACCGUUAUCCGCCAAUCRACUACGUAAUGG
CUAGUAGCACCUUGGAUUUAAGUUGGCGUUCGAUCAGGUGGUAACCCCCACUAGUUUGGUCGAUGAG
GCUAGGAAUUCCCCACGGGUGACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCAUCCGCUGGGAL
GCCAAUUUARAUGACAUGGUGUGAAGACCUGCAUGUGCUUGAUUGUGAGUCCUCCGGCCCCUGAAUGC
GGCUAACCCUAACCCCGGAGCCUUGCAGCACAARUCCAGUGUUGUUAAGGUCGUARUGAGCAAUUCUG
GGAUGGGACCGACUACUUUGGGUGUCCGUGUUUCUUAUUUUUCUUGAAUUUUUCUUAUGGUCACAGC
AUAUAUACAUUAUAUACUGUGAUC

=

UUAAAACAGCCUGUGGGUUGUUCCCACCCGCAGGGCCCACUGGGCGCUAGCACACUGGUAUCCCGGU EVB107
3| ACCCUUGUGCGCCUGUUUUAUAUACCCUCCCCCUUAUGUAACUUAGAAGUAUGAUUCAAACGGUCGA
2 | CAGGCGGCUCAGUGCACCAACUGAGUCAUGACCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUA
AGCUGUUCACACGGCUGAAGGAGAAAACGUUCGUUACCCGGCCAAUUACUUCGAGARACCUAGUACC
ACCAUGAAGGUUGCGCAGUGUUUCGCUCCACACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGC
AUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGCARCCCAUGGGACGC
UUCAAUACUGACAUGGUGUGAAGAGUCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGCGGC
UAAUCCCAACUGUGGAGCAGAUACUCACAARCCAGUGAGCGGUCUGUCGUAACGGGCAACUCCGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUACAUUGGCUGCUUAUGGUGACARUU
GACAAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACAAACAGAGCUAUUGUUUACUUGU
UUGUUGGUUUCAUACCAUUAAAUUACAAGGUCUUAGAAACUCUCAACUUUAUUUUGACACUCAAUAC
AGCAAA

1 | UUGARAGCCGGGGGUGGGAGAUCCGGAUUGCCAGUCUGCUCGAUAUCGCAGGCUGGGUCCGUGACUA EMCV-A
CCCACUCCCCCUUUCAACGUGAAGGCUACGAUAGUGCCAGGGCGGGUACUGCCGUAAGUGCCALCCCC
3 | AAAACAACAACAACCCCCCCUCUCCCUCCCCCCCCCCUAACGUUACUGGCCGAAGCCGCUUGGARUA
AGGCCGGUGUGCGUUUGUCUAUAUGUUAUUUUCCACCAUAUUGCCGUCUUUUGGCAARUGUGAGGGCC
CGGAAACCUGGCCCUGUCUUCUUGACGAGCAUUCCUAGGGGUCUUUCCCCUCUCGCCAAAGGAAUGC
AAGGUCUGUUGAAUGUCGUGAAGGAAGCAGUUCCUCUGGAAGCUUCUUGAAGACAAACAACGUCUGU
AGCGACCCUUUGCAGGCAGCGGAACCCCCCACCUGGCGACAGGUGCLCUCUGCGGCCARAAGCCACGU
GUAUAAGAUACACCUGCAAAGGCGGCACAALCCCCAGUGCCACGUUGUGAGUUGGAUAGUUGUGGAAA
GAGUCAAAUGGCUCUCCUCAAGCGUAUUCAACAAGGGGCUGAAGGAUGCCCAGAAGGUACCCCAUUG
UAUGGGAUCUGAUCUGGGGCCUCGGUGCACAUGCUUUACAUGUGUUUAGUCGAGGUUARAAAACGUC
UAGGCCCCCCGAACCACGGGGACGUGGUUUUCCUUUGARAAACACGAUGAUAAU

w

1 | UUGCCAGUCUGCUCGAUAUCGCAGGCUGGGUCCGUGACUACCCACUCCCCCUUUCARCGUGAAGGCU EMCV-B
ACGAUAGUGCCAGGGCGGGUACUGCCGUAAGUGCCACCCCARAACAACAACAACARAACAAACUCCCC
4 | CUCCCCCCCCUUACUAUACUGGCCGAAGCCACUUGGAAUAAGGCCGGUGUGCGUUUGUCUACAUGCU
AUUUUCUACCGCAUUACCGUCUUAUGGUAAUGUGAGGGUCCAGAACCUGACCCUGUCUUCUUGACGA
ACACUCCUAGGGGUCUUUCCCCUCUCGACARAGGAGUGUAAGGUCUGUUGARAUGUCGUGAAGGAAGC
AGUUCCUCUGGAAGCUUCUUAAAGACAAACAACGUCUGUAGCGACCCUUUGCAGGCAGCGGAACCCC
CCACCUGGUGACAGGUGCCUCUGCGGCCAARAGCCACGUGUAUAAGAUACACCUGCRARGGCGGCAC
AACCCCAGUGCCACGUUGUGAGUUGGAUAGUUGUGGARAAGAGUCAAAUGGCUCUCCUCAAGCGUAUU
CAACAAGGGGCUGAAGGAUGCCLCAGAAGGUACCCCAUUGUAUGGGAUCUGAUCUGGGGCCUCGGUGL
ACGUGCUUUACACGUGUUGAGUCGAGGUGARAAAACGUCUAGGCCCCCCGAACCACGGGGACGUGGU
UUUCCUUUGARAACCACGAUUACAAU

w

sy

UUGAAAGCCGGGGGUGGGAGAUCCGGAUUGCCAGUCUGCUCGAUAUCGCAGGCUGGGUCCGUGACUA EMCV-pECY
CCCACUCCCCCUUUCAACGUGAAGGCUACGARUAGUGCCAGGGCGGGUACUGCCGUARGUGCCALCCC
5| AARAUARCAACAGACCCCCCCCCUAACGUUACUGGCCGAAGCCGCUUGGAAUAAGGCCGGUGUGCGU
UUGUCUAUAUGUUAUUUUCCACCAUAUUGCCGUCUUUUGGCAAUGUGAGGGCCCGGARACCUGGLCC
UGUCUUCUUGACGAGCAUUCCUAGGGGUCUUUCCCCUCUCGCCAAAGGAAUGCAAGGUCUGUUGARU
GUCGUGAAGGAAGCAGUUCCUCUGGAAGCUUCUUGAAGACAAACAACGUCUGUAGCGACCCUUUGCA
GGCAGCGGAACCCCCCACCUGGLCGACAGGUGCCUCUGCGGCCAAAAGCCACGUGUAUAAGAUACACC
UGCAAAGGCGGCACARACCCCAGUGCCACGUUGUGAGUUGGAUAGUUGUGGAAAGAGUCAAAUGGCUC
UCCUCAAGCGUAUUCAACAAGGGGCUGAAGGAUGCCCAGAAGGUACCCCAUUGUAUGGGAUCUGAUC
UGGGGCCUCGGUGCACAUGCUUUACAUGUGUUUAGUCGAGGUUAAARAACGUCUAGGCCCCCCGAAC
CACGGGGACGUGGUUUUCCUUUGAAAAACACGAUGAUAAU

w

=

UUAAAACUGGGUACAGGUUGUUCCCACCUGUAUCACCCACGUGGUGUGGUGCUCUUGUAUUCCGGUA HRVC-02
CACUUGCACGCCAGUUUGCCACCCCUCACCCGUCGUAACUUAGAAGCUAACAACUCGACCAACAGGC
6 | GGUGGUAAACCAUACCACUUACGGUCAAGCACUCCUGUUUCCCCGGUAUGCGAGGARAUAGACUCCUA
CAGGGUUGAAGCCUCAAGUAUCGUUAUCCGCAUUGGUACUACGCAAAGCUUAGUAGUGCCUUGARAG
UCCCUUGGUUGGUCGCUCCGCUAGUUUCCCCUAGUAGACCUGGCAGAUGAGGCAGGACACUCCCCAC
UGGCGACAGUGGUCCUGCCUGCGUGGCUGCCUGCGCACCCUUAGGGGUGCGARGCCAAGUGACAGAC
AAGGUGUGAAGAGCCCCGUGUGCUACCAAUGAGUCCUCCGGCCCCUGAAUGCGGLCUAAUCCAACCCC
ACAGCUARUUGCACACAAGCCAGUGUGUAUGUAGUCGUAAUGAGCAAUUGUGGGACGGAACCGACUAC
UUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUCAUUCUGCUUAUGGUGACAAUACUGUGAAAUAGUGU
UGUUACC

w

1| UAAAACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCUAUUGGGAGUUGUACUCUAUUAUUCCGGUAA HRV-A21
3 | UUUUGUACGCCAGUUUUAUCUUCCCCCUCCCCAAUUGUAACUUAGAAGGUUAUCRAUACGACCAAUA
7 | GGUGGUAGUUAGCCAAACUACCAAAGGUCAAGCACUUCUGUUUCCCCGGUCAAAGUUGAUAUGCUCC
AACAGGGCAAAAACAACUGAGAUCGUUAUCCGCARAGUGCCUACGCAAAGCCUAGUAACACCUUUGA
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AGAUUUAUGGUUGGUCGUUCCGCUAUUUCCCAUAGUAGACCUGGCAGAUGAGGCUAGAAAUCCCCCA
CUGGCGACAGUGCUCUAGCCUGCGUGGCUGCCUGCGCACCCCUUGGGUGCGAAGCCAUACAUUGGAC
AAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUARACCUUAACCC
UGCAGCUAGUGCAUGUAAUCCAACAUGUUGCUAGUCGUAAUGAGUAAUUGCGGGACGGGACCAACUA
CUUUGGGUGUCCGUGUUUCACUUUUUCCUUUUAAUAUUGCUUAUGGUGACAAUAUAUAUAGCUAUAU
AUAUUGACACC

1| UUCCCCUGCAACCAUUACGCUUACUCGCAUGUGCAUUGAGUGGUGCAUGUGUUGAACAAACAGCUACL Salivirus-A-
3 | ACUCACAUGGGGGCGGGUUUUCCCGCCCUACGGCUUCUCGCGAGGCCCACCCCUCCCCUUUCUCCCA SH1

8 | UAACUACAGUGCUUUGGUAGGUAAGCAUCCUGAUCCCCCGCGGAAGCUGCUCACGUGGCAACUGUGG
GGACCCAGACAGGUUAUCAAAGGCACCCGGUCUUUCCGCCUUCAGGAGUAUCCCUGCUAGCGAAUUC
UAGUAGGGCUCUGCUUGGUGCCAACCUCCCCCAARUGCGCGCUGCGGGAGUGCUCUUCCCCAACUCA
CCCUAGUAUCCUCUCAUGUGUGUGCUUGGUCAGCAUAUCUGAGACGAUGUUCCGCUGUCCCAGACCA
GUCCAGUAAUGGACGGGCCAGUGUGCGUAGUCGUCUUCCGGCUUGUCCGGCGCAUGUUUGGUGAACC
GGUGGGGUAAGGUUGGUGUGCCCAACGCCCGUACUCAGGGGAUACCUCAAGGCACCCAGGAAUGCCA
GGGAGGUACCCCGCUUCACAGCGGGAUCUGACCCUGGGGUAAAUGUCUGCGGGGGGUCUUCUUGGECC
CACUUCUCAGUACUUUUCAGG

1 | UUAAAACAGCCUGUGGGUUGUUCCCAUCCACAGGGCCCACUGGGCGCCAGCACUCUGGUAUUGCGGU Echovirus-
3 | ACCUUAGUGCGCCUGUUUUAUAUACCCGUCCCCCAAACGUAACUUAGACGCAUGUCAACGAAGACCA E1l4

9 | AUAGUAAGCGCAGCACACCAGCUGUGUUCCGGUCAAGCACUUCUGUUACCCCGGACCGAGUAUCAAU
AAGCUACUCACGUGGCUGAAGGAGAAAACGUUCGUUACCCGACCAAUUACUUCAAGARACCUAGUAA
CACCAUGAAGGUUGCGCAGUGUUUCGCUCCGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCG
CAUUCCCCACGGGUGACCGUGGLGGUGGCUGCGCUGGCGGCCUGCCCAUGGGGARACCCAUGGGACG
CUUCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGCGG
CUAAUCCUAACUGCGGAGCAGAUACCCACACACCAGUGGGCAGUCUGUCGUAACGGGCAACUCUGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCUCUUUAUCCUUAUACUGGCUGCUUAUGGUGACAAU
UGAGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACARAUAGAGCAAUUGUGUAUUUG
UUUGUUGGUUUCGUGCCAUUAAARUUACAAGGUUCUAAACACCCUUAAUCUUAUUAUAGCAUUCAACA
CAACAAR

1 | GCUCUUCCGAUCUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCCAGCACUCUGAUUCCACGGAA CVALQ
4 | UCUUUGUGCGCCUGUUUUACAACCCUUCCCRAUUUGUAACGUAGAAGCAAUACACACUACUGAUCAA
0 | UAGUAGGCAUGGCGCGCCAGUCAUGUCAUGAUCAAGCACUUCUGUUCCCCCGGACUGAGUAUCAARUA
GACUGCUCACGCGGUUGAAGGAGAAAACGUUCGUUACCCGGCUAACUACUUCGAGARACCUAGUAGC
ACCAUGGAAGCUGCGGAGUGUUUCGCUCAGCACUUUCCCCGUGUAGAUCAGGUCGAUGAGUCACUGC
AAUCCCCACGGGCGACCGUGGCAGUGGCUGCGUUGGCGGCCUGCCUAUGGGGCARCCCAUAGGACGL
UCUAAUGUGGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGEGL
UAAUCCUAACUGCGGAGCACAUGCCUUCAACCCAGGAGGUGGUGUGUCGUAACGGGUAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUCCUUAUAUUGGCUGCUUAUGGUGACAAUC
ACGGAAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUARCAGAGCUAUUGUAUACCUAU
UUGUUGGAUUUACUCCCCUAUCAUACAAAUCUCUGAACACUUUGUGCUUUAUACUGAACUUAAACAC
ACGARA

=

UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACACCGGUACCALGG Enterovirus-
4 | UACCCUUGUACGCCUGUUUUAUACUCCCCUCCCCGUAAACUAGAAGCACGAAACACAAGUUCARAUAG c

1 | AAGGGGGUACAGACCAGUACCACCACGAACAAGCACUUCUGUUCCCCCGGUGAGGUCACAUAGACUG
UCCCCACGGUCAAAAGUGACUGAUCCGUUAUCCGCUCACGUACUUCGGRAAAGCCUAGUACCACCUUG
GAAUCUACGAUGCGUUGCGCUCAGCACUCGACCCCGGAGUGUAGCUUAGGCUGAUGAGUCUGGACGU
UCCCCACUGGUGACAGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGUCCARARCCACAGGACGCU
AGUAGUGAACAAGGUGUGAAGAGCCCACUGAGCUACCUGAGAAUCCUCCGGCCCCUGAAUGCGEGCUA
AUCCCAACCACGGAGCAGGUAAUCGCAAACCAGCGGUCAGCCUGUCGUAACGCGUAAGUCUGUGGLG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUGGUGGCUGCUUAUGGUGACAAUCAU
AGAUUGUUAUCAUARAGCAAAUUGGAUUGGCCAUCCGGAGUGAGCUAAACUAUCUAUUUCUCUGAGU
GUUGGAUUCGUUUCACCCACAUUCUGAACAAUCAGCCUCAUUAGUGUUACCCUGUUAAUAAGACGAU
AUCAUCACG

=

UUAAAAUAGCCUCAGGGUUGUUCCCACCCUGAGGGCCCACGUGGUGUAGUACUCUGGUAUUACGGUA Enterovirus-
4| CCUUUGUACGCCUAUUUUAUACCCCCUUCCCCAAGUAAUUUAGAAGCARGCACARACCAGUUCAGUA J

2 | GUAAGCAGUACAAUCCAGUACUGUAAUGAACAAGUACUUCUGUUACCCCGGAAGGGUCUAUCGGUAA
GCUGUACCCACGGCUGAAGAAUGACCUACCGUUAACCGGCUACCUACUUCGAGARGCCUAGUAAUGC
CGUUGAAGUUUUAUUGACGUUACGCUCAGCACACUACCCCGUGUGUAGUUUUGGCUGAUGAGUCACG
GCACUCCCCACGGGCGACCGUGGCCGUGGCUGCGUUGGCGGCCAACCAAGGAGUGCAAGCUCCUUGG
ACGUCAUAUUACAGACAUGGUGUGAAGAGCCUAUUGAGCUAGGUGGUAGUCCUCCGGCCCCUGAAUG
CGGCUARUCCUAACUCCGGAGCAUAUCGGUGCGAACCAGCACUUGGUGUGUUGUAAUACGUAAGUCU
GGAGCGGARCCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUAACUUUUAUGGCUGCUUAUGGUGAC
AAUUUAACAUUGUUACCAUAUAGCUGUUGGGUUGGCCAUCCGGAUUUUGUUAUARAACCAUUUCCUC
GUGCCUUGACCUUURACACAUUUGUGAACUUCUUUAAAUCCCUUUUAUUAGUCCUURARAUACUAAGA

1| CCCCUCCACCCUUAAGGUGGUUGUAUCCCACAUACCCCACCCUCCCUUCCAAAGUGGACGGACAACU Sapelovirus
4 | GGAUUUUGACUAACGGCAAGUCUGAAUGGUAUGAUUUGGAUACGUUUARACGGCAGUAGCGUGGCGA
3 | GCUAUGGAAARAUCGCAAUUGUCGAUAGCCAUGUUAGUGACGCGCUUCGGCGUGCUCCUUUGGUGAU
UCGGCGACUGGUUACAGGAGAGUAGGCAGUGAGCUAUGGGCARACCUCUACAGUAUUACUUAGAGGG
AAUGUGCAAUUGAGACUUGACGAGCGUCUCUUUGAGAUGUGGCGCAUGCUCUUGGCAUUACCAUAGU
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GAGCUUCCAGGUUGGGAAACCUGGACUGGGCCUAUACUACCUGAUAGGGUCGCGGECUGGCCGLCCUGU
AACUAGUAUAGUCAGUUGAAACCCCCCC

UUUCCUCCUUUCGACCGCCUUACGGCAGGCGGGUCCGCGGACGGCUUCGGCCUACCCGCGACAAGARAA
UGCCGUCAUCUGUCCUUAUCACCCAUAUUCUUUCCCUUCCCCCGCARCCAUCACGCUUACUCGCGCA
CGUGUUGAGUGGCACGUGCGUUGUCCAAACAGUUACACUCACACCCUUGGGGCGGEUUUGUCCCELL
CUCGGGUUCCUCGCGGAACCCUCCCUCUUCUCUCUCCCUUUCUAUCCGCCUUCACUUUCCAUAACUA
CAGUGCUUUGGUAGGUAAGCAUCCUGACCCCCCGCGGAAGCUGCCAACGUGGCAACUGUGGGGAUCC
AGGCAGGUUAUCAAAGGCACCCGGUCUUUCCGCCUUCAGGAGUAUCCCUGCCGGUGAAUUCCGACAG
GGCUCUGCUUGGUGCCAACCUCCCCCAAAUGCGCGCUGCGGGAGUGCUCUUCCCCAACUCAUCUUAG
UAACCUCUCAUGUGUGUGCUUGGUCAGCAURAUCUGAGGCGACGUUCCGCUGUCCCAGACCAGUCCAG
CAAUGGACGGGCCAGUGUGCGUAGUCGCUUUCCGGUUUCCCGGCGCAUGUUUGGCGARAACGCUGAGG
UAAGGUUGGUGUGCCCAAUGCCCGUAAUUUGGUGACACCUCAAGACCACCCAGGAAUGCCAGGGAGG
UACCCCACUUCGGUGGGAUCUGACCCUGGGCUAAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCU
CUUUUUUCUGGCAUG

Salivirus-A-
BN5

UAUGGCAGGCGGGCUUGUGGACGGCUUCGGCCCACCCACAGCAAGAAUGCCAUCAUCUGUCCUCACC
CCCAUGUUUCCCCUUUCUUUCCCUGCAACCGUUACGCUUACUCGCAGGUGCAUUUGAGUGGUGCACG
UGUUGAAUAARACAGCUACACUCACAUGGGGGCGGGUUUUCCCGCCCUGCGGCCUCUCGCGAGGCCCA
CCCCUCCCCUUCCUCCCAUAACUACAGUGCUUUGGUAGGUAAGCAUCCUGAUCCCCCGCGGRAAGCUG
CUCACGUGGCAACUGUGGGGACCCAGACAGGUUAUCAAAGGCACCCGGUCUUUCCGCCUUCAGGAGU
AUCCCUGCUAGUGAAUUCUAGUAGGGCUCUGCUUGGUGCCAACCUCCCCCAAAUGCGCGCUGCGGGA
GUGCUCUUCCCCAACUCACCCUAGUAUCCUCUCAUGUGUGUGCUUGGUCAGCAURAUCUGAGACGAUG
UUCCGCUGUCCCAGACCAGUCCAGUAAUGGACGGGCCAGUGUGCGUAGUCGUCUUCCGGCUUUUCCG
GCGCAUGUUUGGUGAACCGGUGGGGUAAGGUUGGUGUGCCCAACGCCCGUACUUUGGUGAUACCUCA
AGACCACCCAGGAAUGCCAGGGAGGUACCCCGCUUCACAGCGGGAUCUGACCCUGGGCUAAUUGUCU
ACGGUGGUUCUUCUUGCUUCCACUUCUUUCUACUGUUC

Salivirus-A-
BN2

=y

UAUGGCAGGCGGGCUUGUGGACGGUUUCGGCCCACCCACAGCAAGAAUGCCAUCAUCUGUCCUCACC
CCCAAUUUUCCCUUUCUUCCCCUGCAAUCAUCACGCUUACUCGCAUGUGCAUUGAGUGGUGCAUGUG
UUGAACAAACAGCUACACUCACAUGGGGGCGGGUUUUCCCGCCCUACGGCCUCUCGCGAGGCCCACC
CUUCCCCUCCCCUUAUAACUACAGUGCUUUGGCAGGUAAGCAUCCUGAUCCCCCGCGGAAGCUGCUC
ACGUGGCAACUGUGGGGACCCAGACAGGUUAUCARAGGCACCCGGUCUUUCCGCCUUCAGGAGCAUC
CCCACUAGUGAAUUCUAGUGGGGCUCUGCUUGGUGCCAACCUCCCCCARAUGCGCGCUGCGGGAGUG
CUCUUCCCCAACCCAUCCUAGUAUCCUCUCAUGUGUGUGCUUGGUCAGCAUAUCUGAGACGACGUUC
CGCUGUCCCAGACCAGUCCAGUAAUGGACGGGCCAGUGUGCGUAGUCGUCUUCCGGCUUGUCCGGLG
CAUGUUUGGUGAACCGGUGGGGUAAGGUUGGUGUGCCCAACGCCCGUACUUUGGUGACACCUCAAGA
CCACCCAGGAAUGCCAGGGAGGUACCCCGCLUCACGGCGGGAUCUGACCCUGGGCUAAUUGUCUACG
GUGGUUCUUCUUGCUUCCACUUCUUUCUU

Salivirus-A-
GUT

UUCUCCUGCAACCAUUACGCUUAAUCGCAUGUGCAUUGAGUGGUGCAUGUGUUGAACAAACAGCUAC
AAUCACAUGGGGGCGGGUUUUCCCGCCCCACGGCUUCUCGCGAGGCCCAUCCCUCCCUUUUCUCCCA
UAACUACAGUGCUUUGGUAGGUAAGCAUCCCGAUCUCCCGCGGAAGCUGCUCACGUGGCAACUGUGG
GGACCCAGACAGGUUAUCAAAGGCACCCGGUCUUUCCGLCUUCAGGAGUAUCCCUGCUAGCGAAUUC
UAGUAGGGCUCUGCUUGGUGCCAACCUCUCCCAAAUGCGCGCUGCGGGAGUGCUCUUCCCCARAUCA
CCCCAGUAUCCUCUCAUGUGUGUGCCUGGUCAGCAUAUCUGAGACGAUGUUCCGCUGUCCCAGACCA
GUCCAGUAAUGGACGGGCCAGUGUGCGUAGUCGUCCUCLCGGCUUGUCCGGCGCAUGUUUGGUGAACC
GGUGGGGUAAGGUUGGUGUGCCLCAACGCCCGUAAUCAGGGGAUACCUCRAAGGCACCCAGGAAUGCCA
GGGAGGUAUCCCGCCUCACAGCGGGAUCUGACCCUGGGGUAAAUGUCUGCGGGGGGUCCUCUUGGCC
CAAUUCUCAGUAAUUUUCAGG

Salivirus-A-
CH

UCUGUCCUCACCCCAUCUUCCCUUCUUUCCUGCACCGUUACGCUUACUCGCAUGUGCAUUGAGUGGU
GCACGUGCUUGAACARAACAGCUACACUCACAUGGGGGCGGGUUUUCLCGCCCUGLGGCCUCUCGCGA
GGCCCACCCCUCCCCUUCCUCCCAUAACUACAGUGCUUUGGUAGGUAAGCAUCCUGAUCCCCCGLGG
AAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGGUUAUCAAAGGCACCCGGUCUUULCCGLCUUC
AGGAGUAUCCCUGCUAGUGAAUUCUAGUAGGGCUCUGCUUGGUGCCAACCUCCCCCARAUGCGCGCU
GCGGGAGUGCUCUUCCCCAACUCACCCUAGUAUCCUCUCAUGUGUGUGCUUGGUCAGCAUAUCUGAG
ACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGACGGGCCAGUGUGCGUAGUCGUCUUCLCGGCU
UGUCCGGCGCAUGUUUGGUGAACCGGUGGGGUAAGGUUGGUGUGCCCAACGCCCGUACUUUGGUGAU
ACCUCAAGACCACCCAGGAAUGCCAGGGAGGUACCCCGCUUCACAGCGGGAUCUGACCCUGGGCUAA
UUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCUACUGUUCAUG

Salivirus-A-
SZ1

i

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCAUUGGGCGUCAGCACCCUGGUAUCACGGU
ACCUUUGUGCGCCUGUUUUAUAUCCCUUCCCCCARUUGUAACUUAGAAGARACACACACCGAUCAAC
AGCAAGCGUGGCACACCAGCCAUGUUUUGGUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAG
ACUGCUCACGCGGUUGAAGGAGAAAGCGUCCGUUAUCCGGCCAGCUACUUCGAGAAACCUAGUAACA
CCAUGGARAGUUGCGGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCU
UUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGGAACCCAUAGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGCUGGUAUUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUARACUGUGGAGCACAUGCCCCUAAUCCAAGGGGUAGUGUGUCGUAAUGAGCAAUUCCGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUCUVUAUUCUUGUACUGGCUGCUUAUGGUGACAAUUG
AGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUGUGUAUCUCUU
UGUUGGAUUUGUACCACUUAAUUUGAAAGARAUCAGGACACUACGCUACAUUUUACUAUUGAACACC
GCAAA

Echovirus-7
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1| UUAAAACAGCCUGUGGGUUGCACCCACUCACAGGGCCCACUGGGCGCAAGCACUCUGGCACUUCGGU EVAT71
ACCUUUGUGCGCCUGUUUUAUAUCCCCUCCCCCARUGAAAUUUAGARGCAGCAARCCCCGAUCAAUA
GCAGGCAUAACGCUCCAGUUAUGUCUUGAUCAAGCACUUCUGUUUCCCCGGACUGAGUAUCAAUAGA
CUGCUCACGCGGUUGAAGGAGAAAACGUUCGUUAUCCGGCUAACUACUUCGGAARGCCUAGUAACAC
CAUGGAAGUUGCGGAGAGUUUCGUUCAGCACUUCCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAU
UCCCCACGGGCGACCGUGGCGGEUGGCUGCGUUGGCGGCLUGCCCAUGGGGUAACCCAUGGGALCGLUC
URAAUACGGACAUGGUGUGAAGAGUCUACUGAGCUAGUUAGUAGUCCUCCGGCCCCUGRAUGCGEGCUA
AUCCCAACUGCGGAGCACACGCCCACAAGCCAGUGGGUAGUGUGUCGUAACGGGCAACUCUGCAGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUGUUGGCUGCUUAUGGUGACAAUUAA
AGAGUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUGCAACAGAGCGAUCGUUUACCUAUUU
AUUGGUUUUGUACCAUUGACACUGAAGUCUGUGAUCACCCUUAAUUUUAUCUUAACCCUCAACACAG
CCAAAC

o wu

1| CCUCGGUCCCUCUUUCCGUCGCLGCCCACGACGUUARAAUGCGGUGUUGUGGUGCUUAGGUGCCACAL Oscivirus
CACUGCUAUUUGGGUCCCCCUUUCCCCUAUAUAUGUUUGUUUGUUUAUUUCAAUUUCUUGAGGAUUG
1 | GCACCUCCUUAUGCCAAAUCUAAAUCGUGGAGGAUCCCAGGCUUUCUGGUCUUURACAGAACUCCAC
GUCCAGGUCAUAGAAACUGGUUGGUAGGCUGCCUGAGUAGUCCAUUUGCUAGUAGUCCCUUGUGAAC
AGGGUGGCUCCCGUUUACUGCUGGUAUUCCCGGUGUAGGUCGCCAUGGUGGUAACACCAUCCUGCAU
UGUGUGUGAACCAGUACCGCAAGGAUAGCARGGUAUGAACACUUGUGGACGAAAUGGUAAGUGAUCA
AUUCACUUUCAUGGCCGGAAGGUCACGUGGCARUCAUGCCACCCAGGUACCCUCCUCUGGGAGGAUC
UGAGGGUGGGCUAAGCAGACCCUGCCAUGUGGCUGAACUUUUCCCUVUAUUGUUUUACUUUGUAACAU
UUAUAGUUGUGUUAGUGAUUUGUGUGUUGUGCCCUUGUGAGCUAUAUCCAGUAUAAGUUCGCAGCUA
GAAGUUAAUCCUUCGACAUCGGCUGUAUUGGAA

(€3]

1 | GUUAUCCGCUUAUGUACUUCGAGAAGCCCAGUACCACCUCGGAAUCUUCGAUGCGUUGCGCUCAGCA PV-Mahoney
5| CUCAACCCCAGAGUGUAGCUUAGGCUGAUGAGUCUGGACAUCCCUCACCGGUGACGGUGGUCCAGGC
2 | UGCGUUGGCGGCCUACCUAUGGCUAACGCCAUGGGACGCUAGUUGUGAACAAGGUGUGAAGAGCCUA
UUGAGCUACAUAAGARAUCCUCCGGCCCCUGRAUGCGGCUARARUCCCAACCUCGGAGCAGGUGGUCACA
AACCAGUGAUUGGCCUGUCGUAACGCGCAAGUCCGUGGCGGAACCGACUACUUUGGGUGUCCGUGUU
UCCUUUUAUUUUAUUGUGGCUGCUUAUGGUGACAAUCACAGAUUGUUAUCAUAAAGCGAAUUGGAUU
GGCCAUCCGGUGAAAGUGAGAUUCAUUAUCUAUCUGUUUGCUGGAUUCGCUCCAUUGAGUGUGUUUA
CUCUAAGUACAAUUUCAACAGUUAUUUCAAUCAGACAAUU

1 | CACCCAUACACCCCCACCCCCUUUUCUGUAACUCAAGUAUGUGUGCUCGUAAUCUUGACUCCCACGG Alchivirus-
AAUGGAUCGAUCCGCUGGAGAACAARACUGCUAGAUCCACAUCCUCCCUCCCCUUGGGAGGACLCUCGG A-FS5693

3 | UCCUCCCACAUCCUCCCUCCAGCCUGACGUAUCACAGGCUGUGUGAAGCCCCCGCGAAAGCUGCUCA
CGUGGCRAUUGUGGGUCCCCCCUUCAUCAAGACACCAGGUCUUUCCUCCUUAAGGCUAGCCCCGAUG
UGUGAAUUCACAUUGGGCAACUAGUGGUGUCACUGUGCGCUCCCAAUCUCGGCCGCGGAGUGCUGUU
CCCCAAGCCAAACCCCUGGCCCUUCACUAUGUGCCUGGCAAGCAUAUCUGAGAAGGUGUUCCGCUGU
GGCUGCCAGCCUGGUAACAGGUGCCCCAGUGUGCGUAACCUUCUUCCGUCUCCGGACGGUAGUGAUU
GGUUAAGAUUUGGUGUAAGGUUCAUGUGCCARACGCCCUGUGCGGGAUGARACCUCUACUGCCCUAGG
AAUGCCAGGCAGGUACCCCACCUUCGGGUGGGAUCUGAGCCUGGGCUAAUUGUCUACGGGUAGUUUC
AUUUCCARAUUCUUUUAUGCUGGAGUC

(@]

=

GUGUUACUCCAUUCAGCUUCUUCGGAACCUGUUCGGAGGAAUUAAACGGGCACCCAUACUCCCCLCC Aichivirus-
5| ACCCCCCUUUUGUAACUAAGUAUGUGUGCUCGUGACCUUGACUCCCACGGAACGGACCGAUCCGUUG KVGH

4 | GUGAACAAACAGCUAGGUCCACAUCCUCCUUUCCCCUGGGAGGGUCCCCGCCCUCCCACAUCLCCCC
CCCAGCCUGACGUGUCACAGGCUGUGUGAAGCCCCCGCGARAAGCUGCUCACGUGGCAAUUGUGGGUC
CCCCCUUCAUCAAGACACCAGGUCUUUCCUCCUUAAGGCUAGCCCCGGCGUGUGAACUCACGUUGGG
CAACUAGUGGUGUCACUGUGCGCUCCCAAUCUCGGCCGCGGAGUGCUGUUCCCCRAAGCCARACCCCU
GGCCCUUCACUAUGUGCCUGGCAAGCACACCUGAGAAGGUGUUCCGCUGUGGCUGCCAGCCUGGUAR
CAGGUGCCCCAGUGUGCGUAACLCUUCUUCCGUCUUCGGACGCGUGGUGAUUGGUUAAGAUUUGGUGUA
AGGUUCAUGUGCCAACGCCCUGUGCGGGAUGAAACCUCUACUGCCCUAGGAAUGCCAGGCAGGUACC
CCACCUUCGGGUGGGAUCUGAGCCUGGGCURAUUGUCUACGGGUGGUUUCAUUUCCAAUUCUUUCAU
GUCGGAGUC

=

GUUACUCCAUUCAGCUUCUUCGGAACCUGUUCGGAGGARUUARACGGGCACCCAUACACCCCCACCC Aichivirus-
CCUUUUCUGCAACUUAAGUAUGUGUGCUCGUAAUCUUGACUCCCACGGAACGGAUCGAUCCGCUGGA DV

5| GAACAARACUGCUAGAUCCACAUCCUCCCUUCCCCUGGGAGGACCCCGGUCCUCCLACAUCCUCCCCC
CAGCCUGACGUAACACAGGCUGUGUGAAGUCCCCGCGARAGCUGCUCACGUGGCAAUUGUGGGUCCC
CCCUUCACCAAGACACCAGGUCUUUCCUCCUURAGGCUAGCCCCGAUGUGUGAAUUCACAUUGGGCA
ACUAGUGGUGUCACUGUGCGCUCCCAAUCUCGGCCGCGGAGUGCUGUUCCCCAAGCCAAACCLCUGG
CCCUUCACUAUGUGCCUGGCAAGCAUAUCUGAGAAGGUGUUCCGCUGUGGCUGCCAGCCUGGUAACA
GGUGCCCCAGUGUGCGUAACCUUCUUCCGUCUCCGGACGGUAGUGAUUGGUUAAGAUUUGGUGUAAG
GUUCAUGUGCCAACGCCCUGUGCGGGAUGARACCUCUACUGCCCUAGGAAUGCCAGGCAGGUACCCC
ACCUUCGGGUGGGAUCUGAGCCUGGGCUAAUUGUCUACGGGUAGUUUCAUUUCCRAUUCUUUUAUGU
CGGAGUC

vl

1 | GUAACUUCAAGUGUGUGUGCUCGUAAUCUUGACUCCUGCCGGAAUGCCGCCCGGUUCAGUGAACARAA Murine-

CAGCUAGGCAAGUCCCUCCCUUCCCCUGUGGUCGGUUCUCACCGGCCACCAUCCCUCCCCCAGCCUG Kobuvirus-1-
6 | ACGUGUUACAGGCUGUGCAAAGCCCCCGCGAAAGCUGCUCACGUGGCAAUUGUGGGUCCCCCCUUUG aichivirusA3
UCAAGACACCGAGUCUUUCUCCCUUAAGGCUAGCCCGGUCCCACGAACGUGGAACUGGCAACUAGUG
GUGUCACUACACGCCUCCGACCUCGGACGCGGAGUGCUGUUCCCCAAGCUGUAACCCUGACCCAAGA
CUGUGCUGCCUGGCAAGCACCGUCUGGGAAGAUGUUCCGCUGUGGCUGCCAAACCUGGUAACAGGUG
CCCCAGUGUGUGUAGUCUUCCUCCAGUCUCCGGACUGGCAGUCUUGUGUARAGAUGCAGUGUAAGGU

w1
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UCAAGUGCCARAUCCCUGGAAGGAGUGACCCUCUACUGCCCUAGGAAUGCUGUGCAGGUACCCCCAA
CUUCGGUUGGGGAUCUGAGCACAGGCUAAUUGUCUACGGGUAGUUUCAUUUCCCAUCCUCUCUUUUU
UGGCAUC

ol

UUUGAARAGGGGGUGGGGGGGCCUCGGCCCCCUCACCCUCUUUUCCGGUGGCCACCCGCCCGGGCCA
CCGUUACUCCACUCCACUCCUUCGGGACUGGUUUGGAGGAACAUAACAGGGCUUCCCAUCCCUGUUU
ACCCUUACUCCACUCACCCCUCCCCUUGACCAACCCUAUCCACACCCCACUGACUGACUCCUUUGGA
UCUUGACCUCGGAAUGCCUACUUGACCUCCCACUUGCCUCUCCCUUUUCGGAUUGCCGGUGGUGCCU
GGCGGARARAGCACAAGUGUGUUGUUGGCUACCAAACUCCUACCCGACAAAGGUGCGUGUCCGLGUG
CUGAGUAAUGGGAUAGGAGAUGCCAAUAACAGGCUCGCCCAUGAGUAGAGCAUGGACUGCGGUGCAU
GUGACUUCGGUCACCAGGGGCAUAGCAUUGCUCACCCCUGAAUCAAGUCAUCGAGAUUUCUCUGACC
UCUGAAGUGCACUGUGGUUGCGUGGCUGGGARAUCCACGCUUGACCAUGUACUGCUUGAUAGAGUCGC
GGCUGGCCGACUCAUGGGUUAAAGUCAGUUGACAAGACAC

Porcine-
Kobuvirus-K-
30

(G0

CCACCGUUACUUCACUCCACUCCCUCGGGACUGGUUUGGAGGAGCAUAACAGGGCUUCCCAULCCCUG
UUCACCCUCAAUACCACCCACCCUUUCCCUCAACCAUCCCUAUCCACACCCCACUGACUGAUUCCCU
UGGAUUUUGACCUCAGAACGCCUACUUGACCUCCCACUUGCCUUUCCCUUCUCGGAUUGCCGGUGGU
GCCUGGCGGAAAAAGCACAAGUGUGUUGCAGGCUACCARACUCCUACCCGACAARGGUACGUGUCCG
CGUGCUGAGUAAUGGGAUAGGAGAUGCCUACAACAGGCUCGCCCAUGAGUAGAGCAUGGACUGCGGU
GCAUGUGACUUCGGUCACCACGGGCAUAGCAUUGCUCACCCGUGAAUCAAGUCAUUGAGAUUCCUCU
GACCUCUGAAGUGCACUGUGGUUGCGUGGCUGGGAAUCCACGCUUGACCAUGUACUGCUUGAUAGAG
UCGCGGCUGGCCGACUCAUGGGUUARAAGUCAGUUGAUAAGACAC

Porcine-
Kobuvirus-XX

o Ul

UUUGAARAGGGGGUGGGGGGGGLCUCGGCCLCCUCACCLUCUUUUCCGGUGGCCACGCLCCGGGLCAL
CGAUACUUCCCUUCACUCCUUCGGGACUGUUGGGGAGGAACACAACAGGGCUCCCCUGUUUUCCCAU
UCCUUCCCCCUUUUCCCAACCCCAACCGCCGUAUCUGGUGGCGGCAAGACACACGGGUCUUUCCCUC
UAAAGCACAAUUGUGUGUGUGUCCCAGGUCCUCCUGCGUACGGUGCGGGAGUGCUCCCACCCAACUG
UUGUAAGCCUGUCCAACGCGUCGUCCUGGCARAGACUAUGACGUCGCAUGUUCCGLCUGCGGAUGCCGA
CCGGGUAACCGGUUCCCCAGUGUGUGUAGUGCGAUCUUCCAGGUCCUCCUGGUUGGCGUUGUCCAGA
AACUGCUUCAGGUAAGUGGGGUGUGCCCAAUCCCUACAAAGGUUGAUUCUUUCACCACCUUAGGAAU
GCUCCGGAGGUACCCCAGCAACAGCUGGGAUCUGACCGGAGGCUAAUUGUCUACGGGUGGUGUUUCC
UUUUUCUUUUCACACAACUCUACUGCUGACAACUCACUGACUAUCCACUUGCUCUCUUGUGCCUUUC
UGCUCUGGUUCAAGUUCCUUGAUUGUUUUUGACUGCUUUUCACUGCUUUUCUUCUCACAAUCCUUGC
UCAGUUCARAGUC

Caprina-
Kobuvirus-
120108~
aichiviruscC2

UUCCCCUUCCCCCUUUUCACGGLCCGGCCGLCCGCCGGRUCGUCACCCGUUCAGACACCUACGGGUU
AUCUGUUCGGGCUAUAAAUAUGGGCAUUCCUCUUCCCCCUUCCCCUUUUGAAGAUGAGUGCGCAUAU
UCUUGACUCCGCCUGGAUUGGCCGCCCAAGGCGUGAACRAGCAGCUAGGCCACCAUGACACUGCGGU
GGUGUCCGAACCCGCGGGUGCCUUCACGGGLACCUGUGGUAUGUAGGACUCCCACCGUGGUCUUCCC
UUUCCCCCUCAAUCUUUCCCCCUGGUUCGACURACGGGACCAGUGCUGGAACCUGUCCGGUGAACGG
UAUAGCAGGCCCCCCCGGCAGAAACACCCGGUGCUUACCCCUUAAGGCUAGCCCCCUUCCAUGAAUU
UGGUUGGGGCAACUAGUGGGUGUACAGUUGGCGUGAACCCUCCGGUCUAGGAGUGCUCUUGCCCAAU
CCUCUGUGUGUGCCUUGCAGUAGGGACUGGCAAUCCUUCGCGUAGGUGAUCCGCUGUGCCAUGCCAU
CCUGGCGACAGGAGGCCCAGUGUGCGCAACCUACGUCCLUUCUGGGUGCUGCAUUGCAUUALCCUUUG
GAGUAAGCUUGGUGUGCCGAAACCCCAGGGUUUACGUACCACUCGUGGUGUGAGGAAUGUGCCGCAG
GUACCCCAUCCUUGAGGUGGGAUCUGAGCGGUAGCUAAUUGUCUAGCACCACUUUCUUCCUUUUUUC
UUUGCUGGUCACG

Rabbit-
Kobuvirus

[e)}

UACGCAUGUAUUCCACACUCAUUUCCCCCCUCCACCCUUAAGGUGGUUGUAUCCCCAUACCUUACCC
UCCCUUCCACAAUGGACGGACARAUGGAUUUGACCUCACGGCAAACACAUAUGGUAUGAUUUCGGAU
ACACCUUAACGGCAGUAGCGUGGCGAGCUAUGGARAAAUCGCAAUUGUCGARUAGCCAUGUUAGUGAC
GCGCUUCGGCGUGCUCCUUUGGUGAUUCGGLGACUGGUUACAGGAGAGUAGGCAGUGAGCUAUGGGC
AAACCUCUACAGUAUUACUUAGAGGGRAUGUGCARUUGAGACUUGACGAGCGUCUCCUCGGAGAUGU
GGCGCAUGCUCUUGGCAUUACCAUAGUGAGCUUCCAGGUUGGGAAACCUGGACUGGGCCUAUACUAC
CUGAUAGGGUCGCGGCUGGCCGLCUGUAACUAGUAUAGUCAGUUGARACCCCCCC

Porcine-
Sapelovirus-
JD2011

UUGAAAUGGGUGUGGGGUACAUGCGUAUUACGGUACGCAUAUAUUCCACACUCAUUUCCCCCCCUCC
ACCCUURAGGUGGUUGUAUCCCCAUACCUUACCCUCCCUUCUAAAACAGAUGGACARARUGGAUUUGA
ACUUAUGGCAAGUGRAUAUGGUAUGACUUUGGAUACACUUURACGGCAGUAGCGUGGCGAGCUAUGG
AARAAAUCGCAAUUGUCGAUAGCCAUGUUAGUGACGCGCUUCGGCGUGCUCCUUUGGUGAUUCGGCGA
CUGGUUACAGGAGAGUAGGCAGUGAGCUAUGGGCAAACCUCUACAGUAUUACUUAGAGGGAAUGUGC
AAUUGAGACUUGACGAGCGUCUCUUAGAGAUGUGGCGCAUGCUCUUGGCAUUACCAUAGUGAGCUUC
CAGGUUGGGAAACCUGGACUGGGCCUAUACUACCUGAUAGGGUCGCGGCUGGCCGECCUGUAACUAGU
AUAGUCAGUUGAAACCCCCC

Porcine-
Sapelovirus-
A2

CUCACACUCAUUUCCCCCCUCGCCUGUCACAGGCAACCCCCACCCCUUCUCUUACGGGAGUUAGGGC
CAAGGAUCUGUUGCAUAGGCGUUGUAUCCCCUARACCUUUUACCUACCCAUCCCARUAGGACUGGUAU
UUCGGUUUUGAUUGAGUAAUGGAUACUGAUUCUAUACCUGUUACCCAUUCAGGGGAARAAUGGAGUU
UCUUUCAUGGAUCUGACUUGAUAUGACCAAGAGUCAACACUUUGCGUGUUGGCCGUAUGGAAUGCUU
UAAGGUUUAUUCUUUGGAUUAUGACUUCAGGGUUGGCCGCCCAGGAUARAAGGCAAUUGUGGUAAGU
GAUGUUAGUCAUUGGUGGUUGAARACCUGCCUAAGACGUCCUAGGUCUACGCUGUGCGGGCCGAAGUA
AGCUUAGGAAUAACAGGGAGUAUGCCAUUUUCUGCUUUCACCCAACACGACCGUACACGAAAGAGCU
AGAGGCACUUUGGGGCAAAGGGAAAAGCUUUGCUUAGCCCGAAUGUUCAUUUGAGUCCUUGACGAAU
GCGUCCCGUCUGUCCCGACGGUGAGGCGUAUGGCGCAUGCUCAUGGCAUUACCCAAUGGUGUAUCUG
UGAGGGGGGGGCUCCUCACACUUAGUCUAGUGCUACCUGACAGGGCCGCGGCUGGUCGUUUGUGUAU

Stmtan-
Sapelovirus-
1
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GGUAUAACCAGUAGUAAUCCCCCAUGGAUUGCUUUAACUUCCCCUCCUCCCUUACCAAGACAUUCUC
UAAG

1 | UUUUAACUUGUUAUGACAUUCAAGGGRAAAAUGUCUUUUUCAUUAUGGGACUGACCUGUUUAUGAAC Stmtan-

6 | AUGAGCAGCGGCACUGCUCCACGGGCUAUCCGUGUARAGAARUAUUGAUUAUUCUUAUGGAUCAUGAU Sapelovirus-
4 | UUCAGGGUUGGCCGCCCAGUCUAAAAGGCARUUGUGGUAAGCUAUGUAAGUAGUUGGCUGUUGARAG 2
GAGCCAAGUACAUCCUAGGUCUACGCUGUGCGGGCCGAAGUAAGACUUGGAACARCUCUGAGUAGGC
AGUUUUUCUCUUUAGCCCAACACGACCGCAUACUGAAGAGCUAGAGGCACUUUGGGGCAAAGGUAAA
AGCAUUGCUUAGACCGAAUGUUCAAUGAGACCUUGACGAGUGCUGUCACAGUGUCCCCUGAUGGCAG
UAUGGCGCAUGCUCUUGGCAUUACCCAUAUGUGUAUCUAUAGGGGGGGGGCCCCCUAUACUUAGUCU
AGUGCUACCUGACAGGGCCGCGGCUGGUCGUCGGUGUGUGGUAUAACCAGUAGUAAUCCCCCAUGGA
UUGCUUUAACUCCCCCUCCUCCCUCAACAARACUUUCUCUAAG

1| CCGGGUAUAACCCGGAGUUUUGGGGCAGGUCCAAGCCCCACAUAGGAACAUACGAUCCACGGAUCGU Rabovirus-C
6 | GUGUUCUUUUAUGCUUUCUAACCUUACCCUUUGUAACCAUUACGCUUUACGCCGCAUGGUGUUUGGC
5| GGCACCAUGACGUGGACAAGAGGUUACGCCAUUACGAUAUGUACCCUCCCCUUUUGGGGAGAGACCG
ACCAAUUAUGGUACAGUAUCCAACUGUAUUGUGGUCAAGUACUUCUGUUUCCCCGGUGAUGCGGGAU
AGGCUGUACCCACGGCCAAAACCUGCUGAUCCGUUACCCGACUCACAUCUACGAGGAGGCUAGUAAA
AGGCAUGAAGUUCAARGAGUAUGAUCCAACCAGAUCCCCACUGGUAAACUAGUGAUGAGGGUUCCCGU
UCCGAACAUGGCAACAUGUGGGUUCCCUGCGUUGGCACUAGGCCCCUUCCGAGGGGUGCUCUGAAGA
UGGAUUGUUGAUGAAGACCAAUUUGUGCAUGUGUUUAUCCUCCGGCCCUCUGA

1 | UUGAAAGACCUCGGCAUAUAUCGUUGUCACAACGGUAUAUGUCGAGAUCUUUCUCCCCACCCCCUCC Boosepivirus
AAUUCCLCUUUUCCCCCUCUUGCAACUUAGAAGUUUGUACACACAGGGCAAUAGGAUACGUGAUCCAG -A

6 | CCAGGACACGUGAGCUCAAGCACUUCUGUUUCCCCGUCCCCUUCACGUACUACGGGAAUGUUAGUAR
UUUGUGUGCACUUUAGUAAGGUUGAUCCGGGAUUARACCCCAAAUCCCAGAAACUGGUGAUGAGCGUU
ACCACCCCCGCCGGGCGACCGGAAGGUUUCGCUGCGUUGGCACCAGGGCUUCGGCACCAGAARAAGG
UAAAGCARAAUGAAGGCGCUACUGUGCUACGAGAAGUUUCCUCCAGGCCCCUGAAUGCGGCURAUCCU
AACCAGUGAUCCACCGGUGCAARRACCAUGUACUAGGUGGUCGUAACGCGCAAGUCGCUGGCGGARLCC
GACUACUUUGGGUGUCCUGUGUUUCCAUAUUUUAUUUUAUUCAAUUUUAUGGUGACAAGAGUAAAGA
GAUACAGAUUUGCAGCC

[e)

1| UUUUCUCCCCUCCCCCUCCAACUACCUUUUCCCCCUCUUGUAACGCUAGAAGUUUGUGCAAALCGCC Boosepivirus
6 | UGUAGGGUACUGCAARUCCAGCAGUGCAUAGGCUAAGCUUUUCUUGUUACCCCACCCCACAUUAUACU -B

7 | GAGGAGGAUUGUGAAAUUGUGUUAGUAUGGGUUAGUAGCGGUGACCCGGGUAACCCCAACCCAGARAA
CUCACGGAUGAGAUGAACAGGACCCCACAUGGUAACGUGUGUGUUCGUCUGCCCCGCAAGGUGAGGL
CGUGAGAGCUUUGCACGCGAAAACCUUGAARACCCAAAAGUACCUUGAGCUCUUCGCUATUUUGUGU
UUCCUCCAGGACCCUGAAUGCGGCUARACCUAACCCGCGAUCCGCACGUAGCAACCCAGCUAGAGUG
UGGUCGUAAUGCGCAAGUUGCGGGCGGUACCGACUACUUUGGUGUUCCUGUGUUUCCUUUAUUUUAU
UUUGAAUUUUUAUGGUGACAACAGCUAGAARAUAAGAGUGAAC

1 | UUAARAACUGGGUUUGGGUUGUUCCCACCCARACCACCCACGCGGUGUUGUACACUGUUAUUCCGGUA HRVA73
6 | ACCUUGUACGCCAGUUUUAUAUCCCUUCCCCCCCUUGUARACUUAGARGACAUGCGARUCGACCARUA
8 | GCAGGCAAUCAACCAGAUUGUCACCGGUCAAGCACUUCUGUUUCCCCGGCUCUCGUUGAUAUGCUCC
AACAGGGCAARAACAAUUGGAGUCGUUACCCGCAAGAUGCCUACGCAARACCUAGUAGCAUCUUCGA
AGAUUUUUGGUUGGUCGCUCAGUUGCUACCCCAGCAAUAGACCUGGCAGAUGAGGCUAGAAAUACCC
CACUGGUGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCACACGGGUGUGAAGCCAAAGAUUG
GACAAGGUGUGAAGAGUCACGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCUUAA
CCCCGUAGCCAUUGCUCGCAAUCCAGCGAGUAUAUGGUCGUAAUGAGURAUUACGGGAUGGGACCGA
CUACUUUGGGUGUCCGUGUUUCACUUUUUACUUAUCAAUUUGCUUAUGGUGACAAUAUAUAUAGAUA
UAUAUUGACACC

ACAUGGGCCAGCCCACCACACCCACUGGGUGUAGUAGUCUGGUUCUAUGGAACCUUUCUACGCCUCU EV-L-1
UUUGCUUCCCUCCCCCAUUUCUCCUUCGAUUGCUCCACCUGUGAUCUUUGCAACUUAGAAGARAUAA
UGAACCCGCACAAUAGCGGGCGCUGAGCCACAGCGUCAAUGUGCAAGCACUUCUGUUUCCCCGGAAU
GGGCCCAUAGGCUGUACCCACGGCUGAAAGGGACCGGCCCGUUACCCGCCUUGGUACUGCGAGAAUG
UUAGUAACUCCCUCGAUAGCUUUAGGCGUUACGCUCAGCCCUUUGAGCCCGAAGGGUAGUUCGGGUC
GAUGAGGCUCGUCAUUCCCCACUGGCGACAGUGUGACUUGCCUGCGUUGGCGGCCCGGGGUGGGGEE
CAACCCCCAUCCACGCCUACUGAAGGACAGGGUGUGAAGGCGCUAUUGCGCUACUAAGGAGUCCUCC
GGCCCCUGAAUGCGGCUAACCCGAARCCCCGAGCCCACGGUGGUAAACCCGCCACAAGUGGGUCGUAA
UGAGUAAUUUGGGGCAGGGACCGACUACUUUGGGUGUCLCGUGUUUCCUGUUUUUCCAUACGAUGGCU
GCUUAUGGUGACAACCAUAAGCAAUUGGAUUGGCCAUCCGGUGUUCAUAUUGCGAAU

Nel¥e i o

1| UUUAAAAGAGCCUGGGGGUUGUUCCCACCCCCAGGAUGCCCACUCGUGGGCAUGUGGUACUGUGGUA EV-K-2
7 | UCGCGGUACCACAGUACGCCUCUUUGACCGCCCUGACCCAAGAAUCUUUUCCUUUARCAGAUCUCUU
0 | CGUAACAAGGGCCUCAGCCUGACGCAAGUGCCUCCAUUGGAGUCUCUCCAAGCCCUCCGGGGLUUGE
AGGGCGCCGACCCCLUGCCUAGGGGGAGCCCACGACACGGCUGGAGUCCAUUGGCACACCGCAGCCA
CGAUUCAAGCCAGAAUUGAAAGCGGGAAGCACUUCUGUCUCCCCGGUGUGGAUCAUACGCUGUACCC
ACGGCGAAAAGUGAAGCAUCGUUACCCGACUCGGUACUUCGAGAAGCCCAGUACAGUUGUGGAUCUC
UGCAGGGUAUACGCUCAGCGUGACCCCUACGUAGUUCCUUGAGAUGGCUGAGAGAACACCCCACGGE
CGACCGUGUCUCUCGGCGCGUGGCUCAAGGCCGGGCCUUCAGUGGCUCGGUGCCUUGCAGAGUGAAG
CCUCCGAACAGCCUAUUGAGCUACCGUUUAGCCUCCGCCCUCUUGAAUGCGGCUAAUCCUAACCAUG
GAGCGCCCGCCCACAGUCCAGUGGGUAGAGCGUCGUAACGCGCAAGUCCGUGGCGGAACCGACUACU
UUAGAGUGGCGUGUUUCCAAUUUAUCCUUUAURARAAGUUGCUUAUGGUGACACCACAAGAGAUCCACG
AUUUCUUGUUUCUUAUCACUGAGACACAAGUCAUAUUCAUCAAUCUUUAUUGCGGAARUUAACUUGGU
GCGUCCAAACACAUCAGC
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1| UUAAAAUAGCCUCAGGGUUGUUCCCACCCUGAGGGCCCACGUGGCGUAGUACUCUGGUAUCAAGGUA EV-J-1631
7 | CCUUUGUACGCCUAUUUUAUUUCCCUUCCCCCACAGUAACUUAGAAGCUUAUCUCAUAGUUCAACAG
1 | UAGGGUCACUARACCAAGUGGCUCAGCGAACAAGCACUUCUGUUUCCCCGGUCCUAGUACCUGUGAAG
CUGUACCCACGGCGGAAGGGGAAARAGAUCGUUAUCCGGCCCCCUACUUCGGAARGCCUAGUAACAC
CAUUGAAGCAAUCGAGUGUUGCGCUCAGCACAGUAACCCCUGUGUAGCUUUGGUUGAUGAGUCUGGG
CACUCCCCACUGGCGACAGCGGLCCAGGCUGCGUUGGCGGCCAACCGACUCGGGCARCCGGGUCGGA
CGCUCGUUUGUGGACAUGGUGUGAAGAGCCUACUGAGCUAGAGGGUAGUCCUCCGGCCCCUGAAUGC
GGAUAAUCCUAACCCCGGAGCACCCACACUCAAUCCAGAGUGCAGGAUGUCGUARCGCGUAAGUCUG
GGACGGAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUACUUACUUUGGCUGCUUAUGGUGACA
AUCUAGUGUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUUUUGAAUUGUGUGUUUAUACUA
AUUCUUUUACAUAUCACAGACAACCARAU

1| UUAAAAUAGCCUCAGGGUUGUUCCCACCCUGAGGGCCCACGUGGCGUAGUACUCUGGUAUUACGGUA EV-J-N125-
7| CCUUUGUACGCCUAUUUUACCCCCUUCCCCUUGUAACUUAGAAGCARAGCAAACCAGUUCAAUAGUA J108

2 | AGCAACACAACCCAGUGUUGUGACGAACAAGUACUUCUGUUUCCCCGGGAGGGUCUGACGGUAAGCU
GUACCCACGGCUGAAGUAUGACCUACCGUUAACCGGCUACCUACUUCGAGAAGUCUAGUAAUACCAU
UGAAGUUUUGUUGGCGUUACGCUCAACACACUACCCCGUGUGUAGUUUUGGCUGAUGAGUCACGGCA
UUCCCCACGGGCGACCGUGGCCGEUGGCUGCGUUGCGGCCAACCAAGGGGCGCAAGCUCCUUGGACGU
CACUUAACAGACAUGGUGUGAAGAACCUAUUGAGCUAGGUAGUAGUCCUCCGGCCCCUGAAUGCGGL
UAAUCCUAACUCCGGAGCACAUCAGUGCAACCCAGCAUUUGGUGUGUUGUAAUACGCAAGUCUGGAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUACCUVAUUUGGCUGCUUAUGGUGACAAUU
UGAUAUUGUUACCAUAUAGCUGUUGGAUUGGCCAUCCGGAUUUUUGAAAGAGACCCAAAACUUUCUU
CUCUACUUCAGAUUCAAGUGCGAAGUUUUCCUUUUCAUAUAUUACUUACUAAUUUGAAGUACCARAG

1 | UUAARACAGCCUGGGGGUUGUUCCCACCCCCAGGGCCCACGUGGCGCAAGUACUCUGCUUCGUUAGA EV-1
7 | AGCCUUGUACGCCUGUUUUCCCCUCCUUAARCRARUUAAGAUUGCCACUUCCGAGGGGAGUAGUCCG
3 | ACUCCGCUCCGAUACGUCGCUCCAGUGCGCUAGUACGCUUAGUACUUUCUCACGGGGAUAGUGGUAU
CCCUCCCUAGUAAUUUAGAAGACUUGAARARCCGACCARUAGGCACCUCGCAUCCAGCGGGGUAAAG
GUCAAGCACUUCUGUUUCCCCGGGUCGAGUAGCGAUAGACUGUGCCCACGGUCGAAGGUGAAACAAC
CCGUUAUCCGACUUUGUACUUCGGGAAGCCUAGUACCACCAAAGAUUAUGCUUGGGGUUUCGCUCAG
CACGACCCUGGUGUAGAUCAGGCCGAUGGAUCACCGCAUUCCUCACAGGCGACUGUGGCGGUGGUCG
CGUGGCAGCCUGCCGAUGGGGCAACCCAUCGGACGCCAAGCAUAUGACAGGGUGUGAAGAGCCUACU
GAGCUACAAAGUAUUCCUCCGGCCCCUGAAUGCGGCUARUCCCAACCACGGAGCAUUUGCUACCAAA
CCAGGUAGUGGAAUGUCGUAACGGGUAACUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUC
CUUUUAARUUUAUCAUUCUGUAUAUGGUGACARACUAUAGUGCUAUCUCGAUUUGCAUUACUAUUGUUG
AGAUUAARAACUUUAUUACAUUGUUGCAUUUUACCCUUUGAGUGAGUUUUCACCUGAACAGAUUAAUU
UACUCAUCCUGUUUAUAUAUUACAAGCAGARAUACUUGCAAAG

1 | UUUARACAGCCUGGGGGUUGUUCCCACCCCUGGGGCCCACGUGGCGCUAGUACUCUGGUACGCUAGU EV-F1-BEV-
7 | ACCUUUGUACGCCUGUUUUUCCCCUCCCUUAAAUAAAUCAAGGUUGCCACUACUGAGGGGAGUAGUC 261

4 | CGACUCCGCUCCAGCARUGCUGCACCAGUGCACUGGUACGCUAGUACCUUUUCACGGAGUAGAUGGU
AUCCCUUACCCCGGAACCUAGAAGAUUGCACACARAACCGACCAAUAGGCGCACCGCAUCCAGCCGUG
CAGCGGUCARAGCACUUCUGUCUCCCCGGUCUGUARAGAUCGUUAUCCGCCCGACCCACUACGRARAG
CCUAGUAACUGGCCAAGUGAACGCGAAGUUGCGCUCCGCCACAACCCCAGUGGUAGCUCUGGAAGAU
GGGGCUCGCACCACCCCCGUGGUAACACGGUUGCCUGCLCGCGUGUGLCUULCCGGGUUCGGUCUCGUG
CCGUUCACUUCAACUUCACGCAACCAGCCARGAGCCUAUUGUGCUGGGACGGUUUUCCUCCGGGGCC
GUGAAUGCUGCUAAUCCCAACCUCCGAGCGUGUGCGCACAARUCCAGUGUUGCUACGUCGUAACGCGU
AAGUUGGAGGCGGAACAGACUACUUUCGGUACCCCGUGUUUCCUCUCAUUUUAUUUAAUAUUUUAUG
GUGACARUUGUUGAGAUUUGCGCUCUUGCARCGUUGCCAUUGAAUAUUGGCUUAUACUAUUUGGUUG
CCUUUUACAAARACCUCUGAUAUACCCAGUUCUUACAUUGAUCUGCUUGUUUUUCUCAAUUUGAAGUA
UAGACUACAARRUAGCARA

sy

UUAAAACAGCCUGUGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACUCUGGUAUCACGG EV-D94
7 | UACCUUUGUACGCCUGUUUUAUAUCCCCUUCCCCCGCAACUUAGAAGAAAACAARUCAAGUUCACUA
5| GGAGGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGAUGUCGUAUAGACU
GUAACCACGGUUGARAACGAUUGAUCCGUUAUCCGCUCUUGUACUUCGAARAGCCCAGUAUCACCUU
GGAAUCUUCGAUGCGUUGCGCUCAGCACUCAACCCCAGAGUGUAGCUUAGGUCGAUGAGUCUGGACA
CUCCUCACCGGCGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGUCCAARGCCACAGGACGC
UAGUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACAAGAGAAUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUARACCACGGAGCAAGGGUACACAAACCAGUGUAUAUCUUGUCGUAACGCGCAAGUCUGUGGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUGUUUUUAUCAUGGCUGCUUAUGGUGACAAUCU
AAGAUUGUUAUCAUAUAGCUGUUGGAUUGGCCAUCCGGUAAUUUAUUGAGAUUUGAGCAUUUGCUUG
UUUCUUCAACAAUUUCACCUAUUCAUUGCAUUUCAGCAGUCARA

1 | UUAARACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACACUGGUAUCACGG PV3
UACCUUUGUACGCCUGUUUUAUACUCCCUCCCCCGCAACUUAGAAGCAUACAAUUCARAGCUCRAUAG
6 | GAGGGGGUGCAAGCCAGCGCCUCCGUGGGCAAGCACUACUGUUUCCCCGGUGAGGCCGCAUAGACUG
UUCCCACGGUUGAAAGUGGCCGAUCCGUUAUCCGCUCAUGUACUUCGAGAAGCCUAGUAUCGCUCUG
GAAUCUUCGACGCGUUGCGCUCAGCACUCAACCCCGGAGUGUAGCUUGGGCCGAUGAGUCUGGACAG
UCCCCACUGGCGACAGUGGUCCAGGCUGCGLCUGGCGGCLCACCUGUGGCCCAAAGCCACGGGALCGCU
AGUUGUGAACAGGGUGUGAAGAGCCUAUUGAGCUACAUGAGAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACCAUGGAGCAGGCAGCUGCAACCCAGCAGCCAGCCUGUCGUAACGCGCAAGUCCGUGGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUGAAUGGCUGCUUAUGGUGACAAUCAUA
GAUUGUUAUCAUAAAGCGAGUUGGAUUGGCCAUCCAGUGUGAAUCAGAUUAAUUACUCCCUUGUUUG

~J
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UUGGAUCCACUCCCGAAACGUUUUACUCCUUAACUUAUUGARAUUGUUUGAAGACAGGAUUUCAGUG
UCACA

=

UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCUGGUAUCACGG EV-C102
7 | UACCUUUGUACGCCUGUUUUACAUCCCCUCCCCCACGUAACUUUAGAAGCAAUUCARCAAGUUCAAU
7 | AGAGGGGGUACARACCAGUAUCACCACGAACAAGCACUUCUGUUUCCCCGGUGAUUUUACAUAAGCU
GUGCCCACGGCUGARAGUGAAUGAUCCGUUACCCGCUCGAGUACUUCGAAARAGCCUAGUAUCGCUUU
GGGAUCUUCGACGCGUUGCGCUCAGCACUCUACCCCGAGUGUAGCUUAGGCUGAUGAGUCUGGGCAU
UCCCCAUCGGCGACGAUGGCCCAGGCUGCGUUGGCGGCCUACCCAUGGCUAACGCCAUGGGACGCUA
GUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACUCGAGAGUCCUCCGGCCCCUGARAUGCGGCUAA
UCCCAACCACGGAUCAGGUGCCUCCAACCCAGGAGGUGGCCUGUCGUAACGCGCAAGUCUGUGGCGG
AACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUCUUUURRAUGGCUGCUUAUGGUGACAAUCAUA
GAUUGUUAUCAUAAAGCGAAUUGGAUUGGCCAUCCGGUGAAAUACAAACACAUUAUUUACUUGUUUG
UUGGAUUUACUCCGCUCACACAGCUUACUCCUAAGAUAAUAUUUAUUGUAUUGCUGGUAAGGAGACA
CUAUUAUA

1| UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGGCCCACUGGGCGCCAGCACACUGGUAUCGUGGU EV-30
7 | ACCUUUGUGCGCCUGUUUUAUACCCCCUACCCCCACAUGUACUCUAGAAGCAAGGCAAACCUGACCA
8 | AUAGUAGGUGUGGCACACCAGCCGCAUUUUGGUCAAGCACUUCUGUUUCCCCGGACCGAGUAUCAAU
AAGCUGCUCACGCGGCUGAAGGAGAAACCGUUCGUUACCCGACCAGCUACUUCGAGARACCUAGUAA
CACUAUGAACGUUGCGGAGUGUUUCGUUCAGCACUUCCCCCGUGUAGAUCAGGUCGAUGAGUCACCG
CAUUCCUCACGGGUGACCGUGGLGGEUGGCUGCGUUGGCGGCCUGCCUACGGGUUCGCCCGUAGGACG
CUCUAAUACCGACAUGGUGUGAAGAGUCCAUUGAGCUAGCUGGUAGUCCUCCGGCCCCUGAAUGCGG
CUAAUCCUAACUGCGGAGCAGGUGCUCACAGACCAGUGAGUAGCCUGUCGUAACGGGCAACUCUGCA
GCGGAACCGACUACUUUGGGUGUUUUUCCUUUUUUCUUCUCUVUAUAUUGGCUGCUUAUGGUGACAAU
UAAAGARUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACGAGCAGAGCCAUUGUUUACCUC
UUUGUUGGAUUUGUACCUUUGAACCACAAAGUCUUGAAUACCAUUCAUCUCAUUUUAAAGUUCARCU
CAGCUARAAGAAA

1 | UUAAAAUAGCCUGUGGGUUGCUCCCACCCACAGGGCCCAAGUGGCGUAGUACUUGGUAUUCCGGUAC SAL-
CUUUGUACACCUAUUUACAAACCCUACCCCUUGUAACCUUAGAAGCAAUUAUUURACCGCUCACUAG enterovirusB
9| GGGGUGUGCUAUCCAAGCACAUCAAGAGCAAGCACUUCUGUCUCCCCGGGAGGGGCUARUGGUACGC 114
UGUGCCCACGGCGGARAAUGAGCCCUACCGUUAACCGGCAGUCUACUUCGGGAAGCCCAGUAACUACA
UUGAAACUUUGAGGCGUUACACUCAGCACAUAACCCCAAUGUGUAGUUCUGGUCGAUGAGCCUUGGC
AUCCCCCACAGGCGACUGUGGCCAAGGCUGCGUUGGCGGCCAGCCUGCGGACCARAAGUCCGUAGGA
CGCCUARAUUGUGGACAUGGUGUGAAGAGCCUACUGAGCUAGACUGUAGUCCUCCGGCCCCUGAAUGC
GGCUAAUCCURACCCUGGAGCAUCCGCGUGCAACCCAGUACGUAGGGUGUCGUARUGCGUAAGUCUG
GGAUGGAACCGACUACUUUGGGUGUCCGUGUUUCUUGUUUUUCAUACUGGGUCGCUUAUGGUUACAA
CUAAUUGUUGUAAUCAUUGGCAGUGCGCGCUGACCACGCGAUUAUUGAUAUUUCCAUUUGUUGGAUA
CUCCAAUAGUGUCAACUCAUAUACACAACUUUUACCACUGAUCAAGAUAARA

~J

1 | UURAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUUCUCCGGA EV-A114
ACCUUUGUGCGCCUGUUUUGAARACCCCCUCCCCCAACUCGARAACGUAGAAGUAAUGUACACUACUGA
0 | UCAGUAGCAGGCGUGGCGCACCAGCCAUGUCUCGAUCAAGCACUUCUGUUUCCCCGGACUGAGUAUC
AAUAGACUGCUCACGCGGUUGAAGGUGAAAACGUCCGUUACCCGGCUAACUACUUCGAGAAACCUAG
UAGCACCAUAGAAACUGCAGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGUCGAUGAGUCA
CUGCAAUCCCCACGGGUGACCGUGGCAGUGGCUGCGUUGGCGGCCUGCCUAUGGGGCAACCCAUAGG
ACGCUCUAAGGUGGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUG
CGGCUAAUCCUAACUGUGGAGCGCAUACUCCCAAACCAGGGAGCAGUGCGUCGUAACGGGCAACUCC
GCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCCUAUACUGGCUGCUUAUGGUGAC
AAUUGAGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGUGUGUARUAGAGCAAUCAUUUAC
CAAUUUGUUGGAUUUACUCCAUUAACCCACACGUCUCUCAACACACUACAUUUCAUCUUACUACUGA
ACACUAGARAA

[ee]

=

CUCCCCCCCCUUCCCCUUCCCGAGUAGGAGAUUGGCAUGUAUGCUCUACAUGCCCGAUUCUCUCUUG Burpengary-
8 | CUCACUCUCUUARAUCCUGGUGGCGGUCUCGGAUUAAACAUUUAUGUCGUAUCUGGGAUCGUCUUAC virus

1 | UUGGUGGUAAUUCCUCUGUUGCCUAGGGACCUCCGGACUGCCGGAUUARAGGUCUCAACAGAGGGCA
AUGUACAAGGAAGUCAUUAUACGCUAAUUAAGUAUUUGAUGAAUGACUAGUGUGACAGGGCUGAGGA
ACUCCCCCCGGGUARCCGGUGCCUCAGCGUCCGARAGACACGUGGAUAGGAUCCACCCUGUUAUACC
CAGCACGAUGUAAUAGUCAARAUACCUCUGAUUUGUGUAGGAUGUAUAAAUUGUGCAUUGUAAAUUUU
GGGCGUAGAGAUGCUCCGAAGGUACCCCGUUUUACGGGAUCUGAUCGGAGGCUARUUACCCARUGCG
CCCUAAAUAACUUCAUAUAAUUUCUUUUUCUUUAUUCAAA

1 | AUGGGGAAGGGUAUGACGUGCCCCUUCCUUCUUCGGAGAACUCGCUCUAGUGGUCUUUCCACUUCUG GFTV
8 | GARAAAGAGUGAGUGCACGUGAUCAGGACCGUCGAAGACGACARAUACCUGGUGCUCUAUCUCAUAGA
2| CGUUUCACAGCUGUAGCGACCCCUCAGUAGCAGCGGAAGCCCCCUCCUGGUGACAGGAGCCUCUGCG
GCCAAAAGCCACGUGGAUAAGAUCCACUGCUGAGGGCGGUGCGACCCUAGCACCCUGUGAUGCAUAC
UAGUUGUAGCGUGCCGGACUAUUGGUCUGUCAUAAGACACCUGAUAGAGAGACCAAGAAUGUCCUGG
AGGUACCCCGCGUGCGGGAUCUGACCAGGAGACCAUUGCCCAAUGCUUUACAACGGGUCUAUGGUUU
AARAACUGUCGCAGUCUCUCCARACCAAGUGGUCUUGGUUUUCAAUUACUUUGAAUAUUUCACU

1 | AAGACCAUAUAUCUUAUCCCUUGAAUGCUGGCUARUCAGAGGAAAGUCAGCAUUUUCCGGCCCAGGC SAFV-V13C
8 | UAAGAGAAACAUAUAAGUUAGAUUUGAUUURAAUCCCUUGACGAAUUCGAARACGAGAUGUUCUCCCU
3| CCCUUGCCGCUUGUUCACACCCACUUAUUURAUUCGGCCUUUUGUGACAAGCCCCUCGGUGARAGAA
CCUCUCUCUUUUCGACGUGGUUGGAAUUGCCAUCAUUUCCGACGAAAGUGCUAUCAUGCCUCCCCGA
UUAUGUGAUGUUUUCUGCCCUGCUGGGCGGAGCAUUCUCGGGUUGAGAAACCUUGAAUCUUUUUCUU
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UGGAACCUUGGUUCCCCCGGUCUAAGCCGCUUGGAAUAUGACAGGGUUAUUUUCUUGAUCUUAUUUC
UACUUUUGCGGGUUCUAUCCGUAAAAAGGGUACGUGCUGCCCCUUCCUUCUCUGGAGAAUUCACACG
GCGGUCUUUCCGUCUCUCAACAAGUGUGAAUGCAGCAUGCCGGAAACGGUGAAGAAAACAGUUUUCU
GUGGAARUUUAGAGUGCACAUCGAAACAGCUGUAGCGACCUCACAGUAGCAGCGGACUCCCCUCUUG
GCGACAAGAGCCUCUGCGGCCARAAGCCCCGEUGGAUAAGAUCCACUGCUGUGAGCGGUGCAACCCCA
GCACCCUGGUUCGAUGAUCAUUCUCUAUGGAACCAGAAAAUGGUUUUCUCAAGCCCUCCGGUAGAGA
AGCCAAGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUCAGGAGACCAAUUGGCGGUGCUUUA
CACUGUCACUUUGGUUUAAAAAUUGUCACAGCUUCUCCAAACCAAGUGGUCUUGGUUUUCCAATUUU
GUUGAAUGGCAAU

=

GGGGAUCUCCCCCGCGGCAGCUGGUUACAGCUGUCGCGGACGGAGAUCAUCCCCCGGCCACCCCCUU
UCGACGCGGGUACUGCGAUAGUGCCACCCCAGUCUUUCCUACUCCCGACUCCCGACUCUAACCCAGG
UUCCUUGGAACAGGAACACCAAUAUACUCAUCCCCUGGAUGCUGACUAAUCAGAGGAACGUCAGCAU
UUUCCGGCCCAGGCUAAGAGAAGUAGAUAAGUUAGAUUCCARAUUGAUUUAUCAUCCCCUUGACGAA
UUCGCGUUGGAAAUGCACCUCUCACUUGCCGCUCUUCACACCCAUUAACUUGAUUCGGCCUCUGUGU
UGAGCCCCUUGUUGAAGUGCUUCCCUCCAUCGUGACGUGGUUGGAGAUCUAAGUCAACCGACUCCGA
CGAAACUACCAUCAUGCCUCCCCGAUUAUGUGAUGCUUUCUGCCCUGCUGGGUGGAGCAUCCUCGGG
UUGAGAARAACCUUCUUCCUUUUUCCUUGGACCCCGGUCCCCCGGUCUAAGCCGCUUGGAAUAAGACA
GGGUUAUCUUCACCUCUUCCUUCUUCUACUUCAUAGUGUUCUAUACUAUGAAAGGGUAUGUGUCGCC
CCUUCCUUCUUUGGAGAACACGLCGCGGCGGUCUUUCCGUCUCUCGARARGCGCGUGUGCGACAUGCA
GAGAACCGUGAAGARAGCAGUUUGCGGACUAGCUUUAGUGCCCACAAGAARACAGCUGUAGCGACCA
CACAAAGGCAGCGGACCCCCCCUCCUGGCARCAGGAGCCUCUGCGGCCAARAGCCACGUGGAUAAGA
UCCACCUUUGUGUGCGGCACAACCCCAGUGCCCUGGUUUCUUGGUGACACUUCAGUGAAAACGCAAA
UGGCGAUCUGAAGCGCCUCUGUAGGAAAGCCAAGAAUGUCCAGGAGGUACCCCUUCCCUCGGGAAGG
GAUCUGACCUGGAGACACAUCACAUGUGCUUUACACCUGUGCUUGUGUUUAAAAAUUGUCACAGCUU
UCCCAAACCAAGUGGUCUUGGUUUUCACUCUUUAAACUGAUUUCACU

SAV-P-113

=

GACCCURACCCAGGUUCCUCGGAUCAGGAACACARAUUUACUCAUCCCCUGGAUGCUGACUARUCAG
AGGAAAGUCAGCAUUUUCCGGCCCAGGCUAAGAGAAGUAGAUAAGUUAGAUUCCAAAUUGACCUACC
AUCCCCAUGACGAAUUCACAUUGGAAAUACACCUCUCACUUGCUGCUCUUCACACCCAUCAAUUAAU
UCGGCCCACUGUGUUGAGCCCCUCGUUGAAGUGUUUCCCUCCUUCGUCACGUGGCUUGGAGAUCCAAG
UCAUCCGACUCCGACGAAACUACCAUCAUGUCUCCCCGAUUAUGUGAUGCUUUCUGCCCUGCUGGGU
GGAGCAUCCUCGGGUUGAGAAUUCCUUCUUCCUUUCUCCUUGGACCUCGGUCCCCCGGUCUAAGCCG
CUCGGARUAUGACAGGGUUAUUUUCACCUCUUCUCUCUUCUACUUCAUAGUGUUCUAUACUAUGAAA
GGGUAUGUGUCGCCCCUUCCUUCUUGGAGARCGUGCGUGGCGGUCUUUCCGUCUCUCGAAARACGUG
CGUGCGACAUGCAGAGUAACGCAAAGAAAGCAGUUCUUGCUCUAGCUCUGGUGCCCACAAGARARACA
GCUGUAGCGACCACACARAGGCAGCGGAAACCCCCUCCUGGUAACAGGAGCCUCUGCGGCCAAAAGC
CACGUGGAUAAGAUCCACCUUUGUGUGCGGUGCARCCCCAGCACCCUGGUUUCUUGGUGACACCUUA
GUGAACCCUCGAAUGGCAAUCUCAAGCGCCUCUGUAGGAAAGCCAAGAAUGUCCAGGAGGUACCCCU
UCCUCAUGGAGGGAUCUGACCUGGAGACACAUCACACGUGCUAUACACUUGUGCUUGUGUUUAAARAA
UUGUCACAGCUUUCCCAAACCAAGUGGUCUUGGUUUUCCCUUAACUUCGAARAAGUCACU

VHEV-
cardiovirusB
2

o 00

CACCCCCUUUGGACGCGGGGCCUGCGARUAGUGCCACCCCCCGUCCUCCCUARUUCCARCUACCCGACC
CUAACCCAGGGUCCAGGAAACUGGAUCAAUACAAGUCAUCCCCUGAAUGCUGGCUARUCAGAGGAAA
GUCAGCAUUUUCCGGCCCAGGCUAAGAGAARCACAAUAAGUUAGAAUCUARAUUAAUCCCCUUGACG
AAUUCGCAACGAUAAGUCCUCCCUCCCUUGCCGCUCGUUCACACCCAGAACUAACAAUUCGGCCCCU
UGUGACGAGCCCCUUGGUGAAAGGACCUCUUUCAARUGCGACGUGGUUGGAGAUUARAACCGACUCCGA
CGAAAGUGCUAUCAUGCCUCCCCGAUUAUGUGAUGUUUUCUGCCCUGCUGGGCGGAGCAUUCUCGGG
UUGAUACACCUUGARUCCUUCAUCCUUGGACCUCAGGUCCCCCGGUCUAAGCCGCUUGGAAUACGAL
AGGGUUAUUUUCCAAUCUUCUCCUUUCUACUUUCAUGAGUCCUAUUCAUGAAAAGGGUCUGUGCUGC
CCCUUCCUUCUUGGAGAAUCUGCGCGGCGGUCUUUCCGUCUCUCGARAAGCGCAGAUGCAGCAUGCU
GGAACCGGUGAAGAAAACAGUUCUUUGUGGAAACUUAGAGCAGACAUCGARAACAGCUGUAGUGACCU
CACAGUAGCAGCGGRACCCCCUCCUGGUAACAGGAGCCUCUGCGGCCARAAGCCCCGUGGAUAAGAU
CCACUGCUGUGAGCGGUGCAACCCCAGCACCCUGGUUCGAUGGUUGUUCUCUGUGGAACCAGAGAARU
GGUCUUUCUCAAGCCCUCCAGUAGAGAAGCCAAGRAUGUCCUGAAGGUACCCCGCAUGCGGGAUCUG
AUCAGGAGACCAAUCGUCAGUGCUUUACACUGGCGCUUUGGUUUAARAACUGUCACAGCUUCUCCAR
ACCAAGUGGUCUUGGUUUUCACUUUUAUCAAACUGUUUC

TRV-NGS910-
cardiovirusB
4

fun

AAAUACUGGUCGAAACCGCUUGGGAUAAGACCGGGGUUUGUUAAUGUCUCAAUGUUAUUCUCCACCC
AAUUGACGUCUUUUGUCAAUUGGAGGGCAGUGAARCCUUGCCCUUGCUUCUUGCAGAGGAUUCCCAG
UGGUCUUUCCGCUCUCGACAAGGGAAUUCAUGAUCCACCAAAAGUUGUGAAGAGAGCAGGUCCCAUG
GAAGCUUUCUGACGACUGAUGAUGACUGUAGCGACCCUUUGCAGGCAGCGGACCCCCCCACCUGGUG
ACAGGUGCCUCUGCGGCCAAAAGCCACGUGUUUAACAGACACCUGCAAAGGCGGCACAARCCCLAGUG
CCUCAUCAAAAGUCUGAUGACUGUGGAAAUAGUCAACCGGCUUUUCUUAAGCAAAUUUGGUGUCGGG
GCUGAAGGAUGCCCGGAAGGUACCACACUGGUUGUGAUCUGAUCCGGGGCCACAGUACAUGUGCUUU
ACACAUGUAGCUGCGGUUAAAAAACGUCUAGGCCCCCCGAACCACGGGGACGUGGUUUUCCUUUGAA
AACCACGAUUACAAU

EMCV2-
RD1338-
cardiovirusA
2

=

UUGAAAGCCGGGGGUGGGAGAUCCGGAUUGCCAGUCUGCUCGAUAUCGCAGGCUGGGUCCGUGACUA
CCCACUCCCCCUUUCAACGUGAAGGCUACGAUAGUGCCAGGGCGGGUACUGCCGUAAGUGCCACCCC
AAAACAACAACAAACCCCCCCUAACAUUACUGGCCGACGCCGCUUGGAAUAAGGCCGGUGUGCGUUU
GUCUAUAUGUUAUUUCCCACCACAUUGCCGUCUUUUGGCAAUGUGUGGGCCCGGAARCCUGGCCCUG
UCUUCUUGACGAGCAUUCCUAGGGGUCUUUCCCCUCUCGCCARAAGGAAUGCAAGGUCUGUUGAAUGU
CGUGAAGGAAGCAGUUCCUCUGGAAGCUUCUUGAAGACAAACAACGUCUGUAGCGGCCCUUUGCAGG

EMCV1-JZ1203
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CAGCGGAACCCCCCACCUGGCGACAGGUGCLCUCUGCGGCCAAAAGCCACGUGUAUAAGAUACACCUG
CAAAGGCGGCACAACCCCAGUGCCACGUUGUGAGUUGGAUAGUUGUGGAAAGAGUCAAAUGGCUCUC
CUCAAGCGUAUUCAACAAGGGGCUGAAGGAUGCCCAGAAGGUACCCCAUUGUAUGGGAUCUGAUCUG
GGGCCUCGGUGCACAUGCUUUACAUGUGUUUAGUCGAGGUUARAAAACGUCUAGGCCCCCCGAACCA
CGGGGACGUGGUUUUCCUUUGARAAACACGAUGAUAAU

AUGUGGUCGAAGCCACUUGGAAUAAGACCGGCGUGCGCUUGUCUAUAUGUUACUUCCACCACAUUGC
CGUCUUUUGGCAAUGUGAGGGCCCGGAACCUGGCCCUGUCUUCUUGACGAACAUUCCUAGGGGACUU
UCCCCUCUCGCCAAAGGAAUGUAAGGUCUGUUGAAUGUCGUGAAGGAAGCAGUUCCUCUGGAAGCUU
CUUGAAGACAAACAGCGUCUGUAGCGACCCUUUGCAGGCAGCGGAACCCCCCACCUGGUAACAGGUG
CCUCUGCGGCCGAAAGCCACGUGUAUAAGAUACACCUGCARAGGCGGCACAACCCCAGUGCCACGUU
GUGCGUUGGAUAGUUGUGGAAAGAGUCAAAUGGCUUUCCCCAAGCGUAUUCAACAAGGGGCUGAAGG
AUGCCCAGAAGGUACCCCACUGGUUGGGAUCUGAUCUGGGGCCUCGGUGCAGGUGCUUUACALCCUGU
UGAGUCGAGGUUAAAAAACGUCUAGGCCCCCCGAACCALGGGGACGUGGUUUUCCUAGARAACCACU
AUGACAARU

EMCVI-AnrB-
3741

CUCUCUCUUUGACCCUGGCUACUGGGGUUCAGUAGCAUCUUUCUUUUUCUUACUAUACUUUACUUUC
GACUUCUUUCUUUACUUAUUCUUUACUUUUCUAUCUUCUUUUAUAUCUUAACUUUACUUAUUCARAC
UUUUCUAUUUCUUUCUUUAUUUUCUUAUGUAACUCUUCUUUUUAAGUUUUAUUUUGCCUACUUGUGA
GCUUAUGCGGGACCACUGUCUUAGACAACCCCACAUUUGUCAUGAGUAAGUACACGCAACCAUUACG
AUUACUUUUUAACCGUCUGACCUUUUGAUAACAACUGAAGUUAGGCGUGAAACAUGCAUUUAUACCA
AAGUAGCCCCGCAUUUCCCCACUACGGUGGGGGEGGCUACCCUACUGGCUUUGGAACUGUAGCCAUUA
UGUGUUGCCUGGCUUUCAGGAUCUCACAACACAACAGUUCUCUCACAAUGGAAURUGGGUGAGAUUG
CAGUGACAUGAACAAGUAUCUAGUAGUACAUAGACUCAAGCCUAGUUGCCUGCGGAACAACAUGUGG
UAACACAUGCCCCAGGGUCCAARAGACAAGGGUUAACAGCCCCUUCUAGGUGUCUGUGUGUGAAGAA
UACUUUAGUAGUGUUGUUAUGAUCUCACCUGUUAGUACAGAAUGAGUAUGGCUUGGUGAAGGAUGUC
CUACAGGUACCCAUUAUAUGGAUCUGAGUAGGAGACCACUAGUGGUGGCUUUACCGCCAGGUGAGUG
GUUUAARRAAGCGUCUAGCCAAGCCAACAGCACUAGGGAUAGUGCUUUCUAUAUUUUAUAUUUUCAGU
GUAUAUGGUGACAA

Malagasiviru
s-B-
Lesavirus-2

w0

CCCCUUUACGUAACUGCAACUUAAAGAGUACCCUACUGCAUUGGAUGUGUGGUARACUUUUACGCAC
ACAUUUGUAGUAGUGUUAGUUAUGUUCUACCUAAUGAGUAUGCAUGCACCCGUCGAAACACGCUUGU
GAUAAGAUAGGUGAGUCCAUGUGACUAAUCUCAUUAAGAUAARAUAAGCACCCUACAACGCACGGCAC
GCUCGUGUCUUCCGUGCGGGGCLCGGGACAACAGCGGCCUAAAUCUUCUAGGUGACCACCAUGCUUUU
GGGACUAUGGCACCACUGUGGACGUGAGUACCUGGCAGUAAGUCUGUGAARARAGAUGGAAGGUGUCCC
AAGCUAUGGGGCGUAUGCAUAUAGCCUGCGGAACAAACAACGGCGACGUUGUCCCCAGGGCCCARAA
GGCACGUGGAUAAGAUCCACCUAUAUGUUUACCCCAUAGUGUAAGUCACUGGAAGUCCUAGUAAUGG
AUGUCUGGAGUAAGGCUCACGGGGUAGGGCGAAGGAUGCCCAGAAGGUACCCGUAGGUAACCUUAAG
AGACUAUGGAUCUGAUCUGGGGACCGGAUGGCGCCAUCACCAUGACGUGGAGGCCGGUUUAARAAAL
GUCUAAGCCCGACCAACAACCUAGGGGACUAGGUUUUCCUUUUUUAUUCAUGUAUGACGUU

Tottorivirus

UUUCGACCGCCUUAUGGCAGGCGGGCUUGUGGACGGCUUCGGCCCACCCACAGCAAGAAUGCCAUCA
UCUGUCCUCACCCCCAUUUCUCCCCUCCUUCCCCUGCAACCAUUACGCUUACUCGCAUGUGCAUUGA
GUGGUGCACGUGUUGAACAAACAGCUACACUCACGUGGGGGLGGGUUUUCCCGCCccuUCGGLcUucuC
GCGAGGCCCACCCUUCCCCUUCCUCCCAUAACUACAGUGCUUUGGUAGGUAAGCAUCCUGAUCCLCC
GCGGAAGCUGCUCGCGUGGCAACUGUGGGGACCCAGACAGGUUAUCAAAGGCACCCGGUCUUUCLGL
CUCCAGGAGUAUCCCUGCUAGUGAAUUCUAGUGGGGCUCUGCUUGGUGCCAACCUCCCCCARAUGCG
CGCUGCGGGAGUGCUCUUCCCCAACUCACCCUAGUAUCCUCUCAUGUGUGUGCUUGGUCAGCAUAUC
UGAGACGAUGUUCCGCUGUCCCAGACCAGUCCAGCAAUGGACGGGCCAGUGUGCGUAGUCGUCUUCC
GGCUUGUCCGGCGCAUGUUUGGUGAACCGGUGGGGUAAGGUUGGUGUGCCCAACGCCCGUACUUUGG
UGACAACUCAAGACCACCCAGGAAUGCCAGGGAGGUACLCCCGCCUCACGGCGGGAUCUGACCCUGGG
CUAAUUGUCUACGGUGGUUCUUCUUGCUUCCAUUUCUUUCUUCUGUUC

Salivirus-A-
02394-A105-
675

UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUUACGGU
ACCUUUGUGCGCCUGUUUUAUACCCCCCCCAACCUCGARACUUAGARGUARAGCAAACCCGAUCAAU
AGCAGGUGCGGCGCACCAGUCGCAUCUUGAUCAAGCACUUCUGUAACCCCGGACCGAGUAUCAAUAG
ACUGCUCACGCGGUUGAAGGAGAARACGUUCGUUACCCGGCUAACUACUUCGAGAARCCCAGUAGCA
UCAUGARAGUUGCAGAGUGUUUCGCUCAGCACUACCCCCGUGUAGAUCAGGCCGAUGAGUCACCGCA
CUUCCCCACGGGCGACCCUGGCGEUGGCUGLGUUGGCGGCCUGCCUAUGGGGCARACCCAUAGGALGL
UCUAAUACGGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGEGL
UAAUCCUAACUGCGGAGCACAUACCCUUAAUCCARAGGGCAGUGUGUCGUAACGGGUAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAAUUUUUACUGGCUGCUUAUGGUGACAAUUG
AGGAAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAGAGCUAUUGUGUUCCAAUU
UGUUGGAUUUACCCCGCUCACACUCACAGUCGUAAGAACCCUUCAUUACGUGUUAUUUCUCAACUCA
AGAAA

CVA3-Al115-
675

UCACCCUCUUUUCCGGUGGUCUGGUCCCGGACCACCGUUACUCCAUUCAGCUUCUUCGGAACCUGUU
CGGAGGARAUUAAACGGGCACCCAUACACCCCCAUCCCCUUUCUGCARCUURAAGUAUGUGUGCUCGUG
AUCUUGACUCCCACGGAAUGGAUCGAUCCGCUGGAGAACAAACUGCUAGAUCCACAUCCUCCLCUUCE
CCUGGGAGGACCUUGGUCCUCCCACAUCCUCCCCCCAGCCUGACGUACCACAGGCUGUGUGAAGCCC
CCGCGARAGCUGCUCACGUGGCAAUUGUGGGUCCCCCCUUCAUCAAGACACCAGGUCUUUCCUCCUU
AAGGCUAGCCCCGAUGUGUGAAUUCACAUUGGGCAACUAGUGGUGUCACUGUGCGCUCCCAAUCUCG
GCCGCGGAGUGCUGUUCCCCAAGCCAAACCCCUGGCCCUUCACUAUGUGCCUGGCAAGCAUACCUGA
GAAGGUGUUCCGCUGUGGCUGCCAGCCUGGUAACAGGUGCCCCAGUGUGCGUAACCUUCUUCCGUCU
UCGGACGGUAGUGAUUGGUUAAGAUUUGGUGUAAGGUCCAUGUGCCAACGCCCUGUGCGGGAUGARAA

Kobuvirus-
16317
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CCUCUACUGCCCUAGGAAUGCCAGGCAGGUACCCCACCLCCCGGGUGGGAUCUGAGCCUGGGCUAAUU
GUCUACGGGUAGUUUCAUUUCCAAUUCUUUUAUGUCGGAGUC

UCACCCUCUUUCCCGGUGGUCUGGUCCCGGACCACCGUUACUCCAUUCAGCUUCUUCGGAACCUGUU
CGGAGGAAUUAAACGGGCACCCAUACAUCCCCAUCCCCUUUCUGUAACUUAAGUAUGUGUGCUUGUA
AUCUUGACUCCCACGGAAUGGAUCGAUCCGCUGGAGAACAAACUGCUAGAUCCACAUCCUCCCUUCC
CCUGGGAGGACCUUGGUCCUCCCACAUCCUCCCCCCAGCCUGACGUACCACAGGCUGUGUGAAGCCC
CCGCGARAGCUGCUCACGUGGCAAUUGUGGGUCCCCCCUUCAUCAAGACACCAGGUCUUUCCUCCUU
AAGGCUAGCCCCGAUGUGUGAAUUCACAUUGGGCAACUAGUGGUGUCACUGUGCGCUCCCAAUCUCG
GCCGCGGAGUGCUGUUCCCCAAGCCAAACCCCUGGCCCUUCACUAUGUGCCUGGCAAGCAUAUCUGA
GAAGGUGUUCCGCUGUGGCUGCCAGCCUGGUAACAGGUGCCCCAGUGUGCGUAACCUUCUUCCGUCU
CCGGACGGUAGUGAUUGGUUAAGAUUUGGUGUAAGGUUCAUGUGCCAACGCCCUGUGCGGGAUGARA
UCUCUACUGCCCUAGGAAUGCCAGGCAGGUACCCCACCLUCGGGUGGGAUCUGAGCCUGGGCUAAUU
GUCUACGGGUAGUUUCAUUUCCAAUCCUUUUAUGUCGGAGUC

Aichivirus-
Chshc7

jted

GGCUUCGGCCCCCUCACCCUCUUUUCCGGUGGUCUGGUCCCGGACCACCGUUACUCCAUUCAGCUUC
UUCGGAACCUGUUCGGAGGAAUUARACGGGCACCCAUACACCCCCAUCCCCUUUUUUGCAACUUAAG
UAUGUGUGCUCGUARUCUUGACUCCCACGGAAUGGAUCGAUCCGCUGGAGAACARACUGCUAGAUCC
ACAUCCUCCCUCCCCCCUGGGAGGACCUCGGUCCUCCCACAUCCUCCCCCCAGCCUGACGUAUCACA
GGCUGUGUGAAGCCCCCGCGAAAGCUGCUCACGUGGCARUUGUGGGUCCCCCCUUCAUCAAGACACC
AGGUCUUUCCUCCUUAAGGCUAGUCCCGAUGUGUGAAUUCACAUCGGGCAACUAGUGGUGUCACUGU
GCGCUCCCAAUCUCGGCCGCGGAGUGCUGUUCCCCAAGCCAAACCCCUGGCCCUUCACUAUGUGCCU
GGCAAGCAUAUCUGAGAAGGCGUUCCGCUGUGGCUGCCAGCCUGGUAACAGGUGCCCCAGUGUGCGU
AACCUUCUUCCGUCCCCGGACGGUAGUGAUUGGUUAAGACUUGGCGUAAGGUUCAUGUGCCAACGCC
CUGUGCGGGAUGAAACCUCUACUGCCCUAGGAAUGCCAGGCAGGUACCCCACCUUCGGGUGGGAUCU
GAGCCUGGGCUAAUUGUCUACGGGUAGUUUCAUUUCUAAUUCUUUCAUGUCGGAGUC

Aichivirus-
Goiania

ACCCUCUUUUCCGGUGGUCUGGUCCCGGACCACCGUUACUCCAUUCAGCUUCUULCGGAACCUGUUCG
GAGGAAUUAAACGGGCACCCAUACACCCCCACCCCCUUUUUGCAACUUAAGUAUGUGUGCUCGUGAU
CUUGACUCCCACGGAAUGGAUCGAUCCGCUGGAGAACAAACUGCUAGAUCCACAUCCUCCCUUCCCU
UGGGAGGACCUCGGUCCUCCCACAUCCUCCCCCCAGCCUGACGUACCACAGGCUGUGUGAAGCCCCC
GCGAAAGCCGCUCACGUGGCAAUUGUGGGUCCCCCCUUCAUUAAGACACCAGGUCUUUCCUCCUUAA
GGCUAGUCCCGAUGUGUGAAUUCACAUUGGGCAACUAGUGGUGUCACUGUGCGCUCCCAAUCUCGGC
CGCGGAGUGCUGUUCCCCAAGCCAAACCCCUGGCCCUUCACUAUGUGCCUGGCAAGCAUAUCUGAGA
AGGUGUUCCGCUGUGGCUGCCAGCCUGGUARCAGGUGCCCCAGUGUGCGUAACCUUCUUCCGUCUUC
GGACGGUAGUGAUUGGUUAAGAUUUGGCGUAAGGUUCAUGUGCCAACGCCCUGUGCGGGAUGAAACC
UCUACUACCCUAGGRAUGCCAGGCAGGUACCCCACCCUCGGGUGGGAUCUGAGCCUGGGCUAAUUGU
CUACGGGUAGUUUCAUUUCCAAUUCUUCUAUGUCGGAGUC

Aichivirus-
ETHP4

GUUACUCCAUUCAGCUUCUUCGGAACCUGUUCGGAGGAARUUAAACGGGCACCCAUACACCCCCALCCC
CCUUUUCUGCAACUUAAGUAUGUGUGCUCGUAAUCUUGACUCCCACGGAAUGGAUCGAUCCGLCUGGA
GAACAARCUGCUAGAUCCACAUCCUCCCUUCCCCUGGGAGGACCCCGGUCCUCCCACAUCCUCCCCC
CAGCCUGACGUAUCACAGGCUGUGUGAAGUCCCCGCGARAGCUGCUCACGUGGCAAUUGUGGGUCCC
CCCUUCAUCAAGACACCAGGUCUUUCCUCCUUAAGGCUAGCCCCGAUGUGUGAAUUCACAUUGGGCA
ACUAGUGGUGUCACUGUGCGCUCCCAAUCUCGGCCGCGGAGUGCUGUUCCCCAAGCCAAACCLCUGG
CCCUUCACUAUGUGCCUGGCAAGCAUAUCUGAGAAGGUGUUCCGCUGUGGCUGCCAGCCUGGUAACA
GGUGCCCCAGUGUGCGUAACCUUCUUCCGUCUCCGGACGGUAGUGAUUGGUUAAGAUUUGGUGUAAG
GUUCAUGUGCCAACGCCCUGUGCGGGAUGARACCUCUACUGCCCUAGGAAUGCCAGGCAGGUACLCCC
ACCUUCGGGUGGGAUCUGAGCCUGGGCUAAUUGUCUACGGGUAGUUUCAUUUCCAAUUCUUUUAUGU
CGGAGUC

Aichivirus-
DVI2169

GGGUGGGGGGGUGUCGGCCCCCUCACCCUCUUUUCCGGUGGUCUGGACCCGGACCACCGUUACUCCA
UUCAGCUUCUUCGGRACCUGUUCGGAGGAAUUAAACGGGCACCCACUUUCCUGULCCUCUCCCCUUUU
CUGUAACUCCAAGUGUGUGCUCGUAAUCUUGACUCCCGLGGAUUGACCGCUCCGCUGGUGAACARAC
UGCUAGGUCAUCUCCUCCCCACCCUUGGGCGUCCUUCCGGGCGUCCACACCCUCCCCCCAGCCUGAC
GUGUCACAGGCUGUACAAAGACCCCGCGAARGCUGCUAACGUGGCAAUUGUGGGUCCCCCCUUUGUA
AAGGAACCGAGUCUUUCUCCCUUAAGGCUAGACCCCUGUGUGAAUUCACAGGUGGCAACUAGUGGUU
CCACUGCAUGCUCCCGACCUCGGCCGCGGAGUGCUGUUCCCCAAGUCGUAACACUGACCUUCACUUA
UGUGCCUGGCAAGCAUAUCUGAGAAGAUGUUCCGCUGUGGCUGCCAAACCUGGUAACAGGUGLCCCA
GUGUGCGUAGUCUUCUUCCGUCUUCGGACGGUAGGUGUUAGGUAAAGAUGCGGCGUARGGUUCAAGU
GCCAACGCCCUGGAAGGGAUGACCCUUCUACUGCCCUAGGAAUGCCGCGCAGGUACCCCAGGUUCGL
CUGGGAUCUGAGCGCGGGCUAAUUGUCUACGGGUAGUUUCAUUUCCCUCUUCUUCCACUGGCAUC

Aichivirus-
rat08

GGGUGGGGGGGCCUCGGCCCCCUCACCCUCUUUUCCGGUGGUCUGGACCCGGACCACCGUUACUCCA
UUCAGCUUCUUCGGAACCUGUUCGGAGGAAUUAAACGGGCACCCACUUUCCUGUCCUCUCCCCCUUU
CUGCAACUCAAGUGUGUGCUCGUAAUCCUGACUCCCACGGGUUGACCGCCCCGUUGGUGAACARAACA
GCUAGGUCAUUCCCUCCCUACCCCUGGGCGCCAUUUCAGUGGCGUUCAUAUCCUCCCCCCAGCCUGA
CGUGUCACAGGCUGUGCAAAGUCCCCGCGARAGCUGCUCACGUGGCAAUUGUGGGUCCCCCCUUUGU
GAAGGAACCGAGUCUUUCUCCCUUAAGGCUAGACCCCUGUGUGAACUCACAGGUGGCAACUAGUGGU
UCCACUGCAUGCUCCCGACCUCGGCCGCGGAGUGCUGUUCCCCAAGUCGUGACACUGACCUCCACUU
AUGUGCCUGGCAAGCAUAUCUGAGAAGAUGUUCCGCUGUGGCUGCCAAACCUGGUAACAGGUGCCCC
AGUGCGUGUAGUCUUCUUCCGUCUCCGGACGGUAAGUGUGUGGUAAAGAUGCGGCGUAAGGUUCAAG
UGCCAACGCCCUGGAAGGGAUGACCCUUCUACUGCCCUAGGARUGCCGCGCAGGUACCCCAGGUUCG
CCUGGGAUCUGAGCGCGGGCUAAUUGUCUACGGGUAGUUUCAUUUCCCUCUCUUUUCACUGGCAUC

Aichivirus-
Rt386
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N

UUUGAARAGGGGGUGGGGGGGCLUCGGCCCCCUCACCCUCUUUUCCGGUGGCCAUUCGCCCGGGCCA
CCGUUACUCCACUCCACUCCUUCGGGACUGGUUUGGAGGAACACAACAGGGCUUCCCAUCCCUGUUU
ACCCUUUAUUCCAUCAUCCUUUCCCCAAGUUUACCCUAUCCACACCCCACUGACUGACUCCUUUGGA
UUUUGACCUCAGAAUGCCUAUUUGACCUCCCACUCGCCUCUCCCUUUUCGGAUUGCCGGUGGUGCCU
GGCGGARAAAGCACAAGUGUGUUGCAGGCUACCAAACUCCUACCCGACAARAGGUGCGUGUCCECEUG
CUGAGUAAUGGGAUAGGAGAUGCCUACAACAGGCUCGCCCAUGAGUAGAGCAUGGACUGCGGUGCAU
GUGACUUCGGUCACCACGGGCAUAGCAUUGCUCACCCGUGAAUCAAGUCAUCGAGAUUUCUCUGACC
UCUGAAGUGCACUGUGGUUGCGUGGCUGGGAAUCCACGCUUGACCAUGUACUGCUUGAUAGAGUCGC
GGCUGGCCGACUCAUGGGUUAAAGUCAGUUGACAAGACAC

Porcine-
Kobuvirus-
GSs2

o N

UUUCACACCCUCUUUUCCGGUGGUCCGGACCCAGACCACCGUUACUCCAUUCAGCUACUUCGGUACC
UGUUCGGAGGAAUUAAACGGGCACCCUACCCAAGGGUUACAUGGGACCAUAUUCCUCCUCCCCUGUA
ACUUUAAGUUUUGUGCCCGUAUUCUUGACUCCAGGCGGAUGUUGUGUCGCCCGUCCUGUGAACAARC
AGCUAGACACUUUCCUCCCCUCCCUCUGGGCUGCUCCGGCAGUCCACUCCCUCCCCCCAGCGUAACA
UGCCCCGCUGGAGUGAUGCACCUGGAAGUCGUGGACGUGGGUUAGUAACUUCGGUGARAACCCACUA
UAAUGACAACUGGUUGACCCCCACACUCAAAGGACUCGAGUCUUUCUCCCUUAAGGCUAGCCCGGCC
ACAUGAAUUUGCAGCUGGCAACUAGUGAGUCCACCAUGUCCCGCAACCUCGGCUGCGGAGUGCUGUU
CCCCAAGCGUAUGCCUUCCUUCUGUAAGAGUGCGCCUGGCAAGCACAUCUGAGAAGUCGUUCCGCUG
CGUCGUGCCAACCUGGCGACAGGUGACCCAGUGUGCGUAGACUUCUUCCGGAUUCGUCCGGCUCUUC
UCUAGGAAACAUGCGUGUAAGGUUCAUGUGCCAAAGCCCUGCGCGCGGUGUUCUUCUACUGCCCUAG
GAAUGUGCCGCAGGUACCCCUACUUCGGUAGGGAUCUGAGCGGUAGCUAAUUGUCUACGGGUAGUUU
CAUUUCCAUCUUCUCUUCAGGUCGACAUC

Kobuvirus-
SZALG6-
aichivirusAS

o

UUUGAARAGGGGGUGGGGGGGCUUCGGCCCCCUCACCCUCUUUUCCGGCGGCGCAAGUUCGCGUCGU
CGUAAGCCUGGACACCCAUGUUCGCAUCGGUCUCCGGGCAAAUACAAGAACCCCAGACCUUCUGGUA
CUUCUUCGCCUGGGUCACAAAAGCGAAGAACCUGCCUCUCUAACGCCAGACGAGCGGCAUUAAACUU
GAACUUCUGGCACUCUCCACUCUCCCUUUUCCCUGUCCCUUUCCCCACUGCGCUCUCAAGGUCGCGC
AAUCCUGGGACUAGCCCAGUUUUARAAGUUCCUGGCACCCUUUGCCCCUCUAGGCCCUUAAGGUAGG
AACUGACCUUGUGCUGUGAUCUCGGUGCGGGAGUGCUACCACGUAGUCAUCGUAAGCCUCGUUUCUG
GUUCUGCCCUGGCAAGGCUACAGAGUACCGUGUUCCGCUGUGGAUGCCAUCCGGGUAACCGGALLCCC
CAGUGUGUGUAGCGGUAUGUUCACGGUCCGCCGUGUUCACCAGAUUCCUGACCUGGCUUUGCUAGAA
AUGGUGUGUGCCCAAUCCCUGUGACCAGUAUCAAUUACAUCACCUAGGAAUGCUAGGAAGGUACCCC
AGUCCUGAGCUGGGAUCUGAUCCUAGGCUAAUUGUCUACGGUGAUGCUCCUUUUAUUUUCUUACAAC
UGCUAUUGACUGUCUGAUUGCUGAUUCUGCUCUUGUGCUCUUCUGCUCUGGCUCAUUCUCAAGGGUU
CUCUUUGUCCAAGAUCCUUUGGUUCUCUCCUUGUUCCACUUGCCACUGCCAACGCUUGUC

Kobuvirus-
sheep-TRB3

GACAGGUGUUUUGGAGGGCGGAUGACGAUAUCUGGCUGGCCACCAGGGAAUAACGGCARAUGUCUGA
UCAUACGGUUCACAAGUCUACCGGCGAUAGUGGUUCAACACCAUGUGUAGCAGGGAUUCUUGCGUAU
GUGAAGGCGACAGUGC

Bat-
sapelovirus

GO N ON

GAAAGGGGGUGGUAGGGGCCGUACGGUCAUGCCGUGCGGUUCCGCCACCCCUAGGGGGCCACACGGU
CCUGCCGUGUGGUUCCCGCUGGUUGUACAGUGACGCAUUGGGGGCCGUACGGUCCUGCCGUGCGGUU
UCCUUUGCUUGCUGUGCAAUCGGGGAUGACACCCCCUUUCAACGUGGGUACUACGARAGUGCCCCUC
GCUCCGAGGUUAAAGGAGAACCLCCCCCUUCUUACCCCCACUCAGCUCGCCCUUCAGUGLGGGLGCUA
GCCUUUCCACUUGCAGCUUCUGCUUGUAGAUGCUUGCACCGUGAUUGGUGCGCUUCUUGCUUUAGUC
GCUUGUGCUUCUAUCGUUCUGACGAUUCAGUUUCCUAACGCCAGUGUUUCGACGGCCCAAGGGGGUA
GUUGCGGUUAGUAUUCCUACCGCAAUUAUCCCUUUCCCCGUUCGUAGCUGGUUUGGAUCUUGGAUCU
CUCUCCUUCCUUCCCCCGUCUUCARUUUAGCUUCGUGAUUGAAGCAUCUCACUGUCUCUAGUAUUUA
UGUCGGACUGACGAUUGAGUACGUUCAGAUUGUGUUUGGGAGGCCCAAGGGAUCGAUGGACAACACU
UCGAAAGAGUCACUUGUCCACCGCUCCUUUCCCCUACCCUAGCAACUCUGGAUUUGCUCACGUGGAG
UUCGAGGUCUGUACUUUAACUCUGACUUGCUUUUCUUACCUUGCUAUCUUGCUGACGUGGAUUGGUU
GUAGACUGAUUCACGUUCUCGUUAGAUGCUGACGUGGAGUACGAUCGCUGUACAUUCCACUALCUGCC
AAUUAGCUCCCCCUUCCCGUUGCUCCCCUCUAUAAGGAGAGCCUUCUCUUGCAAAGGUGAAGCCUUC
ACCCCCGGUCGAAGCCGCUUGGAAUARGACAGGGUUAUUUUCUCCUCUCCUCGGCGCUUGCCUCUUC
UAAGCUGAAUAGGUUCUAUCUAUUCAGGCGGAUGGUCUGGUCCGUUCCUUCUUGGACAGAGUGUGUA
UCUGGGUUUUCCGGAUCUCGACCACACACUCACCAGAGCUCAGGAGUGAUUAAGUCAAGGCCCGAUC
UGCGGCGAAAAGGAAAUGAAGUAUUUUGCAGCUGUAGCGACCUCUCAAGGCCAGCGGAUUUCCCCAC
CUGGUGACAGGUGCCUCUGGGGCCAARRAGCCACGUGUUAAUAGCACCCUUGAGAGCGGUGGUACCCC
ACCACCCUGCAAAUUAUGGAUUUGACUUAGUAACUAAAAGAUUGACUUGGCAUACCUCAACCUGAGC
GGCGGCUAARGGAUGCCCUGAAGGUACCCGUGUUGAAAUCGCUUCGGCGACCAUGGAUCUGAUCAGGG
GCCCUGCCUGGAGUGGUUCUAUCCCACACAGCGUAGGGUUAARAAACGUCUAACCGCCCCACAAAGA
CCCCGGCAGGGAUGCCGGUUUCCUUUUUACCAAUUCUUGACACU

Bovine-—
cardiovirus-
1

N

UUGGAUCUGAGCAGGGGCCCCCUUUGGGUUGCUUUACAACUCAACUGGGGGUUARAARACGUCUAAC
CCGACACGCCAGAGGGAUCUGGUUUCCUUUUAUUUCUUUUACUCACCACUGGAUGCAGAUUGACGAU
AAACGUUGUUGUUUGUGACUAUUGACUUGAUCUGCUUCUACGGGUUUACUUUCACUGUUAUACUUCU
UGCUUUGUUUGGUGUUCACUGUACUUUGUCUCCUUCUACAUUUCACA

Bovine-—
picornavirus
-isolate-
TCHG

UUUAAGUGUUGUGCCCAAUCUCUUGACUCCUGCUGGAACCACCGACCAGUAGUGUCCAAAAUGCCAG
GUGGAARAUCCUCCCUUCCCCUCUGGGCUUCAUGCCCGGCAUCCUCCCCCCAGCCUGACGUGCCACA
GGCUGUGCAAAGACCCCGCGAAAGCUGCCARAAGUGGCAAUUGUGGGUCCCCCCUUUGUCAAGGCGU
CGAGUCUUUCUCCCUUAAGGCUAGUCCUGUCAGUGAACUCUGUCGGGCAACUAGUGACGCCACUGCA
UGCCUCCGACCUCGGCCGCGGAGUGCUGCCCCCCAAGUCAUGCCCCUGACCACAAGUUGUGCUGUCU
GGCAAACAUUGUCUGUGAGAAUGUUCCGCUGUGGCUGCCAAGCCUGGUAACAGGCUGCCCCAGUGUG
CGUAAUUCUCAUCCAGACUUCGGUCUGGCAACUUGCUGUUAAGACAUGGCGUAAGGGGCGUGUGCCA

Canine-
kobuvirus
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ACGCCCUGGAACGAGUGUCCACUCUAAUACCCCGAGGAAUGCUACGCAGGUACCCCUGGCUCGCCAG
GGAUCUGAGCGUAGGCUAAUUGUCUAAGGGUAUUUUCAUUUCCCACCCUCUUCUUCUUGUUCAUA

N

UUAAAAUAGCCUGAGGGUUGUUCCCACCCACAGGGCCCACGUGGCGCAGUACUCUGGUAUCACGGUA
CCUUUGCACGCCUAUUUUAUACCCCUUCCCCAUCGUAACUUAGAAGCARCAAACAARCUGCCCAAUA
GCAGCACAACACCCAGUUGUGUUAGGGGCAAGCACUUCUGUUUCCCCGGAAGGGUCUGACGGUAUGC
UGUACCCACGGCAGAAGUAUGACCUACCGUUAACCGGCCAUGUACUUCGAGAAGCCUAGUACCAUUA
UGAAGGUUGAUUGAUGUUACGCUCCCCAGCAACCCCAGCUGGUAGUUCUGGUCGAUGAGUCUCGGCA
UUCCCCACGGGCGACCGUGGCCGAGGCUGCGUUGGCGGCCAGCCUACACCAUACGGUGUAGGACGUC
AAGAUACUGACAUGGUGUGAAGAGCCUAUUGAGCUACGUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUCCGGAGCAUCCGCCAGUAAGCCCACUGGAAGGGUGUCGUAAUGCGAAAGUCUGGAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUACUUAUUGUUUGGCUGCUUAUGGUGACRAC
UUAUAGUUAUCAUCAUAAGCUACUUGGUCUUGCCAACCGGAGAAUUAUUUGGUUATUUGUUGGUUUC
AUAAACCUACAGUCGUAUUUUCCUGUCUUAUUAAUUGUUCUCAAAAUURACAACA

Enterovirus-
sp-isolate-
CPML

UUAAAACAGCCUGGGGGUUGUUCCCACCCCLCGGGGCCCACGUGGCGCCAGUACUCUGGCACGUUAGU
GCCCUUGUACGCCUGUUUUCCCCUCCUUAAACAAAUUAAGAUUGCCACUACUGAGGGGAGUAGUCCG
ACUCCGCUCCAGUACCGCUGCACCAGUGAGCUGGUACGCUAGUACCUUCGCACGGAGUAGAUGGCAU
CCCCCACCCCGUAACUUAGAAGCAAAGUACACAUCUGGCCAAUAGUGGCGCUGCAUCCAGCCGCGCA
ACGGUCAAGCACUUCUGUUUCCLCCGGUCCGCAAGGGUCGUUAUCCGCCCAGUCCACUACGGARAGCC
UACUAACCAUUGAAGCUAUCGAGAGGUUGCGCUCGGCCACGACCCCGGUGGUAGCUCUGAGUGAUGG
GGCUCGCAAACACCCCCGUGGUAACACGGAUGCUUGCCLCGCGCGUGCACUCGGGUUCAGCCUAUUGS
UUGUUCACCUCAACARUAGUGUAAAUGGCCAAGAGCCUACUGUGCUGGAUUGGUUUUCCUCCGGAGCC
GUGAAUGCUGCUAAUCCCAACCUCCGAGCGUGUGCGCACAAUCCAGUGUUGCUACGUCGUAACGCGU
AAGUUGGAGGCGGAACAGACUACUUUCGGUACUCCGUGUUUCUUUUGUUUUAUUUUGAAUUUUAUGG
UGACAAUUGCUGAGAUUUGCGAAUUAGCGACUCUACCGCUGAACAUUGCCCUGUACUACCUAAUCGC
AUUUCACAAAACCUCAGAGAUACCAAGCUCUUACAUUGAUCUGCUUGUUUUCCUGAAUCUCARAUAU
AARAUUGGAACAAGCRAA

Enterovirus-
AN12-F7

UUAAAACUGGGUGUGGGUUGUUCCCACCCACACCACCCAAUGGGUGUUGUACUCUGUUAUUCCGGUA
ACUUUGUACGCCAGUUUUUCCCUCCCCUCCCCAUCCUUUUACGUAACUUAGAAGUUUUAAAUACAAG
ACCAAUAGUAGGCAACUCUCCAGGUUGUCUAAGGUCAAGCACUUCUGUUUCCCCGGUUGAUGUUGAU
AUGCUCCAACAGGGCAAAAACAACAGAUACCGUUAUCCGCARAGUGCCUACACAGAGCUUAGUAGGA
UUCUGARAGAUCUUUGGUUGGUCGUUCAGCUGCAUACCCAGCAGUAGACCUUGCAGAUGAGGCUGGA
CAUUCCCCACUGGUAACAGUGGUCCAGCCUGCGUGGCUGCCUGCGCACCUCUCAUGAGGUGUGAAGC
CAAAGAUCGGACAGGGUGUGAAGAGCCGCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGCGGL
UAACCUUARACCUGCAGCCAUGGCUCAUAAGCCARUGAGUUUAUGGUCGUAACGAGUAAUUGCGGGA
UGGGACCGACUACUUUGGGUGUCCGUGUUUCACUUUUUCCUUUAUUAAUUGCUUAUGGUGACAAUAU
AUAUAUUGAUAUAUAUUGGCAUC

Human-
rhinovirus-1

ACCUGCGACAGUGCCAACCCACAUCUCUUCCCACUAUUAUUAUUCCGGUUCCCGCCUUAGGUCCAUU
GAAAAGACCAAACAUGUCAUCCCUUGGAUGCUGGCUAAUCAGAGGARAGUCAGCAUUUUCCGGCCCA
GGCUAAGAGAAACAUAUAAGUUAGAAAUGAUUCUAAUCCCUUGACGAAUUCGGAACGAGAAGUUCUC
CCUCCCUUGCCGCUUGUUCACACCCAUCAUUURAAUUCGGCCCUUUGUGACAAGCCCCUCGGUGARAG
GACCUCUCUCUUUCCGACGUGGUUGGAAUUAACAUCUUUUCCGACGAAAGUGCUAUUAUGCCUCCCC
GAUUGUGUGAUGCUUUCUGCCCUGCUGGGCGGAGCGUCLCUCGGGUUGAGARACCUUGAAUCUUUUCC
UUUGGAGCCUUGGCUCCCCCGGUCUAAGCCGCUUGGAAUAUGACAGGGUUAUUUUCCAAACUCUUUA
UUUCUACUUUCAUGGGUUCUAUCCAUGAAARGGGUAUGUGUUGCCCCUUCCUUCUUUGGAGAAUCUG
CGCGGCGGUCUUUCCGUCUCUCAACAGGCGUGGAUGCAACAUGCCGGAAACGGUGAAGAAAACAGUU
UUCUGUGGAARUUUAGAGUGGACAUCGAARACAGCUGUAGCGACCUCACAGUAGCAGCGGAUUCCCCU
CUUGGCGACAAGAGCCUCUGCGGCCARAAGCCCCGUGGAUAAGAUCCACUGCUGUGAGCGGUGCAAC
CCCAGCACCCUGGUUCGAUGGCCAUUCUCUAUGGAACCAGARAAUGGUUUUCUCAAGCCCUCCGGUA
GAGAAGCCAAGAAUGUCCUGAAGGUACCCCGCGCGCGGGAUCUGAUCAGGAGACCAAUUGGCAGUGC
UUUACGCUGCCACUUUGGUUUARAAACUGUCACAGCUUCUCCAAACCAAGUGGUCUUGGUUUUCCAA
UUUUGUUGACUGACAAU

Human-TMEV-
like-
cardiovirus

=N

UUGARARGGGUGUGGGGGGGGAUACCCUCCCCCUCCACACUCUUUUCGACGGCGCGCCUCGGCAAGG
CCGCCGAUACCGCACUGUGCUACUUCGGUACCACUCUGCGGGAAUGACAAUAUGCCCGGUGUAUAGU
UUGCCUGUUUCUCGCACCGUUACCGCUCGUUCGGGAAUGUGAAACUGGCACCCCUCCUCUCCCCUAL
CACCCUUUCUCCUUCGCCCCCAUUCAUAAUUUACAACGCCGCACACAGCGGCGGCCGCCAAGGGCUA
GCCUGGCGGUUAUARAAGGAACCUGGGUCUUUCCCUCUUCAAGCCARAAGGUAGGUUCCCUGUGUCC
CUGAAUGCUCGGUGAGGAAUGCUGCACCGUAACGCUUUGUGAAGUGUUUGCAAGUUCUGGCCCGGCA
AGCCUACAGAGUGCUGUGAUCCGCUGCGGACGCCAUCCUGGUAACAGGACCCCCAGUGUGCGCAACA
GUAUGUUCAGACUUCGGUUUGUUCACUUGCUUUCAUGGACCAUUGCGCGARAGUGCGUGCGCCAUAU
CCCUGUACUUCAGGUGUGCUUCUCUGGACCCUAGGAAUGCUGCGAAGGUACCCCGUUUCGGCGGGAU
CUGAUCGCAGGCUAARUUGUCUAUGGGUUCAGUUUCCUUUUUCUUUACUCCACAAUUGACUGCUUARAC
UGACUCUGGAUCUUGUGCUUCCACUGCUCUUUCUGCUCUCAARACGGCUUCACUUACCAACUCUCAC
CUUUCGACCAACACCAUUUACACACUARACUUUUUUCGACUCUUCUGACUCCUGGCUUGGUGAAGAC

Kagoshima-2-
24-KoV

CUCUCUUUGACCCUGGCCACUGGGGUUCAGUGGCACUACAUCUCUCUCUCUUCUUUAUCUAUAUCGU
UUCUUUACUUUACUUUACUUUACUAUAUUUCUUACUUUACUAUAUUUCUUACUUUACUUAUCUAUAU
AUAUCUAAUCUUUACUAUCUUUUCUAACUUUAUUUUCUUAUUUCUUAUCUUUAUUCUUUUGUAACUA
AUAAGCAAGUUUUACUGCCUGCAAACUGCUUCRAUGGGACCACCGCUUCGGCGACCCCUUUGUUGAG
UUUGUAUGUUUUUAAGUAAUCUUUGCAACCAUACGAUUAUUUUAGCCGCCUCUCUAUAAUGAUCUUG
UUAUAGUGGGACGUGAAACAUUGGUUUUUCUCACACACGUCCGGUCACCCGGGCGUGUGUUCUUCCG

Lesavirus-1

173




WO 2024/193634

PCT/CN2024/082941

UAAGUCCUAUCCACAUACCAUCGUGGGUAGGCCAGCAUGUUUGCACAGGCUGUGACAGUGUGGGUGG
GCUUUCCACCUCUCAACAACACACUGAAUUGCAAUGCACUCACGGAGGAARUGACAAUUUGGUUAUA
GUUUUGAACUGUGCUAGUAAUUUCUUUCACAUUAAGCCAUGUUGCCUGCGGAAUCACAUGUGGUARAC
ACAUGCCUCAGGGCCCAARAGGCACGGGUUAGCAGCCCCUUCAUGGUGUGUUAGRAAGUGAAAACACA
UAGUAUGAGCUAUAAUAUCUUUGUUGUCUUCUCUGUAGUGUACCCCGCCARAUGUAAGGAUGLCCAG
CAGGUACCCAUUUUAUGGAUCUGAGCUGGGGAUUGAUAGUGUAUCUAUAAAUGCACUGAUCAAUUUA
AAAAGCGUCUARAGUUUGGCACARACACUGGGGACAGUGUUUUUCCUUUAUUCUUUUAUUUGAUUA

ACACUCAUUUCCCCCCUCCACCCUUAAGGUGGUUGUAUCCCCUACACCCUACCCUCCCUUCCACAUA
GGACGAAUAAACGGACUUGAGAUUAAGGCARGUACAUAAGGUAUGGUUUUUGGAUACACUUAARAUGG
CAGUAGCGUGGCGAGCUAUGGAAAAAUCGCAAUUGUCGAUAGCCAUGUUAGCGACGCGCUUCGGCGU
GCUCCUUUGGUGAUUCGGCGACUGGUUACAGGAGAGUAGACAGUGAGCUAUGGGCARACCCCUACAG
UAUUACUUAGGGGAAUGUGCAAUUGAGACUUGACGAGCGUCUCUUUGAGAUGUGGCGCAUGCUCUUG
GCAUUACCAUAGUGAGCUUCCAGGUUGGGARACCUGGACUGGGUCUAUACUGCCUGAUAGGGUCGCG
GCUGGCCGCCUGUAACUAGUAUAGUCAGUUGARAACCCCCC

Porcine-
sapelovirus

=

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCUAGUACACUGGUAUGCCUUA
CCUCGGUAUUACGGUACCGAUGUAUAUAGUACCUUUGUACGCCUGUUUUAUAUCCCUCCCCCACAUG
UAACCUUAGAAGUUUACACAAACAAAGACCAAUAGGAGUCCAACACCCAGUUGGAUUGCGGUCAAGC
ACUUCUGUUUCCCCGGACCUAGUAGUGAUAGGCUGUACCCACGGCCGAAGAUGARCCCGUCCGUUAU
CCGGCUACCUACUUCGGGAAGCCUAGUAACAUUCUGAAGUCUCUGAGGCGUUUCGCUCAGCACGACC
CCGGUGUAGAUCGGGCUGAUGGGUCUCCGCAUACCCCACGGGCGACCGUGGCGGAGGCCGCGUUGGT
GGCCCGCCUAUGGCGARAGCCAUAGGACGCCUCUUAGAUGACAGGGUGUGAAGAGCCUACUGAGCUG
GGUAGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACCACGGAGCGUCCACCAGCAAUCCAGCU
GGCAGGGCGUCGUAACGGGCAACUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUG
AUCCUAUUUUGGCUGCUUAUGGUGACAACGAUAAGUUGUUAUCAUARAGCUCUUGGGUUGGCCACCU
GGAAAAAGUUAUCAGUGUUUGAUAUUGUUCGGCUCUCACGCCUACCAAUAAGACAAGCCCUAUAUUU
ACUUGUUGCAUUUUACUCGUCAGAAGAAAUCACAGAGUAUCAUUUGGAUUUGUUARCUCACAUUAAGG
ACAAG

Porcine-
enterovirus-
9

UUGAAAGAAACUCCGGGUAUUAACCAUACCCGGAGUUUUGGCAGGGUGUUCCAACCUGUCCUGGCCA
UGCAUUUAUCUACGGAUAUUUGCAUGACCCGCUUUCUAUCGCCCCAACRAUCCCCUUUGUAACCACA
AGCUUUACUCAGGCUAGCAGCCCGACUAGCUGUUUGGAAGARAAGGCUAGGGCACACACCAACAACA
CCGACCCCACUGGUCGAAGGCCGCUUGGCARUAAGACUGGUGGAACAGGGUCGCCUGUAGUUGUUUG
GAACAUUCUUUCUAAUGACUUUGUCAGCGGUGCUACUCACACCGUAACUCUUCUACCCUAUCCCCAC
GCUUGUGGAACUAGGAGGGGAUGAGUGAUUCAAGUAAGUACUGUCAGAAUGGUGAARAAUGAUCUGAU
UCUGAAACGCUAUGGAUCCAUCGARAGAUGGGGCUACACGCCUGCGGAACAACACAUGGUAACAUGU
GCCCCAGGGGCCGAAAGCCACGGUGAUAGGAUCACCCGUGUAGUUUGAGAUCAUAUCAAUGUUCAUA
GUCUAGUAAGAUGAUUUGAAAUCUAACUGAGCUGAUGGCUAACUGCUUGUCUUAUUGCGGCCUAAGG
AUGUCCUGCAGGUACCUUUAGAUAACCUUAAGAGACUAUUGAUCUGAGCAGGAGCCARAAGUGGUCUU
UCCCAGCUUUGGUURARARACGUCUAAGCCGCGGCAGGGGGCGGGAGGCCCCCUUUCCUCCCAARAC
UUAAUAUUGAUUGU

Rabovirus-A

]

UUUARACAGUCUGGGGGUUGUUCCCACCCCUGGGGCCCACGUGGCGCUAGCACUCUGGUACGCUAGU
ACCUUUGUACGCCUGUUUUCCCCACCCUUARAUARAUUAAGAUUACCACUACCGAGGGGAGUAGUCC
GACUCCGCUCCGGCACAGCCGCACCAGUGCACUGGUACGCUAGUACCUUUUCACGGGCUAGUCGGUA
UCCCCCCCCGUAACUUAGAAGCAUGUAACARACCGACCAAUAGGUGCGCGGCAGCCAGCUGCGUUGC
GGUCAAGCACUUCUGUCUCCCCGGUCCGCARGGAUCGUUACCCGCCCACUCCACUACGAGGAGCCUA
GUAACUGGCCAAGUGAUUGCGGAGUUGCGUUCAGCCACAACCCCAGUGGUAGCUCUGGAAGAUGGGG
CUCGCACAUCCCCCGUGGUAACACGGUUGCUUGCCCGCGUGUGCUUCCGGGUUCAGUCUCCGACUGU
UCACUUCAACAUCACGCAACCAGCCAAGAGCCGAUUGUGCUGGAGUGGUCUUCCUCCGGGGCCGUGA
AUGCUGCUARAUCCUAACCUCCGAGCGUGUGCGCACAAUCCAGUGUUGCUACGUCGUAACGCGUAAGU
UGGAGGCGGAACAGACUACUUUCGGCACCCCGUGUUUCCUUUAUUUUAUUCUUAUUUUAUGGUGACA
AUUGCAGAGAUUUGUGAUAUUGCGACUUUACCGUUAAACAUAGCACUGCAUUACCUGGUUGCAUUCC
ACAAAACUUCAGAGAUUCCUAGUUCCUACAUUGACCUACUUGUUUAUUUGAAUCUUAARAUACAAACU
UGAGCAAGUGAA

Yak-
enterovirus

CCCCUAGGAUCCACUGGAUGUCAGUACACUGGUAUCGUGGUACCUUUGUACGCCUGUUUUAUACCCC
CUUCCCCGCAACUUUAGAAGCAUCAAAAGCACCGCUCARAUAGUCACCACACCCCCAGUGUGGUUUCG
AGCAAGCACUUCUGUUUUCCCGEUUGCGUCCCAUAUGCUGUGCAAACGGCAAAAAGGGACAAUAUCG
UUACCCGCUUGUAUACUACGGGAAACCUAGUACCACCAUUGAUUGUGUUGAGAGUUGCGCUCAUCALC
CUUUCCCCGGUGUAGCUCAGGCCGAUGAGGCUCAGAAUCCCCCACAGGUGACUGUGUCUGAGCCUGC
GUUGGCGGCCUGCCLCUCGCCUUAUGGCGUGGGACGCUUGAUACAUGACAUGGUGCGAAGAGUCUACU
GUGCUAUGCAAGAGUCCUCCGGCCCCUGAAUGUGGCUAAUCCUAACCACUGAUCCCACGCACGCAAA
CCAGUGUGUAGUGGGUCGUAACGCGCAAGUCGGUGGCGGAACCAACUACUUUGGGUGACCGUGUUUC
CUUUAUUACUUAUUGAARUGUUUAUGGUGACRAUUGUUUGAUUCAGUUGUUGCCAUUCUCUACAUUCA
UUUACCCAGCAUCAAACCAAUUGAACUGUUACA

Human-
enterovirus-
Cl05

[\S)

AGUCUGGACAUCCCUCACCGGCGACGGUGGUCCAGGCUGCGCUGGCGGCCUACCUGUGGUCCAAAGC
CACGGGACGCUACAUGUGAACAAGGUGUGARGAGCCUAUUGAGCUACARAAGAGUCCUCCGGLCCCCU
GAAUGCGGCUAAUCCCAACCACGGAUCAAGGGUGCACAAACCAGUGUACACCUUGUCGUAACGCGCA
AGUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUUAAUUUUGAUGGCUGCUUAUGG
UGACAAUCAUAGAUUGUUAUCAUAAAGCUARUUGGAUUGGCCAUCCGGUGAGAGUGAAAUAUAUUGU
UUACCUCCCUGUUGGGUUUACUCUAACUAACUUCUCCAUUUAUAAACUUGUCAUCACAGUUUUAAUA
AUUAGAAGUGCAGUUUACA

Human-
poliovirus-
l-strain-
NIE1116623
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N

UUUAAAACAGCCUGGGGGUUGUUCCCACCCCCAGGGCCCACUGGGCGUUAGUACUCUGGUAUCGCGG
UACCUUAGUAUGCCUGUUUUAUGUCUCCUUUCCCCCGCAACUUUAGAAGUAAUCAAGUUAUGGCUCA
ACAGUCGCCACACCCCCAGUGUGGUUCCGAGCAAGCACUUCUGUUCCCCGGUUGCGUCUUAUAUGCU
GUGUGAACGGCAGARAGGGACAAUAUCGUURAUCCGCUCAACUACUACGGGAAGCCUAGUACCACCAU
GGAUUGACCUGAAAGUUGCGUUCAGCGCACCCCCAGCGCAGCUCAGECCGAUGAGGCUCCGAAUACC
CCACGGGCGACCGUGUCGGAGCLCUGCGUUGGCGGCCUGCCCACGUUGCAARACGUGGGACGCUCAUU
UCAUGACAUGGUGCGAAGAGCCUACUGUGCUAGUUGAGAGUCCUCCGGCCCCUGAAUGUGGAUARUC
CUAACCACUGAACCUACGGGCGCAAACCAGCGUCUGGUAGGCCGUAACGCGCAAGUCGGUGGCGGAA
CCAACUACUUUGGGUGUCCGUGUUUCCUUUUAUCUUUUUGAAUGUUUAUGGUGACAAUUGUUGUGUA
CAGUUGUUACCAUAGUUUGCAUUCAGAAAUAAACCUAACACUUUCCAAUUAUUUGUUACA

Human-
enterovirus-
109

N

UUAAAACAGCUCUGGGGUUGUACCCACCCCAGAGGCCCACGUGGCGGCUAGCACUCCGGUAUCACGG
UACCCUUGUGCGCCUGUUUUAUAUUCCCCCCCCGCAACUUAGAAGCACGARACCAAGUUCAAUAGAA
GGGGGUACAARACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGACAUUGCAUAGACUGCU
CACGCGGUUGAAAGUGAUCGAUCCGUUACCCGCUUGUGUACUUCGARAAGCCUAGUAUUGCCUUGGA
AUCUUCGACGCGUUGCGCUCAGCACCCGACCCCGGGGUGUAGCUUAGGCUGAUGAGUCUGGACAUUC
CUCACCGGUGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUAUGGCUAAUGCCAUAGGACGCUAGA
UGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACAUAAGAGUCCUCCGGCCCCUGAAUGCGGCUAAUC
CUAACCACGGAGCAGGCGGUCGCAAACCAGUGACUAGCUUGUCGUAACGCGCAAGUCUGUGGCGGAA
CCGACUACUUUGGGUGUCCGUGUUUCCUGUUAUUUUUAUUAUGGCUGCUUAUGGUGACARUCAGAGA
UUGUUAUCAURAAGCGAAUUGGAUUGGCCAUCCGGUGAGUGUUGUGUCAGGUAUACARACUGUUUGUU
GGAACCACUGUGUUAGUUUAACCUCUCUUUCAACCAAUUAGUCAAAAACARUACGAAGAUAGAACAA
CAAUACUACA

Human-
poliovirus-—
2-strain-
NIEQ811460

N

GGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCCGGUAUUACGGUACCCUUGUACGC
CUGUUUUAUACUCCCCUCCCCGUAACUUAGAAGARACAARAAUAAGUUCAAUAGGAGGGGGUACARAC
CAGUACCACCACGAACAAGCACUUCUGUCUCCCCGGUGACAUUGCAUAGACUGUCCCCACGGUUGAA
AGCAAUUGAUCCGUUACCCGCUCUUGUACUUCGAGAAGCCUAGUACCAUCUUGGRAUCAUCGAUGCG
UUGCGCUCCACACUCAGUCCCAGAGUGUAGCUUAGGCUGAUGAGUCUGGACAUUCCUCACCGGCGAC
GGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGCCCARAGCCACAGGACGCUAGAUGUGAACAAGG
UGUGAAGAGCCUAUUGAGCUAUAAGAGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCCAACCACGGA
UCAAGGGUGCACGAACCAGUGUAUACCUUGUCGUAACGCGCAAGUCCGUGGCGGAACCGACUACUUU
GGGUGACCGUGUUUCCUUUUAUUAUUUCAAUGGCUGCUUAUGGUGACAAUCAUUGAUUGUUAUCAUA
AAGCGAAUUGGACUGGCCAUCCGGUGAAAGUGAAACAUAUUGUUUGCCUCCUCGUUGGGUCUACUUC
AACCAAUCUUUACUUACAAUCUUACCACUACAGUUUUGCUGGUUAGAAGUGUGUUUCACG

Human-
poliovirus-
l-strain-
EQG1419328

[\

CUGGGGUUGUACCCACCCCAGAGGCCCACGUGGCGGCUAGCACUCCGGUAUUACGGUACCCUUGUGE
GCCUGUUUUAUACUCCCCUCCCGCAACUUAGAAGCACGAAACCAAGUUCAAUAGAAGGGGGUACAAA
CCAGUACCACUACGAACAAGCALCUUCUGUUUCCCCGGUGACAUUGCAUAGACUGCUCACGCGGUUGA
AAGUGAUCGAUCCGUUACCCGCUUGUGUACUUCGAAAAGCCUAGUAUCGCCUUGGAAUCUUCGACGC
GUUGCGCUCAGCACCCGACCCCGGGGUGUAGCUUAGGCCGAUGAGUCUGGACAUUCCUCACCGGUGA
CGGUGGUCCAGGCUGCGUUGGCGGCCUACCUAUGGCUAACGCCAUAGGACGUUAGAUGUGAACAAGG
UGUGAAGAGCCUAUUGAGCUACAUAAGAGUCCUCCGGCCCCUGAAUGCGGCUARAUCCURACCALCGGA
GCAGGCGGUCGCGAACCAGUGACUGGCUUGUCGUAACGCGCAAGUCUGUGGCGGAACCGACUACUUU
GGGUGULCGUGUUUCCUGUUAUUUUUAUCAUGGCUGCUUAUGGUGACARUCAGAGAUUGUUAUCAUA
AAGCGAAUUGGAUUGGCCAUCCGGUGAGUGUUGUGUCAGGUAUACAACUGUUUGUUGGAACCACUGU
GUUAGCUUUGCUUCUCAUUUAACCAAUUAAUCAARAACAAUACGAGGAUARAACARACAAUACUACA

Human-
poliovirus-
2-isolate-
I5061

[\

UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUAUCACGGU
ACCUUUGUGCGCCUGUUUUAUGCCCCCUUCCCCCRAUUGARACUUAGARGUUACACACACCGAUCAA
CAGCGGGCGUGGCAUACCAGCCGECGUCUUGRAUCAAGCACUCCUGUUUCCCCGGACCGAGUAUCARAUA
GACUGCUCACGCGGUUGAAGGAGARAACGUUCGUUACCCGGCUAACUACUUCGAGARACCUAGUAGC
AUCAUGAAAGUUGCGAAGCGUUUCGCUCAGCACAUCCCCAGUGUAGAUCAGGUCGAUGAGUCACCGC
AUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUACGGGGCARCCCGUAGGACGT
UUCAAUACAGACAUGGUGCGAAGAGUCGAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUCCGEGL
UAAUCCUAACUGCGGAGCACAUACCCUCAACCCAGGGGGCAUUGUGUCGUAACGGGUAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUAAUGGCUGCUUAUGGUGACAAUU
GAAAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUARCAGAGCUARUUAUAUACCUCU
UUGUUGGAUUUGUACCACUUGAUCUAAAGGAAGUCAAGACACUACAAUUCAUCAUACAAUUGAACAC
AGCARA

Coxsackievir
us-BS

N

CUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCCAGCACUCUGAUUCCACGGAAUCUUUGUGC
GCCUGUUUUACAACCCUUCCCCAACUUGUARCGUAGAAGUAARUACACACUACUGAUCAAUAGCAGGC
AUGGCGCGCCAGUCAUGUCUCGAUCAAGCACUUCUGUUCCCCCGGACUGAGUAUCAAUAGACUGCUC
ACGCGGUUGAAGGAGAAAACGUUCGUUACCCGGCUAACUACUUCGAGAAACCUAGUAGCACCAUAGA
AGCUGCAGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGCUGAUGAGUCACUGCAAUCCCCA
CGGGUGACCGUGGCAGUGGCUGLCGUUGGCGGCCUGCCUAUGGGGCAACCCAUAGGACGCUCUAAUGU
GGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUA
ACUGCGGAGCACAUGCCUUCAACCCAGAAGGUAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCG
ACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCCUAUAUUGGCUGCUUAUGGUGACAAUCACGGAAUU
GUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUAAUAGAGCUAUUGUGUACCUAUUUGUUGGA
UUUACUCCGCUAUCACAUAAAUCUCUGAACACUUUGUGCUUUAUAUUGAACUUARACACCCGAAA

Coxsackievir
us-Al10

175
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2 | AUUAAAGGUUUAUACCUUCCCAGGUAACAAACCAACCAACUUUCGAUCUCUUGUAGAUCUGUUCUCU Human-XIAP
AAACGAACUUUAAAAUCUGUGUGGCUGUCACUCGGCUGCAUGCUUAGUGCACUCACGCAGUAUAAUU
6 | AAUAACUAAUUACUGUCGUUGACAGGACACGAGUAACUCGUCUAUCUUCUGCAGGCUGCUUACGGUU
UCGUCCGUGUUGCAGCCGAUCAUCAGCACAUCUAGGUUUCGUCCGGGUGUGACCGARAGGUAAG

N

2 | UURAAACAGCCUGGGGGUUGUACCCACCCCUGGGGCCCACGCGGCGCCAGUACUCUGGUACGCUAGU iBEVL
ACCUUUGUACGCCUGUUUUCCCCACCCUUARAUARAUUAAGAUUACCACUGCUGUGGGGAGUAGUCC
7| GACUCCGCACCGAUACGUCGCACCAGUGAACUGGUUCGCUUAGAACCUUUGCACGGAGCAGCUGGUA
UCCCCCCCCGUAACUUAGAAGCCUGGACAARCCGACCAAUAGAGGCGUUGUAGCCAGCAGCGCAACG
GUCAAGCACUUCUGUUUCCCCGGCGCCAUGCGUCGUUACCCGCCCGGCCUACUGCGGGAAGCCUAGU
AGGACCCCAAUCGGACGCGCGGUUGCGUUCAGCCACAACCCCAGUGGUAGCUCUGAGGAAUGGGACU
CGCCUACCCCCCACAGCAAUGUGGUGGCUUGUCCGCGUGUGUCCUCGGGUUCGCUCGUUGAGCGAUC
ACCGCAACUCUGAGUAAGGUCUCAAGAGCCUACUGCGCUAGGUCGGUUCUCCUCLCGGAGCCGUGAAU
GCUGCURAUCCCAACCUCCGAGCGUGUGCGCACARACCCAGUGUUGCUACGUCGUAAUGCGUAAGUUG
GAGGCGGAACAGACUACUUUCGGUACUCCGUGUUUCCUUAAUUUUUGUUCAUUAUUACAUGGUGACA
UUGACUGACAUUUGUGAAUUUGCCCGCCUGCCCUUGAACAUAGCUCUCUAUUACUUGAUUGCAUUUC
ACAAAACAACCCAACUCACUGUUGAACUUGUUGACUUCGCAGUCUACUUGAACUUACAGUACAAUCA
CAUUCACA

\S)

2 | CUUGUARARACAACUUUGAUGCCUUGAAUAUAUARUGAUUCAUUAUAACAAUUAUGCAUAGAUUUUA iCovidl?9
AUAAUCUGCAUAUUUUAUGCUUUCAUGUUUUUCCUAAUUAAUGAUUUGACAUGGUUAAUAAUUAUAA
8 | UAUAUUCUGCAUCACAGUUUACAUAUUUAUGUAARAAUAAGCAUUUARAAAUUAUUAGUUUUAUUCUG
CCUGCUUAAAUAUUACUUUCCUCAAAAAGAGAAAACAARAAUGCUAGAUUUUACUUUAUGACUUGAA
UGAUGUGGUAAUGUCGAACUCUAGUAUUUAGAAUUAGAAUGUUUCUUAGCGGUCGUGUAGUUAUUUU
UAUGUCAUAAGUGGAUAAUUUGUUAGCUCCUAUAACAAAAGUCUGUUGCUUGUGUUUCACAUUUUGG
AUUUCCUAAUAUAAUGUUCUCUUUUUAGAAAAGGUGGACAAGUCCUAUUUUCAAGAGA

N

2 | UUUAARURAGUGUUGUGCAGAUUARAUCUGCACAGCACUAGCCACARAGUUCAGUGGUCCCAAUUAUGG iCrpv
GAUAUARAACUCAAUGGUCGACGGAGUGACCUGGAAAUGCUCCCCGUGAGAAACCUUGUUUAAACGC
9 | ACUUGGACCUUCUCCGGCCUCAGCGCCAGGCAUAGCUGGAUCGUCARUCCCAAGUUUGGACUUAGAC
UUGCUCUAUGUUACRAUUGGGAGGAGCGUGACUUACCAUUGGUCGUUGAUGACGUUAAUUCCARACA
AAAACAACAACAACAACUUAGUUUAAAUAAUUCCGGUCUUUAAGCAUCAGGGUAGACCGAUGAGGAA
UAAAGAACCCUAUAAGACUGAUUCGAUACCRAGAGCUGGUGUCUGAGGGAUUACGACUCGCGUGGUC
GGACAGCACAUGUUAGUCAUGUAUUAUGGUGUUUCCCAACACGUAUCUUUGCUCUAGUAUUGAACUU
UAGUGAUGAGUGUACUUGGCAUGUACACCUGAUUAGUUAGCCCUUGUGGAUACGCCACUGCCGCUCA
GGUACAGUAGGACAUACCCCAAARUAUUGGGUUCCACUCGUAGAGAAGARAAUUAGUGGCGAAACGUA
CGGUUUAUGUCAAAGGAGAAGGUGAUUUUARUUGCACCUGAAGCAACCCUAGGUCUUCCCUUUGAUG
UGAGCUAAUAAGGAGUAACCGAUUCUUACAAUGUGAUC

N

2| AGCGCCCAAUACGCAAACCGCCUCUCCCLGLGCGUUGGCCGAUUCAUUAAUGCAGCUGGCACGACAG 1iEMCV
GUUUCCCGACUGGAAAGCGGGCAGUGAGCGCAACGCAAUUAAUGUGAGUUAGCUCACUCAUUAGGCA
0 | CCCCAGGCUUUACACUUUAUGCUUCCGGCUCGUAUGUUGUGUGGAAUUGUGAGCGGAURAACAAUUUC
ACACAGGAAACAGCUAUGACCAUGAUUACGCCAAGCUUCCAGGCACUCCUUUCARGACCUAGAAGGU
CCAUUAGCUGCAAAGAUUCCUCUCUGUUUARAACUUUAUCCAUCUUUGCARAGCUUUUUGCARAAAGC
CUAGGCCUCCAAAAAAGCCUCCUCACUACUUCUGGAAUAGCUCAGAGGCCGAGGCGGCLCUCGGCLUC
UGCAUARAURRAAAAMARUUAGUCAGCCAUGGGGCGGAGAAUGGGCGGAACUGGGCGGAGUUAGGGGL
GGGAUGGGCGGAGUUAGGGGCGGGACUAUGGUUGCUGACUAAUUGAGAUGCAUGCUUUGCAUACUUC
UGCCUGCUGGGGAGCCUGGCGUGAGGCUCCGGUGCCCGUCAGUGGGCAGAGCGCACAUCGCCCACAG
UCCCCGAGAAGUUGGGGGGAGGGGUCGGCARUUGAACCGGUGCCUAGAGAAGGUGGCGCGGGGUAAA
CUGGGARAGUGAUGUCGUGUACUGGCUCCGCCUUUUUCCCGAGGGUGGGGGAGARCCGUAUAUAAGU
GCAGUAGUCGCCGUGAACGUUCUUUUUCGCAACGGGUUUGCCGCCAGAACACAGGUAAGUGCCGUGU
GUGGUUCCCGLGGGLCUGGCCUCUUUACGGGUUAUGGCLCUUGCGUGCCUUGAAUUACUUCCACGCC
CCUGGCUGCAGUACGUGAUUCUUGAUCCCGAGCUUCGGGUUGGAAGUGGGUGGGAGAGUUCGAGGCC
UUGCGCUUAAGGAGCCCCUUCGCCUCGUGCUUGAGUUGAGGCCUGGCCUGGGCGCUGGGGCCGLLGL
GUGCGAAUCUGGUGGCACCUUCGCGCCUGUCUCGCUGCUUUCGAUAAGUCUCUAGCCAUUUAAAATU
UUUGAUGACCUGCUGCGACGCUUUUUUUCUGGCAAGAUAGUCUUGUAAAUGCGGGCCAAGAUCUGCA
CACUGGUAUUUCGGUUUUUGGGGCCGCGGGLGGCGACGGEGGCCCGUGCGUCCCAGCGCACAUGUUCG
GCGAGGCGGGGCCUGCGAGCGCGGCCACCGAGARAUCGGACGGGGGUAGUCUCAAGCUGGLCGGLCUG
CUCUGGUGCCUGGCCUCGCGCCGCCGUGUAUCGCCCCGLCCUGGGCEGCAAGGCUGGCCCGGUCGGL
ACCAGUUGCGUGAGCGGAAAGAUGGCCGCUUCCCGGCCCUGCUGCAGGGAGCUCAARAUGGAGGALG
CGGCGCUCGGGAGAGCGGGCGGGUGAGUCACCCACACARAGGAAAAGGGCCUUUCCGUCCUCAGLCG
UCGCUUCAUGUGACUCCACGGAGUACCGGGLGCCGUCCAGGCACCUCCAUUAGUUCUCGAGCUUUUG
GAGUACGUCGUCUUUAGGUUGGGGGGAGGGGUUUUAUGCGAUGGAGUUUCCCCACACUGAGUGGGUG
GAGACUGAAGUUAGGCCAGCUUGGCACUUGAUGUAAUUCUCCUUGGAAUUUGCCCUUUUUGAGUUUG
GAUCUUGGUUCAUUCUCAAGCCUCAGACAGUGGUUCAAAGUUUUUUUCUUCCAUUUCAGGUGUCGUG
AGGAAUUCUCUAGGUCGACCCCGGGGAUCCUCUAGACUAGUGCUAGCAUGCUGCAGUCGAAGGUACC
GCGGGCCCGGGAUCCGLCCCUCUCCCUCCCLCCCCCCUAACGUUACUGGCCGAAGCCGCUUGGARAUA
AGGCCGGUGUGCGUUUGUCUAUAUGUUAUUUUCCACCAUAUUGCCGUCUUUUGGCAAUGUGAGGGCC
CGGAAACCUGGCCCUGUCUUCUUGACGAGCRAUUCCUAGGGGUCUUUCCCCUCUCGCCARAGGAAUGC
AAGGUCUGUUGAAUGUCGUGAAGGAAGCAGUUCCUCUGGAAGCUUCUUGAAGACAAACAACGUCUGU
AGCGACCCUUUGCAGGCAGCGGAACCCCCCACCUGGCGACAGGUGCCUCUGCGGCCAARAGCCACGU
GUAUAAGAUACACCUGCAAAGGCGGCACAACCCCAGUGCCACGUUGUGAGUUGGAUAGUUGUGGAARA
GAGUCAAAUGGCUCUCCUCAAGCGUAUUCARCAAGGGGCUGAAGGAUGCCCAGAAGGUACCCCAUUG

w
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UAUGGGAUCUGAUCUGGGGCCUCGGUACACAUGCUUUACAUGUGUUUAGUCGAGGUUAARAAARACGU
CUAGGCCCCCCGAACCACGGGGACGUGGUUUUCCUUUGAAAAACACGAUGAUAAUAUGGCCACAACC

N

UUAAAACAGCCUGUGGGUUGCACCCACUCACAGGGCCCACUGGGCGCAAGCACUCUGGUACCUCGGU iEV71
3 | ACCUUUGUGCGCCUGUUUUACACCCCCCCCCCAGUGAARCUUAGAAGCAGCARACCACGAUCAAUAG
1 | CGGGCAUAACGCUCCAGUUAUGUCUUGAUCRAGCACUUCUGUUUCCCCGGACUGAGUAUCAAUAGAC
UGCUCGCGCGGUUGAAGGAGAAAACGUUCGUUAUCCGGCUAGCUACUUCGGGAARCCUAGUAACACC
AUGAAAGUUGCGGAGAGCUUCGUUCAGCACUCCCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUU
CCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGUAACCCAUGGGGCGCUCU
AAUACGGACAUGGUGUGAAGAGUCUACUGAGCUAGUUAGUAGUCCUCCGGCCCCUGARUGCGGCUAA
UCCCAACUGCGGAGCACACGCCCACAAGCCAGCGGGUAGCGUGUCGUAACGGGURACUCUGCAGCGG
AACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUCUUUAUACUGGCUGCUUAUGGUGACAAUUAAAR
GAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUGCAACAGAGCAAUUGUUUACCUAUUCA
UUGGUUUCGUACCAUUAACCUUGAAGUCUGUGACCACCCUUAACUACAUCUUGACCCUUAACACAGC
UAAAC

2 | GACGGAUCGGGAGAUCUUCAAUAUUGGCCAUUAGCCAUAUUAUUCAUUGGUUAUAUAGCAUARAUCA iHCV
AUAUUGGCUAUUGGCCAUUGCAUACGUUGUAUCUAUAUCAUAAUAUGUACAUUUAUAUUGGCUCAUG
2 | UCCAAUAUGACCGCCAUGUUGGCAUUGAUUAUUGACUAGUUAUUAAUAGURAAUCRAUUACGGGGUCA
UUAGUUCAUAGCCCAURUAUGGAGUUCCGCGUUACAUAACUUACGGUARAUGGCCCGCCUGGCUGAC
CGCCCAACGACCCCCGCCCAUUGACGUCAAUAAUGACGUAUGUUCCCAUAGUAACGCCAAUAGGGAC
UUUCCAUUGACGUCAAUGGGUGGAGUAUUUACGGUAAACUGCCCACUUGGCAGUACAUCAAGUGUAU
CAUAUGCCAAGUCCGCCCCCUAUUGACGUCRAUGACGGUARAUGGCCCGCCUGGCAUUAUGCCCAGU
ACAUGACCUUACGGGACUUUCCUACUUGGCAGUACAUCUACGUAUUAGUCAUCGCUAUUACCAUGGU
GAUGCGGUUUUGGCAGUACACCAAUGGGCGUGGAUAGCGGUUUGACUCACGGGGAUUUCCAAGUCUC
CACCCCAUUGACGUCAAUGGGAGUUUGUUUUGGCACCAAAAUCAACGGGACUUUCCARAAUGUCGUA
AUAACCCCGCCCCGUUGACGCARAUGGGCGGUAGGCGUGUACGGUGGGAGGUCUAUAUAAGCAGAGC
UCGUUUAGUGAACCGUCAGAUCACUAGAAGCUUUAUUGCGGUAGUUUAUCACAGUUARARAUUGCUARAC
GCAGUCAGUGCUUCUGACACAACAGUCUCGAACUUAAGCUGCAGAAGUUGGUCGUGAGGCACUGGGC
AGGUAAGUAUCAAGGUUACAAGACAGGUUUARAGGAGACCAAUAGAAACUGGGCUUGUCGAGACAGAG
AAGACUCUUGCGUUUCUGAUAGGCACCUAUUGGCUCUUACUGACAUCCACUUUGCCUUUCUCUCCACA
GGUGUCCACUCCCAGUUCAAUUACAGCUCUUAAGGCUAGAGUACUUAAUACGACUCACUAUAGGCUA
GCCACC

w

2 | UACUCUGGUAUUAUGUACCUUUGUACGCCUGUUUCUUCCCUACAACCCCUUCCURARACUCCCACCC iHRV-B14
AUGAAACGUUAGAAGCUUGACAUUUAAGUACAAUAGGUGGCACCACAUCCAGUGGUGUCUACGUACA
3 | AGCACUUCUGUUUCCCCGGAGCGAGGUAUAGGCUGUACCCACUGCCAAAAGCCUUUAACCGUUAUCT
GCCAACCAACUACGUAACAGCUAGUAUCAUCUUGUUCUUCACUGGACGUUCGAUCAGGUGGAUUCCC
CCUCCACUAGUUUGGUCGAUGAGGCUAGGAGCUCCCCALCGGGUGACCGUGUCCUAGCCUGCGUGGLG
GCCAACCCAGCUCAUGCUGGGACGCCCUUUUAAGGACAUGGUGUGAAGACUCGCAUGUGCUUGGUUG
UGAGUCCUCCGGCCCCUGAAUGCGGCUAACCUUAACCCUGGAGCCUUAUGCCACGAACCAGUGGUUG
UAAGGUCGUAACGAGCAAUUCCGGGAUGGGACCGACUACUUUGGGUGUCCGUGUUUCCUAUUUUUCU
UUAUAUUGUCUUAUGGUCACAGCAUAUAUAUARGUAUAUACUGUGAUC

w

2 | UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACACUGGUAUCGLGG ipv2
UACCUUUGUACGCCUGUUUUAUACUCCCUUCCCCCGUAACUUAGAAGCACAACGUCCAAGUUCAAUA
4 | GAAGGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUCCCCCGGUGAGGCUGUAUAGGCU
GUUUCCACGGCUAAAAGCGGCUGAUCCGUUAUCCGCUCAUGUACUUCGAGAAGCCUAGUAUCACCUU
GGAAUCUUCGAUGCGUUGCGCUCAACACUCAACCCCAGAGUGUAGCUUAGGUCGAUGAGUCUGGACG
UUCCUCACCGGCGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGCCCAARGCCACAGGACGC
UAGUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACCUGAGAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACCACGGAGCAGGCAGUGGCAAUCCAGCGACCAGCCUGUCGUAACGCGCAAGUUCGUGGL
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUACAAUGGCUGCUUAUGGUGACAAUUA
UUGAUAGUUAUCAURAAGCAAAUUGGAUUGGCCAUCCGGUGAGAAUUUGAUUAUUARAUUACUCUCU
UGUUGGGAUUGCUCCUUUGAAAUCCUGUGCACUCACACCUAUUGGAAUUACCUCAUUGUUGAGAUAU
UAUUACCACU

w

N

UUAAAACAGCUCUGGGGUUGCUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACUCUGGUAUUGCGG ipv3
UACCUUUGUACGCCUGUUUUAUACUCCCUCCCCCCGUGCAACUUUAGARGAARUCCACAAAGUUCAA
5| UAGAGGGGGUGCAAACCAGCACCACCACGAACAAGCACUUCUGUUUCCCCGGUGAUGUCGUAUAAGC
UGUACCCACGGCUGRAGGCGACGGAUCCGUUAUCCGCUUGAGUACUUCGAGAAGCCUAGUAUUACCU
UGGAAUCUUCGACGCGUUGCGCUCAGCACUCUACCCCGAGUGUAGCUUAGGUCGAUGAGUCUGGGCA
CGCCCCACCGGCGACGGUGGCCCAGGCUGCGUUGGCGGCCUACCCAUGGCUAUCACCAUGGGACGCU
AGUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACCCAAGAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAARCCACGGAGCAAGUGUCCUCAACCCAGGGGAUGGCUUGUCGUAACGCGAAAGUCUGUGGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUURUUUUUAUGUAUGGCUGCUUAUGGUGACAAUCA
AAGGUUGUUACCAUAAAGCAAUUUGGAUUGGCCAUCCGGUGAGAAUCAAACAUAUUAUCUACCUGUU
UGUUGGGUUUUCUUCUUUUACUUGAACAAUACCUCUAAUAAUAACUGCUAUAUUGUCAAUAAGACAU
UAUCAUCACA

w

2 | GAGUGUUCCCACCCAACAGGCCCACUGGGUGUUGUACUCUGGUAUUACGGUACCUUUGUACGCCUAU iSimianEV-A
3 | UUUAUUUCCCCCCCCUUUUUGARACUUAGAAGUURAUAAUAAACACGCUCACUAGGUGCACUACAUC
6 | CAGUAGUGUAAUGAGCAAGCACUUCUGUCUYgCCCCGGGAGGGAUAUAUGGUACGCUGUGCAAACGGC
GGAAAUUAAUCCUACCGUUAACCGCCCACCUACUCCGAGAAGCCUAGUACCUAAUUGGAUUUAUCAA
UGGAGUUGCGCUCAGCAGGUGACCCUGACCUGCCAGCUCCGGCUGAUGGACCUGGGCUUUCCCCACA
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GGCGACUGUGGCCCAGGUCGCGUGGCGGCCGEGCCCACCCCCCUGGGUGGGACGCCUUGAUAAUGACA
AGGUGGGAAGAGCCUAUUGGGCUAGCUGGUUUCCUCCGGCCUCCUGAAUGCGGCUAACCUUAACCCC
AGAGCAUAUGGUAGCAACCCAGCUACUAGUAUGUCAUAAUGCGUAAGUCUGGGAUGGGACCGACUAC
UUUGGAGAGUCCGUGUUUCUAUUGUUUCUUUARUCAAUCUUAUGGUGACAAUUURUAGUGCCCUGAG
UAUUGAUUGGUUGUUGCUUUUGACAAUUAUUGAGACAUCACAUAGACAUA

W

UUAAAAUAGCUGCUGGGUUGUUCCCAUCCAGCAGGCCCACUGGGCGUGAUACUCUGGUAUUGCGGUA
CCUUUGUAUGCCUAUUUUACCUCCCUUCCCCCUGAAACUUAGAAGAARAGAAACAAACACGCUCACUA
GGUACACUGCAUCCAGCAGUGUAAUGAGCAAGCACUUCUGUUUCCCCGGAAGGGAUAUAUGGUACGC
UGUGCARACGGCGGAAAUUAAUCCUACCGUUAACCGCCCAUCUACUCCGAGAAGCCUAGUACCUAAU
UGAACUUAUCAAUGGAGUUGCGCUCAGCAGGUGACCCUGACCUGCCAGCUCCGGCUGAUGGACCUGG
GCAUCCCCCACAGGCGACUGUGGCCCAGGUCGCGUGGCGEGCCGGCCCACUCUUUUGAGUGGGACGCC
UUGAUAAUGACAAGGUGGGAAGAGCCUAUUGGGCUAGCUGGUUUCCUCCGGCCUCCUGAAUGCGGCU
AACCCUAACCCCGGAGCAUAUGGUGGCAACCCAGCCACUGGUAUGUCGUAACGCGUAAGUCUGGGAU
GGGACCGACUACUUUGGAGAGUCCGUGUUUCCAUUAUUUUCUUUAUUGAAUCUUAUGGUGACAAAUU
GGGAGUUACUCGGGUGACGAUUGAUUAUUACUUCUGAAAACGUAGAGAUAUAGAAUCAACACA

iSimianvi4

w

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUCACGGU
ACCUUUGUGCGCCUGUUUGACUUACCCUCCCCAAACGCAACUUAGAAGCACAACUUARAUGGUCAAU
AGGCGGCUCAGUAUGCCAACUGAGUCUCGAUCAAGCACUUCUGUUACCCCGGACUGAGUACCAAUAG
GCUGCUCACGCGGCUGAAGGGGAAACCGUUCGUUACCCGACUAACUACUUCGAGAAACCUAGUACCA
CCAUGARAGUUGCGCAGCGUUUCGCUCCGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
AACCCCACGGGCGALCGUGGCGGUGGLCUGCGCUGGCGGLCCUGCCCAUGGGGCAACUCAUGGGACGCU
UCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCURACUGCGGAGCAGAUACCCACGCACCAGUGGGCAGUCUGUCGUAAUGGGCAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCLCGUGUUUCCUUUUGUUCUUAUACUGGCUACUUAUGGUGACAAUUG
AGAGAUUGUAACCAUAUUGCUAUUGGAUUGGCCACCCGGCGACGAAUAGAACAGUUGCUUACCUGUU
UGUUAGUCUCGUAUCACUGAACUACARAUCCUUARACACCCUUUAARUUUCGUCAUAARCGCUCARUAC
GUUAZAA

iSwineVesicu
lar

\S)

CCCCUCUCCCUCCCLCCCCCCUAACGUUACUGGCCGAAGCCGCUUGGAAUAAGGCCGGUGUGCGUUU
GUCUAUAUGUUAUUUUCCACCAUAUUGCCGUCUUUUGGCAAUGUGAGGGCCCGGAAACCUGGCCCUG
UCUUCUUGACGAGCAUUCCUAGGGGUCUUUCCCCUCUCGCCAAAGGAAUGCAAGGUCUGUUGAAUGU
CGUGAAGGAAGCAGUUCCUCUGGAAGCUUCUUGAAGACAAACAACGUCUGUAGCGACCCUUUGCAGG
CAGCGGAACCCCCCACCUGGCGACAGGUGCLCUCUGCGGCCARAAGCCACGUGUAUAAGAUACACCUG
CAAAGGCGGCACAACCCCAGUGCCACGUUGUGAGUUGGAUAGUUGUGGAAAGAGUCAAAUGGCUCUC
CUCAAGCGUAUUCAARCAAGGGGCUGAAGGAUGCCCAGAAGGUACCCCAUUGUAUGGGAUCUGAUCUG
GGGCCUCGGUGCACAUGCUUUACAUGUGUUUAGUCGAGGUUAAAARACGUCUAGGCCCCCCGAACCA
CGGGGACGUGGUUUUCCUUUGAAAAACACGAUGAUAA

cardiovirusA
1;encephalom
yocarditisvi
rusl

UUGAAAGGGGGCCCGGGGGAUCUCCCCCGCGGUAACUGGUCACAGUUGCCGCGGACGGAGAUCAUCC
CCCGGUUACCCCCUUUCGACGCGGGUACUGCGAUAGUGCCACCCCAGUCCUUCCUACUCCCGALCUCC
CGACCCCAACCCAGGUUCCUUGGAACAGGARCACCAAUUUAUUCAUCCCUUGGAUGCUGACUAAUCA
GAGGAACGUCAGCAUUUUCCGGCCCAGGCURAGAGAAGUAGAUAAGUUAGAAUCUARAUUAUUUAUC
AUCCCCUUGACGAAUUCGCGUUGGAAAAGCACCUCUCACUUGCCGCUCUUCACACCCAUCAUUCUAA
UUCGGCLCCCUGUGUUGAGCCCCUUGUUGAAGUGUUUCCCUCCAUCGCGACGUGGUUGGAGAUCUAAG
UUAACCGACUCCGACGAAACUACCAUCAUGCCUCCCCGAUUAUGUGAUGCUUUCUGCCCUGCUGGGU
GGAGCAUCCUCGGGUUGAGAAAUCUUUCUUCCUUUUACCUUGGACUCCGGUCCCCCGGUCUAAGCCG
CUUGGAAUAAGACAGGGUUAUCUUCACUCCUCUUCUUUUCUACUUCACAGUGUUCUAUGCUGUGAAA
GGGUAUGUGUCGCCCCUUCCUUCUUCGGAGRACACGCGUGGCGGUUUUUUCCGUCUCUCGACARGCG
CGUGUGCGACAUGCAGAGUCUCGCGAAGAARGCAGUUCUCGGUCUAGCUUUAGUGCCCACAAGARAA
CAGCUGUAGCGACCACACARAGGCAGCGGARCCCCCCUCCUGGUAACAGGAGCCUCUGCGGCCARAR
GCCACGUGGAUAAGAUCCACCUUUGUGUGCGGUGCAACCCCAGCACCCUGUUUUCUUGGUGACACUC
UAGUGAACCCCUGARUGGCGAUCUUAAGCGCCUCUGUAGGGAAGCCAGGAAUGUCCAGGAGGUACCC
CUUCCGCUCGGAAGGGAUCUGACCUGGAGACACAUCACAUGUGCUUUACACCUGUGCUUGUGUUUAA
AAAUUGUCGCAGCUUCCCCAAACCAAGUGGUCUUGGUUUUCUCUUUUUAUUAUAUUGUCAAU

cardiovirusB
1;Theiler'sm
urineencepha
lomyeltitsvi
rus-GD

N

UUGAAAGGGGGCCCGGGGGAUCUCCCCCGCGEGCAACUGGUUACAGUUGUCGCGGACGGAGAUCAUCC
CCCGGUCACCCCCUUUCGACGCGGGUACUGCGAUAGUGLCCACCCAGUCUCUCCUACUCCCGACUCCC
GACCCUARACCCAGGUUCCUCGGUAUAGGAACACCACUUUACUCAUCCCCUGGAUGCUGACUAAUCAG
AGGAACGUCAGCAUUUUCCGGCCCAGGCUARGAGAAGUAGAUAAGUUACARUCCAAAUUGAUUUAUC
AUCCCCUUGACGAAUUCGCGUUGGAAAAGCACCUCUCACUUGCCGCUCUUCACACCCAUCAUUUUAA
UUCGGCCUCUGUGUUGAGCCCCUUGUUGAAGUGUUUCUCUCCAUCGCGACGUGGUUGGAGAUCUAAG
UCAACCGACUCCGACGAARACUACCAUCAUGUCUCCCCGAUUAUGUGAUGCUUUCUGCCCUGCUGGGU
GGAGCAUCCUCGGGUUGAGAAAUCCUUCUUCCUUUCACCUUGGACCCCGGUCCCCCGGUCUAAGCCG
CUUGGARURAGACAGGGUUAUUUUCACCUCUUUUUCUUCUACUCCACAGUGCUCUAUACUGUGGAAG
GGUAUGUGUUGCCCCUUCCUUCUUGGAGAACGUGCGCGGCGGUCUUUCCGUCUCUCGACAAGCGCGL
GUGCAACAUGCAGAGUAACGCGAAGARAGCAGUUCUUGGACUAGCUUUAGUAUCUGCAAGAAGACAG
CUGUAGCGACCACACARAGGCAGCGGAACCLCCCUCCUGGUAACAGGAGCCUCUGCGGCCARAAGCC
ACGUGGAUAAGAUCCACCUUUGUGUGCGGUGCAACCCCAGCACCCUGGUUUCUUGAAGAUACUCUAG
UGAACCCUUGAAUGGCAAUCUCAAGCGCCUCUGUAGGAAAGCCAAGAAUGUCCAGGAGGUACCCCUA
CCUCGCGGAAGGGAUCUGACCUGGAGACACGUCGCAAGUGCUUUACACCUGUGCUCGUGUUUAAAAA
UUGUCACAGCUUUCCCARACCAAGUGGUCUUGGUUUUCCUUUUUAUUACUAUUGACACU

cardiovirusB
1; Theiler'sm
urineencepha
lomyeltitsvi
rus-DA
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s

UUGAAAGGGGGCCCGGGGGAUCUCCCCCGCGEGUAACUGGUGACAGUUGUCGCGGACGGAGAUCAUCC
CCCGGUUACCCCCUUUCGACGCGGGUACUGCGAUAGUGCCACCCCAGUCUUUCCUACUCCCGACUCC
CGACCCUAACCCAGGUUCCUCGGAACAGGARCACCAAUUUACUCAUCCCCUGGAUGCUGACUAAUCA
GAGGAACGUCAGCAUUUUCCGGCCCAGGCURAGAGAAGUAGAUAAGUUAGAAUCCARAUUGAUUUAU
CAUCCCCUUGACGAAUUCGCGUUGGAAAAACACCUCUCACUUGCCGCUCUUCACACCCAUUAAUUUA
AUUCGGCCUCUGUGUUGAGCCCCUUGUUGAAGUGUUUCCCUCCAUCGCGACGUGGUUGGAGAUCUAA
GUCAACCGACUCCGACGAAACUACCAUCAUGCCUCCCCGAUUAUGUGAUGCUUUCUGCCCUGCUGGG
UGGAGCACCCUCGGGUUGAGAAAACCUUCUUCCUUUUUCCUUGGACUCCGGUCCCCCGGUCUAAGCC
GCUCGGAAUAUGACAGGGUUAUUUUCACCUCUUCUUUUCUACUCCACAGUGUUCUAUACUGUGGAAG
GGUAUGUGUUGCCCCUUCCUUCUUGGAGAACGUGCGCGGCGGUCUUUCCGUCUCUCGACAAGCGCGC
GUGCAACAUACAGAGUAACGCGAAGAAAGCAGUUCUCGGUCUAGCUCUAGUGCCCACAAGAARACAG
CUGUAGCGACCACACAAAGGCAGCGGAACCCCCCUCCUGGUAACAGGAGCCUCUGCGGCCARAAGCC
ACGUGGAUAAGAUCCACCUUUGUGUGCGGUGCAACCCCAGCACCCUGGUUUCUUGGUGACACUCUAG
UGAACCCCUGAAUGGCAAUCUCAAGCGCCUCUGUAGGGAAGCCAAGAAUGUCCAGGAGGUACCCCUU
CCUCUCGGAAGGGAUCUGACCUGGAGACACAUCACACGUGCUUUACACCUGUGCUUGUGUUUAAAAA
UUGUUACAGCUUCCCCGAACCAAGUGGUCUUGGUUUUCACUUUUUAUCACACUGUCAAU

cardiovirusB
1;Theiler'sm
urineencepha
lomyeltitsvi
rus

N

CGCAGUACCCGCGUUGARAGAGGGAGGGCCGGGGAUGAUCUCCACCGCGACAACUGUAGCCAGUUGC
CGCGGGAGAGAUCCCCGGGGCCCCCUUUCARCGCGGGUACUGCGAUAGUGCCACCCCAGCCUUAUCC
UUCUCCCGACUUCCCGACCCUARCCCAGGUUCCUCGGARAGGAACACCAARACUCARUCCCCUGGAU
GCUGACUARUCAGAGGAAAGUUGGCAUUUUCCGGCCCAGGCUUAGAGAAGUAGAUAAGUUAGACUCA
AAUUGAUUCAAUUCCCCUUGGCGAAUCCGCGUCGAGGCGCCACCUCUCACUUGCCGUCCUCCACACC
CAUCCUUAAUUCGGCCUCUGUGUUGGACCCCUUGUUGAAGUGGCUUCCCUCUGCGCGGLCGCGGUUGG
AGAAUUUUGUCAUCCGACUCCGACGAAACUACCAUCAUGCCUCCCCGAUUGUGUGAUGCCCUCCGLL
CUGCUGGGUGGAGCAUCCUCGGGUUGAGAAACCUCUUCCUUCAACCUUGGACCCCGGUCCCCLCGGUL
UAAGCCGCUUGGAAUAAGACAGGGUUAUUUUCACUCUCUUCUUCUUCUACUCCACGGAUUUCUAUUC
CCUGGARGGGUAUGUGUUGCCCCUCGCUUCUUGCGGAACGCGCACGGUGGUCUUUCCACCUCUCGAA
AAGUGUGCGUGCAACAUGCAGAGAUACGUGAAGARAAGCAGUUUGUGAACUAGUCCUAGAGCGAACAC
GAAUCCGGCUGUAGCGACCACUUAAGAGCAGCGGAACCLCCCUCCCGGCGACGGGAGCLCULCUGLGGL
CAAAAGCCACGUGGAUAAGAUCCACUCUUGAGUGCGGUGCGGCCCCEGCACCCCGGUUUCGUGGUUG
UUCUUUGACGAACCCACAAAUGGCGAUCUURAGCGCCUCUGUAGAGAAGCCAAGRAUGUCCAGAAGG
UACCCCUAUCAAGGGAUCUGAUCUGGAGACGUGUCACUUAUGCUUUACACGAGUGCUCGCGUUUAAA
AACUGUCACAGCUUCUCCAAACCAAGUGGUCUUGGUUUUCUCCUUCUAAUUCUCUGUCAAU

cardiovirusB
3

GGAGAUCAUCCCCCGGUUACCCCCUUUCGACGCGGGUACUGCGAUAGUGCCACCCCAGUCUUUCCUA
CUCCCGACUCCCGACCCUAACCCAGGUUCCUCGGAACAGGAACACARAUUUACUCAUCCCCUGGAUG
CUGACUARAUCAGAGGAACGUCAGCAUUUUCCGGCCCAGGCUUAGAGAAGUAGAUAAGUUAGAAUCUA
AAUUGAUAUGACUUCCCCUUGACGAAUUCACGUUGGAAAUGCACCCCUCACUUGCCGCUCUUCACAL
CCACUAAUUGAUUCGGCCUACUGUGUUGAGCCCCUUGUUGAAGUGCUUCCCUCCCUCGUGACGUGGU
UGGAGARAUCUUGUCACCCGACUCCGACGARACUACCAUCAUGCCUCCCCGAUUAUGUGAUGCUUUC
UGCCCUGCUGGGUGGAGUAUCCUCGGGUUGAGAAAUCCUUCUUCCUUUUACCUUGGACCUUGGUCCC
CCGGUCUAAGCCGCUUGGAAUAAGACAGGGUUAUUUUCACCUCUUCUUCUUCUACUUCAUGGUGCUC
UAUACCAUGAAAGGGUAUGUGUCGCCCCUUCCUUCUUGGAGAACUCACGCGGCGGEUCUUCCGUCUCU
CARAAAGCGCGAGUGCGACAUGCAGAGUAACGCGAAGARAGCAGUUCCUGGCCUAGCUCUAGUGLCCC
ACAAGAAAACGGCUGUAGCGACCACACAAAGGCAGCGGAACUCCCCUCCUGGUAACAGGAGCLUCUG
CGGCCARAAGCCACGUGGAUUAGAUCCACCUUUGUGUGCGGUGCAACCCCAGCALCCCGGUUUCUUG
UUGACACUCUAGUGAAUCCUUGAAUGGCAAUCUCAAGCGCCUCUGUAGGARAGCCAAGAAUGUCCAG
GAGGUACCCCUUCCUCGCGGAAGGGAUCUGACCUGGAGACACAUCACACGUGCUUUACACUUGUGCU
UGUGUUUAAAAAUUGUCACAGCUUUCCCAAACCAAGUGGUCUUGGUUUUCCUUUUUUAUCCUACUGU
CAAU

cardiovirusiB
5

GGCAUACCUCAACCUGAGCGGCGGCUAAGGAUGCCCUGAAGGUACCCAUGAUGARAUCGCUCUGGCG
ACCAUGGAUCUGAUUAGGGGCCCUGCCUGGAGUGGAUCUAUCCCACACAGCGUAGGGUUAAARAAACG
UCGAACCGCCCCACAAUGACCCLCGGCAGGGAUGCCGGUUUUCUCUUUACCAAAUCUGACACU

cardiovirusC
2;Boonecardi
ovirus2

o N[0T s N

GGCCUAGUCGCGUGCGGUUCCCUCUUGUUUUUGCUAUGCAAUCGGGGAUGACACCCCCUUUCALCGUG
GGUACUACGARAGUGCCCCUCGCUCCGAGGUUAAAGGAGAACCCCCCCUUCUUACCCCCACUCAGCU
CGCCCUUCAGUGUGGGCGCUAGCCUUUCCACUUGCAGCUUCUGCUUGUAGAUGCUUGCACCGUGAUC
GGUGCGCUUCUUGCUUUAGUCGCUUGUGCUUCUAUCGUUCUGACGAUUCAGUUUCCUAACGCCAGUG
UUUCGACGGCCCAAGGGGGUAGUUGCGGUCAGUAUUCCUACCGCAAUUAUCCCUUUCCCCGCUCGUA
GCUGGUUUGGAUCUUGGAUCUCUCUCCUUCCUUCCCCCGUCUUCAAUUUAGCUUCGUGAUUGAAGCA
UCUCACUGUCUCUAGUAUUUAUGUCGAACUGACGAUUGAGUACGUUCAGAUUGUGUUUGGGAGGCCC
AAGGGACCGAUGGACAACACUUCGAAAGAGUCACUUGUCCACCGCUCCUUUCCCCUACCCUAGCARAC
UCUGGAUUUGCUCACGUGGAGUUCGAGGUCUAUACUUUAACUCUGACUUGCUUUUCUUACCUUGCUA
UCUUGCUGACGUGGAUUGGUUGUAGACUGGUUCACGUUCCCGUUAGAUGCUGACGUGGAGUACGAUC
GCUGUACAUUCCACUACUGCCAAUUAGCUCCCCCUUCCCGUUGCUCCCCUCUAURAGGAGAGCCUUC
UCUUGCAARGGUGAAGCCUUCACCCCCGGUCGAAGCCGCUUGGAAUAAGACAGGGUUAUUUUCUCCU
CUUCUCGGCGCUUGCCUUUUCUAAGCUGAAUAGGUCCUAUCUAUUCAGGCGGAUGGUCUGGUCCGEUU
CCUCCUUGGACAGAGUGUGUAUCUGGGUUUUCCGGAUCUCGACCGCACACUCACCAGAGCUCAGGAG
UGACUAAGUCAAGGCCCGAUCUGCGGCGAARAGGAAAUGAAGUAUUUUGCAGCUGUAGCGACCUCUC
AAGGCCAGCGGAUCUCCCCACCUGGUAACAGGUGCCUCUGGGGCCARAAGCCACGUGUUAAUAGCAC
CCUUGAGAGCGGUGGUACCCCACCACCCUGCARACUAUGGAUUUGACUUAGUAACCAAAAGAUUGAC
UUGGCAUACCUCAACCUGAGCGGCGGCUAAGGAUGCCCUGAAGGUACCCGUGUUGARAUCGCUUCGG

cardiovirusC
3
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CGACCAUGGAUCUGAUCAGGGGCCCUGCCUGGAGUGGUUCUGUCCCACACAGCGUAGGGUUARAAAAA
CGUCUAACCGCCCCACAAUGACCCCGGCAGGGAUGCCGGUUUCCUUUUUACCAAAUCUUGACACU

UUUCAAAGGGGGCCCUGGGGUCUUUGUCGCGGAGAUGCGCUAGCAUCUUCGCGGUARAGAACACCCC
AGGGGUAACCCCUUUGAACGCGGGACUGCGAUAGUGCCACCCCACGUCUUUCCCACUCCUAACCCGA
CUCCCACCUCGGGUCCAAUGAAAGGACCAARUAAUUCAUCCCUUGAAUGUUGGCUAAUCAGAGGARA
GUCAGCAUUUUCCGGCCCAGGCUAAGAGAAACAUAUAAGUUAGAUUUGAUUCAARUCCCUUGACGAA
UUCGAAACGAGAUGUUCUCCCUCCCUUGCCGCUUGUUCACACCCAUACAUUUAAUUCGGCCUCCUGU
GACAAGCCCCUCGGUGAAAGAACCUCUCUCUUUUCGACGUGGUUGGAAUUAACAUCAUUUCCGACGA
AAGUGCUAUCAUGCCUCCCCGAUUAUGUGAUGUUUUCUGCCCUGCUGGGCGGAGCAUUCUCGGGUUG
AGAAACCUUGAAUCUUUUCCUUUGGAACCUUGGUUCCCCCGGUCUARGCCGCUUGGAAUAUGACAGG
GUUAUUUUCUUUAUCUUAUUUCUACUUUCACGGGUUCUAUCCGUGAARAAGGGUACGUGUUGCCCCUU
CCUUCUUCGGAGAAUUCACACGGCGGUCUUUCCGUCUCUCGACAAGUGUGAAUGCARCAUGCCGGAA
ACGGUGAAGAAAACAGUUUUCUGCGGAAGUCUAGAGUGCGCAUCGARACAGCUGUAGCGACCUCACA
GUAGCAGCGGACUCCCCUCUUGGCGACAAGAGCCUCUGCGGCCAARAGCCCCGUGGAUAAGAUCCAC
UGCUGUGAGCGGUGCAACCCCAGCACCCUGAUUCGAUGAACGUUCUUUACGGAACCAGAGGAUGGUU
UUCCUAAGCCCUCCGGUAGAGAAGCCAAGARUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUCAG
GAGACCAAUUGACUGUGCUUUACACCGUCACUUUGGUUUARARAACUGUCACAGCUUCUCCAAACCAA
GUGGUCUUGGUUUUCCAAUUUUAUUAACUGGCAAU

cardiovirusD
1;8affoldvir
usl

N

UUUGAACGCGGGACCUGCGAAAGUGCCAACCCACGUCUUUCCCACUCCUAACCCGACUCCCALCCUCG
GGUCCARUGARAAGGACCAAAUAUAUCAUCCCUUGAAUGCUGGCUAAUCAGAGGARAGUCAGCAUUUU
CCGGCCCAGGCUAAGAGAAACACAUAAGUUAGAUUUGACUCAAAUCCCUUGACGRAUUCGAAACGAG
AUGUUCUCCCUCCCUUGCCGCUUGCUCACACCCACACAUUUAAUUCGGCCUCUUGUGACAAGCCCCU
UGGUGAAAGAACCUCUCUCUUUUUGACGUGGUUGGAAUUAACAUCAUUUCCGACGARAGUGCUAUCA
UGCCUCCCCGAUUGUGUGAUGUUUUCUGCCCUGCUGGGCGGAGCAUUCUCGGGUUGAGAAACCUUGA
AUCUUUUCCUUUGGAACCUUGGUUCCCCCGGUCURAAGCCGCUUGGARTUAUGACAGGGUUAUUUUCCU
UAUCUUACUUCUACUUUCACGGGUUCUAUCCGUGAARAGGGUACGUGUUGCCCCUUCCUUCUUCGGA
GAAUUCACACGGCGGUCUUUCCGUCUCUCGACAGGUGUGAAUGCAACAUGCCGGAAACGGUGAAGAA
AACAGUUUUCUGCGGAAGUCUUGAGUGCGCAUCGAAACAGCUGUAGCGACCUCACAGUAGCAGCGGA
CUCCCCUCUUGGUGACAAGAGCCUCUGCGGCCAAAAGCCCCGUGGAUAAGAUCCACUGCUGUGAGCG
GUGCAACCCCAGCACCCUGAUUCGAUGAACAUUCUUUACGGAACCAGAAGAUGGUUUUCUUAAGCCC
UCCGGUAGAGAAGCCAAGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUCAGGAGACCAAUUG
ACUGUGCUUUACACUGUCACUUUGGUUUAARAACUGUCACAGCUUCUCCARACCAAGUGGUCUUGGU
UUUCCAAUUUUACUAACUGGCARU

Saffoldvirus
3

UUUCAAARGGGGGCCCUGGGGUCUUCGUCGCGGAGGUGCGCUAGCACCUUCGCGGCGAAGAACALCCCC
AGGGGUACCCCCUUUGAACGCGGGACCUGCGAGAGUGCCAACCCACGUCUUUUCCCACUUUUACCCE
GGUUCCCACCUCGGGUCCAAUGAAAGGACCAAGCAAUUCAUCCCCUGARUGUUGGCUAAUCAGAGGA
AAGUCAACAUUUUCCGGCCCAGGCUAAGAGAAACAUAUAAGUUAGAUUUGAUUCAAAUCCCUUGACG
AAUUCGGAACGAGAUGUUCUCCCUCCCUUGCCGCUUGUUCACACCCAUGUUUUAGAUUCGGCCUCUU
GUGACAAGCCCCUUGGUGAAAGAACCUCUCUCUUUUCGACGUGGUUGGAAUUAACAUCAUUUCCGAC
GARAGUGCUAUCAUGCCUCCCCGAUUGUGUGAUGUUUUCUGCCCUGCUGGGCGGRACAUUCUCGGGU
UGAGAAACCUUGAAUCUUUUCCUUUGGAACCUUGGUUCCCCCGGUCUAAGCCGCUUGGAAUAUGACA
GGGUUAUUUUCUAAAUCUUAUUUCCACUUUUGUGGGUUCUAUCCACAAAAAGGGUACGUGLCUGCLCCC
UUCCUUCUUUGGAGAACUCGCACGGCGGUCUUUCCGUCUCUCAACAAGUGUGAGUGCAGCAUGCCGG
AAACGGUGAAGAAAACAGUUUCUUGUGGAAGUCUAGAGUGCACAUCGARACAGCUGUAGCGACCUCA
CAGUAGCAGCGGACUCCCCUCUUGGCGACAAGAGCCUCUGCGGCCAAAAGCCCCGUGGAUAAGAUCC
ACUGCUGUGAGCGGUGCAACCCCAGCACCCUGAUUCGAUGGUCAUUCUCUACGGAACCAGGARAUGG
UUUUCUUAAGCCCUCCGGCAGAGAAGCCAAGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUC
AGGAGACCAAUCGACAGUGCUUUACACUGUCGCUUUGGUUUARAAACUGUCACAGCUUCUCCAAACC
AAGUGGUCUUGGUUUUCUAAUUUUUGUUGAAUGGCAAU

Saffoldvirus
4

&3]

UCCCUUGCCGCUUGUUCACACCCAUAUAUUUAAUUCGGCCUCUUGUGACAAGCCCCUUGGUGAAAGA
ACCUCUCUCUUUUCGACGUGGUUGGAAUUAACAUCAUUUCCGACGARAGUGCUAUCAUGCCUCCCCG
AUUAUGUGAUGUUUUCUGCCCUGCUGGGCGGAGCAUUCUCGGGUUGAGAAARCCUUGAAUCUUUUCCU
UUGGAACCUUGGUUCCCCCGGUCUAAGCCGCUUGGAAUAUGACAGGGUUAUUUUCUUUAUCUUAUUU
CUACUUUCACGGGUUCUAUCCGUGAARAGGGUAUGUGUUGCCCCUUCCUUCUUCGGAGAAUUCACAC
GGCGGUCUUUCCGUCUCUCGACAAGUGUGARUGCAACAUGCCGGAAACGGUGAAGAAAACAGUUUUC
UGCGGAARGUCUAGAUUGUGCAUCGAAACAGCUGUAGCGACCUCACAGUAGCAGCGGALCUCCCCUCUU
GGCGACAAGAGCCUCUGCGGCCAAAAGCCCCGUGGAUAAGAUCCACUGCUGUGAGCGGUGCAALCCCC
AGCACCCUGAUUCGAUGAACAUUCUCUACGGAACCAGAGGAUGGUUUUCUCAAGCCCUCCGGUAGAG
AAGCCAAGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUCAGGAGACCAAUUGA

Saffoldvirus
5

U1

GAGAAACAUAUAAGUUAGAUCUGAUCCAARAUCCCUUGACGAAUUCGAAAUGAGAUGUUUUCCCUCCC
UUGCCGCUUGUUCACACCCAUAUUUGUGAUUCGGCCUCUUGUGACARGCCCCUUGGUGAAAGAACCU
CUCUCUUUUCGACGUGGUUGGAAUUAACAUCUUUUCCGACGAAAGUGCUAUCAUGCCUCCCCGAUUA
UGUGAUGCUUUCUGCCCUGCUGGGCGGAGCAUUCUCGGGUUGAGAAARCCUUGAAUCUUUUCCUUUGG
AACCUUGGUUCCCCCGGUCUAAGCCGCUUGGAAUAUGACAGGGUUAUUUUCUUUAUCUUAUUUCUAC
UUUCACGGGUUCUAUCCGUGAARAGGGUACGUGUUGCCCCUUCCUUCUUCGGAGAAUUCACACGGCG
GUCUUUCCGUCUCUCGACAAGUGUGAAUGCAACAUGCCGGAAACGGUGAAGAAAACAGUUUUCUGCG
GAAGUCUAGAGUGCACAUCGAAACGGCUGUAGCGACCUCACAGUAGCAGUGGACUCCCCUCUUGGCG
ACAAGAGCCUCUGCGGCCAAAAGCCCCGUGGAUAAGAUCCACUGCUGUGAGCGGUGCAUCCCCAGCA

Saffoldvirus
6
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CCCUGAUUCGAUGAGCAUUCUCUACGGAACCAGAGAAUGGUUUUCUCAAGCCCUCCGGUAGAGAAGC
CAAGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUCAGGAGACCAAUUGA

2 | UUUCAAAGGGGGCCCUGGGGUCUUUGUCGCGGAGAUGCGCUAGCAUCUUCGCGGUGAAGAACACCCC saffoldvirus
AGGGGUACCCCCUUUGGACGCGGGACCUGCGAGAGUGCCAACCCACGUCUUUUCCCAUCCCUACCCC 7

2 | GACACUCACCUCGGGUCCAAUGAAAGGACCAAAUAUUUCAUCCCCUGAAUGCUGGCURAUCAGAGGA
AAGUCAGCAUUUUCCGGCCCAGGCUAAGAGAAACAUAUAAGUUAGAUUUGACUUUARUCCCUUGACG
AAUUCGGAACGAGAUGUUCUCCCUCCCUUGCCGCUUGUUCACACCCAUACUUUCARAUUCGACCCCUU
GUGACAAGCCCCUUGGUGAAAGAACCUCUCUCUUUUCGACGUGGUUGGAAUUAACACCAUUUCCGAC
GAAAGUGUUAUCAUGCCUCCCCGAUUAUGUGAUGCUUUCUGCCCUGCUGGGCGGAGCACUCUCGGGU
UGAGAAACCUUGAGCCUUUUCUUUUGGAACCUUGGUUCCCCCGGUCUAAGCCGCUUGGAAUAUGACA
GGGUUAUCUUCUUUAUCUUAUUUCUACUUUCACGGGGUCUAUCCGUGAARAGGGUACGUGUUGCCCC
UUCCUUCUUCGGAGAAUUCACACGGCGGUCUUUCCGUCUCUCGACAAGUGUGAAUGCAACAUGCCGG
AACCGGUGAAGAAAACAGUUCUUUGUGGAAGUCUAGAGUGUACAUCGARACAGCUGUAGCGALCUCA
CAGUAGCAGCGGACUCCCCUCUUGGCGACARGAGCCUCUGCGGCCARAAGCCCCGUGGAUAAGAUCC
ACUGCUGUGAGCGGUGCAACCCCAGCACCCUGAUUCGAUGAACAUUCUUUACGGRACCAGAGGAUGG
UUUUCUCAAGCCCUCCGGUAGAGAAGCCAAGARUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUC
AGGAGACCAAUUGACUGUGCUUUACACCGUCACUUUGGUUUAAAAAUUGUCACAGCUUCUCCAAACC
AAGUGGUCUUGGUUUUCCCAUUUUGUUGACUGGCAAU

w

2 | UUUCAAAGGGGGCCLUGGGGUCUUCGUCGCGGAGAUGCGCUAGCAUCUUCGCGGCGAAGAACACCCC Saffoldvirus
AGGGGUACCCCCUUUGAACGCGGGACCUGCGACAGUGCCAACCCACGUCUUUUCCUACUCCCAUCCC 8

3| GGCUCCCACCUCGAGUCCAUAGAAAGGACCAAGUACAUCAUCCCUUGGAUGCUGGCUAAUCAGAGGA
AAGUCAGCAUUUUCCGGCCCAGGCUAAGAGAAACAUAUAAGUUAGARAUGAUCACAAUCCCUUGACG
AAAUCAGAACGAGAUGUUCUCCCUCCCUUGCCGCUUGUUCACACCCACUUCAUUAAUUCGGCCUUUU
GUGACAAGCCCCUUGGUGAAAGGACCUCUCUCUUUCUGACGUGGUUGGAAUUGACAUCUUUUCCGAC
GAAAGUGCUAUCGUGCCUCCCCGAUUAUGUGAUGUUUUCUGCCCUGCUGGGCAGAGCAUUCUCGGGU
UGAGAAARCCUUGAACCUCUUCCUUUGGAACCUUGGUUCCCCCGGUCUARGCCGCUUGGAAUAUGACA
GGGUUAUUUUCCUUAUCUUAUUUCUACUUUCAUGGGUUCUAUCCAUGAAAAGGGUAUGUGUUGCCCC
UUCCUUCUUCGGAGRAUUCACACGGCGGUCUUUCCGUCUCUCGACAAGUGUGAAUGCAACAUGCCGG
AAACGGUGAAGAAAACAGUUCUCUGUGGAAGUCUAGAGCGCGCAUCGAAACAGCUGUAGCGACCUCA
CAGUAGCAGCGGACUCCCCUCUUGGCGACAAGAGCCCCUGCGGCCARAAGCCCCGUGGAUAAGAUCC
ACUGCUGUGAGCGGUGCAACCCCAGCACCCUGAUUCGAUGAACGUUCUUUACGGAACCAGAGGAUGG
UUUUCUCAAGCCCUCCGGUAGAGAAGCCAAGAARUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUC
AGGAGACCAAUUGACGGUGCUUUACACCGUCACUUUGGUUUAAAAACUGUCACAGCUUCUCCAAACC
AAGUGGUCUUGGUUUUCUACUUUUAUUGACUGGCAAU

o1

2 | UUCAAAGGGGGCCCUGGGGUCUUUGUCGCGGAGAUGCGCUAGCAUCUUCGCGGCAAAGAACACCCCA Saffoldvirus
GGGGUACCCCCUUUGAACGCGGGUCCUGCGAAAGUGCCAACCCAUGUCUUUCCCACUCUUUCLCCCGA 9

4 | CUCCCACCUCGGGUCUAAUGAAAAGACCAAAUAUUUCAUCCCUUGARUGCUGGCUAAUCAGAGGARAA
GUCAGCAUUUUCCGGCCCAGGCUAAGAGAARCAUAUAAGUUAGAUUUGAUUUAAUCCCUUGACGAAU
UCGAAACGAGACGUUUUCCCUCCCUUGCCGCUUGUUCACACCCACUUAUUUAAUUCGGCCUUUUGUG
ACAAGCCCCUCGGUGARAGAACCUCUCUCUUUUCGACGUGGUUGGARUUACCAUCAUCUCCGACGAA
AGUGCUAUCAUGCCUCCCCGAUUAUGUGAUGUUUUCUGCCCUGCUGGGCGGAGCAUUCUCGGGUUGA
GAAACCUUGAAUCUUUUCCUUUGGAACCUUGGUUCCCCCGCUCUAAGCCGCUUGGARUAUGACAGGE
UUAUUUUCUUAAUCUUAUUUCUACUUUUACGGGCUCUAUCCGUAAAAAGGGUACGUGCUGCCCCUUC
CUUCUCUGGAGAAUCUACACGGCGGUCUUUCCGUCUCUUAACAAGUGUGGAUGCAGCAUGCCGGAAA
CGGUGAAGAAAACAGUUUUCUGUGGAAGUUUAGAGUGCACAUCGAAACAGCUGUAGCGACCUCACAG
UAGCAGCGGACUCCCCUCUUGGCGACAAGAGCCUCUGCGGCCAARAAGCCCCGUGGAUAAGAUCCACU
GCUGUGAGCGGUGCAACCCCAGCACCCUGAUUCGAUGGUCAUUCUCUACGGAACCAGAAAAUGGUUU
UCUCAAGCCCUCCGGUAGAGAAGCCAAGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUCAGG
AGACCAAUUGACGGUGCUUUACACUGUCACUUUGGUUUAAAAAUUGUCACAGCUUCUCCAAACCAAG
UGGUCUUGGUUUUCCAAUUUUGUUGAGUGGCAAU

Ul

2 | UUUCAAAGGGGGGCCCUGGGGUCUUUGUCGCGGAGAUGCGCUAGCAUCUUCGCGGUARAGAACACCC Saffoldvirus
CAGGGGCACCCCCUUUGAACGCGGGACCUGCGAAAGUGCCAACCCACGUCUUUCCCACUCUUAUCCC 10

5| GAUUCCCACCUCGGGUCCAAAGAAAGGACCAAUUAUUUCAUCCCUCGAAUGCUGGCUAAUCAGAGGA
AAGUCAGCAUUUUCCGGCCCAGGCUAAGAGARARCAUAUAAGUUAGAUUUGGUUCRARUCCCUUGACG
AAUUUGGAACGAGAUGUUCUCCCUCCCUUGCCGCUUGUUCACACCCACACAUUUAAUUCGGCCUAUU
GUGACAAGCCCCUUGGUGAAAGAACCUCUCUCUUUCCAACGUGGUUGGAAUUAACAUCAUUUCCGAC
GAAAGUGUUAUCAUGCCUCCCCGAUUAUGUGAUGCUUUCUGCCCUGCUGGGCGGAGCAUUCUCGGGU
CGAGAAACCUUGAAUCUUUUCUCAUGGAACCUUGGUUCCCCCGGUCUAAGCCGCUUGGAAUAAGACA
GGGUUAUUUUCUUUAUCUUGUUUCUACUUUUAUGGGUUCUAUCCAUAAAAAGGGUAUGUGCUGCCCC
UUCCUUCUUCGGAGAAUUCACACGGCGGUCUUUCCGUCUCUCGACAGGUGUGAAUGCAGCAUGCCGG
AAACGGUGAAGAAAACAGUUUUCUGUGGAAGUCUAGAGUGUACAUCGARACAGCUGUAGCGACCUCA
CAGUAGCAGCGGACUCCCCUCUUGGUAACAAGAGCCUCUGCGGCCARAAGCCCCGUGGAUCAGAUCC
ACUGCUGUGAGCGGUGCAACCCCGGCACCCUGAUUCGAUGGACAUUCUCUACGGRAACCAGAGAAUGG
UUUUCUCAAGCCCUCCGGUAGAGAAGCCAGGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUC
AGGAGACCAAAUAGCAGUGCUUUACGCUGUUACUUUGGUUUARAAAAUUGUCACAGCUUCUCCARACC
AAGUGGUCUUGGUUUUCUAAUUUUAUUGAAUGGCAAU

al

2 | UCAAAGGGGGCCCUGGGGUCUUCGUCGCGGACAUGCGUUAGCAUCTUUCGCGGUCRAGAACACCCCAG Saffoldvirus
GGGUACCCCCUUUGAACGCGGGACCUGCGAGAGUGCCAACCCACGUCUAUCCCACUCCUAACCCGAC 11
6 | CCCCACCUCGGGUCCUACGAAAGGACCAAARAUUUCAUCCCUUGAAUGCUGGCUAAUCAGAGGAAAG

vl
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UCAGCAUUUUCCGGCCCAGGCUAAGAGAAACAUAUAAGUUAGAUUUGAUUCAAAUCCCUUGACGAAU
UCGAAACGAGAUGUUCUCCCUCCCUUGCCGCUUGUUCACACCCAUACACUUAAUUCGGCCUCUUGUG
ACAAGCCCCUCGGUGAAAGAACCUCUCUCUUUUCGACGUGGUUGGAAUUAACAUCAUUUCCGACGAA
AGUGCUAUCAUGCCUCCCCGAUUGUGUGAUGUUUUCUGCCCUGCUGGGCGGAGCAUUCUCGGGUUGA
GAAACCUUGAAUCUUUUCCUUUGGAACCUUGGUUCCCCCGGUCUAAGCCGCUUGGARUAUGACAGGG
UUAUUUUCUUUAUCUUAUUUCUACUUUCACGGGUUCUAUCCGUGARAAGGGUAUGUGUUGCCCCUUC
CUUCUUCGGAGAAUUCACACGGCGGUCUUUCCGUCUCUCGACAAGUGUGARUGCAACAUGCCGGAAA
CGGUGAAGAAAACAGUUUUCUGCGGAAGUCUAGAGUGCGCAUCGAAACGGCUGUAGCGACCUCACAG
UAGCAGCGGACUCCCCUCUUGGUGACAAGAGCCUCUGCGGCCAAAAGCCCCGUGGAUAAGAUCCACU
GCUGUGAGCGGUGCAACCCCAGCACCCUGAUUCGAUGAACACUCUUUACGGAACCAGAGGAUGGUUU
UCUUAAGCCCUCCGGUAGAGAAGCCAAGAAUGUCCUGAAGGUACCCCGCGUGCGGGAUCUGAUCAGG
AGACCARUUGACUGUGCUUUACACCGUCACUUUGGUUUAAARACUGUCACAGCUUCUCCAAACCAAG
UGGUCUUGGUUUUCCAUUUUUGUUGACUGGCAAU

&3]

UUUCAAAGGCGGGCCUGGGGGUGUGGGUCGCGGCACACAGUCAUGUGUGUCGCGGUCCACUCCCUCA
GCAACCCGUCUUUGGACGUGGGUACUACGAUAGUGCCAUCCAAUUCCCCUAACCUUGUUACCUUCCG
AGCGACCUCCAACACCCGAGGUGCUCACCACCCUGUAAGGAAAAAUGAAAUUUCGUCUGGUGCUGGC
UAACAGAUAAGAUCUAGCAUUUUCCGGCCCAGGCUAAGAAACCUCUAUAAAGUAGAUCGAUAAACUU
AAAUUGGCGAACUGUACARAGAACGGUCCUCUACCUUGCCGCCACACACACCCARCCCUAAARUUUG
GCCUUUAGUGUGUGGCCCCUUGUGUAUGACCUCAACUCUUGCGUACACGCGGAAUUUAACAUCUUUC
CGCUGARAGGAGUUUUCGUGCCUCCCCGAUUAUGUGAUGCUCGUCCUUUGCUGGGCGGAGCAACGCA
CGAAACAAGCCUUUUCUUUACUAAUGGAAUCCAAUUCCCCCGGUCUAAGCCGCUUGGAAUAAGACAG
GGUUAUUUUCACCCCCUCUUCUUCUACUCUCACAGAGCUCUAUUCUGUGAGAAGGGAAUGUUGCGCC
CCUCCUUCUUGGGAGCUCGCUUGGCGGUCUUUCCGUCUCUGUGCAAGAGCGAGUGCGCAAUGUGUUA
GAAGGUGAAGAAAGAUAUUUUGGGACUAACGUUUGACACGGAACGARAACGUCUGUAGCGACCUCAC
AAAGGCAGCGGAACCCCCCUCCUGGUGACAGGAGCCUCUGCGGCCARAAGCCACGUGGUUAGCAGCC
ACCUUUGUGAGCGGCGUGAACCCGACGCCACGGUUUCGUUGUGUGACACUCACUACCCCCAUUCGGU
CUUUCUUAAGCCCUAACACAGGUCCACCAAGAAUGUCCUGAAGGUACCUCUUCGGAGAUCUGAUCAG
GAGCUUCAUGCCGGUGCUUUACACCGGUUCGGAAGUUAAAAACUGUCACAGUGGACCCAAAUCUAGA
UGGUUCUAGAUUUCUAUUGGUUUUAAAAUUUCAUU

cardiovirusE
1;red-
backedvoleca
rdiovirus

w 1

CUAGACUUUCUACCCUCUUGAAUGGCGAAUUCCAGAGUAAAGUCACCUCUGCCUUGCCGCUAUACAC
ACCCAACCAAUCGAUUCGGCCCCACGUGUAUAGCCCCUUGGUCAAGUGACCUCUUACGUCUGGACGC
GGAUUURAGACCUGRAUAUCCGCUGARAGUUAACACCAUGUUUGCCCCGAUUAUGUGAUGUUUCUGC
UCUUGCUGGGCGGAACAUCCGUCGGGAUGCCAAAGCAAUUUGUGUCCCCUUCUUUCUUUGGACUUCG
GUCCCCCGGUCGAAGCCGCUUGGARAUAAGACAGGGUUATULUCCCUCCUUCCUCUCUUCUACUUUGU
UAAGCUCUAUUUAACAARAGGGUAUGUCUGGCCCCUCCCUUCUUGGGGAAUGUGCGCGGCGGUCUUU
CCGUCUCUCGAARAGCGUGCAUGCCAGAUGCAAGAGAAGGUGAAGARAGUAAGUUGUGUCUAACGUU
AAGACAGGAACGAAUGUGUCUGUAGCGACCUCUCAAAGGCUGCGGUCUCCCCACCUGGUAACAGGUG
CCGCAGCGGCCAAARGCCACGUGGUUAACAGCCACCUUUGAGAGCGGUGCAACCCCAGCACCACACU
UUCGUUGUUGUUUUCUCACUAACCACAACUCGCUUCUCUGAAGCCCUCUUGUAGAGUUGCCAAGAAU
GUCCAGARAGGUACCCCGGUCCACGGGAUCUGAUCUGGAGCUCCAUGCGUGUGCUCUACACACGUUCG
GGAGUUAAAAACUGUCACAGCAACUCCAAACUAGGUGGUCCUAGUUUUCACUUUUAUUUGUCAAGUC
AUAUGGUGAUGGUUAAAGGAGAACGACA

cardiovirusF
1;grey-
backedvoleca
rdiovirus

&)

UUUAAAACAGCCUGUGGGUUGCUCCCACCCACAGGGCCCACUGGGCGCUAGCACACUGAUUUUACGG
AAUCUUUGUGCGCCUGUUUUAUAUCCCCUCCCCCARAACAGUAAUUUAGAAGUUUARAUGCAUUUAUGG
CCAGUAGCGGGCAUGACGCACCAGUCAUGUCUUGGUCAAGCACUUCUGUUUUCCCGGACUGAGUAUC
AAUARACUGCUCACGCGGUUGAAGGAGAAARCGUUCGUUACCCGGCUAACUACUUCGAGAAACCCAG
UAACACCAUGAAAGUUGCGGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGUCGAUGAGUCA
CUGUAARCCCCACGGGCGACCGUGACAGUGGCUGCGUUGGCGGCCUGCCCAUGGGACAACCCAUGGG
ACGCUCUAAUACAGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUG
CGGCUAAUCCUAACUGCGGAGCACACACCCUCAAUCCAGGGGGCAGUGUGUCGUAACGGGCAACUCU
GCAGCGGAACCGACUACUUUGGEUGUCCGUGUUUCCUUUUAUUCUUAUUGUGGCUGCUUAUGGUGAC
AAUUAAAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUAACAGAGCAAUUGUGUAU
UUAUUUGCUGGAUUUGUUCCAUUAUCAUACACAUCUUUUAAUACUUUAUACUUUAUUAUAAAAUUGA
ACACAAGARA

coxsackievir
usA4

UUAAAACAGCCUGUGGGUUGCACCCACCCACAGGGCCCACUGGGCGCCAGCACUCUGGUAUCGCGGU
ACCUUUGUGCGCCUGUUUUAUGACCCCUCCCCAACCGARACUUAGARGUUACACAUACCGAUCAAUA
GUGGGCAUAGCACGCCAGCUGUGUCUUGAUCAAGCACUUCUGUUUCCCCGGACCGAGUAUCAAUAGA
CUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCUAACUACUUCGAGAAACCUAGUAACAC
CAUGAAAGUUGCGGAGUGUUUCGCUCAGCACUUCCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCGU
UCCCCACGGGCGACCGUGGCGGUGGCUGCGLUGGCGGCCUGCCUAUGGGAUGACCCAUAGGACGCUU
CAACACAGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGARUGCGGCUA
AUCCUAACUGCGGAGCACGUGCCCUCAAGCCAGAGGGUGGCGUGUCGUAACGGGCAACUCUGCAGCG
GAACCGACUACUUUGGGAGUCCGUGUUUCCUUUUAUUCUUACACUGGCUGCUUAUGGUGACAAUUGA
GAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAGCAACAGAGCGAUUGUAUACUCUUUU
GUGGGUUUUGUGCCAUUARAUCUUACUGUGAUUACCACACUGAAACUCAUCUUGCAGUUUAAUACAG
CAAA

coxsackievir
usAS

UUAAAACAGCCUGUGGGUUGCACCCACUCACAGGGCCCACUGGGCGCUAGCACACUGAUUUCCCGGA
AUCCUUGUGCGCCUGUUUUAUAUCCCCUCCCCCAUGCGCAACUUAGAAGCAAUCUACACCUUCGAUC
AAUAGCAGGCGUGGLCGCGCCAGCCAUGUCUAGAUCAAGCACUUCUGUUUCCCCGGACUGAGUAUCAA

coxsackievir
usAb6
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UAAACUGCUCACGCGGUUGAAGGAGAAAAUGUUCGUUACCCGGCUAACUACUUCGAGAAACCUAGUA
GCACCAUGAAAAUUGCAGAGCGUUUCGCUCAGCGCUUCCCCCGCGUAGAUCAGGCUGAUGAGUCACU
GCAUUCCUCACGGGCGACCGUGGCAGUGGCUGCGUUGGCGGCCUGCCCAUGGGGUAACCCAUGGGAC
GCUCUARUAUGGACAUGGUGUGAAGAGUCURUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCG
GCUAAUCCUAACUGCGGAGCACAUACCCCCAAACCAGGGGGCGGUGUGUCGUAACGGGCAACUCUGL
AGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUAUUGGCUGCUUAUGGUGACAA
UUGAAAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAAUAACAGAGCCUUGAUAUACCU
UUUUGUAGGGUUUAUACCACUUACUCUUCGCGUUGUUGAGACUCUAAAGUACAUUCUAAUCUUGAAC
ACUAGARA

2 | UUUAAAACAGCCUGUGGGUUGUCCCCACCCACAGGGCCCACUGGGCGUUAGCACUCUGGUAUUACGG coxsackievir
UACCUUUGUGCGCCUGUUUUAURACCCCUCCCCAACUGUAAAUUAGAAGCAACACACGUCGAUCAAU usA7

2 | AGUAGGCGUGACGCACCAGUCACGUCUUGAUCAAGCACUUCUGUUUCCCCGGACCGAGUAUCAAUAG
ACUGCUCACGCGGUUGAAGGAGAAAACGUUCGUUACCCGACCAACUACUUCGAARAACCUAGUAGCA
CCAUGAAGGUUGCGGAGUGUUULCGCUCGGCACUUCCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
UUCCCCACGGGCGACCGUGGCGGEUGGCUGCGECUGGCGGCCUGCCUAUGGGGUAACCCAUAGGACGCU
CUAAUACGGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCGCGCGCCCCCAUUCCAGGAGGUAGCGCGUCGUAACGGGCAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUVAUCUUUAUUCUGGCUGCUUAUGGUGACAAUUG
ACAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUCACAAGCAGAGCGAUUAUCUACCAAUU
UAUUGGAUUUAUCCCACUGCACACUCGUGARUAUAACACAUUACUGCUGAUACUGAGUUUGGACAAA
GCAAA

[e2

2 | UURAAAACAGCCUGUGGGUUGCACCCACCCACAGGGCCCAAUGGGCGUCAGCACUCUGGUACCGAGGU coxsackievir
ACCUUUGUGCGCCUGUUUUAUUUCCCCUUCCCCUGAUGCAACUUAGAAGCUCCGAACUAAUGAUCAA usAg

3 | UAGUAGGUGUGGCACGCCAGCCACAUCUUGAUCAAGCACUUCUGUUUACCCGGACCGAGUAUCAAUA
AGCUGCGCAAGCGGCUGAAGGAGARAGCGUUCGUUAUCCGGCCAACUACUUCGAGAAGCUUAGUACC
ACCAUGAACGUUGCAGAGUGUUUCGUUCAGCACAACCCCGGUGUAGRUCAGGCCGAUGAGUCACCGC
GUUCCCCAUGGGCGACCAUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGAGCAAUCCAUGGGACGC
UCUAAUACUGACAUGGUGCGAAGAGCCUAUUGAGCUAGUUGGUGAUCCUCCGGCCCCUGAAUGCGGL
UAAUCCUAACUGCGGAGCAUGCGCCCACAAGCCAGUGGGUGGUGUGUCCUAACGGGUAACUCUGCAG
CGGAACCGACUACUUUGGGUGULCCGUGUUUCCUUUUAUCUUUACAUUGGCUGCUUAUGGUGACAAUU
GAAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUGCARUAGAGCGAUUAUAUACCUAU
UUGUUGGAUUUGUUCCAUUGACAUAUAGAUCUCUUAACACUCUACAACACAUCUUGAUCUUGAACAC
GAGARAA

[}

2 | UURAAACAGCCUGUGGGUUGCACCCACUCACAGGGCCCACUGGGCGCUAGCACUCUGGUALCCGUGGU coxsackievir
6 | ACCUUUGUGCGCCUGUUUUAUACCCCCUUCCCCGUUUGAACAUUAGAAGURAACGCACCUCGAUCAGU usAlQ

4 | AGCAGGCGCGGCGCACCAGCCGUGUCUUGAUCAAGCACUUCUGUUUCCCCGGACCGAGUAUCAAUAG
ACUGCUCACGCGGUUGAAGGAGAAAACGUUCGUUAUCCGGCUAACUACUUCGAGAAACUUAGUAGCA
CCAUGGAAGUUGCAGAGUGUUUCGCUCAGCACUCCCCCCCCAGUGUAGAUCAGGCUGAUGGAUCACC
GCGUUCCUCACGGGUGACCGUGGCGGUGGUCGCGUUGGCGGCCUGCCCAUGGGGCAACCCAUGGGAC
GCUCUARUAUGGACRUGGUGUGAAGAGUCURUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGARUGCG
GCUAAUCCUAACUGCGGAGCACGUGUCCCCAACCCAGGGGAUAGCGUGUCGUAACGGGUAACUCUGC
AGCGGAACCGACUALUUUGGGUGUCCGUGUUUCCUUUAUUCUUAUCCUGGCUGCUUAUGGUGACAAU
UGAGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUAACAGAGCUAUAAUAUAUCUU
UUUGUUGGGUUCGUACCCCUCAARUUUUGAGGUUGUUCUCACAUUAAAGUACAUCUUGGUGUUAAAUA
UCAGAAG

2 | UURAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUACUACGGU coxsackievir
ACCUUUGUGUGCCUGUUUUAAGCCCCUACCCCCCACUCGUAACUUAGAAGGCUUCUCACACUCGAUC usAlz

5| AAUAGUAGGUGUGGCACGCCAGUCACACCGUGAUCAAGCACUUCUGUUACCCCGGUCUGAGUACCAA
UAAGCUGCUAACGCGGCUGAAGGGGAAAACGAUCGUUAUCCGGCUAACUACUUCGAGRAACCCAGUA
CCACCAUGAACGUUGCAGGGUGUUUCGCUCGGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACC
GUAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGLGGCCUGCCCAUGGGGUGACCCAUGGGAC
GCUCUARUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCG
GCUAAUCCUAACUGCGGAGCACAUACCCUUAAUCCAAAGGGCAGUGUGUCGUAACGGGCAACUCUGC
AGCGGARCCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUACAUUGGCUGCUUAUGGUGACAR
UUGAAAAGUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACAAAUAGAGCUAUUGUAUAUCU
UUUUGUUGGUUACGUACCCCUUAAUUACAARGUGGUUUCAACUUUGAAAUACAUCCUAACACUAARU
UGUAGARA

[e))

2 | UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACACUGAUUCUGCGGG coxsackievir
6 | AUCUUUGUGCGCCUGUUUUAUAUCCCCUCCCCCCAAACUAGGUAACUUAGAAGAUUAGCACUUGUAU usAl4

6 | GACCAAUAGUAGGCGUGACGCGCCAGUCAUGUCUUGGUCAAGCACUUCUGUUUCCCCGGACUGAGUA
UCAAUARGCUGCUUGCGCGGCUGAAGGAGARAACGUUCGUUACCCGGCUARCUACUUCGAGRAACCU
AGUAACACCAUGAAAGUUGCGGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGUCGAUGAGU
CACUGCAAACCCCACGGGUGACCGUGGCAGUGGCUGCGUUGGCGGCCUGCCUAUGGGUCAACCCAUA
GGACGCUCUAAUACAGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAA
UGCGGCUARUCCUAACUGCGGAGCACACGCUUGCAAACCAGUGAGUAGUGUGUCGUAAUGGGCAACU
CUGCAGCGGAACCGACUACUUUGGGUGUCCGEUGUUUCCUUUUAUUCUCAUACUGGCUGCUUAUGGUG
ACAAUUGAAGAAUUGUUACUAUAUAGCUAUUGGAUUGGCCAUCCGGUGUGUAACAGAGCGAUAAUCU
ACUCCUUUGUUGCAUUUGUUCCACUAACCCUUACUACAUUAGACAUUCUACAAUACAUACUUUAUCU
CAACUCCAAGAAACGAAC
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UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGAUUCUACGGA
AUCCUUGUGCGCCUGUUUUAUGUCCCUUCCCCCARUCAGUAACUUAGAAGCAUUGCACCUCUUUCGA
CCGUUAGCAGGCGUGGCGCACCAGCCAUGUCUUGGUCAAGCACUUCUGUUUCCCCGGACCGAGUAUC
ARUAGACUGCUCACGCGGUUGAGGGAGAAARCGUCCGUUACCCGGCUAACUACUUCGAGAAGCCUAG
UAGCACCAUGAAAGUUGCAGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGUCGAUGAGUCA
CUGCGAUCCCCACGGGCCACCGUGGCAGUGGCUGCGUUGGCGGCCUGCCUGUGGGGUAACCCACAGS
ACGCUCUAAUAUGGACAUGGUGCAAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGARUG
CGGCUAAUCCUAACUGCGGAGCACAUACCCUCGACCCAGGGGGCAGUGUGUCGURACGGGCAACUCU
GCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUACUGGCUGCUUAUGGUGAC
AAUUGAAAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUGCAACAGAGCUAUUAUUUAC
CUAUUUGUUGGGUAUAUACCACUCACAUCCAGAAAAACCCUCGACACACUAGUAUACAUUCUUUACU
UGAAUUCUAGAAA

coxsackievir
usAloe

UUAAAACAGCUGUGGGUUGUCACCCACCCACAGGGUCCACUGGGCGCUAGUACACUGGUAUCUCGGU
ACCUUUGUACGCCUGUUUUAUACCCCCUCCCUGAUUUGCAACUUAGAAGCAACGCARACCAGAUCARA
UAGUAGGUGUGACAUACCAGUCGCAUCUUGAUCAAGCACUUCUGUAUCCCCGGACCGAGUAUCAAUA
GACUGUGCACACGGUUGAAGGAGAAAACGUCCGUUACCCGGCUAACUACUUCGAGARGCCUAGUAAC
GCCAUUGAAGUUGCAGAGUGUUUCGCUCAGCACUCCCCCCGUGUAGAUCAGGUCGAUGAGUCACCGC
AUUCCCCACGGGCGACCGUGGCGEEUGGCUGCGUUGGCEGCCUGCCUAUGGGGUARCCCAUAGGACGC
UCUAAUACGGACAUGGCGUGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGGC
UAAUCCUAACUGCGGAGCACAUACCCUURAAUCCARAGGGCAGUGUGUCGUAACGGGCAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUGUAUUGGCUGCUUAUGGUGACAAUU
AAAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGUGUCAAACAGAGCUAUUGUAUAUCUCU
UUGUUGGAUUCACACCUCUCACUCUUGAAACGUUACACACCCUCAAUUACAUUAUACUGCUGAACAC
GAAGCG

enterovirusA
71

UUUAAARCAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACACCGGUAUUACGG
UACCCUUGUGCGCCUGUUUUAUARUACCCUCCCCCUUGUAACUUAGAAGAAACAARUARAACGAUCAAU
AGUAGGCUUAGCGCACCAGCUAAGUCUUGAUCAAGCACCUCUGUUACCCCGGACUGAGUAUCAAUAA
GCUGUACCCACGGCUGAAAGAGAAARACGUUCGUUAUCCGGCUAUCUACUUCGGGAAACCUAGUACCA
UCAUGAAGAUUGCAAAGCGUUUCGCUCAGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACUGCA
UUCCCCACAGGCGACUGUGGCAGUGGCUGCGUUGGCGGLCUGCCUACGGGGAAACCCGUAGGALCGCU
UUAAUGUUAACAUGGUGCGAAGAGUCUACUGAGCUAGGUAGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACCACGGAGCAGGUGCUCACACUCCAGUGAGUGGCCUGUCGUAACGCGCAAGUCUGUGGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUCAUGGCUGCUUAUGGUGACAAUCU
AAGAUUGUUAUCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAACUCUAGAGAUAUUAUUVACUUGUUU
GUUGGUUUUAUCAAGUUAAAUAUCACCAGUUACACCACUCUCCUUUACAUUGUACUACUGAACAAUA
GAAAGAGARA

enterovirusA
76

N

UUAAAACAGCCUCUGGGUUGCACCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUCACGGU
ACCUUUGUGCGCCUGUUUUAUACACCCUCCCCCCUUGUAACUUAGARGAARCAAACAAACGAUCAAU
AGUAGGCUUAGCACUCCAGCUAAGUCUCGAUCAAGCACUUCUGUUACCCCGGACCGAGUAUCAAUAG
GCUGUACCCACGGCUGRAARGAGAARACGUUCGUUACCCGGCUARUCUACUUCGGGRAACCCAGUACCA
UCAUGAAGAUUGCAAAGCGUUUCGCUCAGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACUGCA
UUCCCCACAGGCGACUGUGGCAGUGGCUGCGUUGGCGGLCUGCCUAUGGGGARACCCAUAGGACGCU
UUAAUAUUGACAUGGUGCGAAGAGUCUACUGAGCUAGGUAGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCCAACCACGGAGCAGGCGCUCACACUCCAGUGAGUAGCUUGUCGUAAUGCGAAAGUCUGUGGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUVUAUUUUUAUCAUGGCUGCUUAUGGUGACAAUCU
AAGAUUGUUAUCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAAUUCUAGAGAUAUUAUUUACUUGUUU
GUUGGUUUUACCACAUUAAACAUUACCAAUUACAGAACUCUCCUCUACAUCCUGUUAUUGAAUAAUA
GARAGAGARA

enterovirusA
89

[\S)

UUAAAACAGCUCUUAGGGUUGUUCCCACCCUAGAGGCCCACGUGGCGGCUAGCACUCUGGUAUCACG
GUACCUUUGUGCGCCUGUUUUAUACCCCCCUCCCCCAUGUAACUUAGAAGCUAUUARAUAAAGUUCA
AUAGAAGGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGAAGCUACAUAG
ACUGUUCCCACGGUUGARAGUGGCAGAUCCGUUAUCCGCUUUGGUACUUCGAGARACCUAGUAUCAU
CUUGGAARUCUUCGAUGCGUUGCGUUCAGCACUCAACCCCAGAGUGUAGCUUAGGUCGAUGAGUCUGG
ACGAUCCUCACUGGCGACAGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGCGRARGCUACAGGAL
GCUAGUUGUGAACAAGGUGUGAAGAGUCUAUUGAGCUAUCAAAGAGUCCUCCGGCCCCUGAAUGCGG
CUAUUCCCAACCACGGAGCAAGUGCUCACARACCAGUGAGUGGCUUGUCGUAACGCGCAAGUCUGUG
GCGGAACCGACUACUUUGGGUGCCCGUGUUUCCUUUUAUUUUVAUCAUGGCUGCUUAUGGUGACAAU
CUAAGAUUGUUAUCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAGAGAUAUCAUAUAUUCAU
UUGUUGGUUUUGUUAAACUAGACUCAACUACAUUCAAGUCUCUUCUCUUCAUCAUACAAUUGAAUAA
UAGAAAGAGARAA

enterovirusA
90

~

UUAAACAGCUCUAGGGUUGUUCCCACCCUAGAGGCCCACGUGGCGGCUAGCACUCUGGUAUCACGGU
ACCUUUGUGCGCCUGUUUUAUAUCCCUUUCCCCAUGUAACUUAGAAGUUAUUAAARCAAAGUUCAAUA
GAAGGGGGUACAAACCAGUGCCACCACGAACAAGCACUUCUGUUUCCCCGGUGARGCUGUAUAGACU
GUCUCCACGGUUGAARAUGGCAGAUCCGUUACCCGCUUUGGUACUUCGAGAAACCUAGUAUCACCUU
GGAAUCUUCGAUGCGUUGCGCUCAGCACUCARACCCCAGAGUGUAGCUUAGGUCGAUGAGUCUGGACG
AUCCUCACUGGUGACAGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGUGAAARCCACAGGACGCU
AGUUGUGAACAAGGUGUGAAGAGUCUAUUGAGCUACCARAGAGUCCUCCGGCCCCUGARUGCGGCUA
AUCCUAACCACGGAGCAAGUGCCUUCAAACCAGUAGGUAGCUUGUCGUAACGCGCAAGUCUGUGGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUAUCAUGGCUGCUUAUGGUGACAAUCUAA

enterovirusA
91
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GAUUGUUAUCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAGAGAUCUCAUAUACCUUUUUGU
UGGUUUUACUAAAUUAAAUAUUACCACGUUCAAGACACUUCUCCUUAUCAUACAACUAAAUAGUGAG
AAGAGARA

N

UUUAAARCAGCCUGUGGGUUGUACCCACCCACAGGGCCCACGCGGCGUUAGUACUCUGGUAUCACGG
UACCUUUGUAUGCCUGUUUUAUCUCCCUUCCCCCGUAACGUUAGAAGAARUGAACAARAGACAAUUAG
CAAAUCCACCAACCCAGGUGGGUUUUCGUCAAGCACUUCUGUUUCCCCGGACCUAGUACCAAUAAGC
UGUGCCCACGGCUGAAGGGGAARAACGUUCGUUAUCCGGCUACCUACUUCGAGAAGCCUAGUACCACC
AAUGAUUGUCUCAAGUGUUACGCUCAGCACAACCCCAGUGUAGUUCAGGUCGAUGAGUCACCGAAUU
CCCCACGGGCGACCGUGUCGGUGGCUGCGUUGGCGGCCUGCCUGCGAGUUUCACUCGCAGGACGCUU
GAUUCAUGACAUGGUGCGAAGAGCCUAUUGAGCUAGGCAGUAGUCCUCCGGCCCCUGARUGCGGCUA
AUCCUAACCACGGAGCCAUGCGUCACAAACCAGUGGCGUCAUGGUCGUAACGAGCAAUUCUGUGGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUAUUUACCUUGGCUGCUUAUGGUGACAAUCUA
GAGUUGUCAUCAUAUAGCGAUUGGAUUGGCCAUCCGGAUAUUACUUUGUGUGAUUUAUCUCUUGCUC
GUAAGCAAUUUUAAAUAGUUUAUAGCAUCAUU

enterovirusA
92

UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACACUGAUUUCACGGA
AUCCUUGUGCGCCUGUUUUACACCCCCUCCCCCCAACUCAGUAACUUAGAAGUUGUAAACACACGUG
GCCAACAGCGGGCGUAGCGCACCAGCUAUGUCUUGGUCAAGCACUUCUGUUUCCCCGGACAGAGUAU
CAAUAAGCUGCUUGCGCGGCUGAAGGAGAARAUGUUCGUUACCCGGUCAACUACUUCGAGARACCUA
GUAGCAUCAUGAAUGUUGCGAGGCGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGUCGAUGAGUC
ACUGCACUCCCCACGGGCGACCGUGGCAGUGGCUGCGUUGGCGGCCUGCCCAUGGGGUGACCCAUGS
GACGCUUCAAUACGGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUGAUAAUCCUCCGGCCCCUGAAU
GCGGCUAAUCCUAACUGCGGAGCACAUACCCUCAACCCAGGGGGCGGUGUGUCGUAACGGGCAACUC
UGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUACUUAUACUGGCUGCUUAUGGUGA
CAAUUGAAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAGAGCUAUUAUAUA
UUUAUUUGUUGGAUUUGUUCCAUUAACAUACACAUCUUUCAGCACUUUACACCUCAUUUUACAAUAC
AAUACARGAAR

enterovirusA
120

~J

UUUAAAACAGCUCUGGGGUUGUUCCCACCCUAGAGGCCCACGUGGCGGCUAGCACUCUGGUAUUACG
GUACCUUUGUGCGCCUGUUUUAUAUUCCCUUCCCCACGCAACUUAGAAGUUAUURAACAAAGUUCAA
UAGAAGGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGAAGCUACAUAGA
CUGUUCCCACGGUUGARAGUGGCAGAUCCGUUAUCCGCUUUGGUACUUCGAGAAACCUAGUAUCACC
UUGGAAUCUUCGAUGCGUUGCGCUCAGCACUCAAUCCCAGAGUGUAGCUUAGGCUGAUGAGUCUGGA
CGAUCCUCACUGGCGACAGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGUGARAGCCACAGGACG
CUAGUUGUGAACAAGGUGUGAAGAGUCUAUUGAGCUACCAAAGAGUCCUCCGGCCCCUGAAUGCGGL
UAAUCCCAACCACGGAGCAAGCGCUCACAARCCAGUGAGUAGCUUGUCGUAACGCGCAAGUCUGUGG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUCAUGGCUGCUUAUGGUGACAAUC
UAAGAUUGUUAUCAUAUAGCUUUUGGAUUGGCCAUUCGGUGACUAAUAGAGACCUUGUGUAUCUAUU
UGUUGGUUUUACCAAACUAAAUACUAUUACACUcAAAACACUCCUUCUUAUUAUACAACUUAAUAGU
AGAAAGAGAAR

enterovirusA
121

UUAAAACAGCCUGUGGGUUGUACCCACCCGCAGGGCCCACUGGGCGCUAGUACACUGAUAUCACGGU
ACCUUUGUACGCCUGUUUUAUCUCCCUACCCCCAUCGUAACUUAGAAGCUUAACRAUACAGAUCARU
AGCCUCUGCACCAAACCAGGUGUGGAAUGAUCAAGCAUUUCUGUUACCCCGGACCUAGUACCAAUAG
GCUGUGUCARACGGCUGAAGGGGAAAAAGUUCGUUACCLCGGCCACCUACUUCGAGAAGCCUAGUAGC
AUCACUGAAGCUGUGAAGCGUUACGAUCAGCACAACCCCAGUGUAGUUCAGGUCGAUGAGUCACUGC
AUUCCCCACAGGCGACUGUAGCAGUGGCUGCGUUGGCGGCCUGCCCUUGGUCUCUGACCAAGGGACG
CUUUGGAGUGGAUAUGGUGCGAAGAGCCUAUUGAGCUAGGUGGUAGUCCUCCGGCCCCUGAAUGCGG
CURAUCCURACCCCGGAGCUGGUGCACACARACCAGUGUGUGGCCAGUCGUARUGAGCAAUUCUGGG
AUGGAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUCACUUACCUUGGCUGCUUAUGGUGACAAU
UGUAUAGUUGUCAUCAUAUAGCUAUUGGAUUGGCCAUCCGGAUAUUAUUCUUGUGUUUAUUUGUGUA
AUUUGAUAUAAUUUAGAACCCUGUAUAAGA

enterovirusA
122;simianvi
rusl9

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCUAGUACUCUGGUAUUACGGU
ACCUUUGUACGCCUGUUUUACAACCCUUCCCCCAUGUAACUUAGAAGCAACAAAUAAACGACCAAUA
GCACACUCACCAAUCCAGAUGAGUGAUGGUCAAGCACUUCUGUUACCCCGGGCUUAGUACCARUAGA
CUGCCAUCGCGGUUGAAGGGGAAAACGCUCGUUAUCCGGCUCUCUACUGCGAGAAGCCUAGUAACGC
CUUAGARAUGCUCAAGCGUUGCGCUCAGCACAACCCCAGUGUAGCUCAGGUCGAUGAGUCACUGCAU
UCCCCACGGGCGACCGUGGCAGUGGCUGCGUUUGCGGECCUGCCUACAGCUCUACGCUGUAGGACGCU
UGUGUAUGGACAUGGUGUGAAGAGCCCAUUGCGCUAGGGAGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACCCCGGAGCUGGUGCUUGUAAACCAACAAGUGGCCAGUCGUAAUGGGCAACUCUGGGAU
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUAUUUACCUUGGCUGCUUAUGGUGACAAUCU
AGUGUUGUUGCCAUAUAGCGAUUGGAUUGGCCAUCCGGAUAUUGUUUUAGACACUUGUGUUUGUGAG
UAGAUCUCUUCUGACAUAGGAUAUAACA

enterovirusA
123;simianvi
rus43

N

UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUAUUACGGU
ACCUUUGUGCGCCUGUUUUAUUUCCCUUCCCCAUUGUAACUUUAGAAGARACAARACUGGAUCAAUA
GCCCAUCACCCAAACCAGGGUGGUGACGAUCAAGCACUUCUGUUUCCCCGGAUCUAGUAUCAAUAGA
CUGUUAGCACGGUUGAAGGAGAACGAUUCGUUAUCCGGCUCACUACUUCGAGAAGCCUAGUACCACU
AUGAAAGUGAAAUAGCGUUUCGCUCAGCACAACCCCAGUGUAGAUCAGGCCGAUGAGUCACUGCAUU
CCCCACGGGCGACCGUGGCAGUGGCUGCGUUGGCGGCCUGCCUGUGGGUCCCCCCACAGGACGCUAA
UUCAUGGACAUGGUGCGAAGAGCCUAUUGAGCUAGUGAGUAGUCCUCCGGCCCCUGAAUGCGGCUAA
UCCUAACCACGGAGCAUCCGCUGGCAGUCCAGCCAGUAGGGUGUCGUAACGGGUAACUCUGUGGCGG
AACCGACUACUUUGGGUCUCCGUGUUUCCUGUUUUACUUACUUUGGCUGCUUAUGGUGACAAUUUAC

enterovirusA
124;simianvi
rus46
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GGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGAUUAUAAACACACAAUACUGUUAUUUUUUC
CUUUUUGGGAUUUCUUCCCUUGAGUUUUACUAAUUAUUUUAUCUUGUUAAUAGUUUUAAAGUUGAAU
ACAUU

N

UUAAAACAGCCUGUGGGUUGUUCCCACUCACAGGGCCCAAGUGGCGUAGAACUCUGGUAUCACGGUA
CCUUUGUUCGCCUAUUUUAAAACCCCCCCCCCCGUAACUUAGAAGAAUGAACAAAACAAACUCAGUA
GUAGGUAAUGCAUCCAGCAUUAUCACGAGUUAAGCACUUCUGUUUCCCCGGUGAUGGAGAUAGGCUG
UACCCACGGCUGAAACUCUAUGAUCCGUUAUCCGGUAUGGUACUGCGAGAAGUCUAGUACCGUCAUG
AAAGUUGCUAAGCGUUACGCUCCCCAGUAACCCCAACUGGUAGUUCUGGCUGAUGAGUCUGGGCACU
CCCCACAGGCGACUGUGGCCCAGGCUGCGUUGGCGGCCAGCUCAUCCUCAUUGAGGGUGAGACGCUU
ARAUACAGACAUGGUGAGAAGAACCUAUUGCGCUACCAUAUAGUCCUCCGGCCCCUGARUGCGGCUA
AUCCCAACCUCGGAGCAUUCAACUGCAAACCAGCAGUGAGAGUGUCGUAACGCGARAAGUCCGAGGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUACCUUUUGAUGGCUGUUUAUGGUGACAAUUU
AGAGUAUUCAGAUUGUCAUCAUAAACUACUAGGUCUUGCCAACCGGUCUAUAAUAUAUUAUUUUGUU
GGAUUUGUUCCACUCACGCCAAUUAUUUACRAAAUUUUGCUUAGAUUCCUACUCGCAARACUUAAGAU
AUCAAAG

enterovirusA
125;baboonen
terovirusAl3

UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGU
ACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAAC
AGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAG
ACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAARAACCUAGUAACA
CCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
UUCCCCACGGGCGACCGUGGLCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGALCGCU
CUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUG
AGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACCAAUAGAGCUAUUAUAUAUCUCUU
UGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUARAARACAUUACARUUCAUUGUUAAGUUGARUACA
GCAAR

coxsackievir
usB3

\S)

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUA
CCUUUGUGCGCCUGUUUUACAUCCCCUCCCCAAAUUGUAAUUUAGAAGUUUCACACACCGAUCAUUA
GCAAGCGUGGCACACCAGCCAUGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGA
CCGCUAACGCGGUUGAAGGAGAAAACGUUCGUUACCCGGCCAACUACUUCGAARAARACCUAGUAACAC
CAUGGAAGUUGCGGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCGU
UCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUACGGGGAAACCCGUAGGACGCUC
UAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAARUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACUGCGGAGCACAUACCCUCAAACCAGGGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGA
CAGGUUGUUACCAUAUAGUUAUUGGAUUGGCCAUCCGGUGACUAACAGAGCAAUUAUAUAUCUCUUU
GUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUARAACACUACAUCUCAUCAUURAACUARAUACARA
CAAA

coxsackievir
usBl

[ee NN}

UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUUACGGU
ACCUUUGUGCGCCUGUUUUAUCUACCCUUGCCCAAUGCAACAUAGAAGCUUAGUCCAAAAGGUCAAU
AGGCAGCCCAGUGCACCAACUGGGUCCAGACCAAGCACUUCUGUUACCCCGGACCAAGUAUCAGUAG
GCUGCUCACGCGGUGAAGGAGAAAACGUUCGUUACCCGGCCAACUACUUCGAGAAACCUAGUAGCAC
CAUGAAGGUUGCGCAGUGUUUCGCUCCGCACAGCCCCAGUGUAGAUCAGGUCGAUGAGCCACCGCAU
UCCCCACGGGGUGACCGUGGCGGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGUAACCCAUGGGACGC
UUCAAUACUGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGC
UARUCCUAACUGCGGAGCGUGCGCUUGCAACCCAGUGAGUAGCACGUCGUAAUGGGUAACUCUGCAG
CGGAACCGACUACUUUGGGUGULCCGUGUUUCCUUVAUUCCUUGUCUGGCUGCUUAUGCUGACAAUUG
AGAGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUAUCUAACAGGGCGAUCAUUUACCUGUU
UGUUGGUUUCAUACCCUUGAAUCUUGAGGUUUAURAAUACCCUCACUCUUAUAAURARACUCAAUACA
UCAAG

coxsackievir
usB2

N

UURAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCARAUGGGCGCUAGCACACUGGUAUUCCGGU
ACCUUUGUGCGCCUGUUUUAUAACCCCCCCCCAGUUCGCAACUUAGAAGCAAAGAAACAAUGGUCAA
UUACUGACGCAGCAACCCAGCUGUGUUUUGGCCAAGUACUUCUGUGUCCCCGGACUGAGUAUCARAUA
AGCUGCUUGCGCGGCUGRAAGGAGARACCGUUCGUUACCCGGCCAACUACUUCGAGAAGCCUAGUARL
GCCAUGAACGUUGAGGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGUUCAGGUCGAUGAGUCALCCGC
GUUCCCCACGGGUGACCGUGGCGGUGGCUGLGUUGGCGGCCUGCCUGUGGGGCAACCCGCAGGACGE
UCUGAUACAGACAUGGUGUGAAGAGCCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGC
UAAUCCUAACUGCGGAGCACACGUUCGCAAGCCAGCGAGUGGUGUGUCGUAACGGGCAACUCUGCAG
CGGAACCGAGUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUACCUUGGCUGCUUAUGGUGACAAUU
GAAAGAUUGUUACCAUAUAGCURUUGGAUUGGCCAUCCAGUGUCAARRUAGAGCARUCAUAUAUCUGU
UUGUUGGUUUCGUUCCCUUGGACUACAGAAAUCUUAAAACUCUUUAUUUCAUAUUGAGACUCAAUAC
GAUARA

coxsackievir
usB4

UURAAACAGCCUGUGGGUUGUUCCCACCCGCAGGGCCCACUGGGCGCCAGCACUCUGGUAUCACGGU
ACCUUUGUGCGCCUGUUUUAAAACCCUCUCCCCAAUUUGAAACUUAGAAGCAAUACACCUCGAUCAA
UAGUAGGCAUGACACGCCAGCCAUGUCUUGAUCAAGCACUUCUGUUUCCCCGGACUGAGUAUCAAUA
AACUGCUUGCGCGGUCGAAGGAGAAAACGUCCGUUACCCGACUAACUACUUCGAGAAACCCAGUAAC
ACCAUGGAAAUUGCGGAGUGUUUCACUCAGCACAUUCCCAGUGUAGAUCAGGUCGAUGAGUCACCGC
AUUCCCCACGGGUGACCCUGGCGGUGGCUGLCGCUGGCGGCCUGCCCAUGGGGCARCCCAUGGGACGL

coxsackievir
usB5
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UUCAAUAUGGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGGL
UAAUCCUAACUGCGGAGCACGUGCCUCCAUUCCAGGGGGUGGCGUGUCGUAACGGGCAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUAAUUUUAUACUGGCUGCUUAUGGUGACAAUUG
ARAGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUAUCCAACAGAGCAAUUGUGUACCUUUU
UGUUGGAUUUGUACCACUUACCAGAACAAGUUUUCAUACACUGUGUUACAUUAUUAGACUAAACACA
GAAAA

2 | UURAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUAUUGCGGU coxsackievir
ACCUUUGUGCGCCUGUUUUACCCACCCUCCCCCAACGUAACUUAGAAGCCUGACAUAUACGGUCACA usBé

5| AGCCAGCCCAGUACGCCAACUGGGUACCGACCAAGCACUUCUGUUACCCCGGACUGAGUAUCARAUAA
GCUGCCAAAGCGGCUGAAGGAGAAAACGUUCGUUACCCGGCCAAUUACUUCGAGAAACCCAGUAACA
CCAUGARAGUUGCGUAGCGUUUCAUUCAGCACAAUCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
UUCCCCACAGGCGACUGUGGCGGUGGCUGCGUUGGCGGLCUGCCCAUGGGGCAAACCCAUGGGALGT
UUCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGCGGL
UAAUCCUAACUGCGGAGCAGGCACUCGCAGACCAGCGAGCAGCUUGUCGUAAUGGGCAACUCCGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUAUUUCCUUUACACUGGCUGCUUAUGGUGACAAUU
GAGAAAUUGUUACCAUAUAGCUAUUGGAGUGGCCAUCCGGUGACUAACAGAGCARUAAUAUAUUUGU
UUGUUGGCUUUGUGCCACUUAAUUUGAAGGUUGUUAAGACGCUCAAUCUGAUACUACUUCUARAUAA
AGCAAA

[eo]

N

UUUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGCGCLACCGGGCGUUAGCACACUGGUAUCALGG coxsackievir
8 | UACCCUUGUGCGCCUGUUUUAUARACCCCACCCCGAGUARAACCUUAGAAGCAAUGCACCUCUGGUCAR usA9

6 | UAGUAGGUGUGACACACCAGUCACAUCGUGACCAAGCACUUCUGUCUCCCCGGACUGAGUAUCAAUA
GGCUGCUCGCGCGGCUGAAGGAGAAAGCGUUCGUUACCCGGCCAGCUACUUCGAGAAGCCUAGUAAC
ACCAUGAAGGUUGCAGAGUGUUUCGCUCAGCACUUCCCCUGUGUAGAUCAGGCCGAUGAGUCACCGC
GUUCCUCACGGGCGACCGUGGCGGUCGCUGLGCUGGUGGCCUGCCUAUGGGGCAACCCAUAGGACGC
UCUAAUGCUGACAUGGUGCGAAGAGUCUAUUGAGCUAGCUGGUAGUCCUCCGGCCCCUGAAUGCGGC
UAAUCCCAACUGCGGAGCACGCACCCUCAARCCAGGGGGCAGCGUGUCGUAACGGGCAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCCUAUAUUGGCUGCUUAUGGUGACAAUU
GAGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAGCAACAGAGCUARUUGUGUAUCUGU
UUACUGGUUUCAUACCCCUUAAUUACAAAGAAGUCAAAACCCUUCACUUGAUCUUGUUAUUCAAUAC
AACAAA

2 | UURAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGUUAGCACACUGGUAUCACGGU echovirusl
8 | ACCUUUGUGCGCCUGUUUUAUACUCCCCCCCCURAGGARACUUUAGRAGCAAAGCAAUUGUGAUCAA
7 | UAGUGGGUAUGGCACACCAGUCAUAUCUUGAUCAAGCACUUCUGUUCCCCCGGACUUAGUACCAAUA
GACUGCUCAAGCGGUUGAAGGGGARAACGUUCGUUAUCCGGCCAACUACUUCGAGARACCUAGUAGC
ACCAUGAAAGUUGCGGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGCUGAUGAGUCACCGU
AUUCCCCACGGGCGACCGUGACGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGUARCCCAUGGGALCGL
UCUAAARCAGACACGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGC
CAAUCCUAACUGCGGAGCACAUACUCCCAAUCCAGGGAGCAGUGUGUCGUAAUGGGUAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUCACAUUGACUGCUUAUGGUGACAAUU
GARAGAUUGUUACCRUAUAGCUAUUGGAUUGGUCARUCCGGUGAGCARUAGAGCURUUGUUUAUCAAU
UUGUUGGAUUUGUACCACUCAACUUUUCUGUUUUGAGAACACUCAACUACAUCUUACUGCUAAACAC
AUCARA

2 | UURAAACAGCCUGUGGGUUGAUCCCACCCACAGGGCCCAUUGGGCGCUAGCACUCUGGUAUUACGGU echovirus2
8 | ACCCUUGUGCGCCUGUUUUACACGCCCCUCCCCARGCAACUUAGAAGUCUGUCACARAUGGUCAAUA
8 | GACAGCUCAACACGCCAGUUGAGUCUAGACCAAGCACUUCUGUCGCCCCGGACCGAGUAUCARUAGA
CUGCUAGCGCGGUUGARAGAGARAACGUUCGUUACCCGGCCAACUACUUCGGGARACCUAGUACCAC
CAUGAARGUUGCGCAGUGUUUCGCUCCGCACAACCCCAGUGUAGAUCAGGUCGAUGAGCCACCGCAU
UCCCCACAGGCGACUGUGGCGGUGGCUGLCGUUGGCGGCLUGCCCAUGGUACAACCCAUGGGACGLCUU
CAAUACUGACAUGGUGCGAAGAGUCUACUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACUGCGGAGCAGGUACCCACGAGCCAGUGGGCAGCCUGUCGUAAUGGGCAACUCUGCAGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCAUUUACUCUUAUACUGGCUGCUUAUGGUGACAAUCAC
GGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGUGACUAACAGAGCGAUUAUAUUCCUUUUU
GUUGGUUUUGUACCACUCACCGUCACGAGCUUUACAACGCUARACUACAUUUUGUCAUUGAACACGG
CARG

2 | UURAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCCAGCACUCUGGUAUUACGGU echovirus3
8 | ACCCUUGUGCGCCUGUUUUAUAUCCCUUCCCCAAGGUARACGUUAGAAGCAAUGCACUCCCGAUCAR
9 | UAGAAGGUGCGACGCGCCAGUCGUAUCUCGAUCAAGCACUUCUGUUUCCCCGGACCGAGUAUCAAUA
GACUGCUAGCGCGGUUGAAGGAGARAACGUUCGUUACCCGACUAACUACUUCGAGAAGCCCAGUAGC
GCCAUGAAAGUUGCAGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGCCGAUGAGUCACCGC
AAUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGAARCCCAUAGGACGC
UCAAAUARCAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUAGUACUCCUCCGGCCCCUGAAUGLGGL
UAAUCCUAACUGCGGAGCAAGUACUCACAAUCCAGUGGGCAGCUUGUCGUAACGGGURACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCCUACAUUGGCUGCUUAUGGUGACAAUC
AAAGAGUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAAAGCARUUAUAUUUCUUU
UUGUUGGGUUUGUACCCCUUAAUACAACCAGCUUCACCACAUUGUGUUACAUCAUUAGACUGAACAA
GGCAAA

2 | UURAAACAGCCUGUGGGUUGCACCCACCCACAGGGCCCAUUGGGCGCUAGCACCCUGGUAUUACGGU echovirus4
9 | ACCUUUGUGCGCCUGUUUUAUACCCCCAUCCCCARUCGRAAACUUAGAAGCAUUACACACUGAUCAAU
0 | AGGAGGCGCGGCACGCCAGCCAUGCCAAGAUCAAGCACUUCUGUCUCCCCGGACCGAGUAUCAAUAG
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ACUGCUUGCGCGGUUGAAGGAGAAAACGUUCGUUACCCGGCCAACUACUUCGAGAAACCUAGUACCA
CCAUGARAGUUGCGGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGCCGAUGAGUCACCGCG
UUCCCCACGGGUGACCGUGGCGGUGGCUGCGCUGGCGGCCUGCCUAUGGGGCAACCCAUAGGACGCU
CUAAUACAGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUGGUGAUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCACACGCUCACAAGCCAGUGAGUGGUGUGUCGUAAUGGGUAARCUCCGECAGL
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAACUUCAUUUUGGCUGCUUAUGCUGACAAUUA
AGAAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAGUAGAGCUAUUAUAUACUUGUU
UGUUGGCUUUGUACCACUAAACUAUAAAGUCCUUAGAACUCUUGAUUUUAUACURAUUUUGAARUAAG
GCAAA

2 | UURAAACAGCCUGUGGGUUGCACCCACCCACAGGGCCCACUGGGCGCUGGUACACUGGUAUURAAGGU echovirusb
9 | ACCCUUGUACGCCUGUUUUAUAUCCCUCCCCCGAUUUGUAACUUAGRAUURAAGCAARACCCGAUCAA
1| UAGUAGGUGUGGCARACCAGCCACAUCUUGAUCAAGCACUUCUGUUUCCCCGGACCGAGUAUCAAUA
GACUGCUGACGCGGUUGAAGGAGARAACGUUCGUUACCCGGCCAACUACUUCGGGAAARCCUAGUACC
ACCAUGAAGGUUGCGCAGUGUUUCGCUCCGCACAACCCCAGUGUAGAUCAGGUCGAUGAGCCACCGL
AUUCCCCACAGGCGACUGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGUAACCCAUGGGACGC
UUCAAUACUGACAUGGUGCGAAGAGUCCACUGAGCUAGUUGGUAUUCCUCCGGCCCCUGAAUGCGGC
UAAUCCUAACUGCGGAGCAGGCACCCACGAGCCAGUGGGCAGCCUGUCGUAAUGGGUAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCAUUUUCUUUUUAUUGGCUGCUUAUGGUGACAAUCA
CGGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGUGACUAACAGAGCAGUARUAUUCCUUUU
UGUUGGUUUUGUACCACUCACCGUCACGAGCCUCAGAACACUCGUAUUCAUCUURACCCUUAACAAG
AURAA

2 | UURAAAACAGCCUGUGGGUUGCCCCCACCCGCAGGGCCCAUUGGCGCGCUAGCACACUGGUAUCACGGU echovirusé
ACCUUUGUGCGCCUGUUUUAUCCUCCCUCCCCAAGUGCAACGUAGAAGCAAGACACAAAAGGUCAAC
2 | AGRUAGCCCAGCACACCAGUUGGGUUUCGACCAAGCACUUCUGUCUCCCCGGACCGAGUAUCAAUAA
GCUGCUCACGCGGCUGAAGGAGAAAGUGUUCGUUACCCGGCUAGUUACUUCGAGAARCCUAGUACCA
CCAUGAAGGUUGCGCAGCGUUULCGCUCCGCACAACCCCAGUGUAGARUCAGGUCGAUGAGUCALCGCG
UUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGLCUGCCCAUGGGGCAACCCAUGGGACGCU
UCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAACUAGUAGUCCUCCGGCCCCUGAAUGCGGAU
AAUCUUAACUGCGGAGCAGGUGCUCACAAUCCAGUGGGUGGCCUGUCGUAACGGGCAACUCUGCAGE
GGAACCGACUACUUUGGGUGUCLGUGUUUCCUUUUAUCUCUUUGUUGGCUGCUUAUGGUGACAAUUG
AACGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAGCAGCAGAUCCAUUAUUUACCAGUU
UGUUGGAUUUGUACCACUUGAUCACAUAGUCUUUAGAACACUUGUCUUUAUUCURAARUCUUAACAAG
GCAAG

w0

2 | UURAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCAUUGGGCGUCAGCACCCUGGUAUCACGGU echovirus?
9 | ACCUUUGUGCGCCUGUUUUAUAUCCCUUCCCCCAAUUGUAACUUAGAAGARACACACACCGAUCAAC
3 | AGCAAGCGUGGCACACCAGCCAUGUUUUGGUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAG
ACUGCUCACGCGGUUGAAGGAGAAAGCGUCCGUUAUCCGGCCAGCUACUUCGAGAAACCUAGUAACA
CCAUGGAAGUUGCGGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCU
UUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGGAACCCAUAGGACGCU
CUARAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGCUGGUAUUCCUCCGGCCCCUGRAUGCGGCU
AAUCCUAACUGUGGAGCACAUGCCCCUAAUCCAAGGGGUAGUGUGUCGUAAUGAGCAAUUCCGCAGL
GGAACCGACUACUUUGGGUGUCLGUGUUUCCUCUUAUUCUUGUACUGGCUGCUUAUGGUGACAAUUG
AGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUGUGUAUCUCUU
UGUUGGAUUUGUACCACUUAAUUUGARAGARAUCAGGACACUACGCUACAUUUUACUAUUGAACACC
GCAAA

2 | UURAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCCAGCACUCUGGUAUCGCGGU echovirus?9
9 | ACCUUUGUGCGCCUGUUUUGUUUCCCUUUACCCCGAAUGGAACUUAGAAGUARAUGCACACUGAUCAR
4 | UAGCAGGCGUGGCACCAGCCACGUGAUGAUCAAGCACUACUGUUUCCCCGGACCGAGUAUCARUAGA
CUGCUUGCGCGGUUGAAGGAGAAAACGUUCGUUAUCCGGCUAACUACUUCGAGAAACCCAGUAACAC
CAUGAAGGUUGCAGGCGAUUUCGCUCAGCACAUCCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCGU
UCCCACGGGCGACCGUGGCGGUGGCUGCEUUGGCGGCCUGCCUAUGGGGUAACCCAUAGGACGCUCU
AAUACGGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUAGUGUUCUCCGGCCCCUGARUGCGGCUAAU
CCUAACUGUGGAGCACAUGCCCCUAAUCCAAGGGGUAGUGUGUCGUAACGGGCAACUCCGCAGCGGA
ACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUACAUUGGCUGCUUAUGGUGACAAUUGAGA
GAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUARUAGAGCGAUAAUCUACCAGUUUGU
UGGAUUUGUACCACUCAACUUUUCAACACUCAARGACACUCAACUACAUACUAGCACUCAACACAGUA
AR

2 | UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUCACGGU echovirusll
ACCUUUGUGCGCCUGUUUUAUACCCCCUUCCCGCAACCGCARAUUUAGAAGCAAAGCUAACCCGAUC
5| GAUAGCGGAUGCGCAUGCCAGCCGCAUUUUGAUCARAGUACUUCUGUUUCCCCGGACCGAGUAUCAAU
AGACUGCUCACGCGGUUGAAGGAGAARACGUCCGUUACCCGACCAACUACUUCGAGARARCCUAGUAR
CAUCAUGAAUGUUGCAGGGCGUUUCGAUCAGCACGACCLUGGUGUAGAUCAGGCUGAUGAGUCACCG
CAUUCCCCACGGGUGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGUGACCCAUAGGACG
CUCUAAUACGGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGLCGG
UUAAUCCUAACUGCGGACGACAUACCCCUARUCCRAGGGGCAGUGUGUCGUAACGGGCAACUCUGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUACUGGCUGCUUAUGGUGACAAU
CUCAGAGUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAGCAACAGAGCUGUCAUUUAUCAG
UUUGUUGGCUUUAUACCUCUAAAUCACACGGUUUUUUUUUUUUGGAACGCUUGUAUUCAUCUUAACC
CUCAAUAAGGCAAA

e}
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2 | UURAAACAGCCUGUGGGUUGUCCCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUCCCGGU echovirusl?2
9 | ACCUUUGUGCGCCUGUUUUAUAUACCCUCCCCUCAGUAACCUAGAAGUUCAUCACARAUGAUCARUA
6 | GUUAGCUCAACAAACCAGUUGAGCCUAGAUCAAGCACUUCUGUUACCCCGGGCUGAGUAUCAAUAAG
CUGUUGACACGGCUGAAGGAGAAAACGCCCGUUACCCGACCAGCUACUUCGGAGAACCUAGUAUCAC
CAUAGAGGUUGCGUAGCGUUUCGCUCCGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGLGU
UCCCCACAGGCGACUGUGGCGGUGGCUGCGUUGGCGGCLUGCCCAUGGGGUUACCCAUGGGACGCUU
CAAUACUGACAUGGUGUGAAGAGUUGACUGAGCUAGCUGGUAGUCCUCCGGCCCCUGRAUGCGEGCUA
AUCCUAACUGUGGAGCAAGUGCCCACAACCCAGUGGGUGGCUUGUCGUAAUGGGCAACUCUGCAGCG
GAACCGACUACUUUGGGUGACCGUGUUUCUCUUUAUUCUUAUAUUGGCUGCUUAUGGUGACAAUCUC
AGAGUUGUUACCAUAUAGCUAUUGGUUUGGCCAACCAGUGACUAACAGAGCAAUUAUAUAUCUUUUC
AUUGGAUUUAUACCUAUAARACAACACCAGUUAUACCACUUUGUGUUACAUUAUUGGCUUGAACUCGA
ARAG

2 | UURAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCCAGCACACUGGUAUCACGGU echovirusl3
9 | ACCCUUGUGCGCCUGUUUUAUCCACCCCUCCCCGAAGUAACUUAGAAGCUCUAAAUAAGCGGUCAGC
7 | AGCCAGCCCAGCACACCAGCUGGGUUUUGACCAAGUACUUCUGUUACCCCGGACCGAGUAUCAAUAG
GCUGCACACGCGGCUGAAGGAGAAAACGUUCGUUACCCGGCCAUCUACUUCGAGAAACCUAGUACCA
CUAUGARAGUUGCGAAGCGUUUCGCUCCACACAACCCCAGUGUAGAUCAGGCUGAUGAGUCACCGCA
UUCCCCACAGGUGACUGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGCAACCCAUGGGACGCU
UCAAUACCGACAUGGUGCGAAGAGUCUAUUGAGCUAGAUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCAGGUGCACACAAACCAGUGAGUAGCCUGUCGUAAUGGGCAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUAUAUUGGCUGCUUAUGGUGACAAUUG
AAAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAGCAGAGCACUGAUAUACCUAUU
UGUGGGCUUUGUACCACUCAACUUUGUCAGCUACACCACAUUGCUAUAUAUUGUCCAACUGAACGCA
AGAAG

2 | UURAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACAGGGCGCARAGCACACUGGUAUCACGGU echovirusl4d
9 | ACCUUUGUGCGCCUGUUUUAUCUACCCCCCCCARAGUARCGUAGAAGCCUGARCARAGUGGUCACUA
8 | GUAAGCUCGGUAAGCCAACCGAGGUUAGACCAAGCACUUCUGUCUCCCCGGACUGAGUAUCAAUAGG
CUGCUAACGCGGCUGAAGGAGAARAACGUUCGUUACCCGACCAGCUACUUCGAGARACCUAGUACCAL
CAUGGAUGUUGCGCGGCGUUUCGUUCAACACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCUC
UCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCLUGCCCAUGGGGCAACCCAUGGGALCGLCUU
CAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAGCUGGUAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACUGUGGAGCAGGCGCUCGCAAACCAGCGAGUAACCUGUCGUAACGGGCAACUCCGCAGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCCUACCUUGGCUGCUUAUGGUGACAAUUGA
GAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUAAGCAACAGAGCAGUAAUUUACUUGUUC
GUUGGUUUCAUACCACGUGACUUUAAAGUCUUACAAACACUAAACCUCAUAUUAUCAUUUAAUAGUG
CARAA

2 | UURARACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUAUUACGGU echoviruslb
9 | ACCCUUGUGCGCCUGUUUUAUAUACCCCGCCCCARGCARACGCUAGAUGUAACGCACUUAUGAUCAA
9 | UAGCAGGCGUGGCACUCCAGCCACGUUAUGAUCAAGCACUUCUGUCUCCCCGGACCGAGUAUCARUA
GACUGCUCACGCGGUCGAAGGAGARAARCGUUCGUUACCCGACCAGCUACUUCGAGARACCUAGUAAC
UCCAUGGAGGUUGCAGAGUGUUUCGUUCAGCACUUCCCCCGUGUAGAUCAGGCUGAUGAGUCACLCGL
GUUCCUCACGGGCGACCGUGGCGGUGGCUGLGUUGGCGGCCUGCCUAUGGGUAUACCCAUAGGALCGL
UCUAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGC
UAAUCCUAACUGCGGAGCACAUACCCCCAACCCAGGGGGCAGUGUGUCGUAACGGGUAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUACAUUGGCUGCUUAUGGUGACAAUU
GAGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGUGACUAACAGAGCUAUUAUUUACCUUU
UUGUUGGCUUCGUAUCACUUGGUUUAAAAGAGGUUAGUACUUUAUAUUGCAUUAUAUUACUAAACAC
GAGAAA

w

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCAAGCACACUGGUAUUACGGU echoviruslé
0 | ACCUUUGUGCGCCUGUUUUACAUCCCCUCUCCCAUUAUAACUUAGARGCACAUACARAACGACCAAU
0 | AGGUGGUCCAGCACUCCAGCUGGGCUCUGGUCAAGUACUUCUGUUACCCCGGACUAAGUAUCRAUAA
GCGGCURACGCGGCUGAAGGAGAAAGCGUCCGUUACCCGGCCAACUACUUCGGGAARUCUAGUAACA
CCAUGAAGGUUGCGCAGUGUUUCGCUCCGCACAAACCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
UUCCCCACAGGCGACUGUGGCGGUGGCUGCGUUGGLCGGCCUGCCCAUGGGGCAACCCAUGGGALCGCU
UCAAUACUGACAUGGUGCGAAGAAUCUACUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUARACUGCGGAGCACAUACCCCUAACCCRAAGGGGCAGUGUGUCGUAACGGGCAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUACUGGCUGCUUAUGGUGACAAUUG
AGAAAUUGUUACCAUAUAGCUUUUGGAUUGGCCAUCCAGUGACUAACAGAGCUAUUAUUUACUUGUU
UGUUGGCUUUGUACCACUCAACCUUAGAGUUUUAAGGACUCUCAAUUUGGUUCUGCUAUCGAAUACA
ACAAA

3 | UURAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCAUUGGGCGCUAGCACUCUGGUAUUGCGGU echovirusl?
0 | ACCUUUGUGCGCCUGUUUUAUAUUCCCUCCCCCUGACCGUAACUUAGAAGUAACACACACCGAUCAR
1| CAGUAAGCAUGGCACACCAGCCAUGUUUUGAUCAAGCACUUCUGUUAUCCCGGACUGAGUAUCAAUA
GACUGCUCACGCGGUUGAAGGAGAAAACGUUCGUUACCCGGCCAACUACUUCGARAAACCUAGURAC
ACCAUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGL
AUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGAARCCCAUAGGACGC
UCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGC
UAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGGGGGCAGUGUGUCGUAACGGGCAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCCCUUACUCUUGUAUUGGCUGCUUAUGGUGACAAUU
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UUGGAAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACAAACAGAGCGAUUGUAUACCUAU
UCGUUGGACUUGUACCGCUCAACGUUACGAGUCUAACGACUUUAUACUACAUCAUCUGGUUGAACAC
AGCAAA

w

UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUAUUACGGU echovirusl8
0 | ACCUUUGUGCGCCUGUUUUACAUCCCUUCCCARUCGUAAUUUAGAAGCCAARACACUACGAUCAAUAG
2| UGGGCGUGGCACGCCAGCCAUGUCUCGAUCAAGCACUCCUGUUUCCCCGGGCCGAGUAUCAAUAGAC
UGCUCACGUGGUUGAAGGAGAAAACGCUCGUUAUCCGGCUAACUACUUCGAGAAACCUAGUAACACC
AUGGAAGUUGCAGAGUGUUUCGUUCAGCACUUCCCCAGUGUAGAUCAGGCCGAUGAGUCACCGCGUY
CCCCACGGGUGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGUAACCCAUGGGACGCUCU
AAUAUGGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAA
UCCUAACUGCGGAGCAUGUACCUCCAAUCCAGGAGGUGGCGUGUCGUARAUGGGCAACUCUGCAGCGG
AACCGACUACUUUGGGAGUCCGUGUUUCCUUUUAUUCUUACACUGGCUGCUUAUGGUGACAAUUGAG
AGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAGAGCAGUUAUCUACCAGUUCG
UUGGUUUCAUUCCAUUGUGUACUCGCGAAUACAACACUCUUCUUUUAAUACUAGAUUUAAACAAAGC
ARA

w

UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCAAUGGGCGCUAGCACUCCGGUAUUACGGU echovirusl9
0 | ACCCUUGUGCGCCUGUUUUAUUUCCCCUUCCCCAACUGAAACUUAGAAGARAUACACAARUGAUCGAC
3 | AGUAAGCGUGGCGCACCAGCCAUGUUUUGAUCAAGCACUUCUGUUUCCCCGGACCARGUAUCRAUAG
ACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAACCGGCUAACUACUUCGAGRAACCCAGUAACA
CCAUGARAGUUGCAGAGUGUUUCGCUCAGCACUCCCCCAGUGUGGAUCAGGUCGAUGAGUCACUGCG
UUCCCCACGGGUGACCGUGGCAGUGGCUGCGUUGGCGGCCUGCCUGUGGGGCAACCCACAGGALCGCU
CUAAUACGGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCURACUGUGGAGCACAUGCCCCUAACCCAAGGGGUGGUGUGUCGUAAUGGGUAACUCCGCAGC
GGAACCGACUACUUUGGGUGACCGUGUUUCCUUUUAUUUUUACAUUGGCUGCAUAUGGUGACGAUUG
AGAGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCAGUGUCUAACAGAGCUAUUGUAUAUCUUUU
UGUUGGAUUUGUACCACUUGACUUGARAGAGGUCAGGACACUACAAUACAUUAUACUGCUGAAUACU
GCAAR

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCAUUGGGCGCUAGCACUCUGGUAUUACGGU echovirus20
ACCUUUGUGCGCCUGUUUUAUGUCCCCUCCCCCARUCGCAACUUAGAAGCAACACACACUGAUCAAC
4 | AGUAAGCGUGGCAUACCAGCCACGUUUUGAUCARAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAG
ACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAGAAACCUAGUAACA
CCGUGARAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
UUCCCCACGGGCGACCGUGGCGGUGGCUGCGCUGGCGGCCUGCCUACGGGGAAACCCGUAGGACGCU
CUARAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCACACACCCCCAAGCCAGGGGGCAGUGUGUCGUAACGGGUAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUVAUUCCUAUGCUGGCUGCUUAUGGUGACAAUUG
ACAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCCAUUAUAUACCACUU
UGUUGGGUUUAUACCACUCAACUUGAARAGAGGUCARARACACUACAGCUCAUCAUUARAUUGAACACA
ACAAA

O W

W

UUAARAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACCGGGCGCUAGCACACUGGUAUCGLGGU echovirus2l
0 | ACCUUUGUGCGCCUGUUUUAUUUACCCUGCCCUGAUGUAACUUAGAAGCAUGACACCAACGAUCAAU
5| AGCAGGCUCAAUGCACCAAUUGGGUCAAGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAA
GCUGCUAGCGCGGCUGAAGGAGAAAAAGUUCGUUACCCGGCCAGCUACUUCGAGAAACCUAGUAUCA
CCAUGARAGUUGCGUGGCGUUULGCUCCGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
UUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCGUGGAGCAAUCCAUGGGACGCU
AURAUACAGACAUGGUGUGAAGAGUCUAUUGAGCUAGCUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCAGGUACCCACGAACCAGUGGGCAGUCUGUCGUAAUGGGCARCUCCGCAGE
GGAACCGACUACUUUGGGUGUCLCGUGUUUCCUUUVUAUUUCAACUUGGCUGCUUAUGGUGACAAUUGA
GAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAGAGCUAUCAUAUACCUUUUU
AUUGGCUUUGUGCCACUUACUCUGAARAGAGGUCAAGACUCUGCAUUAUAUCAUACUAUUGAAUGCUA
UAAA

w

UURAAACAGCCUGUGGGUUGCACCCACCCACAGGGCCCACAGGGCGCUAGCACUCUGGUAUCACGGU echovirus24
0 | ACCUUUGUGCGCCUGUUUUAUUACCCCUUCCCCARUUGAARAAUUAGAAGCAAUGCACACCGAUCAAC
6 | AGCAGGCGUGGCGCACCAGUCACGUCUCGAUCAAGCACUUCUGUUUCCCCGGACCGAGUAUCAAURG
ACUGCUCACGCGGUUGAAGGAGAAAGUGUUCGUUAUCCGGCUAACCACUUCGAGAAACCCAGUAACA
CCAUGARAGUUGCAGGGUGUUUCGCUCAGCACUUCCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCG
UUCCCCACGGGCGACCGUGGCGGUGGCUGCEUUGGCEGCCUGCCUAUGGGUUAACCCAUAGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUUUAUUGAGCUGGUUAGUAUCCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCACGUGCCUCCAAUCCAGGGGGUUGCAUGUCGUAACGGGUAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUVUAUUCUUAUACUGGCUGCUUAUGGUGACAAUCG
AGGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUAACAGAGCGAUUAUARUACCUCUU
UGUUGGAUUUAUGCAGCUCAAUACCACCAACUUUAACACAUUGAAAUAUAUCUUAAAGUUAAACACA
GCARA

w

UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUACUACGGU echovirus25
0 | ACCUUUGUGUGCCUGUUUUAUACCCCUCCCCCUACUGAAACUUAGAAGCAAUUCAUACCGAUCAAUA
7| GUGGGCGUGGCACACCAGCCGUGUCUAGAUCAAGCACUCCUGUUUCCCCGGACCGAGUAUCAAUAGA
CUGCUCACGCGGUUGAAGGAGARAACGUUCGUUAUCCGGCUAACUACUUCGAAARACCUAGUAACAC
CAUGAAAGUUGCGGAGUGUUUCACUCAGCACUUCCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAU
UCCUCACGGGCGACCGUGGCGGUGGCUGCGCUGGCGGCCUGCCUAUGGGGUGACCCAUAGGACGCUC
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UAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGGAUA
AUCCUAACUGUGGAGCAGAUACCCACGAACCAGUGGGCAGUCUGUCGUAACGGGCAACUCCGCAGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCCAAAUCUGGCUGCUUAUGGUGACAAUUGA
GAGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAAUAAUAGAGCGAURAUAUAUUUGUUU
GUUGGAUUCGUGCCACUUAGUCUGAAAGUUUUGAGAACACUCAACUACGUUUUAUUGCUGAAUAGUG
CAAG

3 | UURAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCUAGCACACCGGUAUCACGGU echovirus26
0 | ACCCUUGUGCGCCUGUUUUAUCCACCUCCCCCGUUGUAACUUAGAAGCUCAAUACARAUGGUCGAUA
8 | GCCAGCCCGAUACGCCAAUUGGGUUUUGACCAAGCACUUCUGUUACCCCGGACUGAGUACCARUAGG
CUGCCARAAGCGGCUGAAGGGGAAAACGUUCGUUACCCCACCAACUACUUCGAGARACCUAGUACCAC
CAUGAAGAUUGCGCAGCGUUUCGCUCAGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAU
UCCCCACAGGCGACUGUGGCGGUGGCUGCGUUGGCGGCLUGCCCAUGGGGCUACCCAUGGGACACUU
CAAUAUCGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGRAUGCGGAUA
AUCCUAACUGCGGAGCAGGCACCCACAAGCCAGUGGGCAGCCUGUCGUAACGGGCARCUCUGCAGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUACACUGGCUGCUUAUGGUGACAAUUGA
AGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGCGACUAACAGAGCUAUUAUCUUCUUGUUU
GUGGGGUACGUACCACUCAAUUUCACAGUAGUAAGGACUCUCAAUUUCAUUUUGUGCUUGAAUAAGG
CGARA

W

UUAAAACAGCCUGUGGGUUGUACCCACCUACAGGGCCCACUGGGCGUCAGCACACUGGUAUCCCGGU echovirus27
0 | ACCUUUGUGCGCCUGUUUUAUAUUCCCCACCCCACGUUGUAACUUAGAAGCAAUGCAAUUUCGGUCA
9 | GUAGUAGACGCGGCAACCCAGUCGUGUUUCGACCAAGCACUUCUGUARACCCCGGACCGAGUAUCAAU
AAGCUGCUCGCGCGGCUGAAGGAGAAACCGUUCGUUACCCGGCUAACUACUUCGAGAAGCCUACUAA
CACCAUGAACGUUGCAGAGUGUUUCACUCAGCACUUCCCCCGUGUAGAUCAGGUCGAUGAGUCACCG
CGAUCCCCACGGGCGACCGUGGLGGUGGCUGCGUUGGCGEGCCUGCCUGUGGGGCAACCCACAGGACG
CUCUAAUACAGACAUGGUGCGAAGAGCCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGARUGCGG
CUAAUCCUARACUGCGGAGCACAUGCCCACARACCAGUGGGUGGUGUGUCGUAACGGGCAACUCUGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUCAUACUGGCUGCUUAUGGUGACAAU
UGAAAGAUUGUUGCCAUAUAGCUAUUGGAUUAGCCAUCCGGUGUCARACAGAGCRAUUAUUUACCUA
UUCGUUGGUUUUGCACCCUUGAAUUUUAAGGUUCUUAAAACACUUAAUCUCAUAUUAAAACUCAAUU
CAGCAAA

3 | UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUAUCACGGU echovirus29
1 | ACCUUUGUGCGCCUGUUUUAUACUUCCUCCCCCAARCUGCAACUUAGAAGUAACACARACCGAUCAAC
0 | AGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAACACUUCUGUUACCCCGGACUGAGUAUCAAUAG
ACUGCUCACGCGGUUGAAGGAGAAAACGUUCGUUAUCCGGCCAACUACUUCGAGAARCCUAGUAACG
CCAUGGAAGUUGUGGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUUGAUGAGUCACCGCA
UUCCCCACGGGUGACCGUGGCGGUGGCUGCGUUGGCGGLCUGCCCAUGGGGAAACCCAUGGGALCGCU
CUUAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCCAACUGCGGAGCAUACACUCUCAAGCCAGAGGGUAGUGUGUCGUAAUGGGCAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUG
AGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAGAGCUAUUAUAUAUCUUUU
UGUUGGGUUUAUACCACUUAGCUUGARAGAGGUUAAAACUCUACAUUACAUUUUAAUACUGAACACC
GCARAA

3 | UURAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCAUGGGCGCUAGCACACUGGUAUCGUGGUA echovirus3l
1 | CCUUUGUGCGCCUGUUUUAUACACCCUCCCCAUUUGUAACUUAGAAGUARAGCARUAUUGAUCAAUA
1| GCAAGCAUGGCACACCAGCCGUGUUCAGAUCAAGCACUUCUGUAACCCCGGACUGAGUAUCARUAGG
CUGCCARAGCGGCUGAAGGAGARAACGUUCGUUARCCGGCCAACUACUUCGAGARGCCCAGUAUCAC
CAUGAARGUUGCAGAGCGUUUCGCUCAGCACUCCCCCCGUGUAGAUUAGGUCGAUGAGUCACCGCAU
CCCCCACAGGCGACUGUGGCGGUGGCUGCGUUGGCGGCLUACCUACGGGGCAACCCGUAGGALGLUL
UAAUACAGACAUGGUGAGAAGAGCCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGAUA
AUCCUAACUGCGGAGCAUGUGCUCGCAAUCCAGCGAGAGGCAUGUCGUAACGGGCAACUCUGCAGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCCUUGUUUGGCUGCUUAUGGUGACAAUUGA
AAGAUUGUUGCCAUAUAGCUAUUGGGUCGGCCACCUGGUAUCUAACAGAGCAAUUAUUUACUUGUUU
GUUGGUUUUGUACCCUUAAAUCUCAAGGUUCUUGAAACCCUUARACUACACAUUGAAACUCAAUUCAU
UGARA

3 | UGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCUAGUACACUGGUACCAAGGUACCUUUGUACG echovirus32
CCUGUUUUAUACCCCCUCCCCGAUCCGAAACUUAGAAGUARAGCARAACCCGAUCRAUAGUAGGUGCG
2 | ACACUCCAGUCGUAUCUCGAUCAAGCACUUCUGUUUCCCCGGACUGAGUAUCAAUAGACUGCCCACG
CGGUUGAAGGAGAARACGUCCGUCAUCCGGCUAACUACUUCGAGAAACCCAGUAGCACCAUGGAAGU
UGCAGAGUGUUUCGCUCAGCACUAACCCCGUGUAGAUCAGGCUGAUGAGUCACCGCAUUCCCCACGG
GUGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGCAACCCAUAGGACGCUCUAAUACGGA
CAUGGUGUGARGAGUCUAUUGAGCUAGUUAGUARAUCCUCCGGCCCCUGAAUGCGGCUARUCCUARCU
GCGGAGCACAUACUCCUACUCCAAGGAGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACU
ACUUUGGGUGUCCGUGUUUCCUAUUAACAUAUCACUGGCUGCUUAUGGUGACAAUUGARAGAUUGUU
ACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCAAACAGAGCAAUAGUGUACCUAUUCGCUGGGUUU
AUCCCAUUGACUGUUAAAGAUAUACARACUCUCUACUUGAUAAUACAACUAAACACUGUAAA

=

3 | UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGU echovirus33
1 | ACCCUUGUGCGCCUGUUUUAUGUCCCUUCCCUCARCUGUAACUUAGAAGUAACGCACACCGAUCAAC
3 | AGUCAGCGUGGCACACCAGCCAUGUUUUGAUCRAGCACUUCUGUUACCCCGGACCGAGUAUCAACAG
ACUGCUCACGCGGUUGAAGGAGAAAGUGUUCGUUAUCCGGCCAACUACUUCGAARAACCUAGUAACA
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CCAUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
UCCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGGAACCCAUAGGACGCU
CUAAUACAGACAUGGUGCGAAGAGUCCAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCACACACCUUCAAGCCAGAGGGCAGUGUGUCGUARCGGGCAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCUUAUACUGGCUGCUUAUGGUGACAAUUG
AGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGUGACUAGCAGAGCUAUUAUAUACCUCUU
UGUUGGGUUUAUACCACCUAAUUUGARAGARGUUAAAACAUUAGAAUUCAUUAUUARAUUGARUACA
UUUAA

3 | UURAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUCACGGU enterovirusB
1| ACCUUUGUGCGCCUGUUUUAUACCCCCUACCCCAACUUUARACUUAGAAGCARAGCAARACCCGAUCA 69

4 | AUAGCAGAUGUAGCAAGCCAGUUGCAUCUUGAUCARAGUACUUCUGUCUCCCCGGACUGAGUAUCAAU
AGACUGCUCACGCGGUUGAAGGAGAARAACGUUCGUUACCCGACCAACUACUUCGAGARAACCUAGUAA
CACCAUGAAAGUAGCAGGGUGUUUCGAUCAGCACAACCCCAGUGUAGAUCAGGCUGAUGAGUCACCG
CAUCCCCCACGGGCGACCGUGGLGGUGGCUGCGCUGGCGGCCUGCCCAUGGGGCAACCCAUGGGACG
CUCUAAUAUGGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGG
CUAAUCCUAACUGCGGAGCACAUACCCCAARGCCAAGGGGCAGUGUGUCGUAACGGGCAACUCUGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUCAAACUGGCUGCUUAUGGUGACAAU
CUCAGAGUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAGCAACAGAGCAAUUGUCUACCAA
UUUGUUGGAUUUAUUCCACUCARUCUAGCGGUUUUCAGAACAUUGARUUAUAUUCUARACCCUCAACA
AGACGAA

UUUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACGGGGCGCUAGCACACUGGUAUCACGG enterovirusB
UACCUUUGUGCGCCUGUUUUAUAUCCCCCCCCCCAAGUAAACCUUAGAAGCAAUACACACCUGGUCG 73

5| ACAGUGGGUGUGACAAUCCAGUCACAUCAUGACCAAGCACUUCUGUUUCCCCGGACCGAGUAUCAAU
AGGCUGCUCACGCGGCUGAAGGAGAAAGCGUUCGUUACCCGGCCAGCUACUUCGAGAAGCCUAGUAA
CACCAUGARAGUUGCAGAGUGUUUCGUUCAGCACUUCCCCCGUGUAGAUCAGGCUGAUGAGUCACCG
CAUUCCCCACGGGCGACCGUGGLGGUGGCUGCGCUGGCGEGCCUGCCUAUGGGACACCCCAUAGGACG
CUCUAAUACCGACAUGGUGCGAAGAGUCUAUUGAGCUAGCUGGUAGUCCUCCGGCCCCUGAAUGCGG
CUAAUCCCAACUGCGGAGCACGCACCCUCARACCAGAGGGCAGCGUGUCGUAAUGGGCAACUCUGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUACAUUGGCUGCUUAUGGUGACAAU
UGAGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACAARACAAAGCUAUCAUAUAUUUA
UUCAUUGGUUACAUACCACUUACCCUGAAAGAGAUCAAGACCUUGCACUUUAUCUUAUCACUAAACA
CUGCAAA

=W

3 | UUAAAACAGCCUGUGGGUUGUUCCCACUCACAGGGCCCACUGGGCGCUAGCACACUGGUAUCACGGU enterovirusB
1| ACCCUUGUGCGCCUGUUUUAUUCACCCCCCCCARAAUGUAACUUAGAAGCAUAACCCAAAUGGUCARAU 74

6 | AGACAGCCCAGUACACCAGCUGGGUUUCGGCCAAGUACUUCUGUUACCCCGGACCGAGUAUCAAUAG
GCUGCUCACGCGGCUGAAGGAGAAAACGUUCGUUAUCCGGCCAAUUACUUCGAGAARCCUAGUAACA
CCAUGARAGUUGCGCAGUGUUUCGCUCCGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCG
UUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGCAACCCAUGGGACGCU
UCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCURACUGCGGAGCAGAUACCCACAUGCCAGUGGGCGGUCUGUCGUAARCGGGCAACUCCGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUVUAUUCUUAAUCUGGCUGCUUAUGGUGACAAUUG
AAAGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACAAACAGGGCGAUUAUUUAUUUGUU
UGUUGGUUUUGUUCCAUUAAACUAUAGAGUUUUGAAUACUCUAGAAUUUAUUAUAACACUCAACACA
ACAARA

3 | UUUARARACAGUCCUGUGGGUUGUUACCCACCCACAGGGCCCACUGGGCGCCAGCACACUGGUAUCAL enterovirusB
1 | GGUACCUUUGUGCGCCUGUUUUAUAUACCCUUCCCCUACUAAGUAACUUAGAAGCAARUUAAACARRG 75

7 | ACCAACAGUAAGCACAGCGCACCAGCUGUGUUUCGGUCAAGCACUUCUGUUACCCCGGACUGAGUAU
CAAUAGGCUACUCACGUGGCUGAAGGAGAARACGUUCGUUACCCGACCAAUUACUUCGAGAAGCCUA
GUAACACCAUGGAGGUUGCGCGGCGUUUCGCUCCACACAACCCCAGUGCAGAUCAGGUCGAUGAGCC
ACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGCAACCCAUGG
GACGCUUCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAU
GCGGCURAUCCCAACUGCGGAGCAGAUACCCACGCGCCAGUGGGCAGUCUGUCGUARAUGGGCAACUC
UGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUAUUCUUAUACUGGCUGCUUAUGGUGAC
AAUUGAGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACGAGCAGAGCUAUUAUUUAC
CUAUUUGUUGGUUUUAUACCAUUGAACUAURAAAGUUUUAAAAACCUUARACUUCAUCUUAGUACUCA
AUACAGCARRA

3 | UURAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCAUUGGGCGCUAGCACACUGGUAUUCCGGU enterovirusB
1| ACCCUUGUGCGCCUGUUUUAUCUACCCUUCCCUACUGCAACUUAGAAGUUAAACAGUCACGGUCGAU 77

8 | AGGCGGUUCAGUAAACCAACUGGAUCUUGACCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAA
GCUGCUUACGUGGCUGAAGGAGAAAACGUUCGUUACCCGGCCAAUUACUUCGAGAARCCUAGUACCA
CCAUGARGGUUGCGCAGCGUUUCGCUCCGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
CUCCUCACGGGCGACCGUGGCGGUGGCUGCGECUGGCEGLCUGCCCAUGGGGCAACCCAUGGGACGCU
UCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAAUUGGUAAUCCUCCGGCCCCUGAAUGCGGCU
AAUCCCAACUGCGGAGCAGGUACCCACACACCAGUGGGCAGCCUGUCGUAACGGGCAACUCUGCAGE
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUG
AAAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGUGACAAACAGAGCAAUUGUCUAUCUAUU
UGUCGGUUUUGUACCAAUAAAUUUCAARAGUCCUARAAACCCUCAAUUUCAUAUUGUUACUUAACACA
ACAAG
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UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUCCCGGU
ACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAUAUCGUAACAUAGAAGCAAUGCACUCCCGGUCA
AUAGCUGACGUGACARAACCAGUUGCGUUUUGACCAAGCACUUCUGUAACCCCGGACCGAGUAUCAAU
AAGCUGCUUGCGCGGCUAAAGGAGAAACCGUCCGUUACCCGGCUAACUACUUCGAGAAACCUAGUAC
CACCAUGAACGUUGCGGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGUCGAUGAGCCACCG
CAUUCCCCACGGGCGACCGUGGLGGEUGGLCUGCGUUGGCEGCCUGCCUGUGGGGCAACCCACAGGACG
CUCURAAUAUAGACAUGGUGUGAARGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGG
CUAAUCCUAACUGCGGAGCACAUACCCCUARUCCAAGGGGCAGUGUGUCGUAACGGGCGACUCUGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUCUUUVUAUAUUGGCUGCUUAUGGUGACAA
UUGCAGAGUUGUUACCAUAUAGCUUUUGGAUUGGCCAUCCGGUGAGCAAUAGAGCUGUUAUUUAUCA
AUUUGUUGGAUUCGUCGCACUCAACCACACAGUCUUUAGAACACUCGGAUUUAUCUUGACCCUUAAU
ACGAGARA

enterovirusB
79

S}

UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGGCCCACUGGGCGUCAGCACUCUGGUAUCACGGU
ACCUUUGUGCGCCUGUUUUAUACUCCCUCCCCCCAACCGUAACUUAGAAGCAGCACUAACUGAUCAA
UAGCCAGCGCGGCAUGCCAGCCACGCUUCGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUA
GACUGCUCACGCGGUUGAAGGAGAAAACGUUCGUCAUCCGGCCAACUACUUCGAGARACCUAGUAAC
ACCAUGGAAGUUGCGGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGC
AUUCCCCACAGGCGACUGUGGCGGEUGGCUGCGUUGGCEGCCUGCCCAUGGGGAARCCCAUGGGACGC
UCUUAURUAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGL
UAAUCCUAACUGCGGAGCAUACACCCUCAARCCAGAGGGCAGUGUGUCGUAAUGGGCAACUCUGCAG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCACUUUAUUUCUAAAUUGGCUGCUUAUGGUGACAAUU
GAGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACCAAUAGAGCUAUUAUAUAUCUCU
UUGUUGGGUUCAUACCACUUAGCUUGAAAGAGGUUAAAACUCUGCAUUACAUUAUACUAUUGAAUUC
CGCAAA

enterovirusB
80

N W

UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCAUUGGGCGCUUGCACACUGGUAUUCCGGU
ACCUUUGUGCGCCUGUUUUAUACAUCCUACCCCCGUAACUUAGAAGCAAGAUCACCCGAUCALCAGG
AAAUGUGGCAAACCAGUCACAUUCUGAUCAAGCACUUCUGUUUCCCCGGACUGAGUAUCAAUAGGCU
GUUCACACGGCUGAAGGAGAAAACGUUCGUUACCCGGCCAACUACUUCGARAAACCUAGUAUCACCG
UGAACGUUGCAGAGUGUUUCGCUCAGCACUUUCCCCGUGUAGAUCAGCUCGAUGAGUCACCGCAUUC
CCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCUGCGGGGCAACCCGUAGGACGLUCUA
AUACAGACACGGUGUGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAU
CCUAACUGCGGAGCGAGCGCUUGUAAUCCARCAGGUAGCUCGUCGUAACGGGUAACUCUGCAGCGGA
ACCGACUACUUUGGGUGACCGUGUUUCCUUUUAUUUCAUUACUGGCUGCUUAUGGUGACAAUCACAG
AGUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCARAUAGAGCAATUGUGUUUCUUUULGU
UGGGUUUGUACCACUUGACUUGACCAGCUACAACACUCUGUGCUACAUUGUUAGAUUGAACACAGCA
AR

enterovirusB
81

N

UUAAAACAGCCUGUGGGUUGCACCCACCCGCAGGGCCCACUGGGCGCUAGUACACUGGUACCCCGGU
ACCCUUGUACGCCUGUUUUAUUUCUCCCUCCCCCAACCAGUAACCUAGAAGUAAAGCARACCCGAUC
AAUAGCAGGUGCGACACACCAGUCGUAUCUUGAUCAAGCACUUCUGUAACCCCGGGCCGAGUAUCAA
UAGACUGCUCACGCGGUUGAGGGAGARAACGCUCGUUAUCCGGCUGACUACUUCGAGARACCCAGUA
ACACCAUAGAAGUUGCAGAGUGUUUCGCUCAGCACUUUCCCCGUGUAGAUCAGGUCGAUGAGUCACC
GCAUUCCCCACGGGUGACCGUGGCGGUGGCUGCGUUGGLGGCCUGCLCUAUGGGGCAACCCAUGGGAL
GCUCUAAUACAGACAUGGUGUGAAGAGUCARUUGAGCUAGUCAGUAUUCCUCCGGCCCCUGAAUGCG
GCUAAUCCUAACUGCGGAGCACGUGCCUCCRAUCCAGGGGGUGGCGUGUCGUAACGGGUAACUCUGC
AGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUCUUGGCUGCUUAUGGUGACAR
UUGAAGGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUARCAGAGCARUCAUAUACCA
AUUUGUUGGUUUUAUACCAUUGAAUUACAAAGUUCUAAUCACCCUUAAAUUCAUUUUAACACUUAAU
ACGUCARA

enterovirusB
82

N

UUUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUAUCACGG
UACCCUUGUGCGCCUGUUUUAUAUCCCCACCCCAGUGGAACAUUAGAAGCAGCACACCUAUGAUCAA
UAGUGGGCGUGGCAUCCAGUCACGUUAUGAUCAAGCACUUCUGUGACCCCGGACUGAGUAUCAAUAG
ACUGCUCACGCGGUUGAAGGAGAARACGUUCGUUACCCGGCCAGUUACUUCGAGAARCCCAGUAACA
CCAUGAAUGUUGCAGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGUCGAUGAGCCACUGCA
UUCCCCACGGGCGACCGUGGCAGUGGCUGCGUUGGLCGGCCUGCCUAUGGGGUCACCCAUAGGALCGCU
CUAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAACUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUARACUGUGGAGCACAUUCCCCCAAUCCAGGGGGCAGUGUGUCGUARCGGGCAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUCAUAUUGGCUGCUUAUGGUGACAAUUA
CAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAGAGCAAUUAUUUAUCAAUU
CGUUGGAUUUGUCCCACUCGAUUUCAAAGCAGUCRAUACACUCUCAUAUAUCGUUACACUCAACACA
ACAAA

enterovirusB
83

N

UUAARAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACCGGGCGCCAGCACACUGGUAUCACGGU
ACCCUUGUGCGCCUGUUUUAUCCACCCCUUCCCACAGUAACUUAGAAGCACACCAUGUAUACGGUCA
AUAGGCGGCUCAGUACACCAACUGGGCCACGACCAAGCACUUCUGUUACCCCGGACUGAGUAUCARU
AAGCUGCUCACGCGGCUGAAGGAGAARACGUUCGUUACCCGGCCAAUUACUUCGAGARACCCAGUAL
CACCAUGAAGGUUGCGCAGCGUUUCGUUCCGCACRACCCCAGUGUAGAUCAGGUCGAUGAGUCACCG
CGUUCCUCACGGGUGACCGUGGLCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGCAACCCAUGGGACG
CUUCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUARUUGGUAGUCCUCCGGCCCCUGAAUGCGG
CUAAUCCUAACUGCGGAGCAGAUACCCACARACCAGUGGGCAGUCUGUCGUAACGGGCAACUCUGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUCCUUACACUGGCUGCUUAUGGUGACAAU

enterovirusi
84

193
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UGAGAAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACAAACAGAGCAGUUGUUUACCUA
UUUGUUGGUUUCGUACCGCUGAACCUUAAAGUUCUAAAGACCCUCAAUUUUAUCUUAGCACUUAACA
CAGCAAA

N

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACCGGGCGCUAGCACACUGGUAUUGCGGU
ACCUUUGUGCGCCUGUUUUAUACACCCCUCCUUARUGUAACUCAGAAGUACAACAUUACCGGUCAAC
AGAUGACUCAGUAAACCAACUGAGCCUCGACCAAGCACUUCUGUUUCCCCGGACCGAGUAUCAAUAG
GCUGCUCACGCGGCUGAAGGAGAAAGUGUUCGUUACCCGGCCAAUUACUUCGAGAAGCCCAGUACCA
CCAUGGAGGUUGCGCGGCGUUUCGCUCCGCACAUCCCCAGUGUAGAUCAGGCUGAUGAGUCACCGECG
UUCCCCACGGGUGACCGUGGCGGUGGCUGCGCUGGCGGCCUGCCCAUGGGGUAACCCAUGGGACGCU
UCAAUACUGACAUGGUGUGAAGAGCCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUARACUGCGGAGCAGAUACCCACACACCAGCGGGCAGUCUGUCGUAACGGGCAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUGCUGGCUGCUUAUGGUGACAAUUG
AGGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGUGUCCAACAGAGCGAUCAUUUACCUGUU
CGUUGGGUUCGUACCACUAAACCACAAGUCACUCAGCACACUUAAUUACAUUAUAACUCUCAACACA
ACAAG

enterovirusB
85

N W

UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUUACGGU
ACCCUUGUGCGCCUGUUUUAUUUACCCCUCCCCCACGCAACCUAGAAGCAUGACUUAAGCGGUCAAU
AGAUGGCUCAGUAUGCCAACUGAGUUAUGACCAAGCACUUCUGUUACCCCGGACCGAGUAUCAAUAG
GCUGCUCACGCGGCUGAAGGAGAAAGUGUUCGUUACCCGGCCAGUUACUUCGAGAAACCUAGUAUCA
UCAUGAAGGUUGCGAGGCGUUUCGCUCCACACGACCCCGGUGUAGAUCAGGCUGAUGAGUCACCGCA
UUCCCCACGGGCGACCGUGGLCGGUGGCUGCGCUGGCGGCCUGCCCAUGGGGCAACCCAUGGGALCGCU
UCAAUAUUGACAUGGUGCGAAGAGUCUAUUGAGCUAACUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCAGACACCCACAUGCCAGUGGGCAGUCUGUCGUAACGGGCAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCLCGUGUUUCCUUUUVAUUCUUAUAUUGGCUGCUUAUGGUGACAAUUG
AAAGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCAGUGACUAACAGAGCAAUUGUCUACCUGUU
CGUUGGUUACGUACCACUAARAUUAUARAGUUUUGAACACACUUAAUUUUAUUAUAGCACUUARACACC
UUAARA

enterovirusB
86

N W

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUCACGGU
ACCCUUGUGCGCCUGUUUUAUACACCCUUCCCCUACUGUGACUUAGAAGCAAAACAAUGAUGACCAA
UAGCAAGCGCAGCACUCCAGCUGUGUUUCGGUCAAGCACUUCUGUUUCCCCGGACUGAGUAUCAAUA
GGCCACUCACGUGGCCGAAGGAGAARAACGUCCGUUACCCGGCCAAUUACUUCGAGARACCCAGUAAC
ACCAUAGAGGUUGCGCAGCGUUUCGCUCCGCACUCCCCCAGUGUAGARUCAGGUCGAUGAGUCACCGC
GUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGUAACCCAUGGGACGC
UUCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGCGGL
UAAUCCUAACUGCGGAGCAGAUACCCACGCUCCAGUGGGCAGUCUGUCGUAACGGGUARACUCUGCAG
CGGAACCGACUACUUUGGGUGULCCGUGUUUCCUUUUAUUCUUAUAUUGGCUGCUUAUGGUGACAAUU
GAAAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUARUAGAGCAAUUAUAUUCCUGU
UUGUUGGUUUUAUACCACUGAAUAUCACAGUUUACAAGACCCUCAARUUACAUCCUACGUUUARACAA
GACAAA

enterovirusi
87

[\

UUAARAACAGCCUGUGGGUUGAUCCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGUAUUCCGGU
ACUUUUGUGCGCCUGUUUUAUACACCCUUCCCCUUCAUGUAACUUAGAAGUAAAACACAAACGGUCA
AUAGGUAGCUCAGCAAACCAGCUGAGCCUCGGCCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAY
AAGCUGUUAACACGGCUGAAGGAGAAAACGUUCGUUAUCCGGCCAAUUACUUCGAGAAACCUAGUAA
CACCAUGAAGGUUGCGUAGCGUUUCGCUCCACACRACCCCAGUGUAGAUCAGGUCGAUGAGUCACCG
CUCUCCCCACGGGUGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGAGCACUCCAUGGGACG
CUUCAAUACUGACAUGGUGUGAARGAGUCUAUUGAGCUARUUGGUAGUCCUCCGGCCCCUGAAUGCGG
CURAUCCUAACUGCGGAGCAGACACCCACACGCCAGUGGGCAGUCUGUCGUAAUGGGCAACUCUGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUACAUUGGCUGCUUAUGGUGACAAU
CAAGGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUAUCUAACAGAGCAAUUGUUUACCUC
UUCACCGGUUUUGUACCAUUGAAUUGCAAUAGUCUCAACACCCUUUGCUAUAUCAUUARAUUGAACU
CAGCAAA

enterovirusB
88

N W

UUUARARCAGCCUGUGGGUUGUUCCCaCUCACAGGGCCCACUGGGCGCUAGCACAaCUGGUAUCACGG
UACCCcUUGUGCGCCUGUUUUACCACCCCUUUCCCCAAAGCAAUUUAGAAGAAAGACUCAACCGGUCA
AUAGACAGCCUAGUACACCAACUAGGCCCUGACCAAGUACUUCUGUUUCCCCGGACUGAGUAUCARAU
AGGCUGCUUACGCGGCCGAAGGAGAARACGUUCGUUACCCGGCCAAUUACUUCGAGARACCCAGUAL
CACCAUGARAGUUGCGCAGUGUUUCGCUCCGCACARACCCCAGUGUAGAUCAGGUCGAUGAGUCACCG
CAUCCCCCACAGGUGACUGUGGLCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGCAACCCAUGGGACG
CUUCAAUACCGACAUGGUGCGAAGAGUCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGCGG
CUAAUCCUAACUGUGGAGCAGAUACCCACACACCAGUGGGCAGUCUGUCGUAAUGGGCAACUCCGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUCAUAUUGGCUGCUUAUGGUGACAAU
UGAAAGGUUGUUGCCAUAUAGCUAUUGGAUUGGCCACCCAGUGACURACAGAGCUAUUGUUUAUUUG
UUUGUUGGAUUUGUACCAUUGAAUUACAAGGUCCUUAAUACUCUUAACUACAUCAUARACCUCAAUA
CGACGCG

enterovirusB
93

w

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCCAGCACACUGGUAUCACGGU
ACCUUUGUGCGCCUGUUUUAUCCACCCUUCCCCAAUGUAACUUAGAAGUAARAACUAGARAGAUCAAU
AGCAAGCACAGUAUGCCAACUGUGUUAUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAA
GCUGCUAAAGCGGCUGAAGGAGAAAACGUUCGUUACCCGGCCAACUACUUCGAGAARACCCAGUACCA
CCAUGAAGGUUGCGCAGUGUUUCGCUCCACACAAUCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCG
UUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGLCCUGCCCAUGGGAUGACCCAUGGGALCGCU

enterovirusB
97

194
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UCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCAGAUACCCACACACCAGUGGGCAGUCUGUCGUAACGGGUAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUCCUCAARAUUGGCUGCUUAUGGUGACAAUUG
AUAAGUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUAACAGAGCUAUUGUUUAUUUAUU
UGUUGGUUUCGUGCCACUAAAUUACAAAGUUUUUGAAACUCUCAACUUCAUUUUGACACUCAAUARA
GCAAA

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCAAUGGGCGCCAGCACUCUGGUAUUACGGU
ACCUUUGUGCGCCUGUUUUAUAUCCCCUCCCCCARUUGUAACUUAGAAGCAACACGCACCGACCAAC
AGUGGGCGUGGCACACCAGCCACGUCUUGGUCAAGCACAUCUGUUUCCCCGGACUGAGUAUCRAUAG
ACUGCUCACGCGGUCGAAGGAGAAAACGUUCGUUAUCCGGCCAACUACUUCGAGAAGCCCAGUAACA
CCAUGAAUAUUGCGAAGUGUUUCGCUCAGCACACUCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
UUCCCCACGGGCGACCGUGGCGGUGGCUGCGEUUGGCGEGLCUGCCUAUGGGGCAACCCGUAGGACGCU
UCAAUAUGGACAUGGUGUGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGLGGECU
AAUCCUAACCGCGGAGCAGGCACCCACAAACCAGUGGGCAGCUUGUCGUAACGGGUAACUCUGCGGL
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUACUGGCUGCUUAUGGUGACAAUUG
AGAGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACAAACAGAGCAAUUGUUUAUCUAUU
UGUUGGUUUUAUACCGUUAAGUUUUAAAGUCCUARAAACCCUUAACUUGGUCAUACUACUCAACUCA
GCAAA

enterovirusB
98

w W

UUAAAACAGUCUGUGGGUUGUUCCCACCCACAGGGCCCACGUGGCGCCAGCACACUGGUAUCUCGGU
ACCUUUGUGCGCCUGUUUUAUCCACCCUAARCCCCGUUGUAACUUAGAAGAUGAGCAACACUGAUCA
AUAGUGGGUGCAACAUGCCAGUUGCAUCACGAUCAAGCACUUCUGUAUCCCCGGACUGAGUAUCAAU
AGGCUGCUCACGCGGCUGAAGGAGAAAACGUUCGUUAUCCGGCCAGUUACUUCGAGARACCUAGUAA
CAUCAUGGAGGUUGCGCAGUGUUUCGCUCCGCACACCCLCAGUGUAGAUCAGGUCGAUGAGUCACCG
CGUUCCCCACGGGCGACCGUGGLGGUGGCUGCGUUGGCGGCCUGCCCAUGGGAUAACCCAUGGGACG
CUUCAAUACUGACAUGGUGUGAAGAGUCUAUUGAGCUAACUGGUAGUCCUCCGGCCCCUGARUGCGG
CUAAUCCUARACUGUGGAGCAGACACCCACAUGCCAGUGGGCAGUCUGUCGUAACGGGCAACUCCGCA
GCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCCUAUAUUGGCUGCUUAUGGUGACAAU
UGAAAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCARACAGAGCARAUCAUUUAUUUG
UUUGUUGGUUUUAUACCUCUGAACUUUAAAGUGCUAAAGACUCUCAAUUUUAUAUUAUAUCUCAACA
AAUCAGG

enterovirusB
100

w

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCCAGCACUCUGGUAUUACGGU
ACCUUUGUGCGCCUGUUUUAUAUCCCCCUCCCCACUUGAAACUUAGARAGUGAAACACACUGAUCAARU
AGUUGACAUGGCAAGCCAGCCAUGUCUUGAUCAAGCACCUCUGUUUCCCCGGACCUAGUAUCAAUAG
ACUGCUCGCGCGGUUGARAGAGAAAGCGUUCGUUACCCGGCUAACUACUUCGAGAARCUUAGUAACA
CCAUGGAAGUUGCGGAGUGUUUCGCUCAGCACAUCCCCAGUGUAGAUCAGGCCGAUGAGUCACCGCA
UUCCCCACGGGCGACCGUGGCGGUGGCUGCGEUUGGCGGLCUGCCUGUGGGGCAACCCACAGGALCGCU
CUAAUACAAACAUGGUGCGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUARACUGCGGAGCACGUGCUUCCAAUCCAGGAGGUGGCGUGUCGUARCGGGUAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUGCAUUGGCUGCUUAUGGUGACAAUUG
AGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACAAACAGAGCAAUUAUAUAUCUCUU
UGUUGGAUACAUUCCAUUGAACUACAAGGAGUUAAAAACCCUCAAUUAUAUUCUGUUCUUGAAUUCC
GCAAG

enterovirusB
101

W

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCAUGGGGCGCCAGCACACUGGUAUUGCGGU
ACCUUUGUGCGCCUGUUUUAUUCACCCUUUCCCARUGAAACUUAGARGCUUAACUCARACCGGUCGAU
AGACAGCCCAGUACACCAACUGGGUUUUGACCAAGUACUCCUGUUUCCCCGGACUGAGUAUCAAUAA
GCUGCUCGCGCGGCUGAAGGAGAARACGUUCGUUACCCGGCCAAUUACUUCGAGRAACCUAGUACCA
CCAUGAACGUUGCGCAGUGUUUCGCUCCGCACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCA
AUCCCCACGGGCGALCGUGGLGGEUGGLUGCGCUGGCGGLCUGCCCAUGGGGCAULCCCAUGGGACGLCU
UCAAUACUGACAUGGUGCGAAGAGUCUAUUGAGCUAAUUGGUAAUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGGGCAGACACCCACACGCCAGUGGGCAGUCUGUCGUAACGGGUAACUCCGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUCUUVUAUAUUGGCUGCUUAUGGUGACAAUUG
AAAGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUGUCUAAUAGAGCAAUUAUAUAUCUCUU
UGUUGGCUUCAUCCCGUUAAAUAAAGUGAGCUACCAGACCCUGUGCUAUAUUAUCAARAUUGAACACA
AUAARA

enterovirusB
106

w

UUUCCCCGGAAGGGUCUARACGCUAUGCUGUAUCCACGGCAGARAGUAUGACCUACCGUUAACCGEGCCA
UGUACUUCGAGAAGCCUAGUACCAUUAUGARAGUUGAUUGAUGUUACGUUCCCCAGCAACCCCAGUG
UAGUUCAGGUCGAUGAGUCUCGGCAUGCCCLACGGGCGACCGUGGCCCUGGCUGCGUUGGCGGCCUG
CCUACCACCUUAUGGUGUAGGACGUCAAGAUACUGACAUGGUGUGAAGAGCCUAUUGAGCUACGUGG
UAGUCCUCCGGCCCCUGRAAUGCGGCUAAUCCUAACUCCGGAGCGUCCGCUAGCAAUCCCGCUAGAAG
GGCGUCGUARAUGCGCAAGUCUGGAGCGGAACCUACUACUUUGGGUGUCCGUGUUUCCUGUUUACUUA
UUGUUUGGCUGCUUAUGGUGACARACUUA

enterovirusB
110

w

UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCCAGCACACUGGUAUCACGGU
ACCCUUGUGCGCCUGUUUUAUAAACCCUUCCCCAAUGCAACUUAGAAGCUCAACUUUACCGGUCAAU
AGACAGUCCAGUACGCCAACUGGGCUUCGAUCAAGCACUUCUGUUACCCCGGACUARGUAUCAAUAG
GCUGCUCACGCGGCUGAAGGAGAAAACGUUCGUUACCCGGCCAAUUACUUCGAGAARCCCAGUAACA
CUAUGGAGGUUGCGCAGUGUUUCGUUCCACACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCU
UUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGCAACCCAUGGGACGCU
UCAAUACUGACAUGGUGUGAAGAGUCUAUUGAGCUAAUUGGUAUUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCAGAUACUCACGAGCCAGUGGGCAGUCUGUCGUARCGGGUAACUCUGCAGL

enterovirusB
111
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GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCAUAUAUUGGCUGCUUAUGGUGACAAUUG
AGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCAAUUGUUUACCUAUU
UGUUGGCUUUGUGCCGUUGAACUACAAGGUUUUARAAACUAUUAACUACAUCCUAGUACUUAACACG
UUGAA

UUUCAUCAUAAGCUACUUGGUCUUGCCAACCGGAAGAUAAUUUGGUUAUUUGUUGGUUUCACAAAUC
UGCGAACCUCUUCACUAAUUUUAUUAAUUGUCCUCAAAAUUCARAACAGG

enterovirusB
113

0 W WwWld ww

UUAAAACAGCUCUGGGGUUGCACCCGCCCCAGAGGCCCACGUGGCGGCUAGUACUCCGGUAUUGCGG
UACCCUUGUACGCCUGUUUUAUACUCCCUUCCCGUAACUUAGACGCACRAARACCAAGUUCAAUAGAA
GGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGAUGUUGUAUAGACUGCU
UGCGUGGUUGAAAGCGACGGAUCCGUUAUCCGCUUAUGUACUUCGAGAAGCCCAGUACCACCUCGGA
AUCUUCGAUGCGUUGCGCUCAGCACUCAACCCCAGAGUGUAGCUUAGGCUGAUGAGUCUGGACAUCC
CUCACCGGUGACGGUGGUCUAGGCUGCGUUGGCGGCCUACCUAUGGCUAACGCCAUGGGACGCUAGU
UGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACAUAAGAAUCCUCCGGCCCCUGAAUGCGGCUAAUC
CCAACCUCGGGGCAGGUGGUCACAAACCAGUGAUUGGCCUGUCGUAACGCGCAAGUCCGUGGCGGAA
CCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUAUUGUGGCUGCUUAUGGUGACAARUCACAGAU
UGUUAUCAUAAAGCGAAUUGGAUUGGCCAUCCGGUGAAAGUGAGAUUCAUUAUCUAUCUGUUUGCUG
GAUUCGCUCCAUUGAGUGUGUUUACUCUAAGUACAAUUUCAACAGUUAUUUCAAUCAGACAAUUGUA
UCAUA

poliovirusl-
Sabin

w

UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACACUGGUAUUGCEGG
UACCUUUGUACGCCUGUUUUAUACUCCCUUCCCCCGUAACUUAGAAGCACAAUGUCCAAGUUCAAUA
GGAGGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUCCCCCGGUGAGGCUGUAUAGGCU
GUUUCCACGGCUAARAGCGGCUGAUCCGUUAUCCGCUCAUGUACUUCGAGAAGCCUAGUAUCACCUU
GGAAUCUUCGAUGCGUUGCGCUCAACACUCAACCCCAGAGUGUAGCUUAGGUCGAUGAGUCUGGACG
UUCCUCACCGGCGACGGUGGUCCAGGCUGCGUUGGCGGLCUACCUGUGGCCCAAAGCCACAGGALGL
UAGUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACCUGAGAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACCACGGAGCAGGCAGUGGCAAUCCAGCGACCAGCCUGUCGUAACGCGCAAGUUCGUGGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUACAAUGGCUGCUUAUGGUGACAAUCA
UUGAUUGUUAUCAUAAAGCAAAUUGGAUUGGCCAUCCGGUGAGAAUUUGAUUAUUAAAUUACUCUCU
UGUUGGGAUUGCUCCUUUGAAAUCUUGUGCACUCACACCUAUUGGAAUUACCUCAUUGUUAAGAUAU
CAUCACCACU

poliovirus2-
Lansing

UUAAAACAGCUCUGGGGUUGUACCCACUCCAGAGGCCCACGUGGCGGCUAGCACUCCGGUAUUALGG
UACCUUUGUGCGCCUGUUUUAUACUCCCCUCCCGCAACUUAGAAGCACGARACCAAGUUCAAUAGAA
GGGGGUACAAACCAGUACCACUACGAACAAGCACUUCUGUUUCCCCGGUGACAUUGCAUAGACUGCU
CACGCGGUUGAAAGUGAUCGAUCCGUUACCCGCCUUGUGUACUUCGAAAAGCCUAGUAUCGCCUUGGA
AUCUUCGACGCGUUGCGCUCAGCACCCGACCCCGGGGUGUGGCUUAGGCUGAUGAGUCUGGACAUUC
CUCACCGGUGACGGUGGUCUAGGCUGCGUUGGCGGCCUACCUAUGGCURACGCCAUAGGACGUUAGA
UGUGAACARGGUGUGAAGAGCCUAUUGAGCUACAUAAGAGUCCUCCGGCCCCUGARAUGCGGCUARUC
CUAACCACGGAACAGGCGGUCGCGAACCAGUGACUGGCUUGUCGUAACGCGCAAGUCUGUGGCGGAA
CCGACUACUUUGGGUGUCCGUGUUUCCUGUUAUUUUUAUCAUGGCUGCUUAUGGUGACAAUCAGAGA
UUGUUAUCAUAAAGCGAAUUGGAUUGGCCAUCCGGUGAGUGUUGUGUCAGGUAUACAACUGUUUGUU
GGAACCACUGUGUUAGCUUUACUUCUCAUUUAACCAAUUAAUCAAARACARAUACGAGGAUAARACAA
CAAUACUACA

poliovirus2-
Sabin

UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACACUGGUAUCACGG
UACCUUUGUACGCCUGUUUUAUACUCCCUCCCCCGCAACUUAGAAGCAUACAAUUCAAGCUCAAUAG
GAGGGGGUGCARAGCCAGCGCCUCCGUGGGCRAGCACUACUGUUUCCCCGGUGAGGCCGCAUAGACUG
UUCCCACGGUUGAAAGUGUCCGAUCCGUUAUCCGCUCAUGUACUUCGAGAAGCCUAGUAUCGLCUCUG
GAAUCUUCGACGCGUUGCGCUCAGCACUCARCCCCGGAGUGUAGCUUGGGCCGAUGAGUCUGGACAG
UCCCCACUGGCGACAGUGGUCCAGGCUGCGLUGGCGGCLCACCUGUGGCCCAAAGCCACGGGACGCU
AGUUGUGAACAGGGUGUGAAGAGCCUAUUGAGCUACAUGAGAGUCCUCCGGCCCCUGARUGCGGCUA
AUUCUAACCAUGGAGCAGGCAGCUGCAACCCAGCAGCCAGCCUGUCGUAACGCGCAAGUCCGUGGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUGARUGGCUGCUUAUGGUGACAAUCAUA
GAUUGUUAUCAUAAAGCGAGUUGGAUUGGCCAUCCAGUGUGAAUCAGAUUAAUUACUCCCUUGUUUG
UUGGAUCCACUCCCGAAACGUUUUACUCCUUAACUUAUUGARAUUGUUUGAAGACAGGAUUUCAGUG
UCACA

poliovirus3

w

UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACUCUGGUAUUGCGG
UACCUUUGUACGCCUGUUUUAUAUCCCCUCCCCAAGUAACUUUAGAAGCAAUUCACAAAGUUCAAUA
GAGGGGGUACARAACCAGUACCACCAUGAACRAGCACUUCUGUUUCCCCGGUGAAGCUGUAUAGACUG
UUCCCACGGUCGAAAAUGGCAGAUCCGUUAUCCGCUCACGUACUUCGAGAAGCCUAGUAUCAUCUUG
GAAUCUUCGACGCGUUGCGCUCAGCACUCUACCCCGAGUGUAGCUUAGGCCGAUGAGUCUGGGCAUA
CCCCACCGGCGACGGUGGCCCAGGCUGCGUUGGCGGCCUACCCAUGGCUARUGUCAUGGGACGCUAG
UUGUGAARCAAGGUGUGAAGAGCCUAUUGAGCUACUUGAGAGUCCUCCGGCCCCUGARUGCGGCUAAU
CCUAACCAUGGAGCAAGUGCCCACAAGCCAGUGGGUGGCUUGUCGUAAUGCGCAAGUCUAUGGCGGA
ACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUUAUGGCUGCUUAUGGUGACAACCUAAG
AUUGUUGUCAUAUAGCUUUUGGAUUGGCCAUCCGGUGAUCUUUGAGAUUAAUAUACCUUCCUUAUUA
CUUCAUAGUACUCAUUUAUUCAUUACACUACUGUAGUUACA

coxsackievir
usAl

> W

UUAAAACAGCUGUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCCGGUAUCACGG
UACCCUUGUACGCCUGUUUUAUACUCCCUCCCCCGUAACUUAGAAGCAAUCARAUCAAGUUCAAURG
GAGGGGGUACAAACCAGUACCACCACGAACGAGCACUUCUGUUUCCCCGGUGAAGUUGCAUAGACUG

coxsackievir
usAll
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UUACCACGGUUGAAAGCGACCGAUCCGUUAUCCGCUCAUGUACUUCGAGAAGCCUAGUACCUCCUUG
GAAUCUUCGAUGCGUUGCGCUCAGCACUCARCCCCGGAGUGUAGCUUAGGCUGAUGAGUCUGGACAG
CCCUCACCGGCGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGCCCARAGCCACAGGACGCU
AGUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACAUGAGAGUCCUCCGGCCCCUGARUGCGGCUA
AUCCUAACCACGGAGCAGGCGAUCGCAAACCAGCAAUUAGCCUGUCGUAACGCGRAAAGUCUGUGGCG
GAACCGACUACUUUGGGUGACCGUGUUUCUCUUAUUUUUAUUCAUGGCUGCUUAUGGUGACAAUCAU
AGAUUGUUAUCAUARAGCGAGUUGGAUUGGCCAUCCGGUARRAGUCARAGUAUAUCAUUUACUUGUUU
GUAGGAUUUAUUCCUUUGAACGUCCAUUUACUCAARUCUUAUCAGAGUCACAUUACUAGUAAGAUCUC
ACUAUCACA

w

UUAAAACAGCUCUCGGGUUGUUCCCCCCCCAGAGGCCCACGUGGCGGCCAGUACUCCGGUAUUACGG
UACCCUUGUACGCCUGUUUUGUAUCCCCUUCCCCCGCAACUUAGAAGUUAUAAACCRAGUUCARAUAG
AAGGGGGUACAAGCCAGUACCACCACGAACAAGCACUUCUGUUUCCLCCGGUGAUGUUGUAUAGACUG
CUAACGCGGUUGAAAACAGCUGAUCCGUUAUCCGCUUGUGUACUUCGAGAAGCCUAGUAUCAUCUUG
GAAUCUUCGAUGCGUUGCGUUCAGCGCUCUACCCCAGAGCGUAGCUUAGGCUGAUGAGUCUGGGCAU
UCCCCACCGGCGACGGUGGCCCAGGCUGCGUUGGCGGCCUACCUAUGGCUAACGCCAUAGGACGCUA
GUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACACAAGAGUCCUCCGGCCCCUGAAUGCGGCUAA
UCCUAACCAUGGAGCAAGUGAUCACAAUCCAGUGAUAUUCUUGUCGUAACGCGCAAGUCCGUGGCGG
AACCGACUACUUUGGGUGUCCGUGUUUCCUUUUACUUUUAUCAUGGCUGCUUAUGGUGACAAUCAUU
GAUUGUUAUCAUAAAGCGAAUUGGAUUGGCCAUCCGGUGAAAGUGAGACUUAUCAUCUACUUGUUUG
UUGGAUUCACUCCAUUGAACACAUUCACUCCCAGUAUCAUUUCAAUAGUAAUCAGAARUUAGACAGUU
GUAUCACA

coxsackievir
usAl3

w

UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACUCCGGUAUUGCGG
UACCCUUGUACGCCUGUUUUACACUCCCUUCCCCGUAACUUAGACGCAAUAAACCAAGUUCACUAGG
AGGGGUGCAAACCAGCACCACCACGAACAAGCACUUCUGUUUCCCCGGUGACAUUGUAUAGACUGUA
UCCACGGUUGAAAACGAUUGAUCCGUUAUCCGCUCUUGUACUUCGAGARGCCUAGUAUCAUCUUGGA
AUCUUCGACGCGUUGCGCUCAGCAUUCAACCCCAGAAUGUAGCUUAGGUCGAUGAGUCUGGACAUUC
CUCACCGGUGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGACCCARAAGUCACAGGACGCUAG
UUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACAAGAGAGUCCUCCGGCCCCUGARUGCGGCUAAU
CCUAACCACGGAGCAAGUGCUCACGAACCAGUGAGUGGCUUGUCGUAACGAGCAAUUCUGUGGCGGA
ACCGACUACUUUGGGUGUCCGUGUUUCCUUUUUAACUUUAAAUGGCUGCUVUAUGGUGACAAUCAUUG
AUUGUUAUCAUAAGCCGAAUUGGAUUGGCCAUCCGGUGAAAAUCAAGUUGAUCAUUUAUUUGUUUGU
UGGAUUCACUCCAUUAACUCAUUUUUCAAUUGACCUAAUACGUAUUGUAUUAUUAGUUAGAAACAUA
CAUCACA

coxsackievir
usAl3;coxsac
kievirusals8

UUARAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCCGGUAUUGCGG
UACCCUUGUACGCCUGUUUUAUACUCCCUUCCCCCGUAACUUAGAAGCAAUCAAACAAAGUUCAAUA
GAAGGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGARGUUGUAUAGACU
GUACCCACGGUUAAAAGCAAUUGAUCCGUUACCCGCUCUUGUACUUCGAGAAGCCUAGUACUACCUU
GGAAUCUUCGAUGCGUUGCGCUCAACACUCRACCCCAGAGUGUAGCUUGGGCUGAUGAGUCUGGACG
UUCCCCACCGGCGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGCCCAAAGCCACAGGACGC
UAGUUGUGAACAAGGUGCGAAGAGCCUAUUGAGCUACARGAGAGUCCUCCGGCCCCUGRAUGCGGCU
AAUCCCAACCACGGAGCAGGUAGUUGCAAGCCAGCAAUCGACCUGUCGUAACGCGUAAGUCUGUGGL
GGAACCGACUACUUUGGGUGUCLGUGUUUCCUUUUAAUUUUAAACUGGCUGCUUAUGGUGACAAUCA
UUGAUUGUUAUCAUAAAGCGAAUUGGAUUGGCCAUCCGGUGAGAAUCAGAUCCAUUAUCUACUUGUU
CAUUGGAUUUACUCCAUUGACAACAUACACARUACGACCUUAUUAGAGUCAAUUUACUAUUGAGACAU
CUCCACCAUA

coxsackievir
usAl?7

UURAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCUGGUAUUACGG
UACCUUUGUACGCCUGUUUUACACUCCCUUCCCUACGCAACUUUAGAAGUUUAACAUARAGUUCAAU
AGAGGGGGUACAAACCAGCACCACCACGAACARGCACUUCUGUUUCCCCGGUGARACUGCAUAGACU
GUAACCACGGUUGAAAGCGGUUGAUCCGUUAUCCGCUUGAGUACUUCGAGAAGCCUAGUACCACCUU
GGAAUCUCCGAUGCGUUGCGCUCCACACUCUACCCCGAGUGUAGCUUAGGCCGAUGAGUCUGGGCGU
UCCCCACCGGCGACGGUGGCCCAGGCUGCGUUGGCGGCCUACCCAUGGUUAACGCCAUGGGACGCUA
GUUGUGARACAAGGUGUGAAGAGCCUAUUGAGCUACUCAAGAGUCCUCCGGCCCCUGARAUGCGGCUAA
UCCCAACCACGGAGCGAGUGCUCACAAUCCAGUGAGUGGCUUGUCGUAACGCGCAAGUCUGUGGCGG
AACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUACUAUGGCUGCUUAUGGUGACAAUCUAG
GAUUGUUAUCAUAUAGCUUUUGGAUUGGCCAUCCGGUGACUUCUAACGUUCAAGUAGUUUACUCGCU
UAAUUUUCUARACACAUUCUCAGUUGUUGARUUAUAAACUUCACA

coxsackievir
usAl9

UUAAAACAGCUCUGGGGUUGUACCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCCGGUAUUACGG
UACCCUUGUACGCCUGUUUUAUACUCCCUCCCUCGUAACUUAGAAGCACARAACCAAGUUCAAUAGA
AGGGGGUGCAAACCAGUACCACCACGAACAAGCAUUUCUGUUUCCCCGGUGAUGUUGUAUAGACUGC
CCGCGCGGUUGAAAGCAACGGAUCCGUUACCCGCUCAAGUACUUCGAGRAGCCUAGUAUUACCUUGG
AAUCUUCGAUGCGUUGCGUUCAGCACUCGACCCUGGAGUGUAGCUUAGGCUGAUGAGUCUGGACGUC
CCUCACCGGUGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUAUGGCUAACGCCAUAGGACGCUAG
UUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACUUGAGAGUCCUCCGGCCCCUGARUGCGGCUARAU
CCUAACCAUGGAGCAGGCGGUCACAGACCAGUGACUAGCUUGUCGUAAUGCGCAAGUCUAUGGCGGA
ACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUUAUGGCUGCUUAUGGUGACAAUCAUUG
AUUGUUAUCAUAAAGCGAAUUGGAUUGGCCAUCCGGUGAAAGCGAGACUUACUAUUUACUUACUUGU
UGGACUUACCACACUUAAUACAUUUAUUCUAGGUGUCACUUGUAUAGCAAUUAGARAUCAAACAGUUG
CAUCAUA

coxsackievir
usA20
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UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCUGGUAUUACGG
UACCUUUGUACGCCUGUUUUGUAUCCCUUCCCCCGUAACUUUAGAAGCUUAUCAARAAGUUCAAUAGC
AGGGGUACAAACCAGUACCUCUACGAACAAGCACUUCUGUUUCCCCGGUGAUAUCACAUAGACUGUA
CCCACGGUCARAAGUGAUUGAUCCGUUAUCCGCUUGAGUACUUCGAGAAGCCUAGUAUCACCUUGGA
AUCUUCGAUGCGUUGCGCUCAACACUCUGCCCCGAGUGUAGCUUAGGCUGAUGAGUCUGGGCACUCC
CCACCGGCGACGGUGGCCCAGGLUGCGUUGGCGGCCUACCCAUGGCUGAUGCCGUGGGACGCUAGUU
GUGAACRAGGUGUGAAGAGCCUAUUGAGCUACUCAAGAGUCCUCCGGCCCCUGARUGCGGCUAAUCC
UAACCACGGAGCAACCGCUCACAACCCAGUGAGUAGGUUGUCGUAAUGCGUAAGUCUGUGGCGGAAC
CGACUACUUUGGGUGUCCGUGUUUCCCUUUAUAUUCAUACUGGCUGCUUAUGGUGACAAUUUACARA
UUGUUACCAUAUAGCUAUUGGAUUGGCCACCCAGUAUUGUGCAAUAUAUUUGAGUGUUUCUUUCAUA
AGCCUUAUUAACAUCACAUUUUUAAUCACAAUAARACAGUGCAA

coxsackievir
usA21

o1

UUAAAACAGCCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACUCUGGUAUUACGGU
ACCUUUGUACGCCUGUUUUAUAUCCCCUCCCCUGAGUAACUUUAGAAGCAARUUCAAAAGGUUCAAUA
GAGGGGGUACAAUCCAGUACCACCAUGAACARAGCACUUCUGUUUCCCCGGUGAGGCUACAUARACUG
UACCCACGGUUGAAAGUGGCUAAUCCGUUAUCCGCUCAAGUACUUCGAGAAGCCUAGUAAUACCUUG
GAAUCUUCGACGCGUUGCGCUCAGCACUCURACCCGGGUGUAGCUUAGGUCGAUGAGUCUGGGCAUA
CCCCACCGGUGACGGUGGCCCAGGCUGCGUUGGCGGCCUACCCAUGGCUAACGCCAUGGGACGCUAG
UUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACUUGAGAGUCCUCCGGCCCCUGAAUGCGGCUAAU
CCUAACCACGGAGCAAGUGCUCUCAAACCAGAGAGUGGCUUGUCGUAACGCGUAAGUCUGUGGCGGA
ACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUCAUGGCUGCUUAUGGUGACAAUCUAAG
AUUGUUAUCAUAUAGCUUUUGGAUUGGCCAUCCGGUUGUUGUUUAGAGCGUUUCAUCUGUGCUUUGU
UUGUUUGACCAGAUCAAUAUAAACACUACAUCCUAUUUGUUCAUA

coxsackievir
usA22

UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACUCCGGUAUUGCGG
UACCCUUGUACGCCUGUUUUACACUCCCUUCCCCGGUAACUUAGAAGUAAACAAACCAAGUUCAAUA
GAAGGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGACGUUGUAUAGACU
GUACCCACGGUUGARAACAACUGAUCCGUUAUCCGCUCUUGUACUUCGAGAAGCCCAGUAUCACCUU
GGAAUCUUCGAUGCGUUGCGCUCAGCACUCAACCCCAGAGUGUAGCUUAGGUCGAUGAGUCUGGACA
AUCCUCACCGGCGACGGUGGUCLAGGCUGCGUUGGCGGCCUACCUGUGGCCCAAAGCCACAGGACGT
UAGUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACGAGAGAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCCAACCACGGAGCAGGUGAUCACAAGCCAGUGAUUAGCCUGUCGUAACGCGCAAGUCUGUGGL
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUAUUUUAUUAUGGCUGCUUAUGGUGACAAUCACA
GAUUGUUAUCAUAAAGCGACUUGGAUUGGCCAUCCAGUGARAAUARAACACAUCRUUUACCUGAUUG
UUGGAUUUACUCCGCUGACUAUCUACUCACCAGGUCUUAUUAAGGUUAUUCUGUUGAUUAGGUCACA
AUUUCACA

coxsackievir
usAz4

Ul

UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACUCCGGUAUCACGG
UACCCUUGUACGCCUGUUUUAUACCCCCUUCCCCGCAACUUAGAAGCUUUAAAUUCAAGUUCAAUAG
AAGGUGGUACAAACCAGUAUCGCCACGAACAAGCACUUCUGUUGCCCCGGUGAARUUGCAUAAGCUG
UCCCCACGGCUGAAGGCGAUUGAUCCGUUACCCGCUCUUGUACUUCGAGAAGCCUAGUACCACCUUG
GAAUUUUCGAUGCGUUGCGCUCAGCACUCAACCCCAGAGUGUAGCUUAGGCUGAUGAGUCUGGACAU
ACCCCACCGGCGACGGUGGUCCAGGCUGCGUUGGCGGCCUACCUGUGGCCCARAGCCACAGGACGCU
AGUUAUGAACAAGGUGUGAAGAGCCUAUUGAGCUACAAGAGAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACCACGGAUCAGGCGAUUGCAACCCAGCAAUUAGCCUGUCGUAAUGCGLCARGUCUGUGGEG
GAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUACAUUGGCUGCUUAUGGUGACAAUCUU
AGAUUGUUAUCAUARAGCAAGUUGGAUUGGCCAUCCGGUGAARAGUCAAAGUUACUAUCUAUUUAUCU
GUUGGAUUUUACCCUAAGACCACUCAUUUACCUGACUUAAUUAGAAUAAUUAUACUACUUGGAAAUU
ACUAUCACA

enterovirusC
96

Ul

UURAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCUGGUAUCACGG
UACCUUUGUACGCCUGUUUUAUAUCCCUUCCCCCGUAACUUAGAAGCUUUGUACCAACAAGUUCARU
AGAAGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUUCCCCGGUGCGAUGACAUAGACU
GUACCCACGGUCAARAGUCACCAAUCCGUUACCCGCUUUGGUACUUCGAGACGCCUAGUAUUGCCUU
GGAAUUCUCGAUGCGUUGCGCUCAACACUCGACCCUGGAGUGUAGCUUAGGCUGAUGAGUCUGGGCA
UUCCCCACCGGUGACGGUGGCCCAGGCUGCGUUGGCGGCCUACCCAUAGCUAUUGCUAUGGGAUGCU
AGAGUUGAACAAGGUGUGAAGAGCCAAUUGAGCUACUAAAGAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCCARCCACGGAUCAAGUGCGUGCAACCCAGCACGUAGCUUGUCGUAAUGCGCARGUCUGUGGEG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUCAUGGCUGCUUAUGGUGACAAUCUU
GGAUUGUUAUCAUAUAGCGAUUGGAUUGGCCAUCCGGUGAGAARUAARAGAUAUUGUUUAUCUGUUUG
UGGCUUUUACUCCAUUAAACAARAACACACUUUCCUUAAUUAARAGUGGUACUAUUGAUCAGAUCAGC
AUACCACA

enterovirusC
99

(G}

GGUAACCUUGUACGCCUGUUUUAUAAUCCCCUUCCCCCGUAACAGUAGAAGCACAAAAGCAACCGCU
CAAUAGAUGCCAUACCUCCAGUGUGGUUAUGAGCAAGCACUUCUGUCUCCCCGGUUGCGCCCUAUAU
GCUGUGCGRACGGCAARARAGGGGCARUAUCGUUACCCGCUUGACUACUACGGGARACCUAGUAUUAU
CUUCGAUUGAUUUGAGAGUUGCGUUCAGCGCCCAACCCLCGGCGUAGCUCAGGCUGAUGAGGLUCCG
AACACCCCACAGGCGACUGUGUCAGAGCCUGCGUUGGCGGCCUGCCCAUACCCUGCGGUAUGGGALG
CUCACUUCAUGACAUGGUAUGAAGAGUCUACUGUGCUAGUCAAGAUUCCUCCGGCCCCUGAAUGUGG
AUAAUCCUAACCACUGAUCCUACGUUCGCAARUCCAGCGUUUGGUAGGUCGUAAUGCGCAAGUCGGUG
GCGGAACCAACUACUUUGGGUGUCCGUGUUUCCCUUACUUCCUACUGAAUGCUUAUGGUGACAAUUG
UUUUGAUCAGUUGUUGCCAUUACUUGCGUUCAGUGUGUAAUUACAAAAACAAGAUCAUCAGUUGUUA
CUAUCCCUCACGUUCAGUGCGCAAUUACAARAACAAGAUUUUCUGUCAUA

enterovirusC
104
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g w

CCCCUAGGAUCCACUGGAUGUUAGUACACUGGUAUCGCGGUACCUUUGUACGCCUGUUUUAUAUCCC
CUUCCCCGCAACUUUAGAAGUAUCAAARAGUACCGCUCAAUAGCCGCCACGCUCCCAGUGUGGUUUCG
AGCAAGCACUUCUGUUUUCCCGGUUGCGUCCCAUAUGCUGUGCAAACGGCAAAARGGGACAAUAUCG
UUACCCGCUUGUAUACUACGGGAAACCUAGUACCGCCAUUGAUUGUAUUGAGGGUUGCGCUCAUCAC
CUUUCCCGGUGUAGCUCAGGCUGAUGAGGCUCAGAAUCCCCCACAGGUAACUGUGUCUGAGCCUGCG
UUGGCGGCCUGCCCUCGCCUUAUGGCGUGGGACGCUCACUACAUGACAUGGUGCGAAGAGUCUACUG
UGCUAUACAAGAGUCCUCCGGCCCCUGAAUGUGGAUAAUCCUAACCACUGAUCCCACGUACGCARAC
CAGCGUGUAGUGGGUCGUAACGCGCAAGUCGGUGGCGGAACCGACUACUUUGGGUGACCGUGUUUCC
UUUAUUACCUAUUGAAUGUUUAUGGUGACAARUUGUUUGAUUCAGUUGUUACCAUUUGCUACAUUCAA
UAACCUAGUGUCAAACCGAUUGAAUUGCUACA

enterovirusC
105

ul

ACUCUGGUAUUGCGGUACCUUUGUACGCCUGUUUUAUAUCCCUUCCCCAUGUAACUUUAGAAGCAAU
UCACAAGGUUCAAUAGAGGGGGUACAAACCAGUACCACCACGAACAAGCACTUCUGUUUCCCCGGUG
AAGCUGUAUAGACUGUCCCCACGGUCAAAAACGGCAGAUCCGUUAUCCGCUUAUGUACUUCGAGAAG
CCUAGUAUCAUCUUGGAAUCUUCGAUGCGUUGCGUUCAGCACUCUAUCCCGAGUGUAGCUUAGGUCG
AUGAGUCUGGGCAUUCCCCACCGGCGACGGUGGCCCAGGCUGCGUUGGCGGCCUACCCAUGGCUAAC
GCCAUGGGACGCUAGUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACAUGAGAGUCCUCCGGCCC
CUGAAUGCGGCUAAUCCCAACCACGGAGCAARGUACUCACAACCCAGUGGGCAGCUUGUCGUAACGCG
UAAGUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUUAUUUUUGAUAUGGCUGCUU
AUGGUGACAUCUAAGAUUGUUAUCAUAUAGCUUUUGGAUUGGCCAUCCGGUGAUUUUUGAGACUAAR
ACGCUUGUUUGCCUUAUCACACAAUUUAGUAUUUUGUUAUAUUCAUACGGUCAUA

enterovirusC
113

U1 W

UUCCCACUCCAGAGGCCCACGUGGCGGCUAGUACUCUGGUAUUGCGGUACCUUUGUACGCCUGUUUU
AUACCCCCUCCCCAAGUAACUUUAGAAGCAAUUCACAAAGUUCAAUAGAGGGGGUACAAACCAGUAC
CACCACGAACAAGCACUUCUGUUUCCCCGGUGAAGCUACAUAGACUGUCCCCACGGUCGAAGGUGGC
AGAUCCGUUAUCCGCUCAAGUACUUCGAGAAGCCUAGUACCACCUUGGAAUCUUCGAUGCGUUGCGC
UCAGCACUCUACCCCGAGUGUAGCUUAGGUCGAUGAGUCUGGGCAUGCCCCACCGGUGACGGUGGCC
CAGGCUGCGUUGGCGGCCUACCLGUGGCUARCGCCAUGGGACGCUAGUUGUGAACAAGGUGUGAAGA
GCCUAUUGAGCUACUUGAGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACCACGGAGCAAGUGC
UCACAAACCAGUGAGUGGCUUGUCGUAACGCGUAAGUCUGUGGCGGAACCGACUACUUUGGGUGUCC
GUGUUUCCUUUUAUUUUCAUUAUGGCUGCUUAUGGUGACAAUCUAAGAUUGUUAUCAUAUAGCUUUU
GGAUUGGCCAUCCGGUGAUUUGAAAGAGAUAUAUUUACCUUAUUGUUCUACCAUAUCUAAUUACUCA
UCACAGCCACAUAAUCACA

enterovirusC
1le

S}

UUUAAAACAGCUUGAGGGUUGUUCCCACCCUCAAGGCCUACUGGGCGCUAGUACACCGGUAUCUCGG
UACCCUUGUACGCCUGUUUUAUCUUCCCUCCCCAAAAGUAACUUUAGAAGCAAGUARACUCACAGCU
CAAUAGCCGUCGCACCGCCAGUGCGACUAUGAGCAAGCACUCCUGUUUCCCCGGUUGCGUCCUAUAU
GCUGUGGAAACGGCAGAAGGGGACAAUAUCGUUACCCGCUUAUCUACUACGGGAAGCCUAGUAACAC
CAUUGAACACUUUGAGGGUUGCGUUCAGCGCCAARCCCGGCGUAGCUCAGGCCGAUGGGGCUUCGGA
AUCCCCACGGGUGACCGUGUCGAAGCCCGCGUUGGCGEGCCUGCCCACACCAAUGGGUGUGGGACGCU
CAAUUUGUGACAUGGUGCGAAGAGCCUACUGUGCUAGGUGAGAGUCCUCCGGCCCCUGAAUGUGGCU
AAUCCCAACCACCGAACCCGUGGUUGCAAUCCAGCAACUAGCGGGCCGUAAUGCGCAAGUCGGUGAC
GGAACCRACUACUUUGGGUGACCGUGUUUCCUUUAUCUCUUAUAUUGCAAUUUURUGGUGACAUUUA
UAGUAUUUAAGUGUUACCAUAUAUUGCGCARACAUAUUGUAAUAAUACAGAGUUACUACUGCAGAAA
ucC

enterovirusC
117

ol

UUAAAARAACUUGGGGGGUUUUUCCCCCCCLGGGGUUCCCCGGGAGUCCGUACCCCGGCAUCCUGGG
GCCCUUGUAAGCCUUUUUUAUAAUUCCCCCCCCCCGCAACUUUAGAAGRARACGAACUCCGAGCUCA
GUAGGCGUCACGUUUCCAGCGUGACUACGAGCAAGCACUUCUGUUUCCCCGGUUGCGCCCUAUAUGC
UGUGUGRACGGCAGRAAGGGGCAAARAUCGUUAUCCGCUUGAUUACUGCGGGACGCCUAGUAUCACCA
UGGAUUGACUUGAGGGUUGCGCUCAGCACACCCCCAGUGUAGCUUGGGCCGAUGAGGCUCCARAUUC
CCCACGGGCGACCGUGUUGGAGLCUGCGUUGGCGGCCUACCCGCGCCUCACGGCGUGGGACGCUCAU
UUCAUGACAUGGUGCGAAGAGUCUACUGCGCUAGUCAAGAUUCCUCCGGCCCCUGAAUGUGGCUAAU
CCUAACCACUGAUCCUGUGAGCACACACCAGUGCCUAGCAGGUCGUAAUGCGCAAGUCGGUGGCGGA
ACCAACUACUUUGGGUGUCCGUGUUUCCUUUAUUUCCUCAUUGAAUGCUUAUGGUGACAAUUGUUGA
GUACAGUUGUUACCAUUACUGCAUUCUGCARAUAGUGAAUAAACUACGCAACAAUAUAACACA

enterovirusC
118

UUAAAACAGCUCUGGGGUUGUUCCCACUCAAGGGCCCACGUGGCGGCUAGUACUCUGGUAUCUCGGU
ACCUUUGUACGCCUGUUUUAAUUCCCUCCCCARCGUAACUUAGAAGCUUUUAAACCAAAGCUCAAUA
GGUGGAGCGCAAACCAGCGCUCUUAUGAGCAAGCACUUCUGUCUCCCCGGUGUGGUUGUAUAGACUG
UCCCCACGGUUGAARACAACUUAUCCGUUAARCCGCUAUAGUACUUCGAGARACCUAGUAUUGCCUUC
GGAGUGUUGAUGCGUUGCGCUCAGCACACUAACCCGUGUGUAGCUUGGGUCGAUGAGUCUGGACGUA
CCCCACUGGCGACAGUGGUCCAGGCUGCGUUGGCGGCCUACUCAUGGUGARAACCAUGAGACGCUAG
ACAUGAACAAGGUGUGAAGAGUCUAUUGAGCUGCUAUAGAGUCCUCCGGCCCCUGAAUGCGGCUAAU
CCUAACCAUGGAGCAAGUGCUCACAAACCAGUGAGUUACUUGUCGUAACGCGCAAGUCCGUGGCGGA
ACCGACUACUUUGGGUGUCCGUGUUUCACUUUUUACUUUUAUGACUGCURARUGGUGACAAUUUAAUA
UUGUUACCAUUUGGCUUGUCGAARUUGAUCACAUAAGAUCUAUAGUUUUGUUCACUGAUUUGCUUUGA
AAUAAUCUCACCUCAAAACCUCCAGUACAUARACAUUUAAAGAGUUURAAACUUAUUUAUAACA

enterovirusD
68

UURAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCCGGUACCCCGG
UACCCUUGUACGCCUGUUUUAUACUCCCUUUCCCRAGUAACUUUAGAAGARAUAAACUAAUGUUCAA
CAGGAGGGGGUACAAACCAGUACCACCACGAACACACACUUCUGUUUCCCCGGUGAAGUUGCAUAGA
CUGUACCCACGGUUGAAAGCGAUGAAUCCGUUACCCGCUUAGGUACUUCGAGAAGCCUAGUAUCAUC
UUGGAAUCUUCGAUGCGUUGCGAUCAGCACUCUACCCCGAGUGUAGCUUGGGUCGAUGAGUCUGGAC
ACCCCACACCGGCGACGUGGUCCAGGCUGCGUUGGCGGCCUACCCAUGGCUAGCACCAUGGGACGCU

enterovirusD
70

199
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AGUUGUGAACAAGGUGCGAAGAGCCUAUUGAGCUACCUGAGAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCCAACCACGGAGCAAAUGCUCACAAUCCAGUGAGUGGUUUGUCGUAAUGCGCAAGUCUGUGGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUUAUGGCUGCUUAUGGUGACAAUCUG
AGAUUGUUAUCAUAUAGCUAUUGGAUUAGCCAUCCGGUGAUAUCUUGARAUUUUGCCAUAACUUUUU
CACAAAUCCUACAACAUUACACUACACUUUCUCUUGAAUAAUUGAGACAACUCAUA

UUUCCCCGGUGAAGUUACAUAGAUUGUGCCCACGGUGARAGUGACUGAUCCGUUACCCGCUUUAGUA
CUUCGAGAAGCCUAGUAACAUCUUGGAAUCUUCGAUGCGUUGCGCUCAGCACUCAACCCCAGAGUGU
AGCUUAGGUCGAUGAGUCUGGACACUCCCCACCGGCGACGGUGGUCCAGGCUGCGUUGGCGGCCUAL
CUGUGGCCCAAAGCCACAGGACGCUAGUUGUGAACAAGGUGUGAAGAGCCUAUUGAGCUACUAAAGA
GUCCUCCGGCCCCUGAAUGCGGCUAAUCCCAACCACGGAGCAAGUGCUCACAAUCCAGUGAGUGGCU
UGUCGUAACGAGCAAUUCUGUGGCGGAACCAACUACUUUGGGUGUUCGUGGUUCUUUUUUUAUCAUU
GGCUGCUUAUGGUGACAAUCUA

enterovirusD
111

[e)}

UUAAAACAGCCUGGGGGUUGUACCCACCCCUGGGGCCCACGUGGCGCUAGUACUCUGGUUCGUUAGA
ACCUUUGUACGCCUGUUUUCCCCUCCUUAAACAAAUUAAGAUCUCUGCCAAUGUGGGGAGUAGUCCG
ACUCCGCACCGAUACGUCGCACCAGUAGACCGGUUCGCUUAGGACCCUUCUACGGAUUGGUAUGAGU
UCCCCACCCCGUAACUUAGAAGUACUAGCARAACCGACCARUAGGAGCGUGGCACCCAGCUGCGUUA
AGGUCAAGCACUUCUGUCUCCCCGGCCAGARAUGGUCGUCACCCGCCCUCUCUACUACGAGAAGCCU
AUUAACCAUUGAAGGCGAUGAGGAGUUGCGCUCCACCACARCCCCAGUGGUAGCUCUGAGAGAUGGG
GCUCGCAGUCACCCCCGUGGUAACACGGUUGCUUGCLCCGCGUGUGCUCUCGGGUUCGGCCACUUGGL
CGUUCACUCCAACUCGUUGUAAGUGGCCAAGAGCCUAUUGUGCUAGAGAGGUUUUCCUCCGGAGCCG
UGAAUGCUGCUAAUCCCAACCUCCGAGCGUGUGCGCACAAUCCAGUGUUGCUACGUCGUAACGCGCA
AGUUGGAGGCGGAACAGACUACUUUCGGUACUCCGUGUUUCCUUAUUAUUUUAUACAACAAUUUAUG
GUGACAUUGACUGAUACUAUUGAGUUCGCCCGCUUGCCAUUGAAUAUUGCCUUGUAUUACCUUAUAG
CAUUUCARAAAAGCCACAGAUCUCACCCUCGAGCUCAUUCACUUUGCAGUUUGUUUGAAUCGCAUACA
CAAGACAUUUGAAC

enterovirusE
1;bovineente
rovirusl

UUAAAACAGCCUGGGGGUUGUACCCACCCCLCGGGGCCCACGCGGCGCUAGUACUCUGGUUCGUUUAG
AACCCUUGUACGCCUGUUUUUCCCCCCUUARAUARAAUUAAGAUCUCUGCCAAUGUGGGGAGUAGUCC
GACUCCGCACCGAUACGUCGCACCAGCAGACCGGUUCGCCUAGGACCCUUAUGCGGAUUGGUAUGAG
UCCCCCCCCCGAAACUUAGAAGCACAUUACAAACUGGCCAAUAGGAGCGUGGUAUCCAACCGCGUUG
CGGUCAAGCACUUCUGUUUCCCCGGUCAGARAUGAUCGUUACCCGCCCUCCCCACUACGAGAAGCCU
AUUAACCACUGAAAGUGAUGAUGAGUUGCGCUCAGCCACAACCCCGGUGGUAGCUCUGAGAGAUGGG
GCUCGCACCACCCCCGUGGUGACACGGUUGLCUUGCCCGLGUGUGCUCUCGGGUUCAGUCGCGAGACU
GUUCACUCUGACUCAUUGUAGGUGGCCAAGAGCCUAUUGUGCUGGGGAGGUUUUCCUCCGGAGCCGU
GAAUGCUGCURAUCCCAACCUCCGAGCGUGUGCGCACARUCCAGUGUUGCUACGUCGUAACGCGUARA
GUUGGAGGCGGAACAGACUACUUUCGGUACUCCGUGUUUCCUUAAUUUUAUUGUUCAAAUUUAUGGU
GACAUUGUCUGACAUUUGUGAAUUCGCUCGCCUGCCACUUAAUAUCGCUUUAUAUCAUCUGAUAGCA
UUCCAURAGACUACAGAACUCACUUUGGAACUCAUCGACUUUGCUGUUUUCCUGAAUACUGUUCACA
ACCAAACAAAACAAA

enteroviruskE
2

ooy W

UUAAAACAGCCUGGGGGUUGUACCCACCCCUGGGGCCCACGUGGCGCCAGUACUCUGGUACGCUAGU
ACCUUUGUACGCCUGUUUUCCCCACCCUUARAUARAUUAAGAUUACCACUACUGAGGGGAGUAGUCC
GACUCCGCUCCGACACUGCCGCACCAGUAUUCCGGUACGCUUAGUACCCUAAUACGGAGUAGAUGGU
AUCCCCACCCCGCAACUUAGAAGCAUGCAARCAACCCGACCGAUAGGAGCGCGGLAUCCAGULGCGU
AUAGGUCAAGCACUUCUGUUUCCCCGGUCCGARAGGAUCGUUACCCGCCCAACCCACUACGAGAAGC
CUAGUAACUGGCCAAACAACCGCARAGUUGCGCUCAGCCACAACCCCAGUGGUAGCUCUGGAAGAUG
GGGCUCGCACCUCCCCCGUGGUAACACGGUUGCUUGCCCGCGUGUGCUUCCGGGUUCGGCCUAGUGC
CGUUCACUUURAAGUUGUGUAACCAGCARAGAGCCUAUUGUGCUGGGAUGGUUUUCCUCCGGGGCCG
UGRAAUGCUGCUAAUCCCAACCUCCGAGCGUGUGCGCACAAACCAGUGUUGCUACGUCGUAAUGCGUA
AGUUGGAGGCGGAACAGACUACUUUCGGUACCCCGUGUUUCCUUUUAUUGUUAUUUACAUUUUAUGG
UGACACUGACUGACAUUUGUGAAUUUGCUCGCUUGCCUCUCARUAUUGCACUAUAUUACCUGAUUGC
AUUUCACAACACUAGUAAACUAACCCUUGAACUUAUCGACUUUGCUGUUUACCUAAGUCACUUAAAU
CACAAGUACAAUA

enterovirusk
3

CGGAGUAGAUGGUAUUCCCUCUCCCGUAACUUAGAAGUUUGAARCUARACCGACCRAUAGCGGUGGUG
CAACCAGCAUCACAACGGUCAAGCACUUCUGUUUCCCCGGCACGUCAGUGUCGUUACCCGCCCACAC
UACUACGAGAAGCCUAGUAACUUCCCAAUCGACAGCACAGUUGCGUUCGGCCACAACCCCUGUGGUA
GCUCUGGAAGAUGGGGCU

enterovirusk
4

UUUAAAACAGCUCGGGGGUUGUUCCCACUCCCGGGGCCCACCUGGCGCUAGUACUCUGGUACGUUAG
UACCUUGUACGCCUGUUUUCCCCUCCUUAARCAARUUAAGAUUACCACUACUGAGGGGAGUAGUCCG
ACUCCGCUCCAGCACUGCUGCACCAGUGAAUUGGUAUGAUUAGUACCUCUUCACGGAGUAGAUGGUA
UUCCUACCCCGCAACUUAGAAGUUUAUUAACAAACCGACCAAUAGGUGCACAGUAUCCAGCUGUGUA
ACGGUCAAGCACUUCUGUUUCCCCGGUCCACCAGGAUCGUUACCCGCCCGACCCACUACGAGAAGCT
UAGUAACUAGCCAAGUGACUGCGAAGUUGCGCUCAACCACAACCCCAGUGGUAGCUCUGGAAGAUGE
GGCUCGCACCUCCCCCGUGGUAACACGGUUGCCUGCCCGCGUGUGCUUCCGGGUUCGGCCUUGUGLT
GUUCACUUCUACGUCAUGUAACUAGCCAAGAGCCUAUUGUGCUGGGACGGUUUUCCUCCGGGACCGU
GAAUGCUGCUARAUCCUAACCUCCGAGCGUGUGCGCACARUCCAGUGUUGCUACGUCGUAACGCGUAA
GUUGGAGGCGGAACAGACUACUUUCGGUACCCCGUGUUUCCUCUUUUAUUAUAUUAUUUAAUGGUGA
CAAUUGCAGARAUUUGUGAUUUAGCGACUUUACCAUUGCACAUAGCAUUAUAUUGUUUGAUUGCUUU
CCACAARACAUCUGAUAUACCCAACUCUUAUAUCGAUCUACUUAUCUUUCUUUGCUUGAAGARUARA
UUAAAGAAAGCACG

enterovirusk
5

200
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UUCAAACAGCCUGGGGGUUGUACCCACCCCUGGGGCCCACGCGGCGCUAGUACUCUGGUACGUUAGU
ACCUUUGUACGCCUGUUUUCCCCUCCCUUARAUARAUUAAGAUUACCACUACUGAGGGGAGUAGUCC
GACUCCGCUCCGACAAUGUCGCACCAGUGCACUGGUACGCUAGUACCUUUUCACGGAGUAGCUGGUA
UUCCCUCCCGAAACUUAGAAGCACUUAARAUCAACCGACCARUAGGCGCGCGGUAGCCAGCCGCGUUA
CGGUCAAGCACUCCUGUUUCCCCGGUCCACRAGGAUCGUUACCCGCCCGACCCACUGCGAGAAALCCU
AGUAGUUGGCCAAGUGGUAACGAGGUUGCGCUCAGCCACAACCCCAGUGGUAGCUCCGGAAGAUGEGS
GCUCGCACCACCCCCGCGGUAACGCGGUUGCUUGCCCGLGCGUGCUUCCGGGUCCGGUCUCGUACCE
UUCACCUCAAUACCACGUAACCAGCAAAGAGUCUAUUGCGCUGGGACGGUUUUCCUCCGGGGLCGUG
AAUGCUGCUAAUCCCAACCUCCGAGCGUGUGCGCACAAUCCAGUGUUGCUACGUCGUAACGCGURAG
UUGGAGGCGGAACAGACUACUUUCGGUACCCCGUGUUUCCCUAUCAUUCCAUUUCAUUUUAUGGUGA
CAAUUGCUGAGAUCUGUGAUUUGGCGACCUUACCACUGAAUAUUGCCUUAUAUUACUUGGUUGCAUU
CCACAARACCUCUGACAUACCUGCUUCCUAUAUCGACCUACUUGUUUUCCUCAAUUUAAAGUAUAGA
CUACAAAUAGCAGA

enterovirusF
2

UUUAAAACAGCCUGGGGGUUGUACCCACCCCUAGGGCCCACGUGGCGCCAGUACUCUGGUACAUUAG
UACCUUUGUACGCCUGUUUUCCCCUCCCUURAAAUAAAUCAAGAUUACCACUACUGAGGGGAGUAGUC
CGACUCCGCUCCAGCAAUGCUGCACCAGUGCACUGGUACGCUAGUACCUUUUCACGGAGUAGAUGGU
AUCCCCACCCCGAAACUUAGAAGCAUGUGAUCARAUCGACCAAUAGGCGCGCGGUUGCCAGCLGCGU
UUCGGUCAAGCACUUCUGUUUCCCCGGUCCGCAAGGAUCGUUACCCGCCCGACCCACUGCGAGARGC
CCAGUARCUGGCCAAGCGGUAGCGAGGUUGCACUCAGCCACAACCCCAGUGGUAGCUCUGGAAGAUG
GGGCUCGCAGUUCCLCCGUGGUAACACGGAUGCCUGCCCGLCGUGUGLUUCCGGGUUCGGUCUCGUGT
CGUUCACCUCAAUACCGCGUAACCAGUGAAGAGCCUAUUGCGCUGGGACGGUUUUCCUCCGGGGLCG
UGAAUGCUGCUAAUCCUAACCUCUGAGCGUGUGCGCACAAUCCAGUGUUGCUACGUCGUAACGCGUA
AGUCAGGGGCGGAACAGACUACUUUCGGUACCCCGUGUUUCCUUUUAUUUUAUAUUUAUCAUUUUAU
GGUGACAAUUGCUGAGAUUUGCGAUUUAGCGGUUUUGCCAUUGAACAUUGCUUUGUACUACUUGGUU
GCAUUUCACAAAACCUCCGACAUACCCAGCUCCUACAUCGACUUGCUUGUUUUUCUUAAUUAAGACA
UAAACUAGAGAACACARA

enterovirusF
3

w

UUAAAACAGCCUGGGGGUUGUACCCACCCCUAGGGCCCACGUGGCGUUAGUACCCUGGUACGCUAGU
ACCUUUGUACGCCUGUUUUUCCCUCCCUUARAUARAUUAAGAUUACCACUACUGAGGGGAGUAGACC
GACUCCGCUCCAGCACUGCUGCACCAGUGAACUGGUACGCUAGUACCUUUGCACGGAGUAGAUGGUA
CACCCACCCCGUAACUUAGAAGUACUGAACACAACCGACCAAUAGCGGCGUGACAGCCAGUUACGCA
ACGGUCAAGCACUUCUGUUUCCCCGGUCCGUAUGGAUCGUUACCCGCCCAAGCUACUACAAGAAGCC
UAUUAACUACUGAAACUGUUGARAGGUUGCGCUCARACCACAUCCCCAGUGGUAGCUCCGAGUGAUGG
GGCUCGCGAUUCCCCCGUGGUAACACGGUCGCUUGCCCGCGCGCGCACUCGGGUCCGGUCUUUGACC
GUUCACCUUGAGACAACGUAAGUAGCCAAGAGCCUAUUGUGCUGGUUUGGUUAUCCUCCGGAGCLCGU
GAAUGCUGCUAAUCCUAACCCCCAAGCGUGUGCGCACAAACCAGUGUUGCUACGUCGUAACGCGUAA
GUUGGAGGCGGAACAGACUACUUUCGGUACUCCGUGUUUCCUUUAUCUCAUUUUUARARACUUUAUG
GUGACAAUUGUUGUGAUUUGUGAACUUUACAUCUAGCUCUUGCAUAACGCCUUGUUUCAUCUAGUCG
CCUUCCAUAURAUAUCUARAGCUUUCAACCCUUGAGUUAACUCACUAGCAAUUUUGAGCUCAAAUAA
CCUAGAUAUAGAUA

enterovirusF
4

w

CURARACAGCCUGCGGGUUGUACCCGCCCGCAGGGCCCACUGGGCGCUAGUACUCUGGUACGCUAGU
ACACUAGCACGUUAGUGCUUUUGUACGCCAGUACCUUUGUACGCCUGUUUUAUUUUCCCUUCCCCAC
AUGUAACUUUAGAAGUUUAGAAACAAACAAUGACCAAUAGGAGUCCAGCAUCCAGUUGGAUUGCGGU
CAAGUACUUCUGUUUCCCCGGACCUAGUAGUGAUAGGCUGUACCCACGGCCGAAGAUGAACCCGUCC
GUUAUCCGGCUACCUACUUCGGGAAGCCUAGUARACAUUCUGAAGUCUCUGAGGCGUUUCGCUCAGCA
CGACCCCGGUGUAGAUCGGGCUGAUGGGUCUCCGCAUACCCCACGGGUGACCGUGGCGGAGGCCGECG
UUGGCGGCCCGCCUAUGGCGAAAGCCAUAGGACGCCUCUUAGAUGACAGGGUGUGARGAGCCUACUG
AGCUGGGUAGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACCACGGAGCGUCCACCGGCARAC
CGGUCGGGAGGGCGUCGUAACGGGUAACUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCC
UUUUGAUCCUAUUUUGGCUGCUUAUGGUGACAACGAUAAGUUGUUAUCAUAAAGCUUUUGGGUUGGC
CACCUGGAAARAGUUAUCAGUGUUUGAUAUUGUUCGGCUCUCACGCCUUCCAACAARACAGGCCUUA
CUUCUUUUAAUUGCAUUUUAUCCAUCGGAGGUUAUUACAGAUUUCCAUCUGAAGCUUCUUCUCACAG
UAGCAGUARA

enterovirusG
2; formerlyven
terovirusl0

~J

UUAAAACAGCCUGCGGGUUGUUCCCACCCGCAGGGCCCACUGGGCGCUAGUGCACUGGUAUGCUAGU
ACCUUGGUAUUACGGUACCAUUGUACGUUAGUACCUUUGCACGCCUGUUUUARAUCCCCUCCCCCAU
GCAACAUUAGAAGUCUAUCUAUUAAGGACCAAUAGGAGUCCAACAGCCAGUUGGAUUGUGGUCAAGU
ACUUCUGUCUCCCCGGACUUAGUAGUGAUAGGCUGUACCCACGGCCGAAGAUGARCCUGUCCGUUAU
CCGGCCAGCUACUUCGAGAAGCCUAGUAGCACCARAGAUCUGUCUUGGCGUUUCGCUCAGCGLGUCC
CCCCGCGUAGAUCGGGCUGAUGGGUCUCCGLCAUCCCCCACGGGUGACCEUGGCGGAGGCCGCGUGGL
GGCCCGCCUAUGGCGAAAGCCAUAGGACGCCAUUUCAGUGACAGGGUGUGAAGAGCCUAUUGAGCUA
GUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACCACGGAGCGUCCACCGGCAAACCAGCU
GGGAGGGCGUCGUARCGGGUAACUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUG
AUCCUAUUGUGGCUGCUUAUGGUGACAACUUACAGUUGUUAUCAUARAGCUUUUGGAUUGGCCAUCC
GGAAAGAGUUAACAGUUUGUUCGCUCAUUGCUCUCUCAAAGUUUCCAUUARAGGARAGCAAUUUACCU
UCUUAUUUCAUUUUACAGGCUUGACAAGAUUUCAAGCGCUCAUAUAGAUCUGCUUAUUCAGCUACAU
CRAAC

enterovirusG
3

~ W

UUAAAACAGCCUGUGGGUUGUUACCACCCACAGGCGCCACGGGGCGCUUCGCACCUGGGAUGCUUAA
CGUCGGAUUUGCGGAUCCGAUGUUUAUUGCCCCUGUGCGCGCCUGUUAUAUUCCCUUCCCCCUUAAG
UAACUUUAGAAGUUUAURAUAACAAAGACCAAUAGGAGUCCAACAUCCAGUUGGAUCGCGGUCAGGC
ACUUCUGUCUCCCCGGACCUAGUAGUGAUAGGCUGUACCCACGGCCGAAGAUGARCCCGUCCGUUAU

enterovirusG
4

201
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CCGGCCAGCUACUUCGAGAAGCCUAGUAACAUCAAAGAUCUGUCCUGGCGUUUCGCUCAGCGCGUUU
CCCCCCGCGUAGAUCGGGCUGAUGGGUCUCCGCAUACCCCACGGGCGACCGUGGCGGAGGCCGLGUG
GCGGCCCGCCUAUGGCGAAAGCCAUAGGACGCCAUUUCAGUGACAGGGUGUGAAGAGCCUAUUGAGC
UAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUARUCCUARCCACGGAGCGUCCACCAGCAAACCAG
CUGGAAGGGCGUCGUAACGGGUAACUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUU
UGAUCCUAUUGUGGCUGCUUAUGGUGACAACUUACAGUUGUUAUCAUAAAGCUUUUGGAUUGGCCAU
CCGGAARGAGUUAACAGUUUGUUCGCUUAUUGCUCUCUCARAACUUCCAUUGAGGARAGCAAUUUAU
CUUCUCAUUUCAUUUUACAAGCUUGAUAAARUUUCAAGUGCUCAUUUAGAGUUACUCAUCCAACUCC
AUCAAAU

w

UAAACAGUCAGGGGGUUGUACCCACCUCCGGGGCCCACGUGGCGUCAGUGCUCUGGUGCGUUAGUAC enterovirusG
7 | CUUUGCACGCCUGUUUUCCCUUCCCUUAAACARAUUAAGAUCGCCAGCGCCGAGGGGAGUAGUCCGA 5

4 | CUCCGCUCCACUACGGUGCUCCAGUGGAUUGCUAUUACGGUAGCUCUUCACGGGGUGGCUGGUGUCC
CCAACCCCGCAACUUAGAAGCCAGCACAGAUCGACCAAUAGCGGCUCGGCAGCCAGUCGGGCAALCGE
UCAAGCACUUCUGUUUCCCCGGUCCGUAAGGAUCGUUACCCGCCCAGGAUGCUACGAGAAACUUAGU
AAACACCCAAGCUUGUGAGAGGUUGCGCUCAGCCACAACCCCAGUGGUAGCUCUGAGUGAUGGGGCU
CGUGACUACCCCUCUGGUAACAGAGACACUUGCCCGCGUGUGCACUCGGGUUCAUCAGAAAUGGUGU
UCACCUCGACCAAGCGUAAGUGUUGAAGAGUCUAUUGUGCCAGCCUGGUUUCCUCCGGGGCCGUGAA
UGCUGCUAAUCCUAACCUCCGAGCGUGUGCGCACAAUCCAGUGUUGCUACGUCGUAACGCGUAAGUU
GGAGGCGGAACAGACUACUUUCGGUACCCCGUGUUUCCUCAUUCAUUAUUUCAAUUUAUGGUGACAA
UUACAGAGAUUUGUGAAUUGGCGARACUACCACUGAAUUUGGCCUUGUAUUGUCUUAUUGCCUUCCA
CAAAACUUCUGAUAUUCCACCCAGUUAUAUCGAUCUCCUGGUUUAUCUAAAUUUACAAUAUAAAUUG
AACCAGAUACA

3 | UUAARAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGCUAGUACACUGGUAUGCCUUA enterovirusG
7 | CCUCGGUAUCACGGUACCGUUGUAUACAGUACCUUUGUACGCCUGUUUUARAUCCCCUCCCCCCAAU 6

5 | GUAACUUUAGAAGUUUAAGCAAACAAAGACCAARUAGGAGUCCAACAACCAGUUGGAUUGCGGUCAAG
CACUUCUGUCUCCCCGGACCUAGUAGUGAURAGGCUGUACCCACGGCCGAAGAUGAAARCCGUCCGUUA
CCCGGCCAGCUACUUCGAGAAGCCUAGUAACAUCAAAGAUCUGUCUUGGCGUUUCGCUCAGCGCGUU
CCCCCCGCGUAGAUCGGGCUGAUGGGUCUCCGCAUACCCCACGGGCGACCGUGGLGGAGGLCCGLGUG
GCGGCCCGCCUAUGGCGAAAGCCAUAGGACGCCAUUUCAGUGACAGGGUGUGAAGAGCCCUAUUGAGC
UAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAARUCCUAACCACGGAGCGUCCACCAGCAAACCAG
CUGGCAGGGCGUCGUAACGGGUAACUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUU
UGAUCCUAUAUUGGCUGCUUAUGGUGACAACGAUARAGUUGUUAUCAUAAAGCUUUUGGGUUGGCCAC
CUGGAARAAGUUAUCAGUGUUUGAUAUUGUUCGGCUUUCACGCCUACCAAUARARCAAUCCUUAUAU
UAUUUGAUUUCCUUUUAUCCACAAGAGGAARUUUCUGAGUUUCAUCUCCAGUUGCUCUUAACCUUAU
CAGCAAG

UAUUUUCCAGGUGGAAUGGGGAUGCAGGCCUGAGUUGUUUUUGCCCCCAAGGAAUARAUCAAUAUUC enterovirusG
CCAGAGCCGAGGGGAGUAGUCCGACUCCGCUCCACUACGGUGCUCCAGUAGAUUGCUAUUGCGGUAG 7
CUCUCUACGGGGUGGCUGGUAUUCCUCACCCUGARACUUAGAAGUUUGUACACACCGACCAAUAGCG
GUCUGGCAGCCAGCCAGGCAACGGUCAAGCACUUCUGUUUCCCCGGUCCGCAAGGAUCGUUACCCGC
CCGAAUUGCUACGARAARGCCUAGUAAGUACCCARAGUUUGUGCGAGGUUGCGUUCAGCCACAAUCCCA
GUGGUAGCUCUGAGUGAUGGGGCUCGUGAUUACCCCUCUGGUGACAGAGACACUUGCCCGCGLGUGL
ACUUGGGUUCACCAGAAAUGGUGUUCACCUCAAUCAAGCGCAAGUACUGAAGAGCCAAUUGUGCCAR
UUUGGUCUCCUCCGGGGCCGUGAAUGCUGCUAAUCCUAACCUCCGAGCGUGUGCGCACAAUCCAGUG
UUGCUACGUCGUAACGCGUAAGUUGGAGGCGGAACAGACUACUUUCGGUACCCCGUGUUUCCUUAUU
UUAUUCAUUUAAAUUUAUGGUGACAAUUGUUGAGAUUUGUGAGCUAGCAARAUUACCAUUGAAUUUG
GCAUUGUACUGUCUCAUUGCUUUUCACAAARCCUCAGAUAUCCCACCCAGUUACAUUGAUCUUUUAG
UUCAUUUGAAUUUACAGUUCAAACUGAGACRAGUAAA

o N W

w

UACCUUUGUACGCCUGUUUUAUACUCCCUUCCCCUACAUGUAACCUUAGAAGUAUARAUAAACARAG enterovirusG
7 | ACCAAUAGGAGUCCAACAUCCAGUUGGAUCGCGGUCAAGUACUUCUGUUUCCCCGGACCUAGUAGUG 8

7 | AUAGGCUGUACCCACGGCCGAAGAUGAACCCGUCCGUUAUCCGGCCAGCUACUUCCAGAAGCCUAGU
AACAUCAAAGAUCUGUCUUGGCGUUUCGCUCAGCGCGUUCCCCCCGCGUAGAUCGGGCUGAUGGGUC
UCCGCAUACCCCACGGGCGACCGUGGCGGAGGCCGCGUGGCGGCCCGCCUAUGGCGAAAGCCAUAGG
ACGCCAUUUCAGUGACAGGGUGUGAAGAGCCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGARUG
CGGCUARUCCUAACCACGGAGCGUUCACCAGCAARARCCAGCUGGGAGGGCGUCGURAUGGGCAACUCU
GUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUGAUCCUAUAUUGGCUGCUUAUGGUGAC
AACGAUARAGUUGUUAUCAUAAAGCUUUUGGGUUGGCCACCUGGAAARAGUUAUCAGUGUUUGAUAUU
GUUCGGCUUUCACGCCUACCAAUAARAACAAGCUUUAUAUUAUUUAAUCUCCUUUUACCCAAAGGGAG
AGAUUUCUGAAUUUCAUAUCCAGUUGCUCCUAACACUAUCAGCAAA

w

GCCUGUUUUAUAUUCCCCUCCCCCAAACGUAACAUUAGAAGUAUAAACAAACAAAGACCAAUAGGAG enterovirusG
7 | UCCAACAUCCAGUUGGAUUGCGGUCAAGCACUUCUGUCUCCCCGGACCUAGUAGUGAUAGGCUGUAC 9

8 | CCACGGCCGAAGAUGAACCCGUCCGUUAUCCGGCCAGCUACUUCGAGAAGCCUAGURACAUCAAAGA
UCUGUCUUGGCGUUUCGCUCAGCGCGUUCCLCCCGCGUAGAUCGGGCUGAUGGGUCUCCGCAUACCC
CACGGGCGACCGUGGCGGAGGCCGCGUGGCGGCCUGCCUAUGGCGARAGCCAUAGGACGCCAUUUCA
GUGACAGGGUGUGAAGAGCCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCU
AACCACGGAGCAUCCACCAGCAAACCAGCUGGAAGGGUGUCGUAACGGGUAACUCUGUGGCGGAACC
GACUACUUUGGGUGUCCGUGUUUCCUUUUGAUCCUAUAUUGGCUGCUUAUGGUGACAACGAUAAGUU
GUUAUCAUAAAGCUUUUGGGUUGGCCACCUGGAARAAGUUAUCAGUGUUUGAUAUUGUUCGGCUUUC
ACGCCUACCAAUAARACAAGCUUUAUACUUGCUAAUUUCAUUUUAUCCAUCUGAGGAUAUUACUGAA
UUUUACCUACAACUUUUGCUCACCCUAACAGURAA
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GGGUUGUUCCCACCCGCGGGGCLCCACUGGGLGCUAGUACACUGGUACGCCAGUACCUUGGUAUUACG
GUACCAUUGUACGUCAGUACCUUUGUACGCCUGUUUUAUAUCCCUUCCCCCACAUGUAACAUUAGAA
GUCAAGUAAACAAAGACCAAUAGGAGCCCAACAACCAGUUGGGUUGCGGUCAAGCACUUCUGUCUCC
CCGGACCUAGUAGUGAUAGGCUGUACCCACGGCCGAAGAUGAACCCGUCCGUUAUCCGGCCAGCUAC
UUCGAGAAGCCUAGUAACAUCARAGAUCUGUCUUGGCGUUUCGCUCAGCGCGUUCCCCCCGCEUAGA
UCGGGCUGAUGGGUCUCCGCAUACCCCACGGGCGACCGUGGCGGAGGCCGLGUGGCGGLCCGLCUAU
GGCGAARGCCAUAGGACGCCAUUUCAGUGACAGGGUGUGAAGAGCCUAUUGAGCUAGUUGGUAGUCC
UCCGGCCCCUGAAUGCGGCUAAUCCUAACCACGGAGCAUCCACCAGCAAACCAGCUGGGAGGGUGUC
GUAACGGGUAACUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUGAUCCUAUUUUG
GCUGCUUAUGGUGACAACGAUAAGUUGUUAUCAUAAAGCUUUUGGGUUGGCCACCUGGAAAAAAUUG
UCAGUGUUUGAUAUCGCUCGGCUUUCACGCCUACCAGUCAAACAAGCUCUUUAUCUCCUUGUUGGAU
UCUACUCARUAAAGGACAUAACUCAGUUUCACAUAAAUCUGUUGCUUUCAUUGUCAGCARA

enterovirusG
10

UUAAAACAGCCUGUGGGUUGUUCCCACCCGCAGGGCCCACUGGGCGCUAGUACACUGGUAUGCCAGU
ACAUUAGUACGCUAGUACUCUUGUAUGCCAGUACCUUUGUACGCCUGUUUUAUACUCCCCUCCCCAU
AUGUAACAUUAGAAGUUUAAGUAAUAAAGACCAAUAGGAGUCCAACAUCCAGUUGGAUUACGGUCAA
GCACUUCUGUUUCCCCGGACCUAGUAGUGAUAGGCUGUACCCACGGCCGAAGAUGAACCCGUCCGUU
AUCCGGCCAGCUACUUCGAGAAGCCUAGUAACAUCAAAGAUCUGUCUUGGCGUUUCGCUCAGCGCGU
UCCCCCCGCGUAGAUCGGGCUGAUGGGUCUCCGCAUACCCCACGGGUGACCGUGGCGGAGGCCGCGU
GGCGGCCCGCCUAUGGCGARAAGCCAUAGGACGCCAUUUCAGUGACAGGGUGUGARGAGCCURAUUGAG
CUAGUUGGUAGUCCUCCGGCCCCUGAARUGCGGCURAAUCCUAACCACGGAGCGUCCACCAACAAUCCA
GUUGGCAGGGCGUCGUAACGGGUAACUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUU
UUGAUCCUAUAUUGGCUGCUUAUGGUGACAACGAUAAGUUGUUAUCAUAAAGCUUUUGGGUUGGCCA
CCUGGARARAGUUGUCAGUGUUUGAUAUUGUUCGGCUUUCACGCCUACCAAUAAAGCAAGCUUUAUA
UUUGUUAGUUUCAUUUUAUCCAUUAAAGGAUAUUACCGAAUUUCACUUACAGCUUUUGCUCACAUUA
UCAGCAAA

enterovirusG
17

w

UUUAAARRCCAACCCGGGGGUUGUACCCACCLCUGGGGCLCACGUGGCGGUAGUGCUUUGGUUUGCUC
AGAACCUUUGCACGCCUGUUUUCCCUUCCCUUAAAUAAAUUAAGCUUGCCGGGACUGAGGGGAGUAC
UCCGACUUCGCUCCCCUACGGUGCCCCAGURAACUGGUAUCGCGGUACCUUUUUACGGAGUCALCCGG
CACCCCCCCCCCGCAACUUAGAAGUUUGAACACAAACCGACCAAUAGAGGCCCGGCAUCCAGUCGAG
CAACGGUCAAGCACUUCUGUUULCCCGGUCCGCAAGGAUCGUUACCCGCCCCGACUACUACGGGAAG
CCUAGUAUCUAGCCAAACUUGGAAAAGGUUGCGCUCAGCCACAACCCCAGUGGUAGCUCUGAGUGAU
GGGGCUCGCGACAACCCCCUUGGUAACAAGGACGCUUGCCCGCGCGUGCACUCGGGUUCACCUUCCG
GUGUUCACCCUGACCAAGUGUAACUAGAGARAGCGCCUACUGUGCUAGUUGGGUUUUCCUCCGGGGCC
GUGAAUGCUGCUAAUCCCAACCUCCGAGCGUGUGCGCACAAUCCAGUGUUGCUACGUCGUAACGLGL
AAGUUGGAGGCGGAACAGACUACUUUCGGUACCCCGUGUUUCCUUUAUUUGUUUAUUAAAUUUAUGG
UGACAAUUGUUGAGAUUUGUGAUUUAGCGARAUUACCCUUGAAUUUGGCAUUAUAUUACUUGGUUGC
AUUUCACAAAACCUCAaAGAUUCCCGCAUCCUAUAUAGAUCUUCUCGUCUAUUUGAACUUACAGCAC
ARAUUARAUCAAAUAAA

enterovirusG
20

[e e

UUAAAACAGCCUGGGGGUUGUUCCCACCCCCAGGGCCCACGUGGCGCAAGUACUCUGCUUCGUUAGA
AGCCUUGUACGCCUGUUUUCCCCUCCUUAARUAARUUARGAUUACCACUUCCGAGGGGAGUAGUCCG
ACUCCGCUCCGAUACGUCGCUCCAGUGCGCUAGUACGCUUAGUACUUUCUCACGGGGAUAGUGGUAL
CCCUCCCUAGUAAUUUAGAAGACUUGAAAARCCGACCARUAGGCACCUCGCAUCCAGCGGGGUARAAG
GUCAAGCACUUCUGUUUCCCCGGGUCGAGUAGCGAUAGACUGUGCCCACGGUCGAAGGUGARACAAC
CCGUUAUCCGACUUUGUACUUCGGGAAGCCUAGUACCACCAAAGAUUAUGCUUGGGGUUUCGCUCAG
CACGACCCUGGUGUAGAUCAGGCUGAUGGAUCACCGCGUUCCUCACAGGCGACUGUGGCGGUGGUCG
CGUGGCAGCCUGCCGAUGGGGCAACCCAUCGGACGCCAAGCAUAUGACAGGGUGUGAAGAGCCUACU
GAGCUACARAGUAUUCCUCCGGCCCCUGAAUGCGGCUAAUCCCAACCACGGAGCAUUUGCUACCARA
CCAGGUAGUGGAAUGUCGUAACGGGUAACUCUGUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUC
CUUUUAAUUUAUCAUUCUGUGUAUGGUGACAACUAUAGUGCUAUCUCGAUUUGCAUUACUAUUGUUG
AGAUUGACACUUUAUUACAUUGUUGCAUUUUACCCUUUGAGUGAGUUUUCACCUGAACAGAUUAAUU
UACUUAUCCUGUUUAUAUAUCACAAGCAGARAUACUUGCAAAC

enterovirusI
2;dromedaryc
amelenterovi
rus2

AARRAUAGCCUCAGGGUUGUUCCCACCCUGAGGGCCCACGUGGCGUAGUACUCUGGUAUCACGGUACC
UUUGUACGCCUAUUUUACAUCCCUUCCCCGUAACUUAGAAGCUUUCAACUAUAAGUUCACUAGCAGG
GCUACCARACCAGGUAGUUCAUCGAACAAGCACUUCUGUUACCCCGGUCCUAGUACCUGAGAAGCUGU
ACCCACGGCGGAAGGGGARAAAGAUCGUUACCCGGCUAUCUACUUCGAGAAGCCUAGUAACGUCAUU
GAAACUCUUGAGCGUUGCGUUCAGCACAGUACCCCCUGUGUAGCUUUGGCUGAUGAGUCUGGGCAUU
CCCCACUGGCGACAGUGGCCCAGGCUGCGUUGGCGGCCAACCGAUCCGGGCAACCGGGUCGGALGLCU
CAUUUGUGGACAUGGUGUGAAGAGCCUAUUGAGCUAGGUAGUAGUCCUCCGGCCCCUGAAUGLGGCU
AAUCCCAACUCCGGAGCAAGUGCGCACAAUCCAGUGUGUGGCUUGUCGUAAUGCGUAAGUCUGGAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUUCCUUATUUGGCUGCUUAUGGUGACAAUCU
AGUGUUGUUACCAUAUAGCGAUUGGAUUGGCCAUCCGGUGAAUAGCUUUGUGACAAUUCCCUACGUU
AUUUUUCAUAACUCRACUUCACGAGAGUCAUUGAGUUUGACUAAUU

enterovirusdJd
103

w

UUAAAAGAGCCUGGGGGUGACUCCAGCCCCCAGGACCCACGUGGUGCCAGCACUACUUAGUUACGAU
UAUUUAGUGCGCCUCUUUUAUAUCCCCUCCCCCACCCUUCCCUUUUCCUUGAAUUCUUUCGUAACAA
GUGCCUCAGCAUGACGUUUGCACGGUGUACUGUAACCAUCAGGCAACCAGCCUGUARAGCAGGAAGC
ACUUCUGUUUCCCCGGUGUGGAUAUUAGGCUGUUCCCACGGCCGAARAUGAAGCAUCGUUAUCCCCA
CUGGUACUGCGCGARAGCUAGUAACACCAAUGAUUUAGAUGGAUCUUUCGCUCAGCAAUUGCCCCGA
UUGUAGAUCGGGCGGAUGGGGCUCCUCGUUCCUCACUGGCGACAGUGGAGGAGCCCGCGUGGCCGLC
CGCCUACCCCGCAUGGGGUAGGAGGUCCAGAUAAUGACAGGGUGUGAAGACUCARGUGCGCUACCAG

enterovirusK
1

203
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UGCAUCCUCCAGGCCUCUGAAUGCGGCUAAUCCUAACCCCGGAGCACCCGCUCACAGUCCAGUAAGU
AGGGUGUCGUAACGCGUAAGUCUGGGAUGGAACCGACUACUUUGAGUGACCUGUGUUUCUUUUAUUU
UUAUUGAGGUUGUUUAUGGUGACAAAGAUUGGCUCUAUCGUGUAUAGAGUUUACAAGGUGAAAGAGG
AUUUUUACAGACUUUUGUUAUCAAUCUUGUCCUAUCCUACCCGCAGGGGARUUGAUGAUAGAAGUGC
UUUUAGAGGUGAUUCAAUUGAUAGCUCAAACAACUGAGAAUCUUAUUUAUUUUUAUCAAGGUCUGAA
UUUGAAUAAAGAUCCAGUGAAUUUUACCCCCACCUAUUAGCGACCARAAUUCACAAGCA

3 | UURAAACUGGGUGUGGGUUGUUCCCACUCACACCACCCAAUGGGUGUUGUACUCUGUUAUUCCGGUA rhinovirusAl
ACUUUGUACGCCAUUUUCCCUCCCUCCCCAUCCUUUUACGUAACUUACAACUUUUARACACAAGACC B

5| AAUAGUAGGCAACUCUCCAGGUUGUCUAAGGUCAAGCACUUCUGUUUCCCCGGUUGACGUUGAUAUG
CUCUAACAGGGCAARAACAACUGAUAUCGUUACCCGCARAGUGCCUACACAGAGCUUAGUAGGAUUC
UGAAAGAUCUUUGGUUGGUCGCUCAGCUGCAUACCCAGCAGUAGACCUUGCAGAUGAGGCUGGACAU
UCCCCACUGGUAACAGUGGUCCAGCCUGCGUGGCUGCCUGCACACUCUUAUGAGGUGUGAAGCCARA
GAUUGGACAGGGUGUGAAGAGCCGCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGCGGCUARL
CUUAAACCUGCAGCCAUGGCUCAUARAACCARUGAGCUUAUGGUCGUAAUGAGCARUUGCGGGAUGGG
ACCGACUACUUUGGGUGUCCGUGUUUCACUUUUUCCUUUAUCAAUUGCUUAUGGUGACAAUAUAUAC
AUAGAUAUAUAUUGGCAUC

[eo]

3 | UURAAAACUGGAUCCAGGUUGUUCCCACCUGGAUUUCCCACAGGGAGUGGUACUCUGUUAUUACGGUA rhinovirusA2
8 | ACUUUGUACGCCAGUUUUAUCUCCCUUCCCCCAUGUAACUUAGAAGUUUUUCACRARGACCAAUAGC
6 | CGGUAAUCAGCCAGAUUACUGAAGGUCAAGCACUUCUGUUUCCCCGGUCARUGUUGAUAUGCUCCAA
CAGGGCAAAAACAACUGCGAUCGUUAACCGCARAGCGCCUACGCAAAGCUUAGUAGCAUCUUUGAAA
UCGUUUGGCUGGUCGAUCCGCCAUUUCCCCUGGUAGACCUGGCAGAUGAGGCUAGARAUACCCCACU
GGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUAUGGGUGUGAAGCCAAACAAUGGACAA
GGUGUGAAGAGCCCCGUGUGCUCGCUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCCUG
CAGCUAGAGCACGUAACCCAAUGUGUAUCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUACU
UUGGGUGUCCGUGUUUCACUUUUUCCUUUAUAUUUGCUUAUGGUGACAAUAUAUACAAUAUAUAUAU
UGGCACC

w

UUAAAACUGGGAGUGGGUGUUCCCACUCACUCCACCCACGUGGUGCUGUACACUGUUAUUCCGGUAA rhinovirusA7
8 | CUUUGUACGCCAGUUUUUCCCUCCCUUCCCUCAUUAUGUAARCUUAGAAGCAUGARCAUAUGGACCAA
7 | UAGGCARUAAUCAUCCAGAUUAUUGAAGGUCAAGCACUUCUGUUUCCCCGGUCARUAAAGAUAUGCU
UUACCCRAGGCAAARACUUUUGAGAUCGUUACCCGCACAUCAACUACGCAARAGCCUAGUAUCACCUU
UGAUGUACUAAGACUGGUCGUUUCCUGCAACCCCAGCAGUAGACCUGGCAGAUGAGGCUGGACGUAC
CCCACUGGCGACAGUGGUCCAGLCUGCGUGGCUGCCUGCUCGCCCAUAUGGGCGAGAAGCCUUAUUA
UUGACAAGGUGUGAAGAGCCGCGUGUGCUUGGUGUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUU
AACCCUGCAGCCAUUGCUCAUARUCCRAUGAGUUAGUGGUCGUAAUGCGCAAGUGCGGGAUGGGACC
AACUACUUUGGGUGUCCGUGUUUCUUAUUUUUUCUUUCAUGUGUGUUAUAUGGUGACAAUUUAUAGU
AUAUAAGUUGUCAUC

3 | UUAAAACUGGGUUCAGGUUGUUCCCAUCUGAACUUCCCACGUGGAGUAGUACACUAUUAUUACGGUA rhinovirusA8
8 | AUUUUGUACGCCAGUUUUACCUCCCUCCCCARARUGUAACUUAGAAGAUGUACACRACGACCAACAGG
8 | CGGUGGUUAUCCAAACCAUCAARGGUCAAGCACUUCUGUUUCCCCGGUCARUGUUGAUAUGCUCCAA
CAGGGCAARAACAACUGCGAUCGUUAUCCGCAAGAUGCCUACGCAAAGCUUAGUAACACUUUGGAAG
AUUUAUGGCUGGUCGUUCCACUAUACCCCAUAGUAGACCUGGCAGAUGAGGCUAGAAAUACCCCACU
GGUGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACCCUAUGGGUGCGAAGCCAUACAUUGGACAA
GGUGUGAAGAGCCCCGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCCCG
CAGCCAGUGCACACAAUCCAGUGUGUUUUUGGUCGUAAUGAGUAAUUGUGGGAUGGGACCAACUACU
UUGGGUGUCCGUGUUUCACUUUUUCCUUUAUUAUGCUUAUGGUGACAAUAUAUACAUAUAUAUUGAC
ACC

3| UUAAAACUGGAUCUGGGUUGUUCCCACUCAGAUCUCCCACGUGGAGUAGUACACUAUUAUUACGGUA rhinovirusA9
8 | AUCUUGUACGCCAGUUUUAUAAUCCCCUUACCCAAGUAACUUAGAAGAUARACACARAGACCAAUAG
9 | GAGAUGAUCAUCCAGAUCAUCAUAGGUCAAGCACUUCUGUUUCCCCGGUCAAGGUUGAUAUGCUCUA
ACAGGGCAAAAACAGCUGAGAUCGUUAUCCGCAAAGCGCCUACGCARAGCCUAGUAACUAUCUGGAA
GUUGCUUGGUUGGUCGCUCCGCCAUAUCCCAUGGUAGACCUGGCAGAUGAGGCUAGAAAUUCCCCAC
UGGUGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUCUGGGUGUGAAACCARGUAAUGGACA
GGGUGUGAAGAGCCCCGUGUGCUCGCUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCCU
GCAGCUAGGGCACACARUCCAGUGUGUAUCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUAC
UUUGGGUGUCCGUGUUUCUUGUUUUUCUUUUAUGUUUGCUUAUGGUGACAAUAUAUAGUAAUAUAUA
UUGGCAUC

3 | UURAAACUGGAUCCAGAUUGUUCCCAUCUGGAUUUCCCACGUGGAGUUGUACACUAUUAUUCCGGUA rhinovirusAl
9 | AUUUUGUACGCCAGUUUUAUGUACCCCCCCCUGUAACUUAGRAGUUUUGAACAAGGACCAAUAGGCA 0

0 | GUAACCACCCAGGUUGCUARAAGGUCAAGCACUUCUGUUUCCCCGGUCARAGUUGAUAUGCUCCAACA
GGGCAARARCRACUGAGAUCGUUACCCGCARGGUGCCUACGCAAAGCCUAGURAACCCCUUGAACGAU
GUGUGGUUGGUCGUUCGGCUGUACCCCACAGUAGACCUGGCAGAUGAGGCUAGAUGUUCCCCACUGG
CGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACUCUCUGAGUGCGAAGCCAUACAUUUGACAAGG
UGUGAAGAGCCCCGUGUGCUCACCUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCCUGCA
GCUAGUACAUGCAAUCCAGCAUGCAGCUAGUCGUAACGAGCAAUUGCGGGACGGGACCAACUACUUU
GGGUGUCCGUGUUUCACUUUUUCCUUUUAUAUUUGCUUAUGGUGACAAUAUAUAGAUUUAUAUAUUG
UCACC

3| UUCAAACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCCACGUGGAGUUGUACUCUAUUAUUCCGGUA rhinovirusAl
9 | AUUUUGUAUGCCAGUUUUAUCUCCCCUUCCCUUUUGUAACUUAGAAGAUGAACUCACCGACCAAURG 1
1 | GUGGCAUUUAUCCAGAAUGUCAAAGGUCAAGCACCUUCUGUUUCCCCGGUCAAAGUUGAUAUGCUCC
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AACAGGGCAARAACAUCUGCGAUCGUUAUCCGCAAAGCAACUACGCAAAGCCUAGUAUCACUUUUGA
GAGUAUGUGGUUGGUCGCUCCACUAUAAACCCAAUAGUAGACCUGGCAGAUGAGGCUAGAAGUCCCC
CACUGGUAACAGUGUUCUAGCCUGCGUGGCUGCCUGCGUGCCUCUGGUAGGCACGAAGCCAUAUAUU
UGACAAGGUGUGAAGAGCCCCGUGUGCUUGCUUUGAGUCCUCCGGCCCCUGARUGUGGCUAACCUUA
ACCCUGCAGCUAGUGUGCAUAAUCCAAUGCAUGGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCA
ACUACUUUGGGUGUCCGUGUUUCUCAUUUUUCCUUUUAUUUGCUUAUGGUGACARUAUAUAUAAUAC
AUAUAUAUUGGCAUC

UUCAAACUGGGUUGUGGUUGAUCCCACCACAACUGCUCACUGAGCGUAGUGCUCUCAUAUUCCGGUA
UGCUUGCACGCCAGUUUUACUCCCCUCCCCUCAUUGUAACUUAGAAGCAAAGCACACCUGAUCAAUA
GGAGAUAACUUGCCAGGUUAUCUAAGAUCAAGCACUUCUGUUUCCCCGGCAAGUGUGAAUAUGCUUU
ACCCAAGGCAAAAGCUGAUCUUGUCGUUAUCCGCAAGGUGCCUACGAGAAGCCUAGUAAUGCUCAAG
AUGUGGUUUGACUGGUCGCUCCGCUGUUCCCCACAGUAGACCUGGCAGAUGAGGLUGGACAUUCCCC
ACCAGCGAUGGUGGUCCAGCCUGCGUGGCUGCCUGCACACCCUAUGGGUGUGAAGCCAAAUUUACUG
ACAGGGUGUGAAGAGCCUAUUGUGCUCACCUUGAUUCCUCCGGCCCCUGAAUGUGGCUAAUCCURAC
CCCGCUGCUAUUGCACACGAACCAGUGUGUAGAUAGUCGUAAUGAGCAAUAGUGGGAUGGAACCAAC
UACUUUGGGUGUCCGUGUUUCUUGUUUUUCUUUAUUUGUCUUAUGGUCACAAUAUAUAUAUAACGUA
UAUUGUGAUC

rhinovirusAl

2

UUAAAACUGGGUUCGGGUUGUUCCCACCCARACCACCCACGUGGUGUAGUACACUGUUAUCCCGGUA
ACUUUGUACGCCAGUUUUAUCUCCCCACCCCCUUUUGUAACUUAGAAGUUAUGCACAAUGACCAAUA
GUGGGCARAUCAUCCAGAUUGUCAUCGGUCGAGCACUCCUGUUUCCCCGGUUCAAGUUGAUAUGCUCU
AACAGGGCAAAAACAAUUUGAAUCGUUACCCGCAAGGUGCCUACACAGAACUUAGUACCAUUCUGGA
AAAUUCUUGGCUGGUCGCUCAGUUACUACCCCAGUAAUAGACCUGGCAGAUGGGGCUAGAAGUUCCC
CACUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUCUUGGGUGUGAAGCCUAGAAUU
GGACAGGGUGUGAAGAGUCGCGUGUGCUCAUCUUGAGULCCUCCGGCCCCUGAAUGCGGCUAACCCUA
ACCCUGCAGCCAUUGCCCACAACCCAGUGGGUCUAUGGUCGUAAUGAGCAAUUGCGGGAUGGGACCG
ACUACUUUGGGUGUCCGUGUUUCACUUUUUACUUAUUAUUUGCUUAUGGUGACARUAUAUAGAUACA
UAUAUUGACACC

rhinovirusAl
3

UUAAAACUGGGUUCAGGUUGAUCCCACCUGAACCUCCCAAGCGGAGUAGUACUCUGUUAUUUCGGUA
ACUUUGUACGCCAGUUUUAUAUCCCCCUCCCCAUGUAACUUAGAAGAUGAGCUCACAGACCAAUAGC
CGGCAAUCAUCCAGAUUGUCAAUGGUCAAGCACUUCUGUUUCCCCGGUCAACGUUGAUAUGCUCCAA
CAGGGCAARAACAACUGAGAUCGUUAUCCGCAAAGUGCCUACGCAAAGCCUAGUAAUGCUUUCGARG
UCAUUUGGUUGGUCGCUCCGCUGUAACCCACAGUAGACCUGGCAGAUGAGGCUAGARACUCCCCACU
GGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUUGGGUGUGAAGCCAAAUUACGGACAA
GGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGARUGUGGCURACCUUAACCCUG
CAGCUAGAGUGCACAAUCCAGUGUAUUUCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUACU
UUGGGUGUCCGUGUUUCACUUUCUUUUUUUAUCUUUUAUUUGCUUAUGGUGACAAUAUAUUGAAUUA
UAUAUUGACACC

rhinovirusAl
5

O

UUAAAACUGGAUCUGGGUUGUUCCCACCCAGAUCACCUACAUGGUGUUGUACACUAUUAUUACGGUA
AUCUUGUACGCCAGUUUUAUACUCCCUUUCCCAARUGUAACUUAGAAGCAAAGCAAACUGAUCAAUA
GGGGACARAUCAUCCAGAUUGUCAAAGAUCARGCACUUCUGUUUCCCCGGUCARAGUUGAUAUGCUCC
ACAAGGGCAAAAACAACUGAGAUCGUUAUCCGCAAGAUGCCUACGCAAAGCCUAGUAAUACAUUGAA
AGAUACUUGGUUGGUCGCUCAGCUGUUAACCCAACAGUAGACCUGGUAGAUGAGGCUAGAGAUUCCC
CUCCGGCGACGGAGUUCUAGCCUGCGUGGCUGCCUGCACACCCACUGGGUGUGAAGCCAAGUAUUGG
ACAAGGUGUGAAGAGCCGCGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAARUGUGGCUARACCUUAAR
CCUGCAGCCAGUGCACACAAUCCAGUGUGUAGCUGGUCGUAAUGAGCAAUUGCGGGAUGGGACCAAC
UACUUUGGGUGUCCGUGUCCGUGUUUCACUUUUUUUCCUUUUAUUAUUGCUUAUGGUGACAAUAUAU
AUAGCAUAUAUAUAUUGUUAUC

rhinovirusal
6

UUAAAACUGAAUCCAGGUUGUUCCCACCUGGAUUUCCCAUGUGGAGUAGUACACUGUUAUUCCGGUA
ACUUUGUACGCCAGUUUUAUAACCCCUUCCCCUUAUGUAACUUAGAAGAUAAGCACAAAGACCAAUA
GGUGGUGGCUAUCCCAGUCACUAAAGGUCAAGCACUUCUGUUUCCCCGGUCAACGUUGAUAUGCUCC
ACCAGGGCAAAAACARACCGAGAUCGUUAUCCGCARAGUGCCUACGCAAAGCCUAGUAGCACUUUGAA
UAGCAUGUGGUUGGUCGCUCCACUAUUCCCCAUAGUAGACCUGGCAGAUGAGGCUAGARAUCCCCCA
CUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGUGUCCUAACGGACACGAAGCCAUAUGUUUGA
CAAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCCGAAUGUGGCUAACCUUARCC
CUGCAGCUGGGGCAUACAAUCCAGUGUGAACUCAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACU
ACUUUGGGUGUCCGUGUUUCACUUUUUUUUAUARAUGCUUAUGGUGACARUAUAUAAUAAUUUGUAUA
UUGGCACC

rhinovirusAl
8

w

UUAAAACUGGAUCUGGGUUGUUCCCACCCAGAUCAUCCACGUGAUGUUGUGCUCUAUUAUUCCGGUA
AUUUUGCACGCCAGUUUUUCAUCCCUUCCCCCUUUGUAACUUAGAAGACUUARAACAAAUGACCAAUA
GGAAGCARACARACCAGUUGCGAUAGGUCAAGCACUUCUGUUUCCCCGGUCARAUGUUGAUAUGCUCCA
ACGGGGCARAAACAGCAGCGAUCGUUAUCCGCAAGGUGCCUACGCARAGCCUAGUAGCGCUCUUGAR
AUUGUUUGGUUGGUCGCUCAAGUACAAACCCAGUACUAGACCUGGCAGAUGAGGCUAGAAAALCCCCC
ACUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCAUUUGGGUGUGAARGCCAAACAACGG
ACAGGGUGUGARAGAGCCACGUGUGCUCAUCUUGAUUCCUCCGGCCCCUGARUGCGGCUARACCUUARA
CCUGCAGCCAUUGCUCACAAUCCAGUGAGUUGGUGGUCGUAAUGAGCAAUUGCGGGAUGGGACCGAC
UACUUUGGGUGUCCGUGUUUCACUUUUUACCUUGUUUUAUGCUUAUGGUGACAAUAUAUAGUAGUAU
AUAUUGACACC

rhinovirusAl
9

205
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UUAAAACUGGAUCCAGGUUGCUCCCACCUGGAUCUCCUACAUGGAGUUGUACUCUAUUAUUCCGGUA
AUUUUGUACGCCAGUUUUAUCUCCCCCUACCCCCUUACGUAACUUAGAAGUUUUACACACACCGACC
AAUAGGUGGUAUUUACCCAAAAUACCAAAGGUCAAGCACUUCUGUUACCCCGGUCAARAUUGAUAUG
CUCCACCAGGGCAARAACAAUUGCGAUCGUUAUCCGCARAGCAACUACGCAAAGCCUAGUACCAUUU
UUGAUGAUGUGUGGUUGGUCGUUCCACUAUGAACCCGAUAGUAGACCUGGCAGAUGAGGCUAGAARU
UCCCCACUGGCAACAGUGUUCUAGCCUGCGUGGCUGCCUGCCUACCCCCUGUGGGUACGAAGCCAUA
CAUUUGACAAGGUGUGAAGAGCCCCGUGUGCUUGCUUUGAGUCCUCCGGCCCCUGARUGUGGCURAC
CUUAACCCUGCAGCUAGUGUGUACAAUCCAGUACAUAGCUAGUCGUAAUGAGCARUUGCGGGAUGGG
ACCAACUACUUUGGGUGUCCGUGUUUCUUGUUUUUCUUUCAUAUUUGCUUAUGGUGACAAUAUAUAU
AACACAUAUAUUGGCACC

rhinovirusA2
0

UUAAAACUGGGUCCAGGUUGUUCCCACCUGGAUCUCCUAUUGGGAGUUGUACUCUAUUAUUCCGGUA
AUUUUGUACGCCAGUUUUAUCUCCCCUUCCCCAAUUGCAACUUAGAAGUUUAUCRAUAUGACCAAUA
GGCGGUAGUUAGCCAAACUACCAGAGGUCAAGCACUUCUGUUUCCCCGGUCARAGUUGAUAUGCUCC
AACAGGGCAAAAACAACUGAGAUCGUUAUCCGCARAAGUGCCUACGCAAAGCCUAGUAACACCUUUGA
AGAUUUAUGGUUGGUCGUUCCGCUAUUUCCCAUAGUAGACCUGGCAGAUGAGGCUAGAAAUUCCCCA
CUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACCCCUUGGGUGCGAAGCCAUACAUUGGAC
AAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCC
UGCAGCUAGUGCAUGUAAUCCAACAUGUUGCUAGUCGUAAUGAGCAAUUGCGGGACGGGACCAACUA
CUUUGGGUGUCCGUGUUUCACUUUUUCCUUUUAAUAUUGCUUAUGGUGACAAUAUAUAUAAACAUAU
AUAUUGACACC

rhinovirusA2
1

i

UUAAAACUGGAUCUGGGUUGUUCCCACCCAGAUCACCCAAGUGGUGUAGUGCUCUGUUAUUUCGGUA
ACCUUGCACGCCAGUUUUAUCACCCCUUCCCCACGUAACUUAGAAGCUUUUAAACACAGACCAAUAG
GGAGCGACAAACCAGUCGUGAAAGGUCAAGCACUUCUGUUUCCCCGGUCAAUGUUGAUAUGCUCCUC
CAGGGCAAAAACAACAGCGAUCGUUACCCGCAAGAUGCCUACGCAAAGCUUAGUAAUAUCUUCGAAG
AUACUUGGUUGGUCGCUCAUGUGCAACCCCAGCAUUAGACCUGGCAGAUGAGGCUAGAAAUUCCCCA
CUGGCGACAGUGUUCUAGCCUGLCGUGGCUGCCUGCACACCCURAACGGGUGUGAAGCCCAGUAUUGGA
CAAGGUGUGAAGAGCCCCGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCUUAACC
CUGCAGCCAUUGCUCACAAUCCAGUGAGUCUAUGGUCGUAAUGAGCAAUUGCYGGAUGGGACCGACU
ACUUUGGGUGUCCGUGUUUCUCUUUUUUCCUUAUAUUUGAGCUUAUGGUGACAAUAUAUAGUGAUAU
AUAUUGGCAUC

rhinovirusA2
2

o

CCAAAGUAGUUGGUCCCGUCCCGCAUGCAACUUAGAAGCUUUGCACAAAGACCAAUAGCCAGUARUC
AUCCAGAUUACUUAAGGUCAAGCACUUCUGUUUCCCCGGUCAAAGUUGAUAUGCUCCACCAGGGCAA
AAACAACUGCGAUCGUUAUCCGCAAGGCGCCUACACAAAGCUUAGUAGCAUUCUGAAAGUUGUCUGG
UUGGUCGUUCCACCAUUCCCCCUGGUAGACCUGGCAGAUGAGGCUAGARACUCCCCACUGGCGACAG
UGUUCUAGCCUGCGUGGCUGCCUGCACACCCUCUGGGUGUGAAGCCAUACGAUGGACAGGGUGUGAA
GAGCCCCGUGUGCUCGCUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCCUGCAGCUAGA
GCACACRAUCCAGUGUGUUUCUAGUCGUAAUGAGCAAUUGCGGGACGGGACCAACUACUUUGGGUGU
CCGUGUUUCCUUGUUCUCUUUGAAUAUCUGCUUAUGGUGACAAUAUAUACGUAUARUAUUGACACC

rhinovirusA2

3

UUAAAACUGGAUCUAGGUUGUUCCCACCUARAUCUCCUACAUGGAGUUGUACUCUAUUAUUCCGGUA
AUUUUGUACGCCAGUUUUAUCCUCCCCUCCCCUURAAAGUAACUUAGAAGUUGGACAUAUCGACCARU
AGGUAACAUUUAUCCAAAAUGUUAAAGGUCAAGCACUUCUGUUUCCCCGGUCAAGGUUGAUGUGCUC
UAACAGGGCAAAAACAGCUGCGAUCGUUAUCCGCAAAGCAACUACGCAAAGCCUAGUAGCAUUUUUU
GAGAGUAUGUGGUUGGUCGCUCCACUAUAAACCCAAUAGUAGACCUGGCAGAUGAGGCUAGAAAUUC
CCCACUGGUAACAGUGUUCUAGLCCUGCGUGGCUGCCUGCGUGCUCCUUGUGAGCACGAAGCCAUAUA
UUUGACAAGGUGUGAAGAGCCCCGUGUGCUUGCUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCU
UAACCCUGCAGCUAGCGUGUACAAUCCAGUACARAAGCUAGUCGUARUGAGCARUUGCGGGAUGGGAC
CAACUACUUUGGGUGUCCGUGUUUCCUGUUUUUCUUUVUAUAUUUGCUUAUGGUGACAAUAUAUAUAU
AACAUAUAUAUUGGCAUC

rhinovirusA2
4

UUAAAACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCUACAUGGAGUUGUACUCUAUUAUUCCGGUA
AUCUUGUACGCCAGUUUUAUACCCCCUAACCCCUUGUAACUUAGAAGUUAAGCACAUAGACCAAUAG
GCGGUGGCCACCCAGGUCGCUAACGGUCAAGCACUUCUGUUUUCCCGGUUAAGAUUGAUACGCUCCA
ACAGGGCGAARACAGUCUGAAUCGUUARACCGCAAAGUGACUACGCARAGCUUAGUARUGCCUUGAAG
AAUUUAUGACUGGUCGUUCCGCUAUAACCCCUAGUAGACCUGGCAGAUGAGGCUAGARAUACCCCAC
UGGUAACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUUCGGGUGUGAAGCCAUAUAUUUGAC
AAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCC
UGCAGCUAGUGUAUGUAAUCCAACAUAUGGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUA
CUUUGGGUGUCCGUGUUUCACUUUUUCCUUUUAUUUUGCUVUAUGGUGACAAUAUAUAUAUUAUAUAU
AUUGGCAUC

rhinovirusA2
5

UUAAAACUGGGUCUAGGUUGUUCCCGCCUAGAUUACCCAUGUGGUGUAGUACUCUAUUAUUACGGUA
AUUUUGUACGCCAGUUUUAUAUCCCCCCCCCCCUGUUUGURAACUUAGARGUUUUGARCUUGGAGACC
AAUAGGCGGUGAUUAUCCAGAUCAUCAACGGUCAAGCACUUCUGUUUCCCCCGGUUAGAUUGAUACG
CUCCAACAGGGCGAAAACAACUCUAAUCGUUAUCCGCAAGAUGCCUACGCAAAGCUUAGUACCACCU
UCGAUUCUAUUUGGUUGGUCGUUCAGCUACARAAACCCAGUAGUAGACCUGGCAGAUGAGGCUAGARAA
UACCCCACUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUAUGGGUGUGAAGCCAAUU
AGUUGACAAGGUGUGAAGAGCCCCGUGUGCUCAUCUUGAUUCCUCCGGCCCCUGRARAUGUGGCUAACC
UUAAACCUGCAGCCAAUGUACACAAUCCAGUGUAUUAUUGGUCGUAAUGAGUAAUUGCGGGAUGGGA
CCAACUACUUUGGGUGUCCGUGUUUCUCUUUUUUACCUUUAUUAUUGCUUAUGGUGACAGUAUAUGG
UAUAUAUAUAUUGUCACU

rhinovirusA2
8

206
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UUAAAACUGGAUCUGGGUUGUUCCCACCUGGAUCUCCUACAUGGAGUUGUACUCUAUUAUUCCGGUA
AUCUUGUACGCCAGUUUUAUACCCCUUUCCCUUUUGUAACUUAGAAGUUAAACACACAGACCARAUAG
GUGAUGGCUAUCCAAGUCAUUAACGGUCAAGCACUUCUGUUUCCCCGGUUUAAAUUGAUACGCUCCA
CCAGGGCGAARACARUUUAAAUCGUUAUCCGCAARAUGACUACGCARAGCCUAGUARCAUCUUGAAG
AACUUAUGGUUGGUCGUUCCACUAAACCCCAUAGUAGACCUGGCAGAUGAGGCUAGARAUACCCCAC
UGGAGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUAUGGGUGUGAAGCCAUAUUUUUGACA
AGGUGUGAAGAGCCCCGUGUGCUCAUUUUGAGUCCUCCGGCCCCUGRAUGUGGCUAACCUUAACCCU
GCAGCUAGUGCAUGCAAUCCAGCAUGUUGCUAGUCGUARUGAGCAAUUGCGGGAUGGGACCAACUAC
UUUGGGUGUCCGUGUUUCACUUUUUCCUUUUAUUUGCUUAUGGUGACAAUAUAUAUAGUACAUAUAU
AUUGGCAUC

rhinovirusA2
9

i

UUAAAACUGGAUCCAGGUUGUCCCCACCUGGAUCUCCCACAGGGAGUGGUACUCUGUUAUUACGGUA
ACUUUGUAUGCCAGUUUUAUCCUCCCCACCCCUAUGUAACUUAGAAGUUUUACAUARAGACCAAUAG
GUAGUAAUCAUCCAGAUUACUUAAGGUCAAGCACUUCUGUUUCCCCGGUUGAUGUUGAUAUGCUCCA
ACAGGGCAAAAACAACAGAAAUCGUUACCCGCARAGUGCCUACGCARAGCCUAGUAGCACUUUAGAA
GUUGUCUGGCUGGUCGCUCCGCCAUUUCCCCUGGUAGACCUGGCAGAUGAGGCUAGARAUACCCCAC
UGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUAUGGGUGUGAAGCCAUACAAUGGACA
AGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGRAAUGUGGCUAACCUUAACCCU
GCAGCUAGGGCACACAAUCCAGUGUGUAUCUAGUCGUARAUGAGCAAUUGCGGGACGGGACCAACUAC
UUUGGGUGUCCGUGUUUCUCUUUUAUCCUUAUGUUUGCUUAUGGUGACAAUAUAUGAAUAUAUAUUG
ACACC

rhinovirusA3
Q

i

UUAAAACUGGGUGCGAGUUGUUCCCACUCGCACUUCCUACGUGGAGUAGUACACUAUUAUUACGGUA
AUUUUGUACGCCAGUUUUAUAACCCUUCCCCUUUUGUAACUUAGAAGUUUGAACUUGAGACCAAUAG
GUGGUGAUCAACCAGAUCGCCARAGGUCAAGCACUUCUGUUUCCCCGGUCAACAUUGAUAUGCUCCA
CCAGGGCAARAAACAAUUGCGAUCGUUACCCGCAAAGUGCCUACGCARAGCUUAGUAAUAUCUUGAAC
GAUAUAUGGUUGGUCGCUCCACUAAUCCCCAUAGUAGACCUGGCAGAUGAGGCUGGAAACUCCCCAC
UGGCGACAGUGUUCCAGCCUGCGUGGCUGCCUGCGCACUCUCACGAGUGCGAAGCCAUAUAUUUGAC
AAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCC
UGCAGCUAGUGCAUACAAACCAGUAUGUGGCUAGUCGUAAUGAGCAAUUGCGGGACGGGACCAACUA
CUUUGCGUGUCCGUGUUUCACUUUUUCUUUUAUGGUUUGCUUAUGGUGACAGUAUAUAGUGUAUAUA
UUGUUACC

rhinovirusA3
1

UUAAAACUGGAUCCGGGUUGUUCCCACCCGGAUCUCCCACGUGGAGUUGUACACUAUUAUUACGGUA
AUUUUGUACGCCAGUUUUAUAUCCCUUACCCCAAGUAACUUAGAAGARUARACACACAGACCARAUAGG
AGGUGGUCAUCCAGAUCACUAAGGGUCAAGCACUUCUGUUUCCCCGGUCAAGGUUGAUAUGCUCCAA
CAGGGCAARAACAGCUGAGAUCAUUAUCCGCARAGUGCCUACGCARAAGCCUAGURACUACCUCGARAA
GUACUUGACUGGUCGCUCCGCCAUACCCCAUGGUAGACCUGGCAGAUGAGGCUAGAAAUCCCCCACU
GGUGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUUGGGUGUGAAGCCAAGUAAUGGACAG
GGUGUGRAAGAGUCGAGUGUGCUCACUUUGAGUCCUCCGGCCCCUGARUGUGGCUAACCCUAACCCUG
CAGCUAGGGCACACRAUCCAGUGUGUAUCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUACU
UUGGGUGUCCGUGUUUCUUGUUUUUCAUUUAUAAUUGCUUAUGGUGACAAUAUAUAGUAUUAUAUAU
UGGCGUC

rhinovirusA3
2

O >

UUAAAACUGGAUCUAGGUUGUUCCCACCUAGAUCUCCUACACGGAGUUGUACUCUGUUAUUCCGGUA
ACUUUGUACGCCAGUUUUAUACCCCCUUCCCCCUUUGUAACUUAGAAGCUGAACRUACUGACCAAUA
GGCGGCAUUCAACCAGAAUGUCAAAGGUCAAGCACUUCUGUUUCCCCGGUUAAAGCUGAUAUGCUCC
AACAGGGCAAAAACAGCCUUAAUCGUUAUCCGCAAGACAACUACGCAAAGCCUAGUAUCAUCUUUGA
AAGUAUGUGGUUGGUCGCUCCGCUAUAAACUCAAUAGCAGACCUGGCAGAUGAGGCUAGAAACUCCC
CACUGGCGACAGUGUUCUAGCCUGCGCGGCUGCCUGCGUGCCCUAUACGGGUACGARGCCAUAUAUU
UGACAAGGUGUGAAGAGCCCCGUGUGCUUGUCUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUA
ACCCUGCAGCUGGUAUGCACAAUCCAGUACAUGGCCAGUCGUAAUGAGCAAUUGCGGGAUGGGACCA
ACUACUUUGGGUGUCCGUGUUUCCUAUUUUACCUUUAUAUUUGCUUAUGGUGACARAUAUAUAUAUAA
CAUAUAUAUUGGCAUC

rhinovirusA3
3

S

UUAAAACUGGGUCCAGGUUGUUCCCACCUGGACUUCCCACGUGGAGUUGUGCACUGUUAUUCCGGUA
ACUUUACACGCCAGUUUUAUCUCCCUUCCCAARUGUAACUUAGAAGAUGUACACAGCGACCAAUAGG
UGGCAACUAGCCAAGUUGCUUAAGGUCAAGCACUUCUGUCCCCCCGGUCARUGUUGAUACGCUCUCC
CAGGGCGARARCAACUGAGAUCGUUAUCCGCAAGGCGCCUACACAARACCUAGUAACAUCUUGARUG
GUAUGUGGCUGGUCGUUCCGCUAAACCCCAUAGUAGACCUGGCAGAUGAGGCUAGAARRUUCCCCACU
GGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGUGUCCUUACGGACACGAAGCCAUAUACUUGACA
AGGUGUGAAGAGUCCCGUGUGCUCGUCUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCCU
GCAGCCAGUGCGCACAAACCAGUGUGUAGCUGGUCGUAAUGAGUAAUUGCGGGAUGGGACCAACUAC
UUUGGGUGUCCGUGUUUCACUUUUUACCUUUUAUUAUGCUUAUGGUGACAAUAUAUAGAUGCAUAUA
UUGACACC

rhinovirusA3
4

UUAAAACUGGGAGUGGGUUGUUCCCACUCACUCCACCCAUGCGGUGUUGUACACUGUUAUUACGGUA
ACCUUGUACGCCAGUUUUGCCACCCUUCCCCAUUAUGUAACUUAGARGUUUGUACAARCAAGACCAAU
AGGUGAUAAUUAUCCAGAUUAUCAAAGGUCAAGCACUUCUGUUUCCCCGGUCGAUGAGGAUAUGCUU
UACCCAARGGCAAAARCCUUAAAGAUCGUUAUCCCCACACUGCCUACACAGAGCCUAGUACCACUUUU
GAUGUAAUUAGGUUGGUCGCUCCCUGCAAACCCAGCAGUAGACCUGGCAGAUGAGGCUGGACACUCC
CCACUGGUGACAGUGGUCCAGCCUGCGUGGLCUGCCUGCUCACCCUAUUGGGUGAGAAGCCUACUUAU
UGACAAGAUGUGAAGAGCCGCGUGUGCUCAGUGUGCUUCCUCCGGCCCCUGAAUGUGGCUAACCUUA
ACCCUGCAGCCGCUGCCCAUAAUCCAAUGGGUUUACGGUCGCAACGCGCAAGUGCGGGAUGGGACCA

rhinovirusA3
6

207
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ACUACUUUGGGUGUCCGUGUUUCCUAUUUUUCUUUUAUUUGCAUUUUAUGGUGACAAUUUAUAGUAU
AUAGAUUGUCGUC

UUAAAACUGGAUCUGGGUUGUUCCCACUCAGAUCUCCCAUGCGGAGUUGUACUCUAUUAUUCCGGUA
AUCUUGUACGCCAGUUUUUACACCCUCCCCCCUUGUAACUUAGAAGAAAGUACAUARCGACCARAUAG
GUGGCAAUUAACCAAAUUGUCAACGGUCAAGCACUUCUGUUUCCCCGGUCAAGAUUGAUACGCUCCA
ACAGGGCGAAAACAAUUGAGAUCGUUAUCCGCAAAGUGCCCACGCARAGCCUAGUARCACUUUGARA
GGUCUAUGGUUGGUCGUUCAGCUAAACCCCAUAGUAGACCUGGCAGAUGAGGCUAGARAUUCCCCAC
UGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUCACGGGUGUGAAGCCAUAUACUCGAC
AAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCC
CGCAGCUAGUGCAUACAAACCAGUAUGUGGCUAGUCGUAAUGAGCAAUUGUGGGAUGGGACCAACUA
CUUUGGGUGUCCGUGUUUCACUUUUUUCCUUUUGUUUGCUUAUGGUGACAARUAUAUAUAGUAUAUAU
UGACACC

rhinovirusA3
8

UUAAAACUGGAUCUGGGUUGUUCCCACCUAGAUCACCUACAGGGUGUAGUACACUGUUAUUACGGUA
ACUUUGUACGCCAGUUUUAUAUCCCCCCCCCCAACGUAACUUAGAAGCAAGCACAAACGUCCAAUAG
GCGGUGAUCAUCCAAAUCACUUACGGACAAGCACUUCUAGUCUCCCCGGCAACUGCUGAUAUGCUCC
AACAGGGCAAAAACAGCGGGAGUCGUUAUCCGCARAAUGCCUACGCAAAGCCUAGUAUCACCCUAGA
AGGUGUGUGGUUGGUCGCUCAGCCGUGAACCCGACGGUAGACCUGGCAGAUGAGGCUAGAAAUACCC
CACUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUCACGGGUGUGAAGCCAUUCAUUG
GACAGGGUGAGAAGAGCCCAGUGUGCUCAUUUUGAGUCLCUCCGGCCCCUGAAUGUGGCUAACCUUAA
ACCUGCAGCCAAUGCACACAAUCCAGUGUGUAUUUGGUCGUAACGAGCAAUUGCGGGAUGGGACCAA
CUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUAUCAUUUUGCCUAUGGUGACAUAUAUACUGUUAU
AUAUUGUUAUC

rhinovirusA3
9

UUAAAACUGGAUCCAGGUUGUUCCCACCUGGAUUUCCUACAUGGAGUUGUACUCUGUUAUUCCGGUA
ACCUUGUACGCCAGUUUUAUAUCCCCCCCCAUUGUAACUUAGAAGUUAUGCAUACAGACCAAUAGGU
GGUGAUCCUCCAGAUCACUAACGGUCAAGCACUUCUGUUUCCCCGGUUUGAAUUGAUACGCUCCAAC
AGGGCGAAAACAGUUUAAAUCGUUAUCCGCAAAGUGCCUACGCAAAGCCUAGUAGCACUUUAGAARA
UCUAUGGUUGGUCGUUCAGCUAUACCCCCUAGUGGACCUGGCAGAUGAGGCUAGAAGUACCCCACUG
GCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUAUGGGUGUGAAGCCAUAUAUUUGACAA
GGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCCUG
CAGCUAGUGCAUGUAAUCCAACAUGUUGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUACU
UUGGGUGUCCGUGUUUCACUUUUUCCUUUUAAUUUGCUUAUGGUGACAAUAUAUAUAUAACAUAUAU
AUUGGCAUC

rhinovirusa4
0

UUAAAACUGGGUUUGGGUUGAUCCCACCCARACCACCCACGUGGUGUAGUACACUGUUAUCUCGGUA
ACUUUGUACGCCAGUUUUAUCUCCCCCUCCCCCCUUUGUAACUUAGAAGUCAUGCACAARUGACCAAU
AGCAGGCAAUCAUCCAGAUUGUCAUCGGUCAAGUACUUCUGUUUCCCCGGUUCAGAUUGAUAUGCUC
CAACAGGGCAAAAACAACCUGGAUCGUUAUCCGCAAGAUGCCUACGCAGAACCUAGUAUCACALCUGG
AAGAUUCUCGGUUGGUCGCUCAGUUACAACCCCAGUAACAGACCUGGCAGAUGAGGCUAGAAAUUCC
CCACUGGCGACAGUGUUCUAGCLCUGCGUGGCUGCCUGCACACCCGUUUGGGUGUGAAGCCUAGAAUU
GGACAGGGUGCGAAGAGUCGAGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCCUA
ACCCUGCAGCCAUUGCCCACAAACCAGUGGGUCUAUGGUUGUAAUGAGCAAUUGCGGGAUGGGALCCG
ACUACUUUGGGUGUCCGUGUUUCACUUUUUACUUAUUAUUUGCUUAUGGUGACARUAUAUAGAUACA
UAUAUUGACACC

rhinovirush4
1

UUAAAACUGGGUCCAGGUUGCUCCCACCUGGAUCACUCACUGAGUGUUGUAUACUGUUAUUACGGUA
ACUUUAUACGCCAGUUUUAUCUCCCCUUACCCCAAUGUAACUUAGAAGUUUGUACAUACCGACCAAU
AGUGAGCAAUCAUCCAGAUUGUUUAAGGUCAAGCACUUCUGUUACCCCGGUCAGCGUUGAUAUGCUC
CAACAGGGCARARACARCAAUGAUCGUUAUCCACRAGAUGCCUACACAGAGCCURGUAARCAUUCUAG
AAAAAUUCUGGUUGGUCGCUCAAUUGCAAACCCAGCAAUAGACCUGGCAGAUGAGGCUGGACAUUCC
CCACUGGCGACAGUGGUCCAGCCUGCGUGGCUGCCUGCACACUCCUUUGGAGUGUGAAGCCAUAAUU
UGGACAGGGUGCGAAGAGCCGCGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCUU
AAACCUGCAGCCAUUGUUUGCAAUCCAGCAGAUaUAUGGUCGUAAUGAGCAAUUGCGGGAUGGGACC
GACUACUUUGGGUGUCCGUGUUUCCUUUAUUUCCAUUUAUAUGCUUAUGGUGACAAUAUAUGAUAUA
UAUUGACACC

rhinovirusA4
3

UUAAAACUGGGUCGUGGUUGUUCCCACCACGACUAUCUACGGAUGUAGUGCUCUUGUAUUCCGGUAC
GCUUGCACGCCAGUUUUGUCACCCCCCCCUACAUUGUAACUUAGAAGAUUAACACARAGACCAAUAG
GCGGCAAUGAACCACAUUGUCAACGGUCAAGCACUUCUGUUUCCCCGGUCAAUCUAGAUAUGCUUUA
CCAAAGGCAAAAACUGGAGCGAUCGUUAUCCGCARGGUGCCUACGGGARACCCAGUAGCAUUCUUUA
UUUGAUCUGGUUGGUUGCUCAGCCGUUAAACCCAAACGGUAAACCUGGCAGAUGAGGCUGGAAGAUC
CCCACCAGCGAUGGUGUUCCAGCCUGCGUGGCUGCCUGCACACCCGAAAGGGUGUGAAGCCUUUUCA
AAGACAGGGUGCGARGAGUCUACUGUGCUCACCUUGAUUCCUCCGGCCCCUGAAUGUGGCUAAUCCU
AACCCCGUAGCUGUGGUGUGCARUCCAGCACAUUCGCAGUCGUAAUGGGUARACUGCGGGAUGGAACC
AACUACUUUGGGUGUCCGUGUUUCUCUUUUUCCUUUUAUAUAUGCUUAUGGUGACAAUUAUACGGAU
AUAGUUGUCAUC

rhinovirusa4
5

UUAAAACUGGAUCUGGGUUGUUCCCACCCAGAUUUCCCAUGUGGAGUAGUACUCUAUUAUUCCGGUA
AUUUUGUACGCCAGUUUUAUAUUCCCUACCCCGAGUAACUUAGAAGAUAAGCACACAAGGCCAAUAG
UGGGUGAUUAGCCAAAUCAUCAAAGGUCAAGCACUUCUGUUUCCCCCGGUCAAGGUUGAUAUGCUCU
ACCAGGGCAAAAACAACUGAGAUCGUUAUCCGCARAAUGCCUACACAAAGCCUAGUAUCAUCUUGGA
AGGCACAGAGUUGGUCGCUCCACUAUUCCCCAUAGUAGACCUGGCAGAUGAGGCUAGAAAAUCCCCA
CUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGUGCCUUGCGAGGCACGAAGCCCUGUGUUUGA
CAAGGUGUGAAGAGCCCCGUGUGCUCAUUUUGAUUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACC

rhinovirusA4
6

208
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CUGCAGCUAGUGCACACAAACCAGUGUGUAUCUAGUCGUAAUGAGUAAUUGCGGGACGGGACCAACU
ACUUUGGGUGUCCGUGUUUCACUUUUUACCUUUUAAUUGCUUAUGGUGACAAUAUAUAUAAAUAUAU
AUUGACACC

o

UUAAAACUGGGUGUGGGUUGUUCCCACCCACACCUCCCACGUGGAGUAGUACACUGUUAUCACGGUA
AUUUUGUACGCCAGUUUUAUAACCCCUUUCCCUUUUGUAACUUAGAAGUUUGAACUUGAGACCaAUA
GGCGGUGGUCAACCAGAUCACUAAAGGUCAAGCACUUCUGUUUCCCCGGUCAACGUUGAUAUGCUCC
AGCAGGGCAAAAACAGCUGCGAUCGUUAUCCGCAAAGUGCCUACGCAAAGCUUAGUAACAUCUUGAA
UGAUAUAUGGUUGGUCGUUCCACUAAACCCCAUAGUAGACCUGGCAGAUGAGGCUGGAAAUUCCCCA
CUGGCGACAGUGUUCCAGCCUGCGUGGCUGCCUGCGCACUCUUAUGAGUGCGAAGCCAUAUAUUUGA
CAAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACC
CUGCAGCUAGUGCAUACARAUCCAGUGUGUAGCUAGUCGUAAUGAGCAARUUGCGGGAUGGGACCAACU
ACUUUGGGUGUCCCGUGUUUCACUUUUCCUUUUAUGAUUUGCUUAUGGUGACAGUAUAUAGUUUAUAU
AUUGUUGCC

rhinovirusA4
7

N

UUAAAACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCCAAAGGGAGUGGAACUCUGUUAUUACGGUA
ACUUUGUACGCCAGUUUUAUCCUCCCCCACCCCAUGUAACUUAGAAGCUUUUCACARAGACCAAUAG
UUGGUAAUCAUCCAGAUUACUUAAGGUCAAGCACUUCUGUUUCCCCGGUCAACGUUGAUAUGCUCUA
ACAGGGCAAAAACAACUGCGAUCGUUAUCCGCAAAGCGCCUACGCARAGCCUAGUAACACCUUUGAA
AUUGUUUGGUUGGUCGUUCCGCCAUUUUCCCUGGUAGACCUGGCAGAUGAGGCUAGARAACACCCCAC
UGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUGUGGGUGUGAAGCCARRUAAUGGACA
AGGUGUGAAGAGCCCCGUGUGCUCGCUUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCUUAACCCU
GCAGCUAGAGCACACAAGCCAGUGUGUAUCUAGUCGUARUGAGUAAUUGCGGGACGGGACCGACUAC
UUUGGGUGUCCGUGUUUCACUUUUUACUUAUAAUUGCUUAUGGUGACAAUAUAUAUAUAGUAUAUAU
AUUGACACC

rhinovirusA4
9

N

UUAAAACUGGGUCCAGGUUGUUCCCACCUGGAUCUCCURAAUGGGAGUUGUACUCUGUUAUUCCGGUA
ACUUUGUAUGCCAGUUUUAUCUCCCUACCCCCAAUGUAACUUAGAAGAUGUACACAACGACCAAUAG
GUGAUGAUCAACCAGAUUAUCAAAGGUCAAGCACUUCUGUUUUCCCGGUUAGAGUUGAUAUGCUCCA
ACAGGGCAAAAACAACUUUAAUCGUUAUCCGCAAAGCGCCUACGCARAGCCUAGUAACAGCUUCGAA
GAUUUAUGGUUGGUCGUUCCGCUGUUCCCCACAGUAGACCUGGCAGAUGAGGCUAGAGAUUCCCCAC
UGGUAACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACCCUUCGGGUGCGAAGCCAUAUUUCGGACA
AGGUGCGAAGAGCCCCGUGUGCUCGCUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCCU
GCAGCUAGUGCAUACAAACCAGUAUGUGGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUAC
UUUGGGUGUCCGUGUUUCUCUUUUUCCUUUUAUUAUUGCUUAUGGUGACAAUAUAUAGUUUAUAUAU
UGGCACC

rhinovirusAb
0

N

UURAAAACUGGGUGUGGGUUGUACCCACCCACACUGUCUACGGACGUAGUGCUCUCAUAUUACGGUAU
GUUUGCACGCCAGUUUUUACCCCCCCCCCARAUUUGUAACAUUAGAAGUCUGCACUCUUAACCUGGU
CAAUAGGAGGUAGCAAUCCAUGCUAUCUAAGACCAAGCACUUCUGUUACCCCGGUAUGCGGAGAAUA
GACUCCAAAAGGGUUGAAGCUCCAAAUAUCGUUAUCCGCACAAUUACUACACAAAGCCUAGUAAUAU
CUUGAUARAGCUCUUUGGUUGGUCGUUCAGCUGUUACCCCCAGUAGACUUGGCAGAUGAGGCUGGGUG
UUCCCCACUGGCGACAGUGACCCAGCCUGCGUGGCUGCCUACACACCUGGAGACAGGUGUGAAGCCA
ARAAGUGGACAAGGUGUGAAGAGCCCCGUGUGCUAAUUGUGAUUCCUCCGGCCCCUGAAUGCGGCUAA
UCCAACCCCACAGCCAAUGCAUGUAAACCAACAUGUAUUUGGUCGUAACGGGUAACUGUGGGACGGA
ACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUaUUGCUUAUGGUGACARGUAUUGGUAUAU
AUUUGUCAUC

rhinovirusAS
1

N s

UUAAAACUGGAUCUGGGUUGCUCCCACCCAGAUUACCCAAGUGGUGUAGUACUCUGUUAUUACGGUA
GCUUUGUACGCCAGUUUUAUCACCCCUCCCCACAAUGUAACUUAGAAGUUUUACACUUACAGACCAA
UAGGAUGUGAUUAUCCAARUCACUARAAGGUCAAGCACUUCUGUUUCCCCGGUUAGAUUUGAUACGCU
CCAACAGGGCGAAAACAGAUCUGAUCGUUAUCCGCAAGAUGCCUACGCAAAGCUUAGUAGCGCUCUG
AAUGCUUUUUGGCUGGUUGUUCCACUACAARCCCAGUAGUARACCUGGCAGAUGAGGCUAGAAGUUC
CCCACUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUAUGGGUGUGAAGCCAAUCAGU
UGACAGGGUGUGAAGAGCCCCGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUA
AACCCGCAGCCAAGGUGUGCAAACCAGCACAUUCUUGGUCGUAACGAGUAAUUGUGGGAUGGGACCA
ACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUUUACARAUGCCUAUGGUGACARUAUAUAGUAUAU
AUUGUCAUU

rhinovirusAS
3

N

UUARAAACUGGGUCUAGGUUGUUCCCACCUAGACCUCCUACAUGGAGUUGUACUCUAUUAUUUCGGUA
AUUUUGUACGCCAGUUUUAUAUCCCCUUUCCCCACGUAACUUAGAAGUUUAACACACUGACCAAUAG
GUGGCAAUUAACCAAAUUGCUARAGGUCAAGCACUUCUGUUUCCCCGGUCAAGAUUGAUACGCUCUA
CCAGGGCGAAAACAAUUGAGAUCGUUACCCGCAAAGUGCCUACGCGAAGCCUAGUAACAUCUUGAAG
AAUUUAUGGUUGGUCGCUCCACUAUUCCCCAUAGUAGACCUGGCAGAUGAGGCUAGAAARUUCCCCAC
UGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUACGGGUGUGAAGCCAUAUAUUUGAC
AAGGUGUGAAGAGCCUAGUGUGCUCACUUUGAGUCCUCCGGCCCCUGARUGUGGCURACCUURAACC
CGUAGCUAGUGCAUACAAUCCAGUGUGUGGCUAGUCGUAACGAGCAAUUACGGGAUGGGACCAACUA
CUUUGGGUGUCCGUGUUUCACUUUUUCCUUUUAUAUUUGCUUAUGGUGACAAUAUAUAGAUUAUAUA
UUGACACC

rhinovirusAS
4

N s

ACCUUCCUCCAUGUAACUUAGAAGAUGUACACUCAGACCAAUAGGUGAUARUCCUCCAGAUUAUCUA
AGGUCAAGCACUUCUGUUUCCCCGGUCUAAACUGAUAUGCUCCAACAGGGCAAARACAGUGCAGAUC
GUUAUCCGCAGGAUGCCUACGCAAAGUCUAGUAACCCCUUUGAAGAUAUUUGGUUGGUCGCUCCACU
AUUCCCCAUAGUAGACCUGGCAGAUGAGGCUAGARAUUCCCCACUGGUGACAGUGUUCUAGCCUGCG
UGGCUGCCUGCACACCCUAUUGGGUGUGAAGCCARAUAUUGGACAAGGUGUGAAGAGCCCCGUGUGT
UCAUCCUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCCUGCAGCUAGUGCAUGCAAUCCAG

rhinovirusAS
5

209
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CAUGUAGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUACUUUGGGUGUCCGUGUUUCACUU
UUUACCUUAUAUUUGCUUAUGGUGACAAUAUAUAUUGCAUAUAUAUUGGCAUC

N s

UUAAAACUGgGUUCAGGUUGUUCCCACCUGGACUUCCUAUGUGGAGUUGUACACUGUUAUCCCGGUA
ACCUUGUACGCCAGUUUUAUACACCCUUCCCUGUAACUUAGAAGUUAUAAGCACGAGGACCARUAGG
UAGUGACUUUCCAGGUCACUAAAGGUCAAGCACUUCUGUCUCCCCGGUCARAGUUGAUAUGCUCUCC
CCAGGGCAAAAACAAUUGAGAUCGUUAUCCGCAAUGUGCCUACGCARAGCCUAGUARUAUCUUAGAU
GAUAUAUGGUUGGUCGCUCCGCCAUUUCCCAUGGUAGACCUGGCAGAUGAGGCUAGARACUCCCCAC
UGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACUCUCUGAGUGCGAAGCCAUAUAUUUGACA
AGGUGUGAAGAGCCCCGUGUGCUCACAUUGAAUCCUCCGGCCCCUGARAUGUGGCUAACCUUARACCU
GCAGCUAGUGCACACAARACCAGUGUGUAGCUAGUCGUARACGAGCAAUUGCGGGAUGGGACCAACUAC
UUUGGGUGUCCGUGUUUCACUUUUUUCCUUUUAUAUUUGCUUAUGGUGACAAUAUAUAUAAUACAUA
UAUUGACACC

rhinovirusAb
6

N s

UUAAAACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCUACGGGAGUUGUACUCUGUUAUUUCGGUAA
CCUUGUACGCCAGUUUUAUCUCCCCUCCCCCAAUUGUAACUUAGAAGCAAUACACAAGGACCAAUAG
GCAGUGAUUAACCAGAUCACUUAAGGUCAAGCACUUCUGUUUCCCCGGUCUGAGUUGAUAUGCUCUA
ACAGGGCAAAAACAAGUCAGAUCGUUAUCCGCAAAGUGCCUACGCARAGCCUAGUAUCAUCUUUGAA
AAUGUAUGGUUGGUCAUUCCGCUGAACCCCACAGUAGACCUGGCAGAUGAGGCUAGARACCCCCCAC
UGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUAUGGGUGUGAAGCCAUAUAUUUGAC
AAGGUGUGAAGAGCLCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCCUAALCL
UGCAGCUAGUGCAUACAAGCCAGUAUGUUGCUAGUCGUAACGAGCARUUGCGGGAUGGGACCAACUA
CUUUGGGUGUCCGUGUUUCACUUUUUACCUUUAUACUGCUUAUGGUGACAAUAUAUAUAUAGCAUAU
AUAUUGACACC

rhinovirusAbS
7

N s

UUARARACUGGGAGUAGGUUGUUCCCACCUACUCUACCCACGUGGUGUUGUACACUGUUAUCACGGUA
ACUUUGUAUGCCAGUUUUGCCACCCUUCCCCGUAGCGUAACUUAGARGUUUGUACACUUAGACCARU
AGGCGAUAAUCAUCCAGAUUAUCAAAGGUCAAGCACUUCUGUUUCCLCCGGUCAAUGAGGAUAUGCUU
UUCCCARGGCAAAAACCUUAGAGAUCGUUAUCCCCACAUUGCCUACACAGAGCCUAGUAUCACCUUU
GAUGUAUUUAGACUGGUCGCUCCCUGCAAACCCAGCAGUAGACCUGGCAGAUGAGGCUGGACGUUCC
CCACUGGCGACAGUGGUCCAGCCUGCGUGGCUGCCUGCCCACCCAUUUGGGUGGGAARGCCUAACUAU
UGACAUGGUGUGAAGAGCCGCGUGUGCUCARUGUGCCUCCUCCGGCCCCUGAAUGUGGCUAACCUUA
ACCCCGCAGCCGCUGCCCAUGAUCCAGUGGGUAUACGGUCGUAACGCGCAAGUGUGGGAUGGGACCA
ACUACUUUGGGUGUCCGUGUUUCCUGUUUUUCUUUUUUUUAUGCAUUUUAUGGUGACAAUUUAUGGU
AUAUAGAUUGUCAUC

rhinovirusAb
8

[NSISY

UUAAUACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCCAAGCGGAGUGGUACACUAUUAUCCCGGUA
AUUUUGUACGCCAGUUUUAUAACCCCUCCCCUUUGUAACUUAGAAGAUGUAAACACAGACCAAUAGG
UGGUAACUAACCAAGUUACUAAAGGUCAAGCACUUCUGUUUCCCCGGCUGAUAUUGAUAUGCUCCAC
CAGGGCAAAAACAAUAGAAGUCGUUAUCCGCARAGUGCCUACGCAAAGCCUAGUAACACUUUGAAUU
GUUUAUGGUUGGUCGCUCAGCUAUUCCCCCUAGUAGACCUGGCAGAUGAGGCUAGAAAUACCCCACU
GGUAACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACCLCCUCCGGGUGCGAAGCCAUACACAUGACA
AGGUGCGAAGAGCCCCGUGUGCUCACUUUGAAUCCUCCGGCUCCUGAAUGUGGCUAACCUUAAACCU
GCAGCCAGUGCACAUAAGCCAAUGUGUAUCUGGUCGUAAUGAGUAAUUGCGGGAUGGGACCAACUAC
UUUGGAUGUCCGUGUUUCUUGUUUUUCCUUAAUUUUGCUUAUGGUGACAAUAUAUAGAUAAUAUAUA
UUGGCAUC

rhinovirusAb
9

w

UUAAAACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCUAACGGGAGUAGUACACUAUUAUUACGGUA
AUUUUGUACGCCAGUUUUAUGAUCCCCUCCCCCUUUUGUAACUUAGAAGUUARAACAAARARUGACCAAU
AGGCGGCAAUCUCCCAGAUUGUCAAAGGUCAAGCACUUCUGUUUCCCCGGUCAAARGCUGAUAUGCUC
CAACAGGGCARARACAGCUGAGAUCGUUACCCGCARAAGUGCCUACGCARAGCUUAGUAACACUUUUG
AAGUUACGUGGUUGGUCGCUCAGCCARACCCCAUGGUAGACCUGGCAGAUGAGGCUAGAAGUACCCC
ACUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUCUGGGUGUGAAGCCAUAUAAUGGA
CAAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCURAACCUUAACC
CUGCAGCUAGUGCAUGCAAUCCAGUAUGUAUCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACU
ACUUUGGGUGUCCGUGUUUCCUUUUUAUCCUUAUUGAUUGCUUAUGGUGACAAUAUAUAGUAUUAUA
UAUUGACaCC

rhinovirusAé
0

UUAAAACUGGGUCUGGGUUGCUCCCACCCAGACCACCCAUGUGGUGUUGUACACUGUUAUUCCGGUA
ACUUUGUACGCCAGUUUUGAACUCCCCUACCCCUUUUGUAACUUAGAAGCUAARACACAUCGACCARU
AGCAGGCAAUCACCCAGAUUGCUUAUGGUCAAGUACUUCUGUUUCCLCGGUCUCCUCUGAUAUGCUL
UACCAGGGCAAAAACAGAGUAGAUCGUUAUCCGCAAGAUGCCUACGCAACGCCUAGUAACACUUUGA
AGUGUUUUUGGUUGGUCGCUCAGUUACAACCCCAGUAAUAGACCUGGCAGAUGAGGCUAGAUAUCCC
CCACUGGCGACAGUGAUCUAGCCUGCGUGGCUGCCUGCACACCCUUUAUGGGUGUGAAGCCARACAU
AUGACAAGGUGCGAARGAGCCACGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCUC
AACCCUGCAGCCAUUGCUCACAAGCCAGUGGGUAUGUGGUCGUARUGAGARAUUGCGGGACGGGACC
GACUACUUUGGGUGUCCGUGUUUCACUUUUUUACCUUAUUUUGCUUAUGGUGACAAUAUAUAUACAG
AUAUAUAUUGACACC

rhinovirusAé
1

UUAAAACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCUACGUGGAGUUGUACUCUAUUAUUCCGGUA
AUCUUGUACGCCAGUUUUAUAUUCCCUACCCCUUUUGUAACUUAGARGUUARAGCACACAGACCAAUA
GGCGGUGACCACCCAAGUCACUAACGGUCAAGCACUUcUGUUUCCCCGGUUAAGAUUGAUACGCUCC
AACAGGGCGAARAACAAUUUAAAUCGUUAACCGCARAGUGACUACGCAAAGCUUAGUAAUACCUUGAA
GAAUUUAUGGCUGGUCGUUCCGCUAUAACCCCUAGUAGACCUGGCAGAUGAGGCUAGAAAUACCCCA
CUGGUAACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUUUUGGGUGUGAARGCCAUAUAUUUG
ACAAGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAAC

rhinovirusAé
2

210
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CCUGCAGCUAGUGUAUGUAAUCCAACAUAUGGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAAL
UACUUUGGGUGUCCGUGUUUCACUUUUUCCUUUUAUUUUGCUUAUGGUGACAAUAUAUAUARUAUAU
AUAUUGGCAUC

w

UUAAAACUGGGUCCAGGUUGUUCCCACCUGGACCUCCUAAGUGGAGUGGUACACUAUUAUUCCGGUA
AUUUUGUACGCCAGUUUUAUCUCCCCACCCCCCUUUUGUAAUUUAGAAGUUAUGAACACAGACCAAU
AGGUGGCAACUAGCCAAGUUGUUAAAGGUCAAGCACUUCUGUCUCCLCCGGCUGACGUUGAUAUGCUC
CAACAGGGCAAAAACAAUGAAAGUCGUUAUCCGCAAAGUGCCUACGCAAAGCCUAGUAACACUUUGA
AAUGUCUAUGGUUGGUCGCUCAGCUAUUCCCCAUAGUAGACCUGGCAGAUGAGGCUAGAAAUACCCC
ACUGGUAACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACCCUCCCCGGGUGCGARAGCCAUAUAUAU
GACAAGGUGCGAAGAGCCCCGUGUGCUCACUUUGAAUCCUCCGGCUCCUGAAUGUGGCUAACCUUAA
CCCCGCAGCCAGUGCACAUAAGCCAAUGUGUGGCUGGUCGUAAUGAGCRAUUGUGGGAUGGGACCAA
CUACUUUGGAUGUCCGUGUUUCCUGUUUUUCUUUUAUUCUUGCUUAUGGUGACAAUAUAUAUAGUUU
AUAUAUAUUGGCAUC

rhinovirusAé
3

W

UUCAAACUGGAUCUGGGUUGUUCCCACCCAGAUCACCCAAGUGGUGUAGUACUCUGUCAUUCCGGUG
ACUUUGUACGCCAGUUUUUACACCCCCCCCUUCUUGUAACUUAGAAGAAUUAAGUUCAGACCAAUAG
GAARAACGACAAACCAGUCGUUUAAGGUCAAGCACUUCUGUUUCCCCGGUCAAUGCUGAUAUGCUUCA
CCAAGGCAAAAACAGCAGCGAUCGUUACCCGCAAGACGCCUACGCAAAGCCUAGUAAUGCCUUUGAA
GAUAUUUGUCUGGUCACUCAGGUACAAUCCCAGUACUAGACCUGGCAGAUGAGGCUGGAAAAUCCCC
ACUGGCGACAGUGUUCCAGCCUGCGUGGCUGCCUGCACACCCAUACGGGUGUGAAGCCAAAUAUUGG
ACAAGGUGUGAAGAGCCCCGUGUGCUCGUCUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCUURAL
CCCACAGCCAUUGCUUGCAUUCCAGCAAGUCUAUGGUCGUAAUGAGCAAUUGUGGGAUGGGACCGAC
UACUUUGGGUGUCCGUGUUUCACUUUUUACCUUUVUAUUAUGCUUAUGGUGACAAUAUAUAGCGUUAU
AUAUUGGCAUC

rhinovirusAé
4

[GSINTN

UUAAAACUGGGUGUGGGUUGCACCCACCCACACUGUCUACGGACGUAGUGCUCUCAUAUUACGGUAU
GCUUGCACGCCAGUUUGUUUCCLCCUUUCCCCUUUUGUAACURAUAGAAGAUUGCACUUAAUCUCGACC
AAUAGGCAGUAGUGAUCCACACUACUUACGGUCAAGCACUUCUGUUACCCCGGUAUGCGGAGAAUAG
GCUCUGAAAAGGGCUGAAGCUUCAAUUAUCGUCAUCCGCGCAAUUACUACGCAAAGCUUAGUAACUU
CCCAAGAAAUUCUUUGGUUGGCCGUUCCGCUGGUACCCCACCAGUAGGCUUGGCAGAUGAGGCUGAG
UAAUCCCCACUGGCGACAGUGACUCAGCCUGCGUGGCUGCCUACACACCUGGUAACAGGUGUGAAGC
CAUAGARAGGACAGGGUGUGAAGAGCCCCGUGUGCUAAUUGUGAUUCCUCCGGCCCCUGAAUGCGGL
UAAUCUAACCCCACAUCCAAUGCGCAUAAGCCAAUGCGUAUUUGGUCGUARUGGGCAACUGUGGGAC
GGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUVAUUCCUUAUAAUUAGUUCAUGGUGACAAGUAU
AAGUGUUUAUAUUUGUCAUC

rhinovirusAé
5

W o

UUAAAACUGGAUCUAGGUUGUUCCCACCUAGAUCUCCCAUGUGGAGUAGUACUCUAUUAUUACGGUA
AUUUUGUACGCCAGUUUUAUAUCCCCUUCCCCUUUUGUAACUUAGAAGUCGUGAACACAGACCAAUA
GGUGGCGAUCACCCAGAUCGCUUAAGGUCAARGCACUUCUGUUUCCCCGGUCAACGUUGAUAUGCUCC
ACCAGGGCAAAAACAACGGAGAUCGUUAUCCGCAAGGUGCCUACGCAAAGCCUAGUAACCUCUUGGA
GGAUAUAUGGUUGGUCGCUCAGCUAUACCCCAUAGUAGACCUGGCAGAUGAGGCUAGAAACUCCCCA
CUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACUCUUAUGAGUGCGAAGCCAUAUAUUUGA
CAAGGUGUGAAGAGCCCCGUGUGCUCACCUUGAGUCCULCCGGCCCCUGAAUGUGGCUARACCCUAACC
CUGCAGCUAGUGCAUGAAAUCCAUCAUGUUGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACU
ACUUUGGGUGUCCGUGUUUCACUUUUUCCUUUUAUAUUUGCUUAUGGUGACAAURUAUAUAUAACAU
AUAUAUUGGCAUC

rhinovirusAé6
6

(ST

UUAAAACUGGAUCUAGGUUGUUCCCACCUAGAUCUCCCAAGUGGAGUGGUACACUAUUAUCACGGUA
AUUUUGUACGCCGGUUUUAUCUCCCCUUACCCCAAGUAACUUAGAAGUAUUACAUAAAGACCAACAG
GCAGUGARUUAUCCAGAUCACUARAGGUCAAGCACUUCUGUCUCCCCGGUCAAAGUUGAUAUGCUCCA
ACAGGGCAAAAACAACUGAGAUCGUUAUCCGCAAAGUGCCUACGCAGAGCCUAGUAACUACCUUGARA
AUUACUUGGUUGGUCGUUCCACCARACCCCAUGGUAGACCUGGCAGAUGAGGCUAGAAAUUCCCCAC
UGGUAACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUUGGGUGUGAAGCCAAGUAAUGGACA
GGGUGUGAAGAGCCGAGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCCU
GCAGCUAGAGCGCGCARACCAGCGUGUAUCUAGUCGUARUGAGCAAUUGCGGGACGGGACCAACUAC
UUUGGGUGUCCGUGUUUCUUUUUAUUCUUAUAUUUGCUUAUGGUGACAAUAUAURAUUAUUUGUAUA
UUGGCACC

rhinovirusAé
7

W

UUARAAACUGGGUCCAGGUUGUUCCCACCUGGAUCUCCUACGUGGAGUUGUACUCUAUUAUUCCGGUA
AUUUUGUACGCCAGUUUUAUCUCCCCUACCCCUCUAUGUAACUUAGAAGUUUAUGCACAGCGGCCAA
UAGGUGACAUUUAUCCAAAAUGUCAAAGGUCAAGCACUUCUGUUACCCCGGUUAGARUUGAUAUGCU
CCAACAGGGCAAAAACAAUUUUGAUCGUUAUCCGCAAGGCAACUACGCAAAGCCUAGUACCAUUUUU
GAUGAUGUGUGGUUGGUCGCUCCACUGUGARCCCGACAGUAGACCUGGCAGAUGAGGCUAGAARAUUC
CCCACUGGUAACAGUGUUCUAGCCUGCGUGGCUGCCUGCGUACCCUUUUGCGGGUACGAAGCCAUAC
AUUUGACAAGGUGUGAAGAGCCCCGUGUGCUUGCCUUGAGUCCUCCGGCCCCUGRAUGUGGCUAACCT
UUAACCCUGCAGCUAGUGUGCACAAUCCAGUGCAUGGCUAGUCGUAACGAGCAAUUGCGGGAUGGGA
CCAACUACUUUGGGUGUCCGUGUUUCUUGUUUUUCUUUUAUAUUUGCUUAUGGUGACAAUAUAUACA
UAAUAUAUAUAUUGGCACC

rhinovirusA6
8

W

UUAAAACUGAGUGUGGGUUGUUCCCACCCACACUGUCUACGGACGUAGUGCUCUCAUAUUCCGGUAU
GUUUGCACGCCAGUUUGCCUCUCCUUUUCCCACGUAACGUUAGAAGCUUAUGCACUAARAUCGACCAC
UAGGUGAGUGAUAAACCAUAUCAUUCUUUGGUCAAGCACUUCUGUUUCCCCGGUAUGCAGGGAAUAG
GCCCUCCCCAGGGCUGAAGCCUUAAUUAUCGUUAUCCGCACAUUUACUACGCAAAGCCUAUUAGCGU
UCUGGAAGUUCACUGGCUGGUCGUUCCGCUAGACUAACCCGUCUAGUAGACCUGGCAGAUGAGGCUG
GAUAAACCCCACUGGCGACAGUGAUCCAGCCUGCGUGGCUGCCUGCACACCUGGAAACAGGUGUGAA

rhinovirusA7
1

211
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GCCCAUGAAUGGACAGGGUGUGAAGAGCCCLCGUGUGCUAAGUGUGAGUCCUCCGGCCCCUGAAUGCG
GCUAAUCUAACCCCACAGCUAAUACACACARACCAGUGUGGAUUUAGUCGUAAUGGGUAACUGUGGG
ACGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCCUUUUAUAUUGCUUAUGGUGACAGGU
AUAUAGAUAUAUAUUUGUUACC

UUAAAACUGGGUUUGGGUUGAUCCCACCCARACCUCCCAAGCGGAGUGGUACUCUGUUAUUUCGGUA
ACUUUGUACGCCAGUUUUAUAUUCCCUCCCCCCUUUAAACUGUAAAGCUAAGCACACAGACCAAUAG
CUGACAAUCAUCCAGAUUGUUAAUGGUCAAGCACUUCUGUUUCCCCGGUCAACGUUGAUAUGCUCCA
ACAGGGCAAAAACAACUGCGAUCGUUAUCCGCAAAGUGCCUACGCARAGCCUAGUAGCACCUUUGAA
GUCAUUUGGUUGGUCGCUCCGCUGUUCCCCACAGUAGACCUGGCAGAUGAGGCUAGAAAUACCCCAC
UGGUGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUUGGGUGUGAAGCCAAAUCAUGGACA
AGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGRAUGUGGCUAACCUUAACCCU
GCAGCUAGAGUGCACAAUCCAGUGCAUUUCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUAC
UUUGGGUGUCCGUGUUUCACUUUUUACCUAUUAUUUGCUUAUGGUGACAAUAUAUAURAUUAUAUAU
UGGCACC

rhinovirusA7
4

UUAAAACUGGAUCCAGGUUGUUCCCACCUGGAUCACCCAAUGGGUGUAGUAUACUGUUAUUACGGUA
ACUUUAUACGACGGUUUUAUCUCCCCCCCCCCCUUAUGUAACUUAGAAGUUUUGCACACCGACCAAU
AGUGGACAAUCAGCCAGAUUGUUUUAGGUCAAGCACUACUGUUUCCCCCGGUCAARCGUUGAUAUGCU
CCGACAGGGCAAAAACAACAGCGAUCGUUAUCCGCAAGGUGCCUACACAGAGCUUAGUACCGCCUUA
GAAGGAUUGUGGUUGGUCGCUCAGUUGCAACCCCAGCAAUAGACCUGGCAGAUGAGGCUGGACAUUC
CCCACUGGUGACAGUGGUCCAGCCUGCGUGGCUGCCUGCACACCUCUAUGAGGUGUGAAGCCAGAAU
UUCGACRAGGUGCGRAGAGCCGLCGUGUGCUCACCUUGARUCCUCCGGCCCCUGARUGCGGCUAACCU
UAAACCCGCAGCCAUGGUCCACAAUCCAGUGGAUGUAUGGUCGUAAUGAGUAAUUGUGGGAUGGGAC
CGACUACUUUGGGUGUCCGUGUUUCCUGUUUUUUCUUUUAUACUGCUUAUGGUGACAAUAUAUAUGA
UAUAUAUUGGCACC

rhinovirusA7
5

i

UUAARAACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCUACAAGGAGUUGUACUCUAUUAUUGCGGUA
AUUUUGUACGCCAGUUUUAUCUCCCCUCCCCGAUAUGUAACUUAGAAGCUGAACACAAAGACCAAUA
GGUGACAUUUAAUCCAAAAUGUUAAAGGUCAAGCACUUCUGUUUCCCCGGCCAAAGUUGAUAUGCUC
CAACAGGGCAAAAACAGCUGCGGUCGUUAUCCGCAAAACAACUACGCAAAGCCUAGUACCACCUUCU
AGAGCAUGUGGCUGGUCGCUCCACUAUAAACCCARUAGUAGACCUGGCAGAUGAGGCUAGGAGCUCC
UCACUGGUAACAGUGUCCUAGCCUGCGUGGCUGCCUGCGCACCCUGACAGGUGCGAAGCCAAAUGUU
UGACAAGGUGUGAAGAGCCCCGUGUGCUUGUUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUA
ACCCUGCAGCUAGUGUGUACAAUCCAGUGCAUAGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCA
ACUACUUUGGGUGUCCGUGUUUCUUAUUUUUUCCUUAUAUUUGCUUAUGGUGACAAUGUAUAUAUAA
CGUAUAUAUUGGCAUC

rhinovirusA7
6

i

UUAAAACUGGAUCCAGGUUGUUCCCACUUGGAUCCCCCAAGAGGGGUAGUACUCUAUUAUUACGGUA
AUUUUGUACGCCAGUUUUAUCUCCCUUACCCCCUUUGUAACUUAGAAGAUUUAAACACAGACCAAUA
GGCGACGAUCAUCCAGAUCGUUUAAGGUCAAGCACUUCUGUUUCCCCGGUCAAUGCUGAUAUGCUCU
ACCAGGGCAARAACAGUAGAGAUCGUUAUCCGCAAGGUGCCUACACAAAGCUUAGUAACAUUUUGAA
GAGCAUUUGGUUGGUCGCUCAGCUAUUACCCCAUAGUAGACCUGGCAGAUGAGGCUAGAAGUUCCCC
ACUGGCGACAGUGUUCUUGCCUGCGUGGCUGCCUGCGCACUCUCAUGAGUGCGARGCCAUAUGUUUG
ACAAGGUGUGAAGAGCCCCGUGUGCUCACCUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAAC
CCUGCAGCUAGUGCAUGAAAUCCAUCAUGUAACUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCARC
UACUUUGGGUGUCCGUGUUUCACUUUUUCCUUUUAUAUUUGCUUAUGGUGACAAUAUAUAUAGCAUA
UAUUGACACC

rhinovirusA7
7

i

UUCAAACUGAAUCAUGGUUGUUCCCACCAUGAUUACCUACGGGUGUAGUACACUUGUAUCCCGGUAC
AUUUGUGCGCCAGUUUUAUAUCCCCUACCCCARUUGUARCUUAGAAGUUARGCARCACAAGAUCAAU
AGGCGGUGGUUAUCCAAACCAUCAAUGAUCAAGUACUUCUGUCUCCLCCGGUAGGUGUGAAUAUGCUU
UAACCAAGGCAGAAGCUAAUCCUAUCGUUAUCCGCAAGGUGCCUACGGGAAGCCUAUUAACACUUUG
AAAGAAAUUUGGCUGGUCGCUCAGUUGCGCAAUCCCACGCAAUAGACCUGGCAGAUGGGGCUAGACA
AACCCCACCAGCGAUGGUGGUCUAGCCCGCGUGGCUGCCUGCACACCCUUUUUUGGGUGUGAAGCCA
GAAAUUGGACAGGGUGCGAAGAGCCUACUGUGCUCACCUUGAGUCCUCCGGCCCCUGAAUGUGGCUA
AUCCUAACCCUGCAGCUGUUGCACAAGAUCCAUUGUGUAUACAGUCGUAAUGAGCAAUUGCGGGAUG
GAACCAACUACUUUGGGUGUCCGUGUUUCCUUGUUUUCUUUUAUCAUUGCUUAUGGUGACAAGUAUA
UAUAGAUAUAUUUGUCAUC

rhinovirusA7
8

i

UUAAAACUgAAUCCAGGUUGUUCCCACCUGGAUUUCCCACGAGGAGCAGUACUCUACUAUUCCGGUA
GUUUUGUACACCAGUUUUAUCUCCCUUCCCCGUGUAACUUAGAAGACARGCACUUCAGACCAAUAGG
AUGGUAACUAACCAAGUUAUCAAAGGUCAAGCACUUCUGUUUCCCCGGUCAAAAUUGAUAUGCUCCA
CCAGGGCARARACAGUUUUGAUCGUUAUCCGCAAAGUGCCUACGCARAGCUUAGUARACACUUUGAAG
AAUGUGUGGUUGGUCGUUCCGCUAUUCCCCAUAGUAGACCUGGCAGAUGAGGCUAGARAAUCCCCAC
UGGUGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACCUCUUUGAGGUGCGAAGCCAUUCCUUUGA
CAAGGUGUGARAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCURACCUUAACC
CUGCAGCUAGUGCAUGCAAUCCAGCAUGUCUCUAGUCGUAAUGAGUAAUUGCGGGAUGGGACCAACU
ACUUUGGGUGUCCGUGUUUCUCUUUUUACUUUUARAUUGCUUAUGGUGACAAUAUAUAUAGUACAUA
UAUAUUGACACC

rhinovirusA8
0

UUAAAACUGGAUCUaGGUUGUUCCCACCCAGAUCACCUACAUGGUGUUGUACACUAUUAUUACGGUA
AUUUUGUACGCCAGUUUUAUACCCCCUUCCCARAARUGUAACUUAGAAGCARUACAAACUGAUCAAUA
GGAAGCAAUCAUCCAGAUUGCUAACGAUCAAGCACUUCUGUCUCCCCGGUCAAGGUUGAUAUGCUCC
ACCAGGGCAAAAACAGCUAAGAUCGUUAUCCGCAAGAUGCCUACGCAAAGCCUAGUAAUGCUUUCGA
AGAUACUUGGUUGGUCGCUCAGCUGUGCACCCGACAGUAGACCUGGCAGAUGAGGCUAGAAGUACCC

rhinovirusA8
1

212
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CUCUGGUGACAGAGUUCUAGCCUGCGUGGCUGCCUGCACACCCUAUUGGGUGUGAAGCCAAAUAUUG
GACAAGGUGUGAAGAGCCCCGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAA
ACCUGCAGCCAGUGCACACAAACCAGUGUGUAGCUGGUCGUAACGAGCAAUUGCAGGAUGGGACCAA
CUACUUUGGGUGUCCGUGUUUCACUUUUUACCCUUAUAUUGCUUAUGGUGACAAUAUAUAUAGUAUA
UAUAUAUUGUUAUC

UUAAAACUGGGAGUGAGUUGUCCCCACUCACUCUACCCACGCGGUGUUGUACACUGUUAUUACGGUA
ACUUUGUAUGCCAGUUUUUGUUCCCCUAUCCCCCUUUAAAGUAACUUAGAAGCAUGAACUUACAGAC
CAAAAGGUGAUGAUCACCCAGAUCAUUAAAGGUCAAGCACUUCUGUUUCCCCGGUCAAUGUUGAUAU
GCUUCAACAAGGCAAARACAACAGCGAUCGUUAUCCGCAAGAUGCCUACACAAAGCUUAGUACCUCC
UUUGAUGGUAUUUGUCUGGUCGCUCAGGUGUUUCCCCAACACUAGACCUGGCAGAUGAGGCUAGAAA
CUCCCCACUGGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUUCGGGUGUGAAGCCARA
UACUGGACAAGGUGCGAAGAGCLCCCGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGCGGCUARC
CUUAAACCCGCAGCCAUUACUCACAAUCCAGUGAGCAGAUGGUCGUAAUGAGCAAUUGUGGGAUGGG
ACCGACUACUUUGGGUGUCCGUGUUUCAUGUUUUACUUUAUGACUUGCUUAUGGUGACAAUAUAUAG
AGAUAUAUAUUGGCAUC

rhinovirusA8
2

i

UUAAAACUGGAUCCAGGUUGUUCCCACCUGGAUUUCCUACAUGGAGUUGUACUCUGUUAUUCCGGUA
ACCUUGUACGCCAGUUUUAUAUCCCUUCCCCCUUGCAACUUAGAAGUUAAGCACGCAGACCAAUAGG
UGGUGAUUAUCCAAAUCACUAACGGUCAAGCACUUCUGUUUCCCCGGUUUAAACUGRUACGCUCCAA
CAGGGCGARAACAGUGCAAAUCGUUAUCCGCAAGGUGCCUACACAAAGCUUAGUAGCGCUUUGGAGA
AUGUGUGGUUGGUCGCUCAGCUAUACCCCCUAGUAGACCUGGCAGAUGAGGCUAGAAGCACCCCACU
GGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUAUGGGUGUGAAGCCAUACAUUUGACA
AGGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCCU
GCAGCUGGUGCAUGUAAUCCAACAUGUUGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUAC
UUUGGGUGUCCGUGUUUCACUUUUUACCUUUUAAUUUGCUUAUGGUGACAARUAUAUAUACAACAUAU
AUAUUGGCAUC

rhinovirusAg
5

UUAAAACUGGGAGUGAGUUGUCCCCACUCACUCUACCCACGCGGUGUUGUACACUGUUAUUACGGUA
ACUUUGUAUGCCAGUUUUUGUUCCCCUAUCCCCCUUUAAAGUAACUUAGAAGCAUGAACUUACAGAC
CAAAAGGUGAUGAUCACCCAGAUCAUUAAAGGUCAAGCACUUCUGUUUCCCCGGUCAAUGAGGAUAU
GCUUUACCCAAGGCAAAAACCUUAAAGAUCGUUAUCCGCACAUUAACUACGCAAAGCCUAGUAUCGC
CUUUGAUGUAUUAAGACUGGUCGUUCCCUGCAUACCCAGCAGUAGACCUGGCAGARUGAAGCUGGACG
UUCCCCACUGGCGACAGUGGUCCAGCCUGCGUGGCUGCCUGCUCACCCAUUUGGGUGAGAAGCCUUA
UUAUUGACAAGGUGUGAAGAGCCCCGUGUGCUUAAUGUGAAUCCUCCGGCCCCUGARUGUGGCUARAC
CUUAACCCCGCAGCCGUUACUCACAAUCCAGUGAAAUGACGGUCGUAACGCGAAAGUGUGGGAUGGG
ACCAACUACUUUGGGUGUCCGUGUUUCCUAUUUUUUCCUUARAUGUGUGUUAUAUGGUGACAAUUUAU
AGCGUAUAAGUUGUCAUC

rhinovirusA8

8

UUAAAACUGGGAGUGGGUUGUUCCCACUCACUCCACCCAUGCGGUGUUGUACUCUGUUAUUACGGUA
ACUUUGUACGCCAGUUUUUCCCACCCUUCCCCAUAAUGUAACUUAGAAGUUUGUACAAUAUGACCAA
UAGGUGACRAUCAUCCAGACUGUCAAAGGUCAAGCACUUCUGUUUCCCCGGUCARUGAGGAUAUGCU
UUACCCAAGGCAAAAACCUUAGAGAUCGUUAUCCCCACACUGCCUACACAGAGCCCAGUACCAUUUU
UGAUAURAUUGGGUUGGUCGCUCCCUGCAARCCCAGCAGUAGACCUGGCAGAUGAGGCUGGACAUUC
CCCACUGGCGACAGUGGUCCAGCCUGCGUGGCUGCCUGCUCACCCUUCUUGGGUGAGAAGCCUAAUU
AUUGACAAGGUGUGAAGAGCCGCGUGUGCUCAGUGUGCUUCCUCCGGCCCCUGARUGUGGCUAACCU
UAACCCUGCAGCCGUUGCCCAUAAUCCAAUGGGUUUGCGGUCGUAAUGCGUAAGUGCGGGAUGGGAC
CAACUACUUUGGGUGUCCGUGUUUCCUGUUUUUCUUUUGAUUGCAUUUUAUGGUGACAAUUUAUAGU
GUAUAGAUUGUCAUC

rhinovirusA8
9

[S20N

UUARAAACUGGGUUCAGGUUGUUCCCACCUGRAUCUCCUACAUGGAGUUGUACUCUAUUAUCCCGGUA
AUUUUGUACGCCAGUUUUAUCCUCCCCUCCCCAUGUAACUUAGAAGCUGUACACAACGACCAACAGG
UAACAUUCAUCCAGAGUGUUAAAGGUCAAGCACUUCUGUUUCCCCGGUCARAGUUGAUAUGCUCCARA
CAGGGCAAAAACAACUGCGAUCGUUAUCCGCAGAGCAACUACGCAAAGCUUAGUACCACUUUCAAUG
GUGUAUGGCUGGUCGCUCCACUAUAAACCCAAUAGUAGACCUGGCAGAUGAGGCUAGAAACUCCCCA
CUGGUAACAGUGUUCUAGCCUGCGUGGCUGCCUGCGUGCCCUUUUGGGCACGAAGCCUUACAUUUGA
CAAGGUGCGAAGAGCCCCGUGUGCUUGCUUUGAGUCCUCCGGCCCCUGARAUGUGGCUAACCUUAACC
CUGCAGCUAGUGUGUGCAAUCCAGCACAUGGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACU
ACUUUGGGUGUCCCGUGUUUCUUGUUUUUCUUUUAUAUUUGCUUAUGGUGACAAURUAUAUAGAAUAU
AUAUAUUGGCAUC

rhinovirusA9
0

&3]

UUCAAACUGGAUCUGGGUUGUUCCCACCCAGAUCACCCAAGAGGUGUAGUGCUCUGUCAUUCCGGUG
ACCUUGCACGCCAGUUUUAUCACCCCUUCCCUCUUGUAACUUAGAAGAAUUAAACUCAGACCAAUAG
GAAGCGACARAGCCAGUCGUGACAGGUCAAGCACUUCUGUUUCCCCGGUCARAGUUGAUAUGCUUCAC
CAAGGCAAAAACAACAGCGAUCGUUAUCCGCAAGAUGCCUACGCAAAGCCUAGUAGUGCCUUUGARAA
AUAUUUGUCUGGUUGCUCAAGUACARACCCCAGUACUAARCCUGGCAGAUGAGGCUGGAGCUUCCCCA
CUGGUAACAGUGUUCCAGCCUGCGUGGCUGCCUGCACACCCUUACGGGUGUGAAGCCAAAUAUUGGA
CAAGGUGUGAAGAGCCCCGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCUUAACC
CCACAGCCAUUGCUCACAAUCCAGUGAGUGUAUGGUCGUAACGAGCAAUUGUGGGAUGGGACCGACU
ACUUUGGGUGUCCGUGUUUCUCUUUUUUCCUUUUUAAUUCUGCUUAUGGUGACARUAUAUAGUGUUA
UAUAUUGGCAUC

rhinovirusA9
4

[S2018

UUAAAACUGGGUCUGGGUUGUCCCCACCUAGAUCACCCAAGUGGUGUAGUACACUGUUAUUUCGGUA
ACCUUGUACGCCAGUUUUAUAACCCCCUCCCCAAAUGUAACUUAGAAGCUGUACACAACGACCAAUA
GAGGGUAAUCAUCCAGAUUACUUACGGUCAAGCACUUCUGUCUCCCCGGUUUACUUUGAUAUGCUCC
AACAGGGCAAAAACAAAGUGAAUCGUUACCCGCAAGAUGCCUACGCAACGCCUAGUAACAUCCUGAA

rhinovirusA9
6

213
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UUGUUUAUGGUUGGUCGCUCAAUUACAACCCCAGUAAUAGACCUGGCAGAUGAGGCUAGAUAUUCCC
CACUGGCGACAGUGAUCUAGCCUGCGUGGCUGCCUGCACACCCCUUGUGGGUGUGAAGCCAUAAUCA
UGACAGGGUGCGAAGAGCCACGUGUGCUCAUCUUGAGUCCUCCGGCCCCUGAAUGCGGCUAACCCUA
ACCCUGCAGCCAUUGCCUACAAACCAGUGGGUAUGUGGUCGUAACGAGAARUUGCGGGAUGGGACCG
ACUACUUUGGGUGUCCGUGUUUCACUUUUUACCUUAUAUUUGCUUAUGGUGACARUAUAUACGAGUU
UAUAUAUUGACACC

(€3]

UUAAAACUGAAUCCAGAUUGUUCCCAUCUGGAUUUCCUACAUGGAGUUGUACUCUAUUAUUCCGGUA
AUUUUGUACGCCAGUUUUAUCACCCCUUCCCCCGUAACUUAGAAGUUUGAAACARAAGACCAAUAGG
AGGUAACUAUCCAAGUUACUAUAGGUCAAGCACUUCUGUUUCCCCGGUCAARAAGUUGAUAUGCUCCAC
CAGGGCAAAAACAAUUGAGAUCGUUAUCCGCARAGUGCCUACGCAAAGCCUAGUAGUAUCUUGAARA
GCAUGUGGUUGGUUGCUCCGCUGUACCCCACAGUAAACCUGGCAGAUGAGGCUAGAAGUUCCCCACU
GGUGACAGUGUUCUAGCCUGCGUGGCUGCCUGCGCACUCUUUGAGUGCGAAGCCAUAUGUUUGACAA
GGUGUGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAARUGUGGCUAACCUUAACCCUG
CAGCUAGUGCAUGCAAUCCAGCAUGUGGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUACU
UUGGGUGUCCGUGUUUCACUUUUUUCCUUUUAUAAUUGCUUAUGGUGACAAUAUAUAGUGAUAUAUA
UUGACACC

rhinovirusAl
00

[}

UUAAAACUGGAUCAUGGUUGUUCCCACCAUGAUUACCUACGGGUGUAGUAUACUUGUAUCCCGGUAC
AUUUAUACGCCAGUUUUAUAACCCCCACCCCARAUGUAACUUAGAAGCAUGUACRARCARUGAUCAAUA
GGGUGGUGGCUAUCCAAGUCAUCUAAGAUCRAGCACUULCUGUCUCCCCGGUGAGUGUGAAUAUGLCUU
UACCCAARGGCAAAAGCUAAUCUCAUCGUUAUCCGCAAGGUGCCUACGGGAAGCCUAGUAACAUUCUG
AAGAUAUUUUGGUUGGUCGAUCAGUUGCACUCACCCAUGCAAUAGACCUGGCAGAUGGGGCUAGGCA
UACCUCACUGGUAACAGUGGCCUAGCCCGCGUGGCUGCCUGCACACCUUCGGGUGUGAAGCCAUARU
AUUGACAGGGUGCGAAGAGCCUACUGUGCUCACCUUGAGUCCUCCGGCCCCUGAAUGUGGCUAAUCC
UAACCCCGUAUCCAUUGCACACAAACCAGUGUGUCUAUGGUCGUAAUGGGUAACUACGGGAUGGAAC
CAACUACUUUGGGUGUCCGUGUUUCUUGUUUUUCUUUARUACUGCUUAUGGUGACAUUAUAUAUUGA
UAUAGUGUCAUC

rhinovirusAl
01

o U1

UGUACCCACCCACACUGUCCACGGACGUAGUGCUCUCAUAUUACGGUAUGUUUGCACGCCAGUUUUU
CCCCCCCUUCCCCCUUUUGUAACUUUAGAAGCUUGUACUUAAUCUGACCAAUAGGCAGUAGUAAUCC
AUACUACUUACGGUCAAGCACUUCUGUUACCCCGGUAUGCGGAGAAUAGGCUCURAAAAGGGCUGAAG
CUUCAAGUAUCGUUAUCCGCACAAUUACUACGCARAGCUUAGUAACUUCCCAAGRAAUUCUUUGGUU
GGUCGCUCCGCUGGUACCCCACCAGUAGACUUGGCAGAUGAGGCUGAGUARUCCCCACUGGCGACAG
UGACUCAGCCUGCGUGGCUGCCUACACACCUGGCAACAGGUGUGAAGCCAUAGARAGGACAGGGUGU
GAAGAGCCCCGUGUGCUAAUUGUGAUUCCUCCGGCCCCUGAAUGCGGCUARUCCAACCCCACAUCCA
AUGCGCAUARAACCAAUGCGUAUUUGGUCGUARAUGGGUAACUGUGGGACGGAACCGACUACUUUGGGU
GUCCGUGUUUCCUUUUAUUCUUUAAAUUAGUUCAUGGUGACAAGUAUAAGAAUUUAUAUUUGUCAUC

rhinovirusAl
02

UUAAAACUGAGUGUGGGUUGUCCCCACCCACACUGUCUACGGACGUAGUACUCUCAUAUCACGGUAU
GUUUGUACGCCAGUUUGCCUCCCCUCCCAAGUGUAACUUAGAAGUUUGUACUUUAUAAAGGCCAAUA
GGCGGGUAGUCAACCACACUACUCAUGGUCARAGCACUUCUGUUUCCCCGGUAUGCGRAGAAUAAGCU
UUAACARAGGCUGAAGCUUCAAUUAUCGUUAUCCGCAUGAUAACUACGCARAAGCUUAGUAGCAUUUU
GAAAGUUUAUUGGUUGGUCGCUCCACUGGARAACCCCCLCAGUAGACCUGGCAGAUGAGGCUAAGUA
AUCCCCACUGGCGACAGUGACUUAGCCUGCGUGGCUGCCUGCACACCUGGAGACAGGUGUGAAGCCA
AGUAAUGGACAAGGUGUGAAGAGCCCCGUGUGCUUAUCAUGAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCAACCCCACAGCUAUUGCACAUAAUCCAAUGUGUAUUUAGUCGUAACGGGCAACUGUGGGACGG
AACCGACUACUUUGGGUGUCCGUGUUUCCUUUAUUCUCAUUUAAGUUUCCUAUGGUGACAAAUAUAR
GUGAUUAUAUCUGUCAUC

rhinovirusAl
03

[S20N

AUCCGCARAAGCAACUACGCAAAGCCUAGUAUCACUUUUGAGARUAUAUGGUUGGUCGCUCCACUAUA
AACCCAAUAGUAGACCUGGCAGAUGAGGCUAGAAGUUCCCCACUGGUAACAGUGUUCUAGCCUGCGU
GGCUGCCUGCGUGCUCCUUGUGGGCACGAAGCCAUAUAUUUGACAAGGUGUGAAGAGCCCLCGUGUGLE
UUGUUUUGAUUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCCUGCAGCUAGCGUGUGCAAUCCAG
CACAAAGCUAGUCGUAAUGAGCAAUUGCGGGAUGGGACCAACUACUUUGGGUGUCCGUGUUUCUUGU
UUUUCUUUUAUACUUGCUUAUGGUGACAAUAUAUAUAAUAUAUAUAUUGGCAUC

rhinovirusAl
04

&3]

UUGUUUGAUGCCAGUUUUAUCUCCCCCCCCRAUUGCAACUUAGAAGAUGUACACAARGACCARUAGG
CAGUGGUCACCCAGACCACUGAAGGUCAAGCACUUCUGUCUCCCCGGUCARAGUUGAUAUGCUCCAA
CAGGGCAARAACAACUUAGAUCGUUAUCCGCARAGUGCCUACGCAAARGCUUAGUACCAUCUUUGAGA
GCCUAUGGUUGGUCGCUCCACUGAACCCCACAGUAGACCUGGCAGAUGAGGCUAGAAGACCCCCACU
GGCGACAGUGUUCUAGCCUGCGUGGCUGCCUGCACACCCUUACGGGUGUGAAGCCAUAUGUUUGACA
AGGUGCGAAGAGCCCCGUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCUUAACCCU
GCAGCUAGUGCACACAAGCCAGUGUGUUGCUAGUCGUARUGAGCARUUGCGGGAUGGGACCAACUAC
UUUGGGUGUCCGUGUUUCACUUUUUACCUUUAUUUUGCUUAUGGUGACAARAUAUAUAUAGUAUAUAUA
UUGGCACC

rhinovirusAl
05

UUAAAACAGCGGAUGGGUACCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUACUUCGUACCUU
UGUACGCCUGUUCUUCCCAUUGUACCCUUCCUGAACUUCCAACCCAAGUAACGUUAGAAGCUCAACA
UUUAGUACAACAGGAAGCACCACAUCCAGUGGUGUUUAGUACAAGCACUUCUGUUUCCCCGGAGCGA
GGUAUAGGCUGUACCCACUGCCAAARAACCUUUAACCGUUAUCCGCCAACCAACUACGUAAAAGCUAG
UAGUAUUAUGUUUUUAACUAGGCGUUCGAUCAGGUGGAUUUCCCCUCCACUAGUUUGGUCGAUGAGG
CUAGGAAUUCCCCACGGGUGACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCUUAUGCUGGGACG
CCUUUUUAUAGACAUGGUGUGAAGACUCGCAUGUGCUUGGUUGUGAUUCCUCCGGCCCCUGAAUGCG
GCUAACCUUAACCCUGGAGCCUUGUGUCACAAACCAGUGAUGAUAAGCGUCGUAAUGAGCAAUUCCGG

rhinovirusB3

214
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GACGGGACCGACUACUUUGGGUGUCCGUGUUUCUUAUUUUUCUUAUUAUUGUCUUAUGGUCACAGCA
UAUAUAUAACAUAUACUGUGAUC

4 | UUAAAACAGCGGAUGGGUUUCCCACCAUCCGACCCACUGGGUGUAGUGCUCUGGUAUUUUGUACCUU rhinovirusB4
6 | UGCACGCCUGUUUCCCAUUUGUACCCUUCCUUAAUCUCCUUCCCCCGUAACGUUAGAAGUUUUGGAA
1 | UUUUAAAGUACARUAGGAAGCGCCACAUCCAGUGGUGUUGCGUACAARAUACUUCUGUUUACCCGGAG
CGAGGUAUAGGUUGUACCCACGGCCAAAAGCCUUUAACCGUUAUCCGCCAAUCARCUACGUAACGGC
UAGUAUCAUCUUGCUUUUGAUUUGGUGUUCGAUCAGGUGGUAUCCCCCACUAGUCUGGUCGAUGAGG
CUAGGAAUUCCCCACGGGCGACCGUGUCCUAGCCUGCGUGGCGGCCAGCCCAGCUUUUGCUGGGACG
CCUUUUCAARAGACAUGGUGUGAAGACCUGCAUGUGCUUGGUUGUGAGUCCUCCGGCCCCUGAAUGCG
GCUAACCUUAACCCUGGAGCCCAGCAGCAURAUCCAAUGUUGUUUGGGUCGUAAUGAGCAAUUCCGG
GACGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUVAUUCUUACAUUGUCUUAUGGUCACAGCAU
AUAUAUUAUAUAUACUGUGAUC

4 | UUAAAACAGCGGGUGGGUAUCCCACCACCCGACCCACUGGGUGUGGUACACUGGUACUUUGUACCUU rhinovirusB5
6 | UGUAUGCCUGUUUGCUUCCACUCCCCUUUACCUAAUAUUCUUCCCCAAGUAUAUUUUGCGGUAACGU
2 | UAGAAGAAGCAAAGUUAGUGCAAUAGGAUGUAUCACAACCAGUGGUAUAAAGCACAAGCAAUUCUUG
UUCCCCGGAGCUGGAUAUAGACUGCUAACGUGGUCAAAAGUCCUUAACCGUUAUCCGCCAGCUAACU
GCGAGAAGACUAGUAACACCAUGUUUGUUUUUAGACGUUCGAUCAGGUGAAUACCCCAUUCACUAGU
UUGGUCGAUGAGGCUGAGAAUACCCCACAGGUAACUGUGUCUCAGCCUGCGUGGCGGCCAACCCGAC
UCAUGUCGGGACGCCUACUAAUAGACAUGGUGUGAAGAUCCUAUUGCGCUUAGUUGUGAGULCCUCCG
GCCCCUGAAUGCGGCUAACCCUAACCCCGGAGCCUUGUGGUGUAAACCAACAUUUGCAAGGUCGUAR
UGAGUAAUUCUGGGAUGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUAUUUUUAUUGUGUGUGU
CUUAUGGUUACAAAUACAAUUUGUAAUC

4 | UURAUACAGCGGAUGGGUAUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUAUUAUGUACCUU rhinovirusB6
6 | UGUACGCCUGUUCUUCCCAUUGUACCCUUCCCAAAUUUCCAACCCARGUAACGUUAGAAGUUUGACA
3 | UURAAGUACARUAGGAGGCACCACAUCCAGUGGUGUUUUGUACAAGCACUUCUGUUUCCCCGGAGLG
AGGUAUAGGCUGUACCCACUGCCAAARAACCUUUAACCGUUACCCGCCAGCCAACUACGUAAAAGCUA
GUAACAUCUUGUUUGUAACUUGGCGUUCGAUCAGGUGGAUUCCCCCUCCACUAGUUUGGUCGAUGAG
GCUAGGAACUCCCCACGGGUGACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCUCUUGCUGGGAC
GCCCUUUUAUAGACAUGGUGUGAAGACUCGCAUGUGCUUGGUUGUGAUUCCUCCGGCCCCUGAAUGC
GGCUAACCCUARACCCUGGAGCCUUGUGUUACARACCAGUAAUAUUAAGGUCGUARUGAGCAAUUCCG
GGACGGGACCGACUACUUUGGGUGUCCGUGUUUCUCAUUUUUCUUAUUAUUGUCUUAUGGUCACAGC
AUAUUUGUUAARAUAUACUGUGAUC

UUAAAACAGCGGAUGGGUAUCCCACCAUUCGACCCAUUGGGUGUAGUACUCUGGUACUAUGUACCUU rhinovirusBl
UGUACGCCUGUUUCUCCCCAACCACCCUUCCUUARAAUUCCCACCCAUGARACGUUAGAAGCUUGAC 4
AUUAAAGUACAAUAGGUGGCGCCAUAUCCAAUGGUGUCUAUGUACAAGCACUUCUGUUUCCCAGGAG
CGAGGUAUAGGCUGUACCCACUGCCARAAGCCUUUAACCGUUAUCCGCCAACCARCUACGUAACAGU
UAGUACCAUCUUGUUCUUGACUGGACGUUCGAUCAGGUGGAUUUUCCCUCCACUAGUUUGGUCGAUG
AGGCUAGGAAUUCCCCACGGGUGACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCUVAUGLUGGG
ACGCCCUUUUAAGGACAUGGUGUGAAGACUCGCAUGUGCUUGGUUGUGAGUCCUCCGGCCCCUGAAU
GCGGCURACCUUAACCCUAGAGCCUUAUGCCACGAUCCAGUGGUUGUAAGGUCGUAAUGAGCAAUUC
CGGGACGGGACCGACUACUUUGGGUGUCCGUGUUUCUCAUUUUUCUUCAUAUUGUCUUAUGGUCACA
GCAUAUAUAUACAUAUACUGUGAUC

= oy

UUUAAACAGCGGAUGGGUUCCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUAUUUUGUACCUU rhinovirusBl
UGUACGCCUGUUUCUCCCCUACCUCCCAACCUAAACAAUCCUGGUAACUUAGAAGACUUAARUCAUC 7
GUACAAUAGGUGCUGUCACAUCCAGUGACGGCUAGUACAAGCACUUCUGUUUCCCCGGAGCGGAGUA
UARAUGGCCACCGCUGUCAAAAGCUCUUAACCGUUAUCCGCCAAUUAACUACGCRACGGCUAGUAAC
AUCUUGUUAUUUUUAGGGCGUUCGAUCAGGUGAGUAAACCCCUCACUAGUCUGGUCGAUGAGGCUGA
GAAUUCCCCACGGGCGACCGUGUCUCAGCCUGCGUGGCGGCCAGCCCAGCUAAUGCUGGGACGCCUU
AAUUGUGACAUGGUGUGAAGACCCACGUGUGCUUAAUUGUGAGUCCUCCGGCCCLCUGAAUGCGGCUA
ACCUAAACCCUGGAGCCUUGAGACACAAUCCAGUGUUGGCAAGGUCGUAAUGAGUAARUUCCGGGACG
GGACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUCAAAUUGUUCUUAUGGUCACAAUAURAG
UAARUAUAUUGUGAUC

U1 oy

4 | UUAAAACAGCGGGUGGGUAUCCCACCACCCGACCCACUGGGUGUUGUACACUGGUAUUUUGUACCUU rhinovirusB2
6 | UGUAUGCCUGUUUGCACCUCCCCACCCCUUCCAAUUACCCUUACCCGAAUUaUAUUAUGCGGUARCA 3

6 | UUAGAAGAAGUGAACACAGUGCAAUAGGACGUAUCACAUCCAGUGAUAUARAGCACAAGCAAUUCUU
GUUCCCCGGAGCUGGAUAUAGACUGCUAACGUGGUUGAAGGUCCUUAACCGUUAUCCGCCARCCAAC
UACGAGACGGCUAGUAAUAUCAUGUUUGUCUUUGAGCGUUCGAUCAGGUGAAUUCCCCAUUCACUAG
UUUGGUCGAUGAGGCUGAGAACUCCCCACAGGUGACUGUGUCUCAGCCUGCGUGGCGGCCAACCCAG
CCACGGCUGGGACGCCCACUGAUAGACAUGGUGUGAAGACCCAAUUGUGCUUGGUUGUGACUCCUCC
GGCCCCUGRAUGCGGCUAARCCUCAACCCCGGAGCCUUGUAGUGUAAGCCARCACRURCRAAGGUCGUA
AUGGGCAACUCUGGGACGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUAUUUUUAUCUUUUGUG
UCUUAUGGUUACAAGUAUUGAUUGUAACC

4 | UUAAAACAGCGGAUGGGUUCCCUACCAUCCGACCCACUGGGUGUAGUACUCUGGUACUCUGUACCUU rhinovirusB3
6 | UGUACGCCUGUUUAUCCACUACCCUUUUCCUARAUUUUCCACCCGUGUAACCUUAGAAGCAAACARA 5

7 | UUGUACAAUAGGGUGCAUCACAACCAGUGAUGUACAGUACAAGCACUUCUGUUUCCCCGGAGCGGGG
UAUAGACGGUCACCACUGUCAAAAGCCCUURACCGUUACCCGCCAACCAACUACGUAACGGCUAGUA
ACACCAUGAAUUUGUCUUGACGUUCGAUCAGGUGGUAACCCCCCACUAGUUUGGUCGAUGAGGCUGA
GAACUCCCCACGGGUAACCGUGUCUCAGCCUGCGUGGCGGCCAACCCAGCUUCUGCUGGGACGCCAR
UUCAUUGACAUGGUGUGAAGACCUGCAUGUGCUUGGUUGUGAUUCCUCCGGCCCCUGAAUGCGGCUA
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ACCCUAACCCCGGAGCCACGCGGCAUAAUCCAAUGUCGUAUGGGUCGUAAUGAGUAAUUCUGGGAUG
GGACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUUCCAAAUUAUUCUUAUGGUCACAGCAUAUAA
AUAGAUAUAUACUGUGAUC

UUUAAACAGCGGAUGGGUAUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUAUUUUGUACCUU
UGUACGCCUGUUGUUCCUAAUGUACCCACCCUAAAACUUCCUACCCAAGUAACGUUAGAAGUUUCAU
CAACAAGUACAAUAGGAAGCAUCACAUCCAGUGGUGUUUUGUACAAGCACUUCUGUUUCCCCGGAGC
GAGGUAUAGGCUGUACCCACUGCCGAAAGCCUUUAACCGUUAUCCGCCAACCAACUACGUAAAAGCU
AGUAUCAUCAUGUUUUAAAAUAGGCGUUCGAUCAGGUGGAUCCCCCCUCCACUAGUUUGGUCGAUGA
GGCUAGGAACUCCCCACGGGUGACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCUUCUGCUGGGA
CGCCUUUUUAUGGACAUGGUGUGAAGACUCGCAUGUGCUUGGUUGUGACUCCUCCGGCCCCUGAAUG
CGGCUAACCUUAACCCCGGAGCCCUGUGUUGCRAUCCAGUAACAUUAGGGUCGUAAUGAGCAAUUUC
GGGACGGGACCGACUACUUUGGGUGUCCGUGUUUCUCAUUUUUCUUAUUAUUGUCUUAUGGUCACAG
CAUAUAUAUAACGUAUAUACUGUGAUC

rhinovirusB3
7

[e2}

UUAAAACAGCGGGUGGGUAUCCCACCACCCGACCCACUGGGUGUGGUACACUGGUACUUUGUACCUU
UGUAUGCCUGUUUGCAUCCCCUUCCCUUUACCUAACAUCCCUCCCCAAGUUAUAUUUUGCGGUAACG
UUAGAAGAAGUGAACaUAGUGCAACAGGAAGUAUCACCACCAGUGAUAUAACGCACAAGCAAUUCUU
GUUCCCCGGAGCUGGAUAUAGACUGCUAACGUGGUUGARAGUCCUUAACCGUUAUCCGCCAGUUAAC
UGCGAARAGACUAGUARCAUCAUGCACAUUUCUAGGUGUUCGAUCAGGUGAAARACCCCAUUCACUAG
UUUGGUCGAUGAGGCUGAGAGUACCCCACAGGCGACUGUGUCUCAGCCUGCGUGGCGGCCAALCCCGA
CUUAUGUCGGGACGCCUAUUAAUAGACAUGGUGUGAAGAUCCUAUUGCGCUUAGCUGUGAGUCCUCC
GGCCCCUGAAUGCGGCUAACCUUAACCCCGGAGUCUUGUGAUGUAAGCCAACAUUUGCAAGGUCGUA
AUGAGUAAUUCUGGGAUGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUAUUCUUAUCATUUGUG
UUUCAUGGUUACAAGCAUUGUUUGUAAUC

rhinovirusB4
2

UUAAAACAGCGGAUGGGUAUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUACUCUGUACCUU
UGUACGCCUGUUUCUCCUCAACCCUCCCCUACCCGUUAUAUAUCUCAGUAACUUAGAAGAUAUCAUU
ACCGCACAAUAGGGACCGUUGUAACCAGCARCGGUCAGUGCAAGCACUUCUGUUUCCCCGGAGCGGA
GUAUAGACGGCCACUGCUGUCAAAAGCUCUUAACCGUUACCCGCCAGUUAACUACACAACAGCUAGU
AACAUCUUGUUGUUCUUAGGGCGUUCGAUCAGGUGAGUUUACCCCCUCACUAGUCUGGUCGAUGAGG
CUGAGAAAUCCCCACGGGUGACCGUGUCUCAGCCUGCGUGGCGGCCAGCCCAGCUUAUGCUGGGACG
CCUUAAGUAUGACAUGGUGUGAAGACUCGCGUGUGCUUAGCUGUGAGUCCUCCGGCCCCUGAAUGCG
GCUAACCUAAACCCCGGAGCCUUGAGGCACRAUCCAGUGCCCGCGAGGUCGUAACGAGAAATUUCUGG
GACGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUCUUUUUGAUGUUCUUAUGGUUACAAUA
UAUAAAGUAUAUUGUAAUC

rhinovirusRk4
8

iy

UURAAAACAGCGGAUGGGUAUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUAUUAUGUACCUU
UGUACGCCUGUUUCUCCCCCCCAUUACCCCUCCCCACAUAUCCCAGUAACUUAGAAGAAUUAAAUUA
UCGCACRAUAGGAGCUAUUACAACCAGUAAUAGUUAGUGCAAGUACUUCUGUUUCCCCGGAGCGGAG
UAUAGAUGGCCACCGCUGUCAARAGCUCUURACCGUUAUCCGCCAGUUAACUACGUAACGGCUAGUA
ACAUCUUGUUGUGCUUAAGGUGUUCGAUCAGGUGAAGAGACACCCCCUUCACUAGUCUGGUCGAUGA
GGCUGAGAAAUCCCCACGGGCGACCGUGUCUCAGCCUGCGUGGCGGCCAGCCCAGCUUAUGCUGGGA
CGCCUURAGUAUGACAUGGUGUGAAGACCCGCAUGUGCUUAACUGUGAGUCCUCCGGCCCCUGARAUG
CGGCUAACCUUAACCCUGGAGCCUUGGGGUACAAUCCAGUGCUAACAAGGUCGUAACGAGCAAUUCC
GGGACGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUCAUUAUUGUUCUUAUGGUUACAA
UAUAUAGAGUAUAUUGUAAUC

rhinovirusB5
2

UUAAAACAGCGGAUGGGUAUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUACUUUGUACCUU
UGUACGCCUGUUUCUCCCUCCCUUCCCAACCUAAACAAUCCUUGUAACUUAGAAGGUUUCGAUUAUC
GCACAAUAGGGACURUUGCAACCAGCAAUAGUCAGUGCRAGCACUUCUGUUUCCCCGGAGCGGAGUG
UAGAUGGCCACCGCUGUCAAAAGCUCUUAACCGUUAUCCGCCAGUUAACUACGCAACGGCUAGUAGU
GCCUUGUUGCUUUUAUGGCGUUCGAUCAGGCGAGAUUUACCCCCUCGCUAGUCUGGUCGAUGAGGCU
GAGAAUUCCCCACGGGCGACCGUGUCUCAGLCUGCGUGGCGGCCAGCCCAGCCUUUGCUGGGACGCC
UUGAUUGCGACAUGGUGUGAAGACCCGCGUGUGCUUAACUGUGAGUCCUCCGGCCCCUGAAUGCGGL
UAACCUAAACCCUGGAGCCUUGAAACACAACCCAGUGUUCGCAAGGUCGUAACGAGCAAUUCCGGGA
CGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUAUUCUUUCAAUUGUUCUUAUGGUCACARUAUA
AGUGUUAUAUUGUGAUC

rhinovirusBé
9

UUAAAACAGCUGAUGGGUUCCCCACCAUCCGACCCAAUGGGUGUAGUACUCUGGUAUUCUGUACCUU
UGUACGCCUGUUUCUCCCCACCCCCCCGUCCUAAAUAAUCCCAGUAACUUAGAAGAUUUGAAUUAUC
GUACAAUAGGUGCUGUCACAUCCAGUGAUGGCUAGUACAAGCACUUCUGUUUCCCCGCGAGCGGAGUA
UAGAUGGCCACCGCUGUCAAAAGCUCUUAACCGUUAUCCGCCAAUUAACUACGCAACGGUUAGUAAC
AUCUUGUCAUUUUUGAGGCGUUCGAUCAGGUGAGUACACCCCUCACUAGUCUGGUCGAUGAGGCUGA
GAAUUCCCCACGGGCGACCGUGUCUCAGCCUGCGUGGCGGCCAGCCCAGCUUAUGCUGGGACGCCUU
AAUUGUGACAUGGUGCGAAGACCCACGUGUGCUURAUUGUGAGUCCUCCGGCCCCCGARUGCGGCUA
ACCUAAACCCCGGAGCCUUGAGACACAAUCCAGUGUUAGCAAGGUCGUAACGAGCARUUCUGGGACG
GGACCGACUACUUUGGGUGUCCGUGUUUCCUGUUAUUCUCARAUUGUUCUUAUGGUCACAAUAUAAG
UAAUAUAUAUAUUGUGAUC

rhinovirusB7
0

UUAAAACAGCGGAUGGGUUCUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUAUGAUGUACCU
UUGUACGCCUGUUUAUUCCCAAACCCCCACCCGUUAUUCGCCCAACCCCUGUAACGUUAGAAGUUUG
GAACUUARAUUGUACAAUAGGGAGCACCAUAUCCAAUGGUGUAACGUACAAGCACUUCUGUUUCCCCG
GAGCGAGGUAUAGGUGGUACCCACUGCCGARAGCCUUUAACCGUCAUCCGCCAAUCAACUACGUAAC
AGCUAGUAACAUCUUGUUGUUGAUUGGACGUUCGAUCAGGUGGUUCACCCCCCACUAGUUUGGUCGA
UGAGGCUGGGAAUCCCCCACGGGUGACCGUGUCCCAGCCUGCGUGGCGGCCAACCCAGCUUAUGCUG

rhinovirusB7
2
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GGACGCCCUUUCAAUGACAUGGUGUGAAGACUCGCAUGUGCUUGAUUGUGAGUCCGCCGGCCCCUGA
AUGCGGCUAACCCUAACCCUGGAGCCUUGCACCACAAUCCAGUGGUGUCUGGGUCGUAAUGAGUAAU
UCUGGGAUGGGACCGACUACUUUGGGUGUCCGUGUUUCUCAUUUUUCUUUUAAUUGUCUUAUGGUCA
CAGCAUAUAGUAUUAUAUACUGUGAUC

UUAAAACAGCGGACGGGUAUCCCACCAUCCGGCUCACUGAGCGUAGUACUCUGGUAUUGUGUACCUU
UGUACGCCUGUUUUCCCCAAAUCCCCUACCCUUUAUAUCUCCUACCCCGUAACGUAAGAAGUUUUCA
AACAGUACAAUAGGAAGCACCACAUCCAGUGGUGUUAUGUACAAGCACUUCUGUUUCCCCGGAGCGA
GGUAUAGGUGGUCACCACCGCCAAAAGCCUUUAACCGUUACCCGCCAACCAACUACGUAAUGGCUAG
UAACAUCAUUGAUUUAGAUUGGCGUUCGAUCAGGUGGUAUCCCCCCACUAGUUUGGUCGAUGAGGCU
AGGAAUACCCCACGGGUGACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCAUACGCUGGGACGCC
AGUUUACUGACAUGGUGCGAAGACUUGCAUGUGCUUGGUUGAGAGUCCUCCGGCCCCUGAAUGCGGC
UAACCUUAACCCCGGAGCCUCGCAGCAUAAUCCAAUGUUGUAGAGGUCGUAACGAGUAAUUCUGGGA
UGGGACCGACUACUUUGGGUGULCCGUGUUUCCUGUUUUUCUUUAAAAUGUCUUAUGGUCACAGCAUA
UAUACUGUAUAUACUGUGAUC

rhinovirusB7
9

UUAAAACAGCGGAUGGGUAUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUAUUUUGUACCUU
UGUACGCCUGUUUCUUCCCUUUGUACCCGCCCCUUAAACUUCCACCCCACGUAACGUUAGAAGUUUA
UACAAGCAGUACAAUAGGUUGCACCAUAACCAGUGGUGUUUCGUACAAGCACUUCUGUUUCCCCGGA
GCGGGGUAUAGACGGUACCCACUGUCAAAAGCCCUUAACCGUUAUCCGCCAAUCAACUACGUAAUGG
CUAGUAACACCAUGAAGGUAAGUUGACGUUCGAUCAGGUGGUAACCCCCACUAGUUUGGUCGAUGAG
GCUAGGRAUUCCCCACGGGUAACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCAUUUGCUGGGAC
GCCAAUUUACUGACAUGGUGUGAAGACUUGCAUGUGCUUGAUUGUGACUCCUCCGGCCCCUGAAUGT
GGCUAACCUUAACCCCGGAGCCUUGCAGCAUAAUCCAAUGUUGUGGAGGUCGUAAUGAGCAAUUCUG
GGAUGGGACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUCUUUAAGUUGUCUUAUGGUCACAGCA
UAUAUACUAUAUAUACUGUGAUC

rhinovirusB8
3

i

UUAAAACAGCGGAUGGGUAUCCCACCAUCCGGCCCACUGGGCGUAGUACACUGGUAUUCUGUACCUU
UGUACGCCUGUUUGCCGCCCCUCCCCCUUUUAUUACCACAUUUGUGGUCGCUGCAACGUUAGAAGAU
UUUAAAGUAGUGCAAUAGGAAGCAUCACAACCAGUGGUGUUAUGCACAAACACUUCUGUUUCCCCGG
AGCGAGGUAUAGACGGUCCCCACUGUCAAAAGCCUUUAACCGUUAUCCGCCAACCAACUACGAGACA
GCUAGUAAUGCCCUGUUCUCCUGCAAGGCGUUCGAUCAGACAGAUUUCCCCUCUGUUAGUCUGGUCG
AUGAGGCUAGAAGUACCCCACAGGUAACUGUGUUCUAGCCUGCGUGGCGGCCAGCCCAGCUULUGCU
GGGACGCCUUUCAAGAGACAUGGUGUGAAGACUCAAUUGUGCUUGGUUGUGAGUCCUCCGGCCCCUG
AAUGCGGCUAACCUUAAACCCGGAUCCAUGCUAUGCARACCAGCAUAGUUAUGGUCGUARAUGGGCAA
CUCUGGGAUGGGACCGACUACUUUGGGUGUCCGUGUUUCCAUUUUUACUUUUUGUGUCAUUUAUGGU
UACAAUUAAGUUGUARACC

rhinovirusB8
4

i

UUAAAACAGCGGAUGGGUACCCUACCAUCCGACCCACUGGGUGUAGUACACUGGUACAUUGUACCUU
UGUACGCCUGUUUCUCCCUAUUGUACCUUCCCUCACAAUCCUAACCCCUGUAACGUUAGAAGAUGUG
CAACUCGUGCAAUAGGAGAUACUGCAACCAGUGGUAUCAAGCACAAGAACUUCUGUUUCCUCGGAGC
GGAGUAUAGAUGGUCCCCACCGUCAAARAGCUCUUARACCGUUAUCCGCCAAUCAACUACGUGACGACU
GGUAGCAUCAUUUUGACACUUUGACGUUCGAUCAGGUAGGCUUACCCCACCUACUAGUUUGGCCGAU
GAGGCUGGGAGUCCCUCACAGGUAACUGUGUCCCAGCCUGCGUGGCGGCCAACCCAGCAAUUGCUGG
GACGCCAAUUUGUUGACAUGGUGUGAAGAUCUUAAUGUGCUUGGUUGUGAGUCCUCCGGCCCCUGAA
UGCGGCUAACCUUAACCCCGGAGCCUUGUGUCACAAGCCAGUGACAUUAAGGUCGUAAUGAGUAAUU
UCGGGAUGGGACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUUCUUUAUGAUUGUCUUAUGGUCA
CAGCAUAUAGUAAUUAUAUACUGUGAUC

rhinovirusB8

-

o

~

UUAAAACAGCGGAUGGGUUUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUACAUUGUACCUU
UGUACGCCUGUUUCUCCCCUCCCUCCCAACCURUACARAUCCCGGCARCUUAGAAGAUUUGAACUAUU
GUACAAUAGGCGCUGUCACAUCCAGUGGCGGCUAGUACAAGCACUUCUGUUUCCCCGGAGCGGAGUA
UAGAUGGCCACCGCUGUCAAAAGCUCUUAACCGUUAUCCGCCAAUUAACUACGCAACGGCUAGUARU
AUCAUGUAACUUUUAGGGUGUUCGAUCAGGUGAGUGUACCCCUCACUAGUCUGGUCGAUGAGGCUGA
GAAUUCCCCACGGGCGACCGUGUCUCAGCCUGCGUGGCGGCCAGCCCAGCUUAUGCUGGGACGCCUU
AAUUGUGACAUGGUGUGAAGACCCACGUGUGCUUAAUUGUGAGUCCUCCGGCCCCUGAAUGCGGCUA
ACCUAAACCCUGGAGCCUUGAAACACRAUCCAGUGUUAGCAAGGUCGUAARUGAGUAAUUCCGGGACG
GGACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAAGUUGUUCUUAUGGUCACAAUAURAG
UAAUAUAUAUUGUGAUC

rhinovirusB9
1

i

UUAAAACAGUGGAUGGGUUUCCUACCAUCCGACCCACUGGGUGUAGUGCUCUGGUAUAUUGUACCUU
UGCACGCCUGUUUUCCCAUUGUACCCUUCCUUAARUUCCUCCCCAUGUAACGUUAGAAGUUUAAGAA
CAUAAAUGUACAAUAGGAAGCAUCACAUCCAGUGGUGUAUGGUACAAGCACUUCUGUUUAUCCGGAG
CGAGGUAUARAGCGGUACCCACUGCUGAAAGCCUUUAACCGUUAACCGCCAAUCARCUACGUAALCGGC
UAGUAUUACCUUGUUUGCAAUCUGGCGUUCGAUCAGGUGGUUCCCCCCACUAGUUUGGUCGAUGAGG
CUAGGAGUUCCCCACGGGCGACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCAUUUGCUGGGACG
CCUUUUUGUAGACAUGGUGUGAAGACCUGCAUGUGCUUGAUUGUGAGUCCUCCGGCCCCUGAAUGCG
GCUAACCUUAACCCCGGAGCCUUGUGACAURAAUCCAAUGUCAUUAAGGUCGUAAUGAGCAAUUCUGG
GACGGGACCGACUACUUUGGGUGUCCGUGUUUCUCUUUAUUCUUUACAUUGUCUUAUGGUCACAGCA
UAUAUAAUACAUAUAUACUGUGAUC

rhinovirusBQ
3

UUAAAACAGCGGAUGGGUUUCCCACCAUCCGACCCACUGGGUGUAGUGCUCUGGUAUUUUGUACCUU
UGCACGCCUGUUUCCCCUUUGUACCCAUCCUGAAUUUCCUCCCUCUGCAACGUUAGAAGUUUGUGAA
AUUAAAAGUACAAUAGGAAGCAUCACAUCCAGUGGUGUUCAGUACAAGCACUCCUGUUUCCCLCGGAG
CGAGGUAUAGGUUGUACCCACGACCGAAAGCCUUUAACCGUUAUCCGCCARUCAACUACAUAACGGE
UAGUAUCAUCAUGUUUUUGAUCUGGCGUUCGAUCAGGUGGUUUCCCCCACUAGUCUGGUCGAUGAGG

rhinovirusB9
7

217




WO 2024/193634

PCT/CN2024/082941

CUAGGAUUUCCCCACGGGCGACCGUGUCCUAGCCUGCGUGGCGGCCAGCCCAGCUUAUGCUGGGACG
CCUUUUUARAGACAUGGUGUGAAGACCUGCAUGUGCUUGAUUGUGAGUCCUCCGGCCCCUGAAUGCG
GCUAACCUUAACCCUGGAGCCCGACAGCAURAUCCAAUGUUGUUUGGGUCGUAAUGAGCAAUUCCGG
GAUGGGACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUAUAUUGUCUURUGGUCACAGCAU
AUAUAGUAUAUAUACUGUGAUC

UUAAAACAGCGGGUGGGUAUCCCACCACCCGACCCACUGGGUGUAGUACACUGGUAUUUUGUACCUU
UGUAUGCCUGUUUGCCAUCCCUCCCUCUCCUCUUACCCUUACCCUUAUUUUGCGGUAARCUUUAGAAG
UUUGUARAUCACGCGCAAUAGGGUAUACCACAUCCAGUGGUAUGAAGCACAAGCAAUUCUUGUUCCC
CGGAGCUGGAUAUAAACUGCUAACGUGGUUGAAAGUCCUUAACCGUUAUCCGCCAGUUAACUGCGAG
AAGACUAGUAACUCCAUGUUUGUUUUUAAGCGUUCGAUCAGGUGGAUACCCCAUUCACUAGUUUGGU
CGAUGAGGCUGGGAAUCCCCCACAGGUAACUGUGUCUCAGCCUGCGUGGCGGCCAACCCAGCUUUUG
CUGGGACGCUUACUGACAGACAUGGUGUGARGAUCCUAUUGCGCUUAACUGUGAGUCCUCCGGLCCC
UGAAUGCGGCUAACCUCAACCCCGGAGCCUUGUGGUGUARACCAACACUCGCAAGGUCGUAACGAGU
AAUUCUGGGACGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUAUUUCUUAUUGAUUGUCUCCUA
UGGUUACAAAUUUACUGUAAUC

rhinovirusB9
9

[es]

UCCCCUCCACUAGUUUGGUCGAUGAGGCUAGGAARUCCCCACGGGUGACCGUGUCCUAGCCUGCGUG
GCGGCCAACCCAGCAUCAGCUGGGACGCCUUUUCAGAGACAUGGUGUGARAGACUCGCAUGUGCUUGA
UUGUGAUUCCUCCGGCCCCUGARUGCGGCURACCUCAACCCCGGAGCCUUGUAUUGCAAUCCAGCAA
UAUUAAGGUCGUAAUGAGCAAUUCUGGGACGGGACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUU
UCAUAAAUUUUUCUUAUGGUCACAGCAUAUAGUACAUAUAUACUGUGAUC

rhinovirusB1l
01

AAAACAGCGGAUGGGUAUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUACUUUGUACCUUUG
UACGCCUGUUCUUCCCAUUGUACCCUCCCUUAACUUCCAACCCAAGCAACAUUAGAAGUUAUCAAUU
UUCAGUACARAUAGGRAGCAUCACAUCCAGUGAUGUUGUGUACAAGCACUUCUGUCUCCCCGGAGCGA
GGUAUAAGCAGUACCCACUGCUAAAAGCCUUUAACCGUUACCCGCCAAUCAACUACGUAACAGCUAG
UAUCAUCAUGUUUUUGACUGGACGUUCGAUCAGGUGGUUCCCCCCCACUAGUUUGGUCGAUGAGGCU
AGGAAUACCCCACGGGUAACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCAUUUGCUGGGACGLL
CUUUUARAGACAUGGUGUGAAGACUCGCAUGUGCUUGAUUGUGAUUCCUCCGGCCCCUGAAUGCGGC
UAACCUUAACCCCGGAGCCUUGUGUUGCAAUCCAGCAARAAGCAAGGUCGUAAUGAGCAAUUCUGGGA
CGGGACCGACUACUUUGGGUGUCCGUGUUUCUCAUUUUACAUUACUUUUCUUAUGGUCACAGCAUAU
AURAUAAAUAUACUGUGAUC

rhinovirusBl
02

UCUGGCGUUCGAUCAGGUGGAUUUCCCCUCCACUAGUUUGGUCGAUGAGGCUAGGAAUCCCUCACGG
GCGACCGUGUCCUAGCCUGCGUGGCGGCCARCCCAGCAUAUGCUGGGACGCCCUUUURUAGACAUGG
UGUGAAGACUCGCAUGUGCUUGGUUGUGAUUCCUCCGGCCCCUGAAUGCGGCUAACCUUAACCCUGG
AGCCUUGUAUUACARACCAGUAAUAUUAAGGUCGUAAUGAGCAAUUCCGGGACGGGACCGACUACUU
UGGGUGUCCGUGUUUCUUAUUUUACUUAUUAUUGUCUUAUGGUCACAGCAUAUUUGUUAAAUAUACU
GUGAUC

rhinovirusBl
03

UUAAAACAGCGGAUGGGUAUCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUAUUAUGUACCUU
UGUACGCCUGUUUCUCCCUCCCUACUACCCCGCCUCAAGCAUCCUGUARCUUAGAAGAAUUGAARAR
CCGCACAACAGGAGCUAUUACAACCAGUAAUAGUUAGUGCAAGCACUUCUGUUUCCCCGGAGCGGAG
UAUAGACGGCCACCGCUGUCAAARAGCUCUURACCGUUAUCCGCCAGUUAACUACGUAACGGCUAGUA
ACAUCUUGUUGUGCUUAGGGUGUUCGAUCAGGUGAAGAAAAACCCCCUUCACUAGUCUGGUCGAUGA
GGCUGAGAAGUCCCCACGGGCGACCGUGUCUCAGCCUGCGUGGCGGCCAGCCCAGCAUAUGCUGGGA
CGCCUUAAGUAUGACAUGGUGUGAAGACCCGCAUGUGCUUAACUGUGAGUCCUCCGGCCCCUGAAUG
CGGCUARCCUAAACCCUGGAGCCUUGGAGCACAAGCCAGUGCUUACAAGGUCGUAAUGAGCAAUUCC
GGGACGGGACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUCUCAUUAUUGUUCUUAUGGUUACAA
UAUAUAGAGUAUAUUGUARUC

rhinovirusBl
04

i

GUGACAAUCAGCCAGAUUGUUAACGGUCAAGCACUUCUGUUUCCCCGGUACCCUUGUAUACGCUUCA
CCCGAGGCGARAAGUGAGGUUAUCGUUAUCCGCARAGUGCCUACGAGAAGCCUAGUAGCACUUUUGA
AGCCUAUGGCUGGUCGCUCAACUGUUUACCCAGCAGUAGACCUGGCAGAUGAGGCUAGAUGUUCCCC
ACCAGCGAUGGUGAUCUAGCCUGCGUGGCUGCCUGCACACUCUAUUGAGUGUGARGCCAGAAAGUGG
ACAAGGUGUGAAGAGCCUAUUGUGCUCACUUUGAGUCCUCCGGCCCCUGAARUGUGGCUAAUCCUAAC
CCCGUAGCUGUUGCAUGUAAUCCAACAUGUCUGCAGUCGUAARUGGGCAACUAUGGGAUGGAACCAAC
UACUUUGGGUGUCCGUGUUUCUUGUUUUUCUUUAUGCUUGCUUAUGGUGACAACUGUAGUUAUUACA
UUUGUUACC

rhinovirusCl

ACCGCACGCCAGUUUGCCACCCCCUACCCAUCGUAACUUAGAAGCUAUCAACUCGACCAAUAGGCGG
UGGCAAACCAUACCACUUACGGUCAAGCACUCCUGUUUCCCCGGUAUGCGAGGAAUAGACUCCUACA
GGGUUGAAGCCUCAAGUAUCGUCAUCCGCAUUGGUACUACGCAAAGCUUAGUAGUGCCUUGAAAGUC
CCUUGGUUGGUCGCUCCGCUAGUUCCCCCURAGUAGACCUGGCAGAUGAGGCAGGACAUUCCCCACUG
GCGACAGUGGUCCUGCCUGCGUGGCUGCCUGCGCACCCCUAGGGGUGCGAAGCCAAGUGACGGACAA
GGUGUGAAGAGCCCCGUGUGCUACUAAUGAGUCCUCCGGCCCCUGARUGCGGCURAUCCAACCCCAC
AGCUAUUGCACACAAGCCAGUGUGUAUAUAGUCGUAAUGAGCAAUUGUGGGACGGAACCGACUACUU
UGGGUGUCCGUGUUUCCUUUUAUUCUUAUCAUUCUGCUUAUGGUGACARUACUGUGAAAUAGUGUUG
UUACC

rhinovirusC2

fes]

UUAAAGCUGGAUCAUGGUUGUUCCCACCAUGAUUACCCACGCGGUGCAGUGGUCUUGUAUUACGGUA
CAUUUCCAUACCAGUUUUAUACACCCCACCCCGAAACUCAUAGAAGUUUGUACACAAUGACCAAUAG
GUGGUGGCCAUCCAGGUCGCUAAUGGUCAAGCACUUCUGUUUCCCCGGCACCCUUGUAUACGCUUCA
CCCGAGGCGARAAAAUGAGGUUGUCGUUAUCCGCARAAGUGCCUACGAAAAGCCUAGUAARCACUUUGAA
AACCCAUGGUUGGUCGCUCAGCUGUUUACCCAACAGUAGACCUGGCAGAUGAGGCUAGACAUUCCCC
ACCAGCGAUGGUGGUCUAGCCUGCGUGGCUGCCUGCACACCCUGCCGEGGUGUGARGCCAGAAAGUGG

rhinovirusC3

218
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ACAAGGUGUGAAGAGCCUAUUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAACCCUAAL
CCCGUAGCUGUUGCAUGUAACCCAACAUGUAUGCAGUCGUAAUGGGCAACUAUGGGAUGGGACCAAC
UACUUUGGGUGUCCGUGUUUCCUGUUUUACUUUUUCAUUGCUUAUGGUGACAAUUGUAUCUGAUACA
CUUGUUACC

4 | UUAAAACUGGGCUCGGGUUGUACCCACCCGAGCUGCCCAUGUGGCGUGGUGCUCUUGUAUCCCGGUA rhinovirusC4
9| CACUUGCACGCCAGUUUGCCUCUCCUUACCCCGUAACAUAUCUAGAAGARUGUGCAUAACGGACCAR
0 | UAGGUGGUGGCAACCCAUGCCACUGACGGUCAAGUACUUCUGUUUCCCCGGUGUGAUGUGGAAUAGA
CUCUCUCAGGGUUGAAGCCAUAAGCAUCGUUAUCCGCUACGUGCCUACGCAAAACCUAGUAGCAUUU
UGAAGCUUACUUGGUUGGCCGCUCAGCCACUAACCCGUGGUAGGCCUGGCAGAUGAGGCUGGGCGCA
CCCCACUGGCGACAGUGGCCCAGCCUGCGUGGCUGCCUGCCCCUCUUUGAGGGGAAGCCAUUUAAGU
GACAAGGUGUGAAGAGUCUCGUGUGCUCCACGUAGAAUCCUUCCGGCCCCUGAAUGUGGCUAAUCCU
AACCCCGCAGCUAUUGCACACAAUCCAGUGUGUUGAUAGUCGUAAUGGGCAACUGUGGGAUGGAACC
AACUACUUUGGGUGUCCGUGUUUCCUGUUUUCUUUAAAUACUUGCUUAUGGUGACARARUAGUGUAUA
CUGUUUGACACC

4 | UUAAAACUGGGUACAGGUUGUUCCCACCUGUACCACCCAAGUGGUGUAGUGCUCUUGUAUUCCGGUA rhinovirusC5b
9 | CAUUUGCACGCCAGUUUGCCACCCCUACCCUCUAUGUARCUUAGAAGCUUACACAARGACCARUAGG
1 | CGGUGGUARACCCAUACCACUAACGGUCAAACACUUCUGUUUCCCCGGCAUAUGAGGAAUAGGCUCC
ARAAGGGCUGAAGCCACUAGUGUCGUUAUCCGCAUUGGUACUACGCAAAGCCUAGUAUCGGCCUGAR
AAUUUCUUGGUUGGUCGUUCGGCCAGUUACCCCACUGGUAGACCUGGCAGAUGAGGCAGGACUUACC
CCACUGGCGACAGUGGUCCUGCLCUGCGUGGCUGCCUGCACACCCUUAUGGGGUGUGAAGCCUAGGAR
CGGACAGGGUGUGAAGAGCCCCGUGUGCUACCAAUGAGUCCUCCGGLCCCCUGAAUGCGGCUAAUCUU
ACCCCGCAGCUGUUGCACACAAUCCAGUGUGUAUGCAGUCGUAAUGAGCAAUUGUGGGAUGGAACCG
ACUACUUUGGGUGUCCGUGUUUCCUUGUUUUCCUUAUAUUUGCUUAUGGUGACARUAUUGAUAUUAU
CAGUGUUGUCAUC

4 | UUGAAACUGAAUCAUGGUUGUULCCACCAUGAUUACCCACGUGGUGCAGUGGUCUUGUAUUACGGUA rhinovirusCé
9 | CAUUUCCAUACCAGUUUUAUACACCCUACCCCGAAACAUAUAGAAGCUUGUACACAAUGACCAAUAG
2 | GUGGUGACCAUCCAGGUUACCGACGGUCAAGCACUUCUGUUUCCCCGGUACCCUUGUAUACGCUUCA
CCAGAGGCGAAAAACGAGGUUAUCGUUAUCCGCARAAGUGCCUACGAGAAGCCUAGUAGCACUUUCGA
AACCUAUGGCUGGUCGCUCAGCUGCUCACCCAGCAGUAGACCUGGCAGAUGAGGCUAGACAUCCCCC
ACCAGUGAUGGUGGUCUAGCCUGCGUGGCUGCCUGCACACCCUAUCGGGUGUGAAGCCAGAARAGUGG
ACAAGGUGUGAAGAGCCUAUUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAAUCCUAAC
CCCGUAGCUGUUGCAUGCAACCCAGCAUGUAUGCAGUCGUAAUGGGCAACUAUGGGAUGGAACCAAC
UACUUUGGGUGUCCGUGUUUCUUGUUUUACUUUUCAUUGCUUAUGGUGACAAUUGUAGUUGAUACAC
UUGUUACC

4 | UUAAAACUGGGUUAUAGUUGCUCCCACUAURACCACCCACGCGGUGUUGUGGACUUGUAUUUCGGUA rhinovirusC7
9| CACUUCCAUGCCAGUUUUAUCUUCCCCCCUGCAACACUUAGAAGAARUGUACUUAUGGACCARUAGG
3| CGGCGGCCACCCAGGUCGUUGACGGUCAAGCACUUCUGUCUCCCCGGUGAUACUGGAUACGCUUUAC
CCAAGGCGRAAACCGGGCUCAUCGUUAUCCGCAARGUGCCUACGAGAAGUCUAGUAGCACUCUGAAA
ACCUAUGACUGGUCGCUCCACUGCAAUCCCAGCAGUAGACCUGGCAGAUGGGGCUAGACAUACCCCA
CCAGCGAUGGUGGUCUAGCCCGLCGUGGCUGCCUGCACACCCUAUGGGUGUGAAGCCAGAAAGUGGAC
AGGGUGUGAAGAACCUAUUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAAUCCUAACCC
UGCAACCGUUGCGCACAACCCAGUGCGUAUGCGCUCGUAAUGAGCAAUUGCGGGAUGGAACCAACUA
CUUUGGGUGUCCGUGUUUCUUGUUAUUCUUUUAUUUGCUUAUGGUGACACUGUAUAGCUAUACAUUG
UCAUC

4 | UUAAAACUGAGUAUGGGUUGUUCCCACCCAUACUGCCUACGGGCGUAGUACUCUUGUGCUCCGGUAC rhinoviruscC8
9 | AUUUGUACGCCAGUUUUUCACCCCCACCCCCUAGGUAARCUCUUAGARGCACUUGCACACAGACGAARU
4 | AGGCAGCCAACACUCCACGUUGGUCAACGUCAAGCACUUCUGUUUCCCCGGUAUUAGGGGUUAGGCU
UUUCAAGAGGCUGAAGCCUGAAGUAUCGUUACCCGCGCAAUUACUAAGCAGAGCCUAGUAUCACUUC
GACCCUUCCACUGGCUGGUCGUUCAAUGAGAAAACCCACUCAUAGACCUGGCAGAUGGGGCUGGAAA
UACCCCACUGGCGACAGUGUUCCAGCCCGCGEUGGCUGCCUGUCCCCCAUUUUGGGGGARAGCCAAUG
UAAGGACAAGGUGUGAAGAGCCGCGUUUGCUAAUUGUGAGUCCUCCGGCCCCUGAAUGCGGCUAAUC
UUACCCCACAGCUAUUGCAUGGAAGCCACCAUGUGGAUAGUCGUAACGGGCAACUGUGGGACGGAAC
CGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCCAUUUAUUAUCUCAUGGUGACAARCGUAUACAGA
UUAUAUGUUGUUUACC

4 | UUAAAACAGCCGUGUGGUUGUACCCACCACCGGGCACAUUGUGCGUGGUACACUGGAAUUACGGUUC rhinovirusC9
9 | CUUUGUACGCCUGUUUUCCCUUCCCACUUUCUUUCUUCCUUCACUUCCUAAUUGUAACAUAAUUAGA
5| AGCAUGACAUACAGUCCAAUAGGAGGCGGUUAAUCCAUAACCGUCAUAGACAAGCACUUCUGUUUCC
CCGGAUGUGUGAAUAGGCUUCCACCGAGGCUGAAGCUGUAGCAUUCGUUAUCCGCACACGUACUACG
CGAAAACUAGUAACACCUUGAUUGGUGGUGUGGUGUUUCACUCGGCGCUACCCCAGCGUAGAUCAGG
GCARAUGGGGCUACGGARACCCCACCGGCGACGGUGUCGUAGCCCGCGUGGUGCCCUGCCCAGAUCCU
UGCGAUCUGGGACACCAUAUCAUUGACAGGGUGUGAAGAUUCUAGUGUGCUACGUGUGAGUCCUCCG
GCCCCUGAAUGUGGCUAACCUUAACCCCGCAGCUAUGGUGUGCAAACCAGCACAUUCCGUAGUCGUAA
UGGGCAACUGUGGGAUGGGACCAACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUAUAAUTUUCC
UUAUGGUUACAAGCUUAUGGUUAUAGGUUUGUAACC

4 | CAUGGUUACCCACGAGGUGCAGUGGUCUUGUAUUACGGUACAUUUCCAUACCAGUUUUAUAAACCCU rhinovirusCl
9| ACCCUGAAACUUAUAGAAGCUUGUACACACCGCACCGACAGGUGGCARUCAUCCAGAUUGUCGAAGGU 0

6 | CAAGCACUUCUGUUUCCCCGGUAUCCUUGUAUACGCUUCACCCGAGGCGARAACCGAGGUUAUCGUU
ACCCGCAAAGUGCCUACGAGAAGCCUAGUAUCACUUUGGAAACCUAUGGUUGGUCGCUCAGCUGUUU
UCCCAACAGUAGACCUGGCAGAUGAGGCUGGACGCUCCCCACCAGCGAUGGUGGUCCAGCCUGCGUG
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GCUGCCUGCACACCCUGUGGGGUGUGAAGCCAGAAAGUGGACAAGGUGUGAAGAGCCUAUUGUGCUC
ACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUARUCCUAACCCCGUAGCUGUUGCAUGUAAUCCAACA
UGUAUGCAGUCGUAAUGGGCAACUAUGGGAUGGAACCAACUACUUUGGGUGUCCGUGUUUCUUGUUU
UUCUUUAUAUACUGCUUAUGGUGACAARUAGUAAUUCAUUACUCUUGUUACC

UUAAAACUGGAUACAGGUUGUUCCCACCUGUAUCACCCAAGUGGUGUGGUGCUCUUGUAUUUCGGUA
CGUUUGCACGCCAGUUUGCUACCCCUUCCCUUUUACGUAACUUAGAAGUUUACACARAGACCAAUAG
GCGGUGGUAAAUCCAUACCACUAACGGUCARAUACUUCUGUUUCCCCGGCAUGCGAGGAAUAGGLCUC
CAAAAGGGCUGAAGCCACUAGUGUCGUUAUCCGCAUUGGUACUACGCARAGCCUAGUAUUACCUUGA
AAAUUUCUUGGCUGGUCGCUCCACCAGAUACCCCACUGGUAGACCUGGCAGAUGAGGCAGGACUUAC
CCCACUGGCGACAGUGGUCCUGCCUGCGUGGCUGCCUGCACACCCCUUACGGGGUGUGAAGCCCAGA
AACAGACAAGGUGUGAAGAGCCCCGUGUGCUACUAGUGAGUCCUCCGGCCCCUGAAUGCGGCUAAUC
UUACCCCACAGCUGUUGCACGCAAACCAGCGUGUAUGCAGUCGUAAUGAGCAAUUGUGGGAUGGARC
CGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCCUAUUAUUUGCUUAUGGUGACAAUAUUGAUAUU
AUCAGUGUUGUCAUC

rhinovirusCl
1

UUAAAACUGGGUAUAGGUUGUUCCCACCUGUACCACCCACGUGGUGUAGUGCUCCUGUAUUCCGGUA
CACUUGCACGCCAGUUUGCCCUCCCUUCCUGUAACGUAGAAGCAAUGUAAACGGACCARAAGGGGAC
GGCAAACCACGUCGUUCAAGGUCAAGCACUUCUGUUUCCCCGGCAUGCGAGGAAUAGACCUUCUCAA
GGGUUGAAGCCACAAGUGUCGUUACCCGCAUUGGUACUACACAGAGCCUAGUACUGCUCUAGAARCU
UAUUGGUUGGUCGUUCAGCCAUUUCCCCUGGUAGACCUGGCAGAUGAGGCAAGAAGUUCCCCALCUGG
UAACAGUGUUCUUGCCUGCGUGGCUGCCUGCACACCCUAACGGGUGUGAAGCCARUGAGUGGACAGS
GUGUGAAGAGCCGCGUGUGCUACCAAUGAGUCCUCCGGCCCCUGAAUGCGGCUARUCCAACCCCACA
GCUAUGGCAUGCAAGCCAGCAUGUGCGUAGUCGUAAUGAGUAAUUGUGGGACGGAACCGACUACUUU
GGGUGUCCGUGUUUCCUUUAUUCUCUVUAUGUUUUGCCUAUGGUGACAAUAUUAAGUAUUAAUAUUGC
UACC

rhinovirusCl
5

UGCACUUCUGUUUCCCCGGUACUAGGGUGUUARACUUCLCCCAGAGGUUGAAGCCCGAUGUAUCGUUA
CCCGCAUGGUUACUAAGCAGAGCCUAGUAGCAUCUUGCUUUGCAUAUGAGCUGGUCGUUCAGUCAGU
AAACCCCCUGAUAGACCUGGCAGAUGAGGCUGGAAAUACCCCACUGGUAACAGUGUUCCAGCLCUGCG
UGGCUGCCUGCCCCUCUUUUGAGGGGAAGCCCAUAUGUAGACAAGGUGUGAAGAGCCGCGUUUGCUA
ACUAUGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCAACCCCACAGCUACUGCGCAGAAACCACUGC
GUAGGUAGUCGUAAUGAGCAAUUGUGGGACGGAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUU
ACUUUACAUUGCUCAUGGACACAACAUAUAUARARAUCGUAUAUGUUGUUCACC

rhinovirusCl
6

CACUUCUGUUUCCCCGGAUGUGUGAAUAGGCUUCACCCGAGGCUGARACUGUAGCAUUCGUUAUCCG
CAUGGCUACUACGCGACUGCUAGUAGCAUUCUGUAUGACAUGUGGGGUUUCGCUCAGCAGAGACCCA
GUCUGUAGAUCAGGGUAAUGAGGCUACACARUCCCCACUGGCGACAGUGGUGUAGCCUGCGUGGUGC
CCUGCCCGAGGUUCGUCCUCGGGACCCUCCAUGUUAGACAGGGUGUGAAGACACUAGUGUGCUAGUC
AUGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCUUAAACCUGCAGCCAUCGCAUGCAUGCCAGCAUGU
AGGUGGUCGUAAUGAGCAAUUGCGGGAUGGAACCGACUACUUUGGGUGUCCGUGUUUCCCUUUUUAC
AUUUAUGUGUCUCUUAUGGUUACAUCRUUGGUGUAAUC

rhinovirusCl
9

UUAAAACUGGGUUGUGGUUGUUCCCACCACAAUCACCUACGUGGUGUUGUAGUCUUGCAUUUCGGUG
CAUUUCUAUGCCAGUUUUAUCUCCCCAGCCCCCGUAACUUAGAAGARAAGAACACAGACCAAUAGGA
GGUGGUCACCCAGACCACUUACGGUCAAGCACUUCUGUUUCCCCGGUUGAUCUAGAUAUGCUUUACC
CGAGGCARAARAACUARAUCAAUCGUUAUCCGCARAGUGCCUACGGGAAGCCUAGUAGCACUCUGAAAG
CCUAUGGCUGGUCGCUCCAUUGCAAACCCAGCAAUAGACCUGGCAGAUGAGGCUAGACGUACCCCAC
CAGCGAUGGUGGUCUAGCCUGCGUGGCUGCCUGCACACCCUCAUCGGGUGUGAAGCCAGAAAGUGGA
CAGGGUGUGAAGAGCCUACUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAAUCCUARCC
CUGCAGCUGUUGCACACAAGCCAGUGUGUAUGCAGUCGUARCGAGCAAUUGCGGGAUGGAACCAACU
ACUUUGGGUGUCCGUGUUUCUCUUUAUUCCUUAUGUUGACCUAUGGUGACAAGUGUGCAAUUCACGU
UUGUCACU

rhinovirusC2
2

o v

UUAAAACUGGGCAGGAGUUGUUCCCACUCUUGCCACCCACAGGGUGUGGUGCUCUUGUAUUACGGUA
CACUUGCAUGCCAGUUUUAUCUCCCCCCUCCCCACAAUGUAAUUUAGAAGCCAAUCACAUGACCAAU
AGGAAGUGGUAAGCCAUACCACUUAAGGUCAAGCACUUCUGUUUCCCCGGUAUGCGUGGAAUAGGCC
UCUUAAGGGGCUGAAGCCACAAUUAUCGUUACCCGCAUGUGARCUACGCGAAACCUAGUACUACCUU
GAAAGUACAUUGUCUGGUCGCUCAGCCAAUCCCCAUGGUAGACCUGGCAGAUGAGGCAAGAGGUACC
CCACUGGUAACAGUGUUCUUGCCUGCGUGGCUGCCUGCACACCCUUACCGGGUGUGAAGCCARUGUA
UAGACAGGGUGAGAAGAGUCGAGUGUGCUUCACAUGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCA
ACCCCGCAGCUGUAGUAUGCAAGCCAGCAUAUGUGCAGUCGUAAUGGGUAACUGCGGGACGGAACCG
ACUACUUUGGGUGUCCGUGUUUCCUGUUUUUCCUUUAUUCAUGCUUAUGGUGACRAUAUUGAGAAUU
AAUAUUGUCACU

rhinovirusC2
3

o v

AGCUCUGCAGAUAUCUCCCCGGACGUGUGAAUAGGCCCUACCAGGGCUGAAGCUGUAGCGUUCGUUA
UCCGCAUGCCUACUGCGCAAAGGUUAGUAACUARACUAGAUACUUAGUGGUGUUUCGCUCAGCAGUAC
CCCACUGUAGAUCAGGGUAAUGAGGCUACGCAUCCCCCACUGGCGACAGUGGCGUAGCLCUGCGUGGU
GCCCUGCCCAGGUUUAUACCUGGGACACCACUAUUUGGACAGGGUGUGAAGGCCAGCCUGCGLUAGG
CAUGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACCCUGCAGCCAUUGCAUGCARACCAGCAUG
UUGGUGGUCGUAAUGAGCAAUUGCGGGAUGGAACCGACUACUUUGGGUGUCCGUGUUUCUUGUUUUU
CCAUUAAUUGUCUUAUGGUUACAAGUUUGUGCAACAAAUUUGUGACC

rhinovirusC3
5

w

UUAAAACUGAAUCAUGGUUGUUCCCACCAUGAUUGUCUACUGGACGUUGUACUCUUGUAUUCCGGUA
CACUUGUACGCCAGUUUUAUAACCCCUUCCCCUUUGCAACUUAGAAGAAAGUAAACACUGGCCAAUA
GGAAAUAGCAAACCACGCUAUUUACGGUCAAGCACUUCUGUUUCCCCGGUCUGACGGGAUAUGCUUC
ACCCGAGGCAGAAACUCAGAUGAUCGUUAUCCGCAAAGUGCCUACGGGAAGCCUAGUAGCACUUUGG

rhinovirusC3
9
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AAGUUGUUGGGCUGGUCGCUCAAUUGCUGACCCCGAGCAAUAGACUUGGCAGAUGAGGCUGGACGUG
CCCCACCAGUGAUGGUGGUCCAGCCUGCGUGGCUGCCUACUCACCCUAACAGGGUGAGAAGCCUAUC
AAUAGACAAGGUGUGAAGAGCCUACUGUGCUCACUUUGAUUCCUCCGGCCCCUGARAUGUGGCUAAUC
CUAACCCCGUAUCUAUCGCAUGCACACCAGCAUGUAGGUAGUCGUAAUGGGCAACUACGGGACGGAA
CCAACUACUUUGGGUGUCCGUGUUUCCUUGUUCUUUUAUUACUUGCGUAUGGUGACAAUUGUAUGAA
AUACGAUUGACACC

o

GACCCGCACUAGUACUACGCAAAGCCUAGUAAUAUCUUGAAGCUCUUCUGGUUGGUCGUUCCACUAG
UCACCCCCUAGUAGACCUGGCAGAUGAGGCAGGACACUCCCCACUGGUGACAGUGGUCCUGCCUGCG
UGGCUGCCUGCACACCCUCCGGGGUGUGAAGCCAAAAGAAGGACAAGGUGUGAAGAGCCCCGUGUGC
UACUAGUGAGUCCUCCGGCCCCUGAAUGCGGCUARUCUUACCCCACAGCUAUUGCACACAAUCCAGU
GUGUAUGUAGUCGUAAUGAGUAAUUGUGGGACGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUU
AUUCUCAUGUUUUUGCUUAUGGUGACAAUACUGACAUAUAGUGUUGUUACC

rhinovirusC4
0

ol

UUAAAACUGGGUAGGGGUUGUUCCCACCCCUACCACCCACGUGGUGUAGUGCUCCUGUAUUACGGUA
CACUUGCACGCCAGUUUGCCUCCCUACCCCCUUCCCAUUCACACCCAACCCUGCGUAACUUAGAAGC
UAUGCACAAGACCAAUAGGUGGUAACAAUCCAUGUUACUARAGGUCAAGUACUUCUGUUUCCCCGGL
AUGCGUGGAAUAAACAGUGCAAACGGUUGAGGCCACAAAUGUCGUUACCCGCGCAUGAACUACGCAG
AGCCUAGUAUCCCCCUGAAAGUCCAUUGGUUGGUCGCUCAGCUAAUCCCCAUAGUAGACCUGGCAGA
UGAGGCAAGACGCACCCCACUGGCGACAGUGGUCUUGCLUGCGUGGCUGCCUGCACACCCUUCGEGE
UGUGAAGCCAAUUGAUAGACAGGGUGUGAAGAGCCGAGUGUGCUUCAUGUGAGUCCUCCGGLLCCUG
AAUGCGGCUAAUCCAACCCCGCAGCUGUGGCACACAAUCCAGUGUGUAUGCAGUCGUAACGGGCAAC
UGCGGGACGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUVAUUCUUUAAUCRAGUACUUAUGGU
GACAAUAAUAAAUAUUGUUACC

rhinovirusC4
1

o v

UUAARACUGAGUGUGGGUUGUUCCCCACCCACACUGUCUACGGGACGUUGUACUCUUGUAUUCCGGU
ACACUUGUACGCCCAGUUUGCCACCCUAAACACCCCGUAACAAUAGAAGUCUACGCACACUUAGACC
AAUAGGGGGUGUUCAUCCAGUUCACCCAAGGUCAAGCACUUCUGUUUCCCCGGCRUAGGGGUGUUAG
GCUUCGCCCGAGGCCAAAGCUCUGAUUGUCGUUAUCCGCACAACUACUGGACAAAGCCUAGUAGCAC
CCUACGAUGUAGCAUGGUUGGUUGUUCCGCCAGUAUCCCCUGGUAAACCUGGCAGAUGGGGCUAGAA
GUUCCUCACUGGCGACAGUGUUCUAGCCCGCGUGGCUGCCUGCUCCCUUAUGGGAGAAGCCAUUCUA
CUGACAAGGUGUGAAGAGCCCCGUACGCUAGUUGUGAUUCCUCCGGCCCCUGAAUGCGGCUAAUCCA
ACCCUGCAGCCAUUACAUGGAAGCCACCAUGUGGAUGGUCGUAAUGAGUAAUUGCGGGACGGAACCG
ACUACUUUGGGUGUCCGUGUUUCUUGUUUUUCUUUUACUGACGUUUAUGGUGACAAUAUAUAUAUAR
CGUAUAUAUUGUUCAUC

rhinovirusC4
2

U1

GGUUGGUCGCUCCGUUGCAACCCCAGCAACAGACCUGGCAGAUGAGGCUGAGCAUUCCCCACCAGCG
AUGGUGGCUCAGCCUGCGUGGCUGCCUGCGCACCCUUCGGGGUGCGAAGCCAGARAGUGGACAAGGU
GUGAAGAGCCUAUUGUGCUCACUUUGAGUCLCUCCGGCCCCUGAAUGUGGCUAAUCCUAACCCCGCAG
CUACUACACAUAAGCCAAUGUGCAGGUAGUCGUAACGGGUAACUGUGGGAUGGAARCCAACUACUUUG
GGUGUCCGUGUUUCCUUGUUAUCCUUUUUUAAAUGCCUAUGGUGACAAUUGUACAGUAUACACUUGU
UACC

rhinovirusC4
3

GUGGUAAAUCCAUACCACUAAUGGUCAAACACUUCUGUUCCCCCGGCAUGUGAGGAAUAGGCUCCAA
AAGGGCUAARAGCCACUAGUGUCGUUAUCCGCAUUGGUACUACGCAARGCCUAGUAUCACUCUGGAAG
UCUCUCGGUUGGUCGCUCCACCAGGUACCCLCACUGGUAGACCUGGCAGAUGAGGCAGGACUCACCCC
ACUGGCGACAGUGGUCCUGCCUGCGUGGCUGCCUGCACACCCCUACGGGGUGUGAAGCCUAGAGAUA
GACAGGGUGUGAAGAGCCCCGUGUGCUACCAAUGAGUCLCUCCGGCCCCUGAAUGCGGCUAAUCUUAC
CCCACAGCUGUUGCACGCAAUCCAGCGUGUAUGCAGUCGUAAUGAGCAAUUGUGGGAUGGAACCGAC
UACUUUGGGUGUCCGUGUUUCCUUUUAUUCCUAUUAUUUGCUUAUGGUGACAAUAUUGAUAGCAUCA
GUGUUGUCAUC

rhinovirusC4

5

&3]

AACUGGGCUUGGGUUGUGCCCACCCAAGCUGCCCACGUGGCGUUGUGCUCUUGUAUUCCGGUACACU
UGCACGCCAGUUUGCCUCCCCUACCCUGCARCGAAUUUAGAAGAAUGGACACAARUAGACCARUAGG
UGGUGACAAUCCAUGUCACUAAUGGUCAAGCACUUCUGUUUCCCCGGUGUGAUGUGGAAUAAACUCC
CCCAGGGUUGAAGCCAUAAGCAUCGUUACCCGCUACGUGCCUACGCAARACCUAGUAGCAUUCUGGA
GUCUACUUGGUUGGCCGUUCAGCCACUAACCCGUGGUAGGCCUGGCAGAUGAGGCUGGGCGUACCCC
ACUGGUARACAGUGGCCCAGCCUGCGUGGCUGCCUGCCCCUCUUUGAGGGGAAGCCARUUAGGUGACA
GGGUGUGAAGAGUCCCGUGUGCUCACGUAGAGUCCUCCGGCCCCUGAAUGUGGCUAARUCCUAACCCC
GCAGCUAUUGCACACAAUCCAGUGUGUUAGUAGUCGUARUGGGCAACUGUGGGAUGGAACCAACUAC
UUUGGGUGUCCGUGUUUCUUGUUUUUCUUUUAUACUUGCUUAUGGUGACARAUAGUGCAUACUGUUU
GACACC

rhinovirusC4
9

UUCCCCGGACGUGUGAAUAGGCUCCACCAGGGGCUGAAGCUGUAGCGUUCGUUACCCGCACUGCUAC
UACGCARGGGUUAGUAUCUAACUGARARACAUUGUGGAGUUUCGCUCAGCAGAACCCCACUGUAGAUC
GGGGUAAUGGGGCUACACAACCCCCACCGGLCGACGGUGGUGUAGCCCGCGUGGUGCCCCGCCUGAGG
CUUGUGCCUCAGGACGCCACAAUGUUGACAGGGUGAGAAGGCCUACGUGUGCUAGCAGUGAGUCCUC
CGGCCUCUGAAUGCGGCUAAUCCUAACCCCAUAGCCAUCACACACAAUCCAGUGUGCAGGUGGUCGU
AACGGGUAACUAUGGGAUGGAACCGACUACUUUGAGUGUCCGUGUUUCCUAUUUUACCUUUACAUGU
CUUAUGGUCACAAUAUAGUGUAUACAUAUUGUGAUC

rhinovirusC5b
0

=,

UUAAAACAGCCGUGUGGUUGUACCCACCACCGGACACACUGUGUGUUGUGCACUGGAAUCUCGGUUC
CUUUGCAUGCCUGUUUUAAACCCCCCUUCCCCCACUCUUUCUAUCAUUCUUUUCUUCCUAAUGUAAC
UUAGACGUUAUACCACAGUCCAAUAGGACGUGGCCAAUCCAGGCCAUGACGGACRAAGCACUUCUGUC
UCCCCGGGCGUGUGAAUAGGCCUCAACAAGGCUGAAGCUGUAGCGCUCGUUAUCCGCAUUUGUACUA
CGCGAUGGCUAGUAUCAUCCUUCUCUUGGUCUUGGCGUUUCGCUCAGCGUGGUAACCCCCCACGUAG
AUCAGGGCRAAUGAGGCUGCAUAUGCCCCACCGGCGACGGUGAUGCAGCCUGCGUGGUGCCCCGECCUG

rhinovirusC5
1
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GGUUAACCCCCAGGACGCCACAAUCAAGACAGGGUGAGAAGACCUGAGUGUGCUACAGAUGAGUCCU
CCGGCCCCUGAAUGCGGCUAAUCCUAACCCUGCAGCUAUCGUAUGCAAACCAGCAUAUUGGUAGUCG
UAACGAGCAAUUGCGGGACGGAACCGACUACUUUGGGUGUCCGUGUUUCUCUUUUUAUUUGAAAUGU
UGCUUAUGGUUACAAGUUUUGGUAUUAAACUUGUGACC

=

UUAAAACAGCUGUGUGGUUGUUCCCACCACCAGGCACACUGUGCGUUGUACACUGGGARUUCCGGUCA
CUUUGUACGCCUGUUUGCUAUCCCCCCCAACUUAUGUARAUUUAGAAGAUGUACACAACGCCCAUUAG
GAUGCGGCCAAACCAGGUCCGCUUAGGGCAAGCACUUCUGUUUCCCCGGGUGUGUGAAUAGACUCUA
ACAGGGUUGAAGCUGUAGCACUCGUUAUCCGCGCAACUACUACGCGAAUGUUAGUAGCAUCCUGUGU
UGCAUUUGGGAUUUCGCUCCGCAGAAAACCCCAUCUGUAGAUUAGGGCAAUGAGGCUACACAUACCC
CACUGGCGACAGUGGUGUAGCCUGCGUGGUGCCCUACCCAGGCCUUCUUGGCCUGGGAUUCCACUUA
CAAGACAGGGUGUGAAGGCACUAGUGUGCUAGUUGUGAGUCCUCCGGCCCCUGAAUGCGGCUAAUCU
UAACCCCGUAGCCCCCGCAAGUAAACCAACUUGUAGGUGGUCGUAAUGAGUAAUUACGGGAUGGARC
CGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUUAUAUUUGCAUCCUAUGGUUACAACAUAAGU
AAUC

rhinovirusC5
4

GCACUUCUGUUUCCCCGGACGUGUGAAUAGGCCUCACCAAGGCUGAAGCUGUAGCGUUCGUUAUCCG
CUCACCUACUGCGCAAAGACUAGUAACUAACUAGAUACUUAGUGGUGUUUCGCUCAGCAGUACCCCA
CUGUAGAUCGGGGCAAUGAGGCUACGCAUCCCCCACUGGCGACAGUGGCGUAGCCUGCGUGGUGCCC
UGCCCAGGCUUCGGUCUGGGACACCACUAUGUUGACAGGGUGUGAAGACCGGCGUGCGCUAGGUGUG
ACUCCUCCGGCCCCUGARAUGCGGCUAAUCCUAACCCCGCAGCCACCGCAUGCAALCCCAGCAUGUAGA
UGGUCGUAACGAGUAAUUGUGGGAUGGAACCGACUACUUUGGGUGUCCGUGUUUCCUGUUUUUCUUU
AUUGUUGUCCUAUGGUUACAAAUUUGUGUAUCAGAUUUGUGACC

rhinovirusC5
5

=

UUAAAACUGAACCAUGGUUGUUCCCACCAUGGUUACCCACGUGGUGCAGUGGACUUGUAUUACGGUA
CAUUUCCAUACCAGUUUUAUAACCCCUACCCUGARACUUUUAGAAGCAUGUACACAUACAGACCAAC
AGGUGGCAAUCAGCCAGAUUGCUAACGGUCAAGCACUUCUGUUUCCCCGGUAAUCUUGCAUACGCUU
CACCCGAGGCGAAAAGUGAGAUUAUCGUUAUCCGCAAAGUGCCUACGAGAAGCCCAGUAGCACAUUG
AAAGCCUAUGGUUGGUCGCUCAGCUGUUCACCCAACAGUAGACCUGGCAGAUGAGGCUAGAUAUUCC
CCACCAGCGAUGGUGAUCUAGCLCUGCGUGGCUGCCUGCACACCCUAUCGGGUGUGAAGCCAGAAAGU
GGACAAGGUGUGAAGAGCCUAUUGUGCUCACUUUGAGUCCUCCGGCCCCUGAAUGUGGCUAAUCCUA
ACCCCGUAGCUGUUGCAUGUAACCCAACAUGUCUGCAGUCGUAAUGGGCAACUACGGGAUGGAACCA
ACUACUUUGGGUGUCCGUGUUUCUUGUUUUUCUUUAUAUUUGCUUAUGGUGACAAUUGUAGAUACUA
CACUUGUUACC

rhinovirusC5
7

o = ou

ACCCUACUUAGGCAACCCCCACCCCUUCUCUUACGGGAGCUAGGGCCAAGGAUCUAUUGUAGUGGUG
UUGUAUCCCCUUACCUUAUACCCAUCCCCACCCAAACGGACUGGUAUUACGGUUUAGACUGAAUAAU
GGUUUAUGAAUUCARACCUGUUACUCAUUCAGGGGAAARAUGAAGACAUAUUCUAUGGAUUGGACCU
GUUAUGACCAAGAGUUGGCGUCUUGCGCGCUAGCCGUAUGGACAGUUUAAUGGUUACUCUUUGGAUU
AUGAUUUCAGGGUUGGCCGCCCAGGAUAAAAGGCAAUUGUGGCAAGUGAUGUUAGUCAUUGGCAGUU
GAAACCUGCCUAGAACAUCCUAGGUCUACGCUGUGCGGGCCGAAGUAAGUCUAGGAACAACAGGGAG
UAUGCUGUUUUUUGCUUUCACCCAACACGACCGUACACGARAGAGCUAGAGGCAUCUGGAGGCARAAG
GGAAAAGAAUUUCUUAGCCCGAAUGUUCAUUAGAGUCCUUGACGAAUGCGUCCCCUCUGUCCCGAGG
GUGAGGCGUAUGGCGCAUGCUCAUGGCAUUACUCCAAGGUGUAUCUAGAGGGGGGGGCCCCCUCUAL
UUAGUCUAGUGCUACCUGACAGGGCCGCGGLCUGGUCGUUUGUGUAUGGUAUAACCAGUAGUAAUCCC
CCAUGGAUUGCUUUAARACCCCCUCCCCCCUCAACAAGACAUUCUCUARG

simiansapelo
virus3

CCGACCAGUAGUGUCCGAAAUGCUAGAGUGGACUUCCUCCCUUCCCCUCUGGGUAUCUUGCCCAGUU
UCCUCCCCCCAACCUGACGUGCCACAGGCUGUGARAACACCCCGCGAAAGCUGCCARAAGUGGGAAU
UGUGGGUCCCCCCCUUUGCCAAGGAGUCGAGUCUUUCUCCCUUAAGGCUAGCCCCAUCAGUGAAUUC
UGUUGGGCARACUAGUGACGCCACUGCAUGCCUCCGACCUCGGCCGCGGAGUGCUGCCCCCCARGUCG
UGCCCCUGACCACAAGUUGUGCUGUCUGGCAAACAUUGUCUGUGAGAAUGUUCCGCUGUGGCUGCCA
AGCCUGGUAACAGGCUGCCCCAGUGUGCGUAGUUCUCAUCCAGACUUCGGUCUGGCAACUUGLCUGUU
AAGACACGGCGUAAGGGGCGUGUGCCAACGCCCUGGAACGAGUGUCCACUCUAAUACCCCGAGGARU
GCUACGUAGGUACCCCUGGUUCGCCAGGGAUCUGAGCGUAGGCUAAUUGUCUAAGGGUAUUUUCAUU
UCCCACUCUCUCUUUCUUGUUCAUA

alchivirusA2
;caninekobuv
irus

GGAAUURARCGGGCACCCACUCACCCCCAUCCCCCCCUGUAACUUARAGUGUGUGCUCGUGACCUUG
ACUCCUGCGGGCUUCACCGACCCGUCCAGUGAACAAACUGCUAGGUGACUCCUUCCCCCCCCCUGGC
CUGGAUGGCCCACAUCCAGGUCUUCUUCCCCCAGCCCGACAUGUCAUGGGCUGUUUGGAAUCCCCGC
GAAAGCUGCUAACGUGGCAAUUGUGGGUCCLCCCUUCCAACAAGACACCGAGUCUUUCUCCCUUAAGG
CUAGCCCCGUGUGGUGAAUUCCACCGGGCARCUAGUGGUGUCAAUGCAUGCCUCCGACCUCGGLLCGL
GGAGUGCUGCCCCCCAAGUUGCGAAACUGACCAAGACUGUGCUGCCUGGCAAGCAUAGUCUGAGGAG
AUGUUCCGCUGUGGUUGCCAAACCUGGUAACAGGUGCCCCAGUGUGCGUAGUCUCCUUCCGGUUCGU
CCGGCUGUCCUUUGGUARAGACACAAUGUAAGGGGCGUGUGCCAACGCCCUGGARAGAGUGAACUUC
UACUGCCCUAGGAAUGCCACGCAGGUACCCCUGGUUUCCCACCAGGGAUCUGAGCGUGGGCUARAUUG
UCUAACGGGUAGUUUCAUUUCCCUCCUCUCUUUUGUUGACAUC

aichivirusha4d
; felinekobuv
irus

UUCGGUACCUGUUUGGAGGAAUUAAACGGGCACCCUACCCAAGGGUUACAUGGGACUCCAACUCCCC
UUUCCCCGUAACUCUAAGUAAUGUGCUCGUAAUCUUGACCCCUCCGGGUUGUGUCGCCCCGUGAGUG
AACAAAUAGUUAGACACGCUCCUCCCUUCCCCUGGGUGGGCACACGCCCACUCACAUCCACCCCCCA
GCACAACAUGUUCGUGCUGUGGUUGAUGCACCUGGAAGCCGCGAAAGCUUCGGUUAGUAGUGGCAAC
CGGUUGACCUACACAACCAAAUGCUCAGAGUCUUUCUCCCUUAAGGCUAGACCCCCUGGUGAAUUCC
ACGGUGGCAACUAGUUGAGCAAACAUGUCCCACAAGUGCGGCCGCGGAGUGCUGUUCCCCAAGCCUU
GUGUGUCCUCCUGUGAAGUUGUGCCUGGCAAGCAUAUCUGAGAAGAUGUUCCGCUGCCUCGUGCCAA
CCUGGCAACAGGUGACCCAGUGUGCGUAGUCUUCUUCCGUCUUACGACGGACUUCCUCUAGGAUGCC

aichivirusA?7
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CUGGUGUAAGGUACAUGUGCCAACGCCCCAUGCGUGGUGUUCUUCUAAGGCCCUAGGAAUGCACCGL
AGGUACCCCUGUCUCGGCAGGGAUCUGAGCGGUGGCUAAUUGUCUACGGGCCUUUUCAUUUCCCAUU
CUUCUUGACUGUCAUCAUGGCCACAUCACACGGAUCUCGUUUGGUGUCCAAUGCUUCUCAGCUUCUU
UCCUCCUAUGAUAGACUCUACAGAACUGUCAGGGACUGGCGUGACACUGAUCAACUGCGCCAGACCC
GAAUGCCCUACCUUCUUCCUGUUGCCCCUGGUGAGUGCAUUUCCUGCUACCUUGAGCGGACCGAACG
GGACCCCAUGUCCAUCACGGACGAUGGGUACCCCUGGACGGUUUGCCCAGACUGCAAGACCCCUCCC
ARAACGCARACCCCCCCCCCCCGARGAGUUUCUGUAUGACUCUGACGUCCAGUCUUGGUUCGAAGAAGA
CCAGACUCCUGUGACUGACAGAGAACAGAACAUUUUUGACCAAAUAGCC

NS}

GCCAGGUCGCAUCGCCUGGUUGGUGACCAARCUGCUAGAUGCUCCUCCCUUUCCCUCGGGGUUGGCG
CACCGCCAUCCCUGCAUCCUCCCCCCAGCCUGACAUGCUACAGGCUGUGCAAGARCCCCGCGAAAGC
UGCCACCGUGGCAAUUGUGGGUCCCCCUCUUGUCAAGGCACAGAGUCUUUCUCCCUUAAGGCUAGAC
CCCUCUGUGAAUUCAGAGGCGGCAACUAGUUGUGCCACUACAUGCCUCAGACCUCGGUCGCGGAGUG
CUGUUCCCCARACCCUGACACUGCCGCGUGAGUAUGCUGCUUGGCAAGCAUUGCCUGGAUGGUCGEUU
CCGCUGGGGCUGCCAGGUCUGGUAACAGACCGCUCCAGUGUGCGUAGACCAUCUCCAGCUUCGGCUG
GUGCUCACAAGGUAAGACUCGGUGUAAGGUUCAUGUGCCAACACCCUGGAAUGAGUGAAAACUCUAC
UGCCCUAGGAAUGCUACGCAGGUACCCCUGCUCCCUUGGGAGCCAGGGAUCUGAGCGUAGGCUAAUU
GUCUGUCGGGUAGUUUCAUUUCCCACCCUCUAGACUGUUCACC

aichivirusA8
;murinekobuv
irus

N

UUUGAARAGGGGGUGGGEGGEGGCUUCGGCCCCCUCACCCUCUUUUCCGEGCGGCGCAUGUUCGCGUCGU
CGUAAGUCUGGAUUCCCAAGGCCCACUCGGUUCAACUUCGGUUUCCGGACAAAUACRAAGAACCUCA
GUCCUCUUGGUACUUUCUCGCCUGAGUCUACAAAGCGAGAAACCUGCCCCUCUAACGCCAGACGAGC
GGCAUARAACUCGAACUUCUGGCACGUUCCACCACCCCUUCUCCUAUCCCAACCCCCAUUGCGCUCU
CAAGGUCGCGCUUUUCCGAGACUAGCUCGGAUUCAAAAAGUUCCUGGCACCCUUUACCCCUUCAGGC
CCUUAAGGUAGGAACUGACCUUGUGCUGUGAUCUCGGUGCGGAAGUGCUACUGCGUAGUGAUUGUAA
GAUCCUUUUGUGGUUCUGCCCUGGCAAGGCUACAGAGUGCUGUGAUCCGCUGCGGAUGCCAUCCUGG
UAACAGGACCCCCAGUGUGCGCAACAGUAUGUUCACGGUCUUCCGUGUUCACCACAUUCGGAACACU
GCUUUCGUGARACAGUGUGUGUCCAARUCCCUGUGAUCAGUAUCAACCACACCACCUAGGAAUGCUAG
GAAGGUACCCCGGUUCGCCGGGAUCUGAUCCUAGGCUAAUUGUCUACGGUGGUGCUCCUUUUUAUUU
UCCACUUCAACUCACUGGUUACAACUGCUUGAUUUCUGUGUUUGCUGCUUUUCUCUGCUCUCACUGC
CAUUCUCAAGUGUUCACACUGUCCAAGCUCCUUUGGUUGUUCGCUUCCACUUGCCACUGUCAACUCU
UGUC

aichivirusB1l
;bovinekobuv
irus

NV

CCAUGGUGUACAUCGGUUUCCGGGCARAAUACAAGAACCCCAGUUUUCCUGGCAAUUCCUUGACUGGG
UUAAAGAAAUAAGGAACCAGCCCCUCUAACGCCAGACGAGCGGCUUUARACUUGAACUUCUGGCACA
CUUUUCUCCACUACCCUUUUCCCCAAACUCGGACUGACUCACUGGAUUUUGACCACUCCCCCUUUGU
CUGACCACUCUUUUGGAUCUCCCUCCARACAUGCCGGUGGUGCCUGGCGGARARAGCACAAGUUGUGU
GAGCAACACCCCCACAGGUCCCACGGAACGGUCUGUGCLCGCAGAUCUAGUACGUGCGGAUCCCUGG
UUGCUUCCACUGCUCGCCUGUGAGUAGAGUAGGUGCUGGGUGUGAUGCGUCUUCGGACGCCUCGGGL
AUAGCAUUGCUCCCCCGAGAAUCAAGCCAUCGAGAUUUCUCUGGCCUCUGAAGUCACGCCUGGACGC
GUAG

alchivirusB2
; ferretkobuv
irus

]

UUUGAARAGGGGGUGGGGGGGCCUCGGCCCCCUCACCCUCUUUUCCGGUGGCCACCCGCCCGGGCCA
CCGUUACUCCACUCCACUCCUUCGGGACUGGUUUGGAGGAACAUAACAGGGCUUCCCAUCCCUGUUU
ACCCUUACUCCACUCACCCUUCCCCUUGACCAACCCUAUCCACACCCCACUGACUGACUCCUUUGGA
UCUUGACCUCGGAAUGCCUACUUGACCUCCCACUUGCCUCUCCCUUUUCGGAUUGCLCGGUGGUGLCU
GGCGGARAAAGCACAAGUGUGUUGUUGGCUACCAAACUCCUACCCGACAAAGGUGCGUGUCCGCGUG
CUGAGUARAUGGGAUAGGAGAUGCCAAUAACAGGCUCGCCCAUGAGUAGAGCAUGGACUGCGGUGCAU
GUGACUUCGGUCACCAGGGGCAUAGCAUUGCUCACCCCUGAAUCAAGUCAUCGAGAUUUCUCUGACC
UCUGAAGUGCACUGUGGUUGCGUGGCUGGGRAUCCACGCUUGACCAUGUACUGCUUGAUAGAGUCGC
GGCUGGCCGACUCAUGGGUUAARAGUCAGUUGACAAGACAC

aichiviruscCl
;porcinekobu
virus

N

CAUCCCCAAUAUGUUCGGUGAGGAAUGCUACCACGUAACUAUUAGUGAACCCAUUGACUGUUCUGCC
CUGGCAAGGCUAUAGAGUACAGUGUUCCGCUGUGGAUGCCGUCCUGGUAACAGGAUCCCCAGUGUGU
GUAGCUGUAUGUUCAACUUCGGUUGUUCACAGUCCUUGGUCUAGCUUUUAGUGARAUGGUGUGCGCC
AUAUCCCUACAUUUGGGUGCCACCUCUCAACCCCUAGGAAUGCUAGGAAGGUACCCCACCCUCCGGU
GGGAUCUGAUCCUAGGCUAAUUGUCUAUGGGGUUGUUUCCUUUUCUUUUCACCACUCAUUACUGGCU
CACAGAUUGUUUGUUGUGUUCCCUGCUCUCUCUAGCUCCCAACACGGCACACAGUCUCAGCCACACC
GCCUUUGCAAACGACUACCAGAUUUGUUUCUUUGACUCCUCUGAUUCUCACAUCUUCACUGAACCAG
AC

aichivirusDl
;kagovirusl

N

GAAAGGGGGCCCGGLCGGGGCAACACCCGUCGGUCCCUCUUUCCGUCCARGCCGCGGACGUUAAACUG
UGGCACGGUUGUGCCUAGGUGCAACCCUGCUACUAAUGGCGGUACCCCUGCCCUUAGUAUGCAUGUU
UGUAUGARAUGGAAUCUGUAGUGAUGCCCUGCUUUGGGGUCUCUAARACACACUACAGUGAUGGCUAG
AGCUCCUCUACUCCGGCUACCUUAGUAGUGAGCAUUGGAAGUAUAUUGUGAACAGGGUUCCACGCCC
GAUAARAGGCUGGUAUUCCCGCUCAUGGAGUGGACCUAGGUAACUAGGGCCAUGAGUGUGUGUGAAUC
AGCACCCGCAAGGGAUAGCAGUAUAUGGAAGGUGCUCGUGARACGGCAAGUGGAGUUAGUAGCAGCU
CUCAGUCUCAAGGUCAGCUUCUAGACAUGUGCCGCAGGUACCCCGUAAGGGAUCUGAGCGGUAGCUA
AUUAGUCCCUGGAGGUUGGCUGACUUUCUUCCUAUUUCUCUUUUCACUGCGAAUUGUGUGGAUUGGU
AUUCUUUAGAGCUUGGGAGUUGUCUCAUAUUGAAUUCAUAUAUUUUACUCUAUACUACACUCAAACA
CGGCUCUCUGGUCAGUUAAGAAAAUCAUUUAUAGRAUAAUAAA

oscivirusA2;
turdivirus3

N

UUAAAACAGCGGAUGGGUACCCCACCAUCCGACCCACUGGGUGUAGUACUCUGGUACUUCGUACCUU
UGUACGCCUGUUCUUCCCAUUGUACCCUUCCUGAACUUCCAACCCAAGUAACGUUAGAAGCUCAACA
UUUAGUACAACAGGAAGCACCACAUCCAGUGGUGUUUAGUACAAGCACUUCUGUUUCCCCGGAGCGA
GGUAUAGGCUGUACCCACUGCCAAAAACCUUUAACCGUUAUCCGCCAACCAACUACGUAAAAGCUAG

HRV-B3
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UAGUAUUAUGUUUUUAACUAGGCGUUCGAUCAGGUGGAUUUCCCCUCCACUAGUUUGGUCGAUGAGG
CUAGGAAUUCCCCACGGGUGACCGUGUCCUAGCCUGCGUGGCGGCCAACCCAGCUUAUGCUGGGACG
CCUUUUUAUAGACAUGGUGUGAAGACUCGCAUGUGCUUGGUUGUGAUUCCUCCGGCCCCUGAAUGCG
GCUAACCUUAACCCUGGAGCCUUGUGUCACRAAACCAGUGAUGAUAAGGUCGUAAUGAGCAAUUCCGG
GACGGGACCGACUACUUUGGGUGUCCGUGUUUCUUAUUUUUCUUAUUAUUGUCUUAUGGUCACAGCA
UAUAUAUAACAUAUACUGUGAUC

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAAUAGAUGACUUACAACURAUCGGAAGGUGC AnaX-CVB3-
AGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGAGAGUCCARUUCUCAAAGCCA IL2

7 | AUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAARAUCCGUUGAUUAAAACAGCCUGUGGGUUGAUCCC precursor
ACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCC
CUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUU
UUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAARG
CGUUCGUUAUCCGGCCAARCUACUUCGAAARAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGECU
CAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGE
CUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUC
UAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCU
CAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUG
UUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGG
AUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGA
AAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAARUGUAUAGAAUGCAGCUGCUG
UCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACAAGCUCUAGCACCAAGAARA
CCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAACGGCAUUAACAACUACAA
GAACCCAAAGCUGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCUAAGAAGGCCACAGAGCUGAAG
CACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUUAAUCUGGCUCAGAGCAAGA
ACUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAUCGUGCUGGAACUGAAAGGCAG
CGAGACRACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGAAUCGGUGG
AUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACCUGAUAAUAGAGACGCUACGGACUUAARAUARAU
UGAGCCUUARAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUA
GACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACA
GCAUAUCUAG

N

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAAUAGAUGACUUACAACUAAUCGGAAGGUGC AnaX-CLEAN-
AGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUARAGAGAGAGUCCAAUUCUCAAAGCCA PIE-IRES-

8 | AUAGGCAGUAGCGAAAGCUGCARGAGAAUGAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCAC rawCVB3-
ACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGU CVB3-1IL2
UGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAARACCUAGUAACACCGUGGAAGUUGCA precursor
GAGUGUUUCGCUCAGCACUACCLCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGA
CCGUGGCGGUGGCUGCGUUGGCGEGCCUGCCLAUGGGGAARACCCAUGGGACGCUCUAAUACAGACAUG
GUGCGAARGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUARUCCUAACUGCGG
AGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUU
UGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACRAUUGAGAGAUCGUUACCA
UAUAGCUAUUGGAUUGGCCAUCCGGUGACURAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUAC
CACUUAGCUUGARAGAGGUUAAAACAUUACARAUUCAUUGUUAAGUUGAARUACAGCARAGCCACCAUG
UAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACAA
GCUCUAGCACCAAGAAAACCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAA
CGGCAUUAACAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCUAAG
AAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUUA
AUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAUCGU
GCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGUG
GAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACCUGAUAAUUAARRAC
AGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGU
GCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAAAUAAUUGAGCCUUARAGAAGAAATUUCUUU
AAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCC
GAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

N ;g

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAAUAGAUGACUUACAACUAAUCGGAAGGUGC AnaX-CLEAN-
AGAGACUCGACGGGAGCUACCCUAACGUCARGACGAGGGUARAGAGAGAGUCCARUUCUCAARGCCA PIE-TIRES-

9 | AUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAAAAUUACAACACACCGAUCAACAGUCAGCGUGGCAL rawMutation2
ACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGU -CVB3-1IL2

UGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCA precursor

GAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGA
CCGUGGCGEUGGCUGCGEUUGGCGEGCCUGCCLCAUGGGGAAACCCAUGGGACGCUCUAARUACAGACAUG
GUGCGARGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGG
AGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUU
UGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCA
UAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUAC
CACUUAGCUUGAAAGAGGUUAAARACAUUACRAUUCAUUGUUAAGUUGARUACAGCARAGCCACCAUG
UAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACAA
GCUCUAGCACCAAGAAAACCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAA
CGGCAUUAACAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCUAAG
AAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUUA

N
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AUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAUCGU
GCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGUG
GAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACCUGAUAAUUAARAC
AGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGU
GCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAAAUAAUUGAGCCUUAAAGAAGAAATUCUUU
AAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCC
GAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

w

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAAUAGAUGACUUACAACUAAUCGGAAGGUGC
AGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGAGAGUCCAARUUCUCAAAGCCA
AUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAAACCUCGCUCAGAGCAAGARCUUCCACCUGAGACCU
CGGGACCUGAUCAGCGACAUCAACGUGAUCGUGCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGU
GCGAGUACGCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUL
CAUCAUCUCCACCCUGACCUGAUAAUUARAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGG
GCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACU
UAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUG
UUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCA
ACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGU
AGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGLCCUGT
CCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUA
GUCCUCCGGCCCCUGARUGCGGCUAAUCCURACUGCGGAGCACACACCCUCAAGCCAGAGGGLCAGUG
UGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAU
ACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAC
UAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGARAGAGGUUAAAACAUUA
CAAUUCAUUGUUAAGUUGAAUACAGCAAAGCCACCAUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGC
CCUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACAAGCUCUAGCACCAAGAARACCCAGCUGCAG
CUCGAGCACCUGCUGCUGGACCUGCAGAUGARUCCUGAACGGCAUUAACAACUACRAGARCCCARAAGC
UGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCUAAGAAGGCCACAGAGCUGAAGCACCUGCAAUG
UCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUCUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUU
AAGUGGAUGCUCUCAAACUCAGGGAAACCUARAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCC
GAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

AnaX-CLEAN-
PIE-Cargo-
PIE1-CVB3-
IL2
precursor

w 0

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAAUAGAUGACUUACAACUAAUCGGAAGGUGC
AGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUARAGAGAGAGUCCAAUUCUCAAAGCCA
AUAGGCAGUAGCGARAGCUGCAAGAGAAUGAAUCUCUGACAUCAACGUGAUCGUGCUGGAACUGAAR
GGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGARUC
GGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACCUGAUAAUUARAAACAGCCUGUGGGUUG
AUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAU
ACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCC
ACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGA
GAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUU
UCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGL
GGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAA
GAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGARUGCGGCURAUCCUAACUGCGGAGCACAL
ACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGU
CCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCU
AUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAG
CUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUARAGUUGAAUACAGCRAAAGCCACCAUGUAUAGAA
UGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACAAGCUCUAG
CACCAAGAAAACCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAACGGCAUU
AACAACUACAAGAACCCAAAGCUGACCAGARAUGCUGACAUUUAAGUUCUACAUGCCUAAGAAGGCCA
CAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUUAAUCUGGL
UCAGAGCAAGAACUUCCACCUGAGACCUAGAGACUUAAAUAAUUGAGCCUUARAAGAAGAAAUUCUUU
AAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCC
GAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

AnaX-CLEAN-
PIE-Cargo-
PIE2-CVB3-
IL2
precursor

w

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCCGUCGAUUGUCCACUGGUCAACAAUAGAUGACU
UACAACUARUCGGARGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAARGACGAGGGUARAGAGA
GAGUCCAAUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAAAACCCCCCCAUUAAA
ACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUALCCUUU
GUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAG
CGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCARAUAGACUGCU
CACGCGGUUGAAGGAGARAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGG
AAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCC
ACGGGCGACCGUGGLGGUGGCUGCGUUGGCEGCCUGCCCAUGGGGARACCCAUGGGACGCUCUAAUA
CAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCU
AACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACC
GACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAU
CGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGE
GUUUAUACCACUUAGCUUGAAAGAGGUUAARACAUUACAAUUCAUUGUUAAGUUGAAUACAGCARAG
CCACCAUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUGGCCGAGUUCCUGGCCAC
GACCCUCUUUGUCUUCAUCAGCAUCGGUUCUGCCCUGGGCUUCAAAUACCCGGUGGGGAACAACCAG

AnaX-GCv3-
2xhomo-CVB3-
AQP1
precursor
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ACGGCGGUCCAGGACAACGUGAAGGUGUCGCUGGCCUUCGGGCUGAGCAUCGCCACGCUGGCGCAGA
GUGUGGGCCACAUCAGCGGCGCCCACCUCARCCCGGCUGUCACACUGGGGCUGCUGCUCAGCUGCCA
GAUCAGCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGGGCCAUCGUCGCCACCGCC
AUCCUCUCAGGCAUCACCUCCUCCCUGACUGGGAACUCGCUUGGCCGCAAUGACCUGGCUGAUGGUG
UGAACUCGGGCCAGGGCCUGGGCAUCGAGAUCAUCGGGACCCUCCAGCUGGUGCUAUGCGUGCUGGL
UACUACCGACCGGAGGCGCCGUGACCUUGGUGGCUCAGLCCCCCUUGCCAUCGGLCCUCUCUGUAGLCT
CUUGGACACCUCCUGGCUAUUGACUACACUGGCUGUGGGAUUAACCCUGCUCGGUCCUUUGGLUCCG
CGGUGAUCACACACAACUUCAGCAACCACUGGAUUUUCUGGGUGGGGCCAUUCAUCGGGGGAGCCCU
GGCUGUACUCAUCUACGACUUCAUCCUGGCCCCACGCAGCAGUGACCUCACAGACCGCGUGAAGGUG
UGGACCAGCGGCCAGGUGGAGGAGUAUGACCUGGAUGCCGACGACAUCAACUCCAGGGUGGAGAUGA
AGCCCARAUGAUAAAGACGGGGGGGGCUUARAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGA
UGCUCUCARACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAG
UAAUUAGUAAGACCAGUGGACAAUCGACGGGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

w

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCCGUCGAUUGUCCACUGGUCARCAAUAGAUGACU
UACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGA
GAGUCCAAUUCUCAAAGCCAAUAGGCAGUAGCGARAAGCUGCAAGAGAAUGAACUGGAARACUCGCUUG
GCCGCAAUGACCUGGCUGAUGGUGUGAACUCGGGCCAGGGCCUGGGCAUCGAGAUCAUCGGGACCCU
CCAGCUGGUGCUAUGCGUGCUGGCUACUACCGACCGGAGGCGCCGUGACCUUGGUGGCUCAGCCCCC
CUUGCCAUCGGCCUCUCUGUAGCCCUUGGACACCUCCUGGCUAUUGACUACACUGGCUGUGGGAUUA
ACCCUGCUCGGUCCUUUGGCUCCGCGGUGAUCACACACAACUUCAGCARCCACUGGAUUUUCUGGGU
GGGGCCAUUCAUCGGGGGAGCCLCUGGCUGUACUCAUCUACGACUUCAUCCUGGCCCCACGCAGCAGU
GACCUCACAGACCGCGUGAAGGUGUGGACCAGCGGCCAGGUGGAGGAGUAUGACCUGGAUGCCGACG
ACAUCAACUCCAGGGUGGAGAUGAAGCCCARAUGAUAAUUAAAACAGCCUGUGGGUUGAUCCCACCC
ACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCLCCUCC
CCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGA
UCAAGCACUUCUGUUACCCCGGACUGAGUAUCRAUAGACUGCUCACGCGGUUGARGGAGAAAGCGUU
CGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGC
ACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGLCGGUGGCUGL
GUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUU
GAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUARUCCUAACUGCGGAGCACACACCCUCAAG
CCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUC
AUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUG
GCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGA
GGUUAAARACAUUACAAUUCAUUGUUAAGUUGARUACAGCAAAGCCACCAUGGCCAGCGAGUUCAAGA
AGAAGCUCUUCUGGAGGGCAGUGGUGGCCGAGUUCCUGGCCACGACCCUCUUUGUCUUCAUCAGCAU
CGGUUCUGCCCUGGGCUUCAAAUACCCGGUGGGGAACARCCAGACGGCGGUCCAGGACAACGUGAAG
GUGUCGCUGGCCUUCGGGCUGAGCAUCGCCACGCUGGCGCAGAGUGUGGGCCACAUCAGCGGCGLCC
ACCUCAACCCGGCUGUCACACUGGGGCUGCUGCUCAGCUGCCAGAUCAGCAUCUUCCGUGCCCUCAU
GUACAUCAUCGCCCAGUGCGUGGGGGCCAUCGUCGCCACCGCCAUCCUCUCAGGCAUCACCUCCAGC
UUAAAURAUUGAGCCUUAAAGARGARAUUCUUUAARGUGGAUGCUCUCARACUCAGGGAAACCUARAU
CUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGA
CGGGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

AnaX-GCv3-
2xhomo-
CLEAN-PIE-
Cargo-PIEl-
CVB3-AQP1
precursor

w

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAAUAAGAGAAAGUGCAACGACUAUUCCGAUAGGA
AGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUCUAGGGUAGUGAUAUAGUCUGAACAUAUAUG
GAAACAUAUAGAAGGAUAGGAGUAACGAACCUAUUCGUAACAUAAUUGAACCAGCUCCCUGACUGGG
AACUCGCUUGGCCGCAAUGACCUGGCUGAUGGUGUGAACUCGGGCCAGGGCCUGGGCAUCGAGAUCA
UCGGGACCCUCCAGCUGGUGCUAUGCGUGCUGGCUACUACCGACCGGAGGCGCCGUGACCUUGGUGG
CUCAGCCCCCCUUGCCAUCGGCCUCUCUGUAGCCCUUGGACACCUCCUGGCUAUUGACUACACUGGC
UGUGGGAUUAACCCUGCUCGGULCCUUUGGCUCCGCGGUGAUCACACACRAACUUCAGCAACCACUGGA
UUUUCUGGGUGGGGCCAUUCAULCGGEGGGAGCCCUGGCUGUACUCAUCUACGACUUCAUCCUGGECLCC
ACGCAGCAGUGACCUCACAGACCGCGUGAAGGUGUGGACCAGCGGCCAGGUGGAGGAGUAUGACCUG
GAUGCCGACGACAUCAACUCCAGGGUGGAGAUGAAGCCCAAAUGAUAAUUAAAACAGCCUGUGGGUU
GAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUA
UACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGC
CACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCRAUAGACUGCUCACGCGGUUGAAGG
AGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAARAACCUAGUAACACCGUGGAAGUUGCAGAGUGU
UUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGALLGUGG
CGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUARUACAGACAUGGUGCGA
AGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUARUCCUARCUGCGGAGCACA
CACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGEUG
UCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGC
UAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUA
GCUUGARAGAGGUURARACAUUACAAUUCAUUGUUAAGUUGARUACAGCAARAGCCACCAUGGCCAGC
GAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUGGCLGAGUUCCUGGCCACGACCCUCUUUGUCU
UCAUCAGCAUCGGUUCUGCCCUGGGCUUCARAUACCCGGUGGGGAACAACCAGACGGCGGUCCAGGA
CAACGUGAAGGUGUCGCUGGCCUUCGGGCUGAGCAUCGLCACGCUGGCGCAGAGUGUGGGCCACAUC
AGCGGCGCCCACCUCAACCCGGCUGUCACACUGGGGCUGCUGCUCAGCUGCCAGAUCAGCAUCUUCC
GUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGGGCCAUCGUCGCCACCGCCAUCCUCUCUGGCAU
AAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAAAUCCUCUAAUUCAGGGAACACCUAAACAA

Twort-PIE-6-
CLEAN-PIE-
Cargo-PIELl-
CVB3-AQP1
precursor
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ACUAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUGACCAGUGGACAAUCGACGGAUAACAGCAUA
UCUAG

w v

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCCGUCGAUUGUCCACUGGUCAACAAUAGAUGACU
UACAACUARUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAARGAGA
GAGUCCAAUUCUCAAAGCCAAUAGGCAGUAGCGARAGCUGCAAGAGAAUGAGAAGUAACACACACCG
AUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAU
CAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUA
GUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUC
ACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGG
GACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAU
GCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUC
UGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGA
CAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACURAUAGAGCUAUUAUAUA
UCCCUUUGUUGGGUUUAUACCACUUAGCUUGAARAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUG
AAUACAGCAAAGCCACCAUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUGGCCGA
GUUCCUGGCCACGACCCUCUUUGUCUUCAUCAGCAUCGGUUCUGCCCUGGGCUUCARAUACCCGGUG
GGGAACAACCAGACGGCGGUCCAGGACAACGUGAAGGUGUCGCUGGCCUUCGGGCUGAGCAUCGCCA
CGCUGGCGCAGAGUGUGGGCCACAUCAGCGGCGCCCACCUCAACCCGGCUGUCACACUGGGGCUGCU
GCUCAGCUGCCAGAUCAGCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGGGCCAUC
GUCGCCACCGCCAUCCUCUCAGGCAUCACCUCCUCCCUGACUGGGAACUCGCUUGGCCGCAAUGACC
UGGCUGAUGGUGUGAACUCGGGCCAGGGCCUGGGCAUCGAGAUCAUCGGGACCCUCCAGCUGGUGCU
AUGCGUGCUGGCUACUACCGACLCGGAGGCGCCGUGACCUUGGUGGCUCAGLCCLCCCCUUGCCAUCGGL
CUCUCUGUAGCCCUUGGACACCUCCUGGCUAUUGACUACACUGGCUGUGGGAUUAACCCUGCUCGGU
CCUUUGGCUCCGCGGUGAUCACACACAACUUCAGCAACCACUGGAUUUUCUGGGUGGGGCCAUUCAU
CGGGGGAGCCCUGGCUGUACUCAUCUACGACUUCAUCCUGGCCCCACGCAGCAGUGACCUCACAGAC
CGCGUGRAGGUGUGGACCAGCGGCCAGGUGGAGGAGUAUGACCUGGAUGCCGACGACAUCAACUCCA
GGGUGGAGAUGAAGCCCAAAUGAUAAUUAARACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUG
GGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUARAC
UUAAAURAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAU
CUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGA
CGGGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

AnaX-GCv3-
2xhomo-
CLEAN-PIE-
IRES—
rawCVB3-AQP1
precursor

w o

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCCGUCGAUUGUCCACUGGUCARCARAUAGAUGACU
UACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGA
GAGUCCAAUUCUCARAGCCAAUAGGCAGUAGCGARAGCUGCAAGAGAAUGAAAAUUACAACACACCG
AUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAU
CAAUAGACUGCUCACGCGGUUGAAGGAGAARGCGUUCGUUAUCCGGCCAACUACUUCGAAAARACCUA
GUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUC
ACCGCAUUCCCCACGGGCGACCGUGGLCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGARACCLCAUGG
GACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAU
GCGGCURAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUC
UGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGA
CAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUARAUAGAGCUAUUAUAUA
UCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUG
AAUACAGCAAAGCCACCAUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUGGCCGA
GUUCCUGGCCACGACCCUCUUUGUCUUCAUCAGCAUCGGUUCUGCCCUGGGCUUCAAAUACCCGGUG
GGGAACARACCAGACGGCGGUCCAGGACAACGUGARGGUGUCGCUGGCCUUCGGGCUGAGCAUCGCCA
CGCUGGCGCAGAGUGUGGGCCACAUCAGCGGCGCCCACCUCAACCCGGCUGUCACACUGGGGCUGCU
GCUCAGCUGCCAGAUCAGCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGGGCCAUC
GUCGCCACCGCCAUCCUCUCAGGCAUCACCUCCUCCCUGACUGGGAACUCGCUUGGCCGCARAUGALCC
UGGCUGAUGGUGUGAACUCGGGLCCAGGGCCUGGGCAUCGAGAUCAUCGGGACCCUCCAGCUGGUGCU
AUGCGUGCUGGCUACUACCGACCGGAGGCGCCGUGACCUUGGUGGCUCAGCCCCCCUUGCCAUCGEL
CUCUCUGUAGCCCUUGGACACCUCCUGGCUAUUGACUACACUGGCUGUGGGAUUAACCCUGCUCGGU
CCUUUGGCUCCGCGGUGAUCACACACAACUUCAGCAACCACUGGAUUUUCUGGGUGGGGCCAUUCAU
CGGGGGAGCCCUGGCUGUACUCAUCUACGACUUCAUCCUGGCCCCACGCAGCAGUGACCUCACAGAC
CGCGUGARAGGUGUGGACCAGCGGCCAGGUGGAGGAGUAUGACCUGGAUGCCGACGACAUCAACUCCA
GGGUGGAGAUGAAGCCCAAAUGAUAAUUAARACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUG
GGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUARL
UUAAAUAAUUGAGCCUUARAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAARAU
CUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACARUCGA
CGGGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

AnaX-GCv3-
2xhomo—
CLEAN-PIE-
IRES—
mutationCVB3
-AQP1
pPrecursor

w

GGGAGACCCUCGAGGACACCCCCUGACCCGGUCUCAGARAGCCUGARAGCAGAAUUAGUCAUUAGAA
GGGUGGUUGGCUUGGUCGGCAUAGACUUUGAGCAGAAAGAGGUUGARAAUGUUGAGCCUGAUUUCUC
UUAGGCCCCUCUGCAGUGUCUGUUGUGGAGGCCAGAUACGUAACUGCUUCCGCUUUUUUUGGUCUCA
UUCAAGGUGAGCAAAUCCCCUUCAUGUUUCUCACCAGACAAUGCAGCUGAUGAGGUUCCAGCUUUGC
AAAUGUAGUCAUCCAUGAGGACUGUCUUCCUGAGAUUUCAUCAGGAACAAUAGAUGACUUACAACUA
AUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGAGAGUCCAA
UUCUCARAGCCAAUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAAAACCCCCCCAUUAAAACAGCCUG
UGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCU
GUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCAC

AnaX-MEHAl-
CVB3-IL2
precursor

227




WO 2024/193634 PCT/CN2024/082941

ACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGU
UGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCA
GAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGA
CCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGARACCCAUGGGACGCUCUARUACAGACAUG
GUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGLGG
AGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUU
UGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACRAUUGAGAGAUCGUUACCA
UAUAGCUAUUGGAUUGGCCAUCCGGUGACURAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUAC
CACUUAGCUUGAAAGAGGUUAAARACAUUACARAUUCAUUGUUAAGUUGAAUACAGCARAGCCACCAUG
UAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACAA
GCUCUAGCACCAAGAAAACCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAA
CGGCAUUARCAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCUAAG
AAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUUA
AUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAUCGU
GCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGUG
GAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACCUGAUAAAGACGGG
GGGGGCUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCARACUCAGGGARAC
CUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAACCUGAUGARAU
CUCAGGAAGACAGUCCUCAUGGAUGACUACAUUUGCAAAGCUGGAACCUCAUCAGCUGCAUUGUCUG
GUGAGARACAUGAAGGGGAUUUGCUCACCUUGAAUGAGACCAAARAARRAGCGGAAGCAGUUACGUAUC
UGGCCUCCACAACAGACACUGCAGAGGGGCCUAAGAGAAAUCAGGCUCAACAUUUUCAACCUCUUUC
UGCUCARAGUCUAUGCCGACCAAGCCAACCACCCUUCUAAUGACUAAUUCUGCUUUCAGGCUUUCUG
AGACCGGGUCAGGGGGUGUCCAUAACAGCAUAUCUAG

(&}

GGGAGACCCUCGAGGACACCCCLUGACCCGGUCUCAGARAGCCUGARAGCAGAAUUAGUCAUUAGAA AnaX-MEHA2-
3 | GGGUGGUUGGCUUGGUCGGCAUAGACUUUGAGCAGAAAGAGGUUGARACAAUAGAUGACUUACAACU CVB3-IL2

8 | AAUCGGRAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUARAGAGAGAGUCCA precursor
AUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAAAACCCCCCCAUUAAAACAGCCU
GUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGLGCC
UGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCA
CACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGG
UUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGC
AGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCG
ACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUARUACAGACAU
GGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGARUGCGGCUAAUCCUAACUGEG
GAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACU
UUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACC
AUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUA
CCACUUAGCUUGAAAGAGGUUARAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAGCCACCAU
GUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACA
AGCUCUAGCACCAAGAAARCCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGA
ACGGCAUUAACAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCUARA
GAAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUU
AAUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAUCG
UGCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGU
GGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACCUGAUAAAGACGG
GGGGGGCUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAA
CCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUARUCAACCUCUU
UCUGCUCARAGUCUAUGCCGACCAAGCCAACCACCCUUCUAAUGACUAAUUCUGCUUUCAGGCUUUC
UGAGACCGGGUCAGGGGGUGUCCAUAACAGCAUAUCUAG

5| GGGAGACCCUCGAAAAGAAGACAGUCUCGCUCUAUCGCCCAGGCUGGAGUGUAGARAUGCAGUGCUGU AnaX-MEHA3-
3 | GAUCUUGGCUCACUGCAACCUCUACCUCCCAGGCUCAAGCGAUUCUUCUGCCUCAGCCUCCCGAGUA CVB3-1IL2

9 | GCUAGGAUUACAGGCGCGCGCCACCACACCUAGCUUAUUUUUGUAUUUUCAGUAGAGAUGGGGUUUC precursor
ACCAUGUUGACCAGGCUGGUCUCAAACUCCUGAGCUUAAGUGACGUGCCCGCCUCAGCCUCCCAAAG
UGCUUGGAUUAUAGGUGUGAGCCACUGCACARACAAUAGAUGACUUACAACUAAUCGGRAAGGUGCAGA
GACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUARAGAGAGAGUCCAAUUCUCARAGCCAAUA
GGCAGUAGCGAAAGCUGCAAGAGAAUGAAAACCCCCCCAUUARAACAGCCUGUGGGUUGAUCCCACC
CACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUC
CCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUG
AUCAAGCACUUCUGUUACCCCGGACUGAGUAUCARUAGACUGCUCACGCGGUUGAAGGAGAAAGCGU
UCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAG
CACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUG
CGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAU
UGAGCUAGUUGGUAGUCCUCCGGCCCCUGARUGCGGCURAUCCUAACUGCGGAGCACACACCCUCAR
GCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUU
CAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUU
GGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAG
AGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAGCCACCAUGUAUAGAAUGCAGCUG
CUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACAAGCUCUAGCACCAAGA
AAACCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAACGGCAUUAACAACUA

228
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CAAGAACCCARAGCUGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCUAAGAAGGCCACAGAGCUG
AAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUUAAUCUGGCUCAGAGCA
AGAACUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAUCGUGCUGGAACUGARAGG
CAGCGAGACAACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGAAUCGG
UGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACCUGAUAAAGACGGGGGGGGCUUAAAUAAU
UGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAARUCUAGUUAUA
GACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAACAUCUCUACUGAAAAAUACAAAARAAU
UAGCCGGGCGUAGUGGCAUGAGCCUGUAGUCCCAGCUACUUGGGAGGCUGAGGCAGGAGAAUGGCGU
GAACUCGGGAGGCAGAGCUUGCAGUGAGCCGAGAUCACACCACUGCACUCCAGCCUGGGCGACAGAG
CGAGACUCCGUCUCAUAACAGCAUAUCUAG

vl

GGGAGACCCUCGAAGAGAGUCUCGCUCUUCGCCCAGGCUGGAGUGAGUGGUGUGAUCUGGCUCACUG AnaX-MEHA4-
4| CAACUCUCCUCCCGUCAGCAUUCUCUGCCUCAGCCUCCCAGUAGCUGGAUACAGGCCGCCACACCCG CVB3-1IL2

0 | CUAUUUUUGUAUUUUCAGUAGAGAUGAACAARUAGAUGACUUACAACUAAUCGGAAGGUGCAGAGACU precursor
CGACGGGAGCUACCCUAACGUCAAGACGAGGCUARAGAGAGAGUCCAAUUCUCAAAGCCAAUAGGCA
GUAGCGAAAGCUGCAAGAGAAUGAAAACCCCCCCAUUARAACAGCCUGUGGGUUGAUCCCACCCACA
GGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCC
AACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCA
AGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGU
UAUCCGGCCAACUACUUCGAAARACCUAGURAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACU
ACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGLGGUGGCUGCGUU
GGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAG
CUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCA
GAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUU
UUAUUCCUAUACUGGCUGCUUAUGGUGACARUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCC
AUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGU
UARAACRUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAGCCACCAUGUAUAGARUGCAGCUGCUGU
CUUGCAUCGCCCUGAGCCUGGCCCUGGUCACARACAGCGCUCCUACAAGCUCUAGCACCAAGARARARC
CCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAACGGCAUUAACAACUACAAG
AACCCAAAGCUGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCUAAGAAGGCCACAGAGCUGAAGC
ACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUUAAUCUGGCUCAGAGCAAGAA
CUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAUCGUGCUGGAACUGAAAGGCAGC
GAGACARCCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGARUCGGUGGA
UCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACCUGAUAAAGACGGGGGGGGCUUAAAUAAUUGAG
CCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUARAARUCUAGUUAUAGACA
AGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAACAUCUCUACUGAAAAUACAAAAAUAGCGGG
UGUGGCGGCCUGUAUCCAGCUACUGGGAGGCUGAGGCAGAGARUGCUGACGGGAGGAGAGUUGCAGU
GAGCCAGAUCACACCACUCACUCCAGCCUGGGCGAAGAGCGAGACUCUCUAUAACAGCAUAUCUAG

5 | GGGAGACCCUCGAGGCCCCUCUGCAGUGUCUGUUGUGGAGGCCAGAUACGUAACUGCUUCCGCAACA AnaX-MEHAS5-
4 | AUAGAUGACUUACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUARACGUCAAGACGAG CVB3-IL2

1 | GGUARAGAGAGAGUCCAAUUCUCAAAGCCARUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAARACCC precursor
CCCCAUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCA
CGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCARCUGUAACUUAGAAGURACACACACCGAU
CAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCA
AUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGU
AACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCAL
CGCAUUCCCCACGGGCGACCGUGGCGGUGGLUGCGUUGGCGGCCUGCCCAUGGGGARACCCAUGGGA
CGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGC
GGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUG
CAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACA
AUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUC
CCUUUGUUGGGUUUAUACCACUUAGCUUGARAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAA
UACAGCAAAGCCACCAUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCA
CAAACAGCGCUCCUACAAGCUCUAGCACCARGAARACCCAGCUGCAGCUCGAGCACCUGCUGCUGGA
CCUGCAGAUGAUCCUGAACGGCAUUAACAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUUU
AAGUUCUACAUGCCUAAGAAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGC
CCCUGGRAGAGGUGCUUARAUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCAG
CGACAUCAACGUGAUCGUGCUGGAACUGAARGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAU
GAGACCGCCACCAUCGUGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCC
UGACCUGAUARAGACGGGGGGGGCUUARAAURAUUGAGCCUUARAGARGAAAUUCUUUAAGUGGAUGC
UCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAA
UUAGUAAGCGGAAGCAGUUACGUAUCUGGCCUCCACAACAGACACUGCAGAGGGGCCAUAACAGCAU
AUCUAG

ol

GGGAGACCCUCGAUAGACUUUGAGCAGARAAGAGGUUGARAAUGUUGAGCCUGAUUUCUCUUAGAACA AnaX-MEHA6-
AUAGAUGACUUACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUARCGUCAAGACGAG CVB3-IL2

2 | GGUAAAGAGAGAGUCCAAUUCUCAARAGCCARUAGGCAGUAGCGAAAGCUGCAAGAGARUGARAACCC precursor
CCCCAUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCA
CGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAU
CAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCA
AUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAARAACCUAGU

i
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AACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCAL
CGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGARACCCAUGGGA
CGCUCUARAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGC
GGCUAAUCCURACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUARCGGGCAACUCUG
CAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACA
AUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUC
CCUUUGUUGGGUUUAUACCACUUAGCUUGARAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAA
UACAGCAAAGCCACCAUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCA
CAAACAGCGCUCCUACAAGCUCUAGCACCARAGAARACCCAGCUGCAGCUCGAGCACCUGCUGCUGGA
CCUGCAGAUGAUCCUGAACGGCAUUAACAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUUU
AAGUUCUACAUGCCUAAGAAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGC
CCCUGGAAGAGGUGCUUAAUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCAG
CGACAUCAACGUGAUCGUGCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAU
GAGACCGCCACCAUCGUGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCALCC
UGACCUGAUARAAGACGGGGGGGGCUUAAAUAAUUGAGCCUUAAAGARGAAAUUCUUUAAGUGGAUGC
UCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAA
UUAGUAACUAAGAGAAAUCAGGCUCAACAUUUUCAACCUCUUUCUGCUCARAGUCUAAUAACAGCAU
AUCUAG

5| AARAUCCGUUGAUUAARACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCU AnaX-CVB3-
4 | GGUAUCACGGUACCUUUGUGCGCCUGUUUURUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACA IL2 circRNA
3 | CACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUG
AGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAARA
ACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAU
GAGUCACCGCAUUCCCCACGGGLCGACCGUGGCGGUGGCUGCGUUGGLGGCCUGCCCAUGGGGAAACC
CAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCC
UGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGC
AACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAU
GGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUU
AUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUA
AGUUGAAUACAGCARAAUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUC
ACAAACAGCGCUCCUACAAGCUCUAGCACCAAGAAAACCCAGCUGCAGCUCGAGCACCUGCUGCUGG
ACCUGCAGAUGAUCCUGAACGGCAUUAACAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUU
UAAGUUCUACAUGCCUAAGAAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAG
CCCCUGGARAGAGGUGCUUAAUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCA
GCGACAUCAACGUGAUCGUGCUGGAACUGARAGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGA
UGAGACCGCCACCAUCGUGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACC
CUGACCUGAUAAUAGAGACGCUACGGACUU

5 | AGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGU AnaX-CLEAN-
4 | UACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGARAGCGUUCGUUAUCCGGCCAA PIE-IRES-

4 | CUACUUCGARARAACCUAGUAACACCGUGGARGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUA rawCVB3-
GAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGEGCCUGCC CVB3-IL2
CAUGGGGARACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAG circRNA
UCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUA
CUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACU
AAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUARAACAUUAC
AAUUCAUUGUUAAGUUGAAUACAGCAAAGCCACCAUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCC
CUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACAAGCUCUAGCACCAAGAAAACCCAGCUGCAGC
UCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAACGGCAUUAACAACUACAAGAACCCAAAGCU
GACCAGAAUGCUGACAUUUAAGUUCUACAUGCCUAAGAAGGCCACAGAGCUGAAGCACCUGCAAUGU
CUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUUAAUCUGGCUCAGAGCAAGAACUUCCACCUGA
GACCUCGGGACCUGAUCAGCGACAUCAACGUGAUCGUGCUGGAACUGAAAGGCAGCGAGACAACCUU
CAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGAAUCGGUGGAUCACCUUCUGC
CAGUCCAUCAUCUCCACCCUGACCUGAUAAUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCC
AUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUG
UAACUU

Ul

AAAAUUACAACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGU AnaX-CLEAN-
UACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGARAGCGUUCGUUAUCCGGCCAA PIE-IRES-

5| CUACUUCGAARAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUA rawMutation2
GAUCAGGUCGAUGAGUCACCGCAUUCCCCALGGGCGACLCGUGGCGGUGGCUGCGUUGGCGGCCUGCT -CVB3-IL2
CAUGGGGAARACCCAUGGGACGCUCUAARUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAG circRNA
UCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUA
CUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACU
AAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAARGAGGUUARAACAUUAC
AAUUCAUUGUUAAGUUGAAUACAGCAAAGCCACCAUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCC
CUGAGCCUGGCCCUGGUCACAAACAGCGCUCCUACAAGCUCUAGCACCAAGAAAACCCAGCUGCAGC
UCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCUGAACGGCAUUAACAACUACAAGAACCCAAAGCU
GACCAGAAUGCUGACAUUUAAGUUCUACAUGCCUAAGAAGGCCACAGAGCUGAAGCACCUGCAAUGU

i
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CUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUGCUUAAUCUGGCUCAGAGCAAGAACUUCCACCUGA
GACCUCGGGACCUGAUCAGCGACAUCAACGUGAUCGUGCUGGAACUGAAAGGCAGCGAGACAACCUU
CAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGAAUCGGUGGAUCACCUUCUGC
CAGUCCAUCAUCUCCACCCUGACCUGAUAAUURAARACAGCCUGUGGGUUGAUCCCACCCACAGGCCC
AUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUG
UAACUU

AAACCUCGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAUC
GUGCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCG
UGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGACCUGAUAAUUAAA
ACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUU
GUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAG
CGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCU
CACGCGGUUGAAGGAGARAGCGUUCGUUAUCCGGCCAACUACUUCGAARAACCUAGURACACCGUGG
AAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCC
ACGGGCGACCGUGGCGGUGGCUGCGUUGGCEGCCUGCCCAUGGGGARACCCAUGGGACGCUCUAAUA
CAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCU
AACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACC
GACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAU
CGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGG
GUUUAUACCACUUAGCUUGAAAGAGGUUAARACAUUACAAUUCAUUGUUAAGUUGARUACAGCARAG
CCACCAUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACAAACAGCGC
UCCUACARAGCUCUAGCACCAAGAAAACCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUG
AUCCUGAACGGCAUUAACAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUUUAAGUUCUACA
UGCCUAAGAAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGA
GGUCUU

AnaX-CLEAN-
PIE-Cargo-
PIEI-CVB3-
IL2 circRNA

[}

AAUCUCUGACAUCARCGUGAUCGUGCUGGARCUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUAC
GCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCU
CCACCCUGACCUGAUAAUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGE
ACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUA
ACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUALCCCG
GACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUC
GARAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGG
UCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGEGG
AAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCLUCCG
GCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAA
CGGGCARCUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUG
CUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAG
CUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGARAGAGGUUAARACAUUACAAUUCAU
UGUUAAGUUGAAUACAGCAAAGCCACCAUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCC
UGGCCCUGGUCACARACAGCGCUCCUACAAGCUCUAGCACCAAGARRACCCAGCUGCAGCUCGAGCA
CCUGCUGCUGGACCUGCAGAUGAUCCUGAACGGCAUUAACAACUACAAGAACCCAAAGCUGACCAGA
AUGCUGACAUUUAAGUUCUACAUGCCUAAGARAGGCCACAGAGCUGARGCACCUGCARUGUCUGGAAG
AGGAACUGAAGCCCCUGGAAGAGGUGCUUAAUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUAG
AGACUU

AnaX-CLEAN-
PIE-Cargo-
PIE2-CVB3-
IL2 circRNA

&3]

AAAACCCCCCCAUURAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCU
GGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACA
CACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUG
AGUAUCARAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCARCUACUUCGARAA
ACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAU
GAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACC
CAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCLCCC
UGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGC
AACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAU
GGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAARUAGAGCUAUU
AUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAARGAGGUUARARCAUUACARUUCAUUGUUA
AGUUGAAUACAGCARAGCCACCAUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUG
GCCGAGUUCCUGGCCACGACCCUCUUUGUCUUCAUCAGCAUCGGUUCUGCCCUGGGCUUCARAAUACC
CGGUGGGGAACAACCAGACGGCGGUCCAGGACAACGUGAAGGUGUCGCUGGCCUUCGGGCUGAGCAU
CGCCACGCUGGCGCAGAGUGUGGGCCACAUCAGCGGCGCCCACCUCAACCCGGCUGUCACACUGGGG
CUGCUGCUCAGCUGCCAGAUCAGCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGEGG
CCAUCGUCGCCACCGCCAUCCUCUCAGGCAUCACCUCCUCCCUGACUGGGAACUCGCUUGGCCGCAA
UGACCUGGCUGAUGGUGUGAACUCGGGCCAGGGCCUGGGCAUCGAGAUCAUCGGGACCCUCCAGCUG
GUGCUAUGCGUGCUGGCUACUACCGACCGGAGGCGCCGUGACCUUGGUGGCUCAGCCCCCCUUGCCA
UCGGCCUCUCUGUAGCCCUUGGACACCUCCUGGCUAUUGACUACACUGGCUGUGGGAUUAACCCUGC
UCGGUCCUUUGGCUCCGCGGUGAUCACACACARCUUCAGCAACCACUGGAUUUUCUGGGUGGGGCCA
UUCAUCGGGGGAGCCCUGGCUGUACUCAUCUACGACUUCAUCCUGGCCCCACGCAGCAGUGACCUCA
CAGACCGCGUGAAGGUGUGGACCAGCGGCCAGGUGGAGGAGUAUGACCUGGAUGCCGACGACAUCAA
CUCCAGGGUGGAGAUGAAGCCCAAAUGAUARAGACGGGGGGGGCUU

AnaX-GCv3-
2xhomo-CVB3-
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vl

AACUGGAAACUCGCUUGGCCGCAAUGACCUGGCUGAUGGUGUGAACUCGGGCCAGGGCCUGGGCAUC
GAGAUCAUCGGGACCCUCCAGCUGGUGCUAUGCGUGCUGGCUACUACCGACCGGAGGCGCCGUGACC
UUGGUGGCUCAGCCCCCCUUGCCAUCGGCCUCUCUGUAGCCCUUGGACACCUCCUGGCUAUUGACUA
CACUGGCUGUGGGAUUAACCCUGCUCGGUCCUUUGGCUCCGCGGUGAUCACACACAACUUCAGCAAC
CACUGGAUUUUCUGGGUGGGGCCAUUCAUCGGGGGAGCCCUGGCUGUACUCAUCUACGACUUCAUCC
UGGCCCCACGCAGCAGUGACCUCACAGACCGCGUGAAGGUGUGGACCAGCGGCCAGGUGGAGGAGUA
UGACCUGGAUGCCGACGACAUCAACUCCAGGGUGGAGAUGAAGCCCAAAUGAUAARUURRAAACAGCCU
GUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCC
UGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCA
CACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGG
UUGAAGGAGARAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGC
AGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGLG
ACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAU
GGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCG
GAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACU
UUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACC
AUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUA
CCACUUAGCUUGAAAGAGGUUARAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAGCCACCAU
GGCCAGCGAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUGGCCGAGUUCCUGGCCACGACCCUC
UUUGUCUUCAUCAGCAUCGGUUCUGCCCUGGGCUUCAARUACCCGGUGGGGAACAACCAGALCGGLGG
UCCAGGACAACGUGAAGGUGUCGCUGGCCUUCGGGCUGAGCAUCGCCACGCUGGCGCAGAGUGUGGE
CCACAUCAGCGGCGCCCACCUCRAACCCGGCUGUCACACUGGGGCUGCUGCUCAGCUGCCAGAUCAGL
AUCUUCCGUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGGGCCAUCGUCGCCACCGCCAUCCUCU
CAGGCAUCACCUCCAGCUU
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AACCAGCUCCCUGACUGGGAACUCGCUUGGCCGCAAUGACCUGGCUGAUGGUGUGAACUCGGGCCAG
GGCCUGGGCAUCGAGAUCAUCGGGACCCUCCAGCUGGUGCUAUGCGUGCUGGCURCUACCGACCGGA
GGCGCCGUGACCUUGGUGGCUCAGCCCCCCUUGCCAUCGGCCUCUCUGUAGCCCUUGGACACCUCCU
GGCUAUUGACUACACUGGCUGUGGGAUUAACCCUGCUCGGUCCUUUGGCUCCGCGGUGAUCACACAC
AACUUCAGCAACCACUGGAUUUUCUGGGUGGGGCCAUUCAUCGGGGGAGCCCUGGCUGUACUCAUCU
ACGACUUCAUCCUGGCCCCACGCAGCAGUGACCUCACAGACCGCGUGAAGGUGUGGACCAGCGGCCA
GGUGGAGGAGUAUGACCUGGAUGCCGACGACAUCAACUCCAGGGUGGAGAUGAAGCCCAAAUGAUAA
UURAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUA
CCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACA
GUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAARUAGA
CUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACAC
CGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAU
UCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCLCUGCCCAUGGGGAAACCCAUGGGACGCUC
UAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUA
AUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGCG
GAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGA
GAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUU
GUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUARAACAUUACAAUUCAUUGUUAAGUUGAAUACAG
CAAAGCCACCAUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUGGCCGAGUUCLCUG
GCCACGACCCUCUUUGUCUUCAUCAGCAUCGGUUCUGCCCUGGGCUUCAARARUACCCGGUGGGGAACA
ACCAGACGGCGGUCCAGGACAACGUGAAGGUGUCGCUGGCCUUCGGGCUGAGCAUCGCCACGLUGGL
GCAGAGUGUGGGCCACAUCAGCGGCGCCCACCUCAACCCGGCUGUCACACUGGGGCUGCUGCUCAGC
UGCCAGAUCAGCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGGGCCAUCGUCGCCA
CCGCCAUCCUCUCUGGCAU

Twort-PIE-6-
CLEAN-PIE-
Cargo-PIE1-
CVB3-AQP1
circRNA
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AGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGU
UACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAR
CUACUUCGAARAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUA
GAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCT
CAUGGGGARACCCAUGGGACGCUCUAARUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAG
UCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU
GUCGUAARCGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUA
CUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACU
AAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUARAACAUUAC
AAUUCAUUGUUAAGUUGAAUACAGCAAAGCCACCAUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGG
AGGGCAGUGGUGGCCGAGUUCCUGGCCACGACCCUCUUUGUCUUCAUCAGCAUCGGUUCUGCLCUGG
GCUUCARAUACCCGGUGGGGAACAACCAGACGGCGGUCCAGGACAACGUGAAGGUGUCGCUGGCCUU
CGGGCUGAGCAUCGCCACGCUGGCGCAGAGUGUGGGCCACAUCAGCGGCGCCCACCUCAACCCGGLU
GUCACACUGGGGCUGCUGCUCAGCUGCCAGAUCAGCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCC
AGUGCGUGGGGGCCAUCGUCGCCACCGCCAUCCUCUCAGGCAUCACCUCCUCCCUGACUGGGAACUC
GCUUGGCCGCAAUGACCUGGCUGAUGGUGUGAACUCGGGCCAGGGCCUGGGCAUCGAGAUCAUCGGE
ACCCUCCAGCUGGUGCUAUGCGUGCUGGCUACUACCGACCGGAGGCGCCGUGACCUUGGUGGCUCAG
CCCCCCUUGCCAUCGGCCUCUCUGUAGCCCUUGGACACCUCCUGGCUAUUGACUACACUGGCUGUGE
GAUUAACCCUGCUCGGUCCUUUGGCUCCGCGGUGAUCACACACAACUUCAGCAACCACUGGAUUUUC
UGGGUGGGGCCAUUCAUCGGGGGAGCCCUGGCUGUACUCAUCUACGACUUCAUCCUGGCCCCACGCA
GCAGUGACCUCACAGACCGCGUGAAGGUGUGGACCAGCGGCCAGGUGGAGGAGUAUGACCUGGAUGC
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CGACGACAUCAACUCCAGGGUGGAGAUGAAGCCCAAAUGAUAAUUAAAACAGCCUGUGGGUUGAUCC
CACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCC
CCUCCCCCAACUGUAACUU

ol

ARAAUUACAACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAARGCACUUCUGU
UACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAA
CUACUUCGAAAAACCUAGUAACACCGUGGARGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUA
GAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGLGGCCUGCT
CAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAG
UCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUA
CUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACU
AAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUAC
AAUUCAUUGUUAAGUUGAAUACAGCAAAGCCACCAUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGG
AGGGCAGUGGUGGCCGAGUUCCUGGCCACGACCCUCUUUGUCUUCAUCAGCAUCGGUUCUGCLCUGG
GCUUCARAUACCCGGUGGGGAACAACCAGACGGCGGUCCAGGACAACGUGAAGGUGUCGCUGGCCUU
CGGGCUGAGCAUCGCCACGCUGGCGCAGAGUGUGGGCCACAUCAGCGGCGCCCACCUCAACCCGGCU
GUCACACUGGGGCUGCUGCUCAGCUGCCAGAUCAGCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCC
AGUGCGUGGGGGCCAUCGUCGCCACCGCCAUCCUCUCAGGCAUCACCUCCUCCCUGACUGGGAACUC
GCUUGGCCGCAAUGACCUGGCUGAUGGUGUGAACUCGGGCCAGGGCCUGGGCAUCGAGAUCAUCGGE
ACCCUCCAGCUGGUGCUAUGCGUGCUGGCUACUACCGACCGGAGGCGCCGUGACCUUGGUGGLUCAG
CCCCCCUUGCCAUCGGCCUCUCUGUAGCCCUUGGACACCUCCUGGCUAUUGACUACACUGGCUGUGG
GAUUAACCCUGCUCGGUCCUUUGGCUCCGCGGUGAUCACACACAACUUCAGCAACCACUGGAUUUUC
UGGGUGGGGCCAUUCAUCGGGGGAGCCCUGGCUGUACUCAUCUACGACUUCAUCCUGGCCCCACGCA
GCAGUGACCUCACAGACCGCGUGAAGGUGUGGACCAGCGGCCAGGUGGAGGAGUAUGACCUGGAUGC
CGACGACAUCAACUCCAGGGUGGAGAUGAAGCCCAAAUGAUAAUUAAAACAGCCUGUGGGUUGAUCC
CACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCC
CCUCCCCCAACUGUAACUU
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AAAACCCCCCCAUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCU
GGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACA
CACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUG
AGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGARAGCGUUCGUUAUCCGGCCARCUACUUCGAAAR
ACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAU
GAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAARCC
CAUGGGACGCUCUAAUACAGACAUGGUGCGRAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCC
UGAAUGCGGCUAAUCCUARACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGL
AACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAU
GGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUU
AUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUARAACAUUACARUUCAUUGUUA
AGUUGARUACAGCARAGCCACCAUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCC
CUGGUCACAAACAGCGCUCCUACAAGCUCUAGCACCAAGAARACCCAGCUGCAGCUCGAGCALCCUGC
UGCUGGACCUGCAGAUGAUCCUGAACGGCAUUAACAACUACAAGAACCCARAGCUGACCAGAAUGCU
GACAUUUAAGUUCUACAUGCCUARAGAAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAA
CUGAAGCCCCUGGAAGAGGUGCUUAAUCUGGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACC
UGAUCAGCGACAUCRACGUGAUCGUGCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUA
CGCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUC
UCCACCCUGACCUGAUAARAGACGGGGGGGGLCUU
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AGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGU
UACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGARAGCGUUCGUUAUCCGGCCAA
CUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUA
GAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGLGGLCUGLC
CAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAG
UCCUCCGGCCCCUGAAUGCGGCUAAUCCUARCUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUA
CUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACU
AAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAARGAGGUUARAACAUUAC
AAUUCAUUGUUAAGUUGAAUACAGCARA
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UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUA
CCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUU
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5| AaAAUUACcaACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGU AnaX-CLEAN-

5| UACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGARAGCGUUCGUUAUCCGGCCAA PIE-IRES-

6 | CUACUUCGRAAARACCUAGUAACACCGUGGARGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUA rawMutation?2
GAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCLCUGCC -CVB3-
CAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAG 3',AnaX-
UCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGU GCv3-2xhomo-
GUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUA CLEAN-PIE-
CUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACU IRES—
AAUAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUAC mutationCvVB3
AAUUCAUUGUUAAGUUGARAUACAGCAAA -3"

5| aAAcCUcGCUCAGAGCAAGAACUUCCACCUGAGACCUCGGGACCUGAUCAGCGACAUCAACGUGAULC AnaX-CLEAN-

5 | GUGCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUACGCCGAUGAGACCGCCACCAUCG PIE-Cargo-

7 | UGGAGUUCCUGAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCUCCACCCUGALC PIE1-3"

5 | AUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACARACAGCGCUCCUA | AnaX—-CLEAN-

5| CAAGCUCUAGCACCAAGAAAACCCAGCUGCAGCUCGAGCACCUGCUGCUGGACCUGCAGAUGAUCCU PIE-Cargo-

8 | GRACGGCAUUAACAACUACAAGAACCCAAAGCUGACCAGAAUGCUGACAUUUAAGUUCUACAUGCCU PIE1-5"
AAGAAGGCCACAGAGCUGAAGCACCUGCAAUGUCUGGAAGAGGAACUGAAGCCCCUGGAAGAGGUCU
U

5| aAUCUCUGACAUCAACGUGAUCGUGCUGGAACUGAAAGGCAGCGAGACAACCUUCAUGUGCGAGUAL AnaX-CLEAN-

5| GCCGAUGAGACCGCCACCAUCGUGGAGUUCCUGRAAUCGGUGGAUCACCUUCUGCCAGUCCAUCAUCU PIE-Cargo-

9| CCACCCUGACC PIE2-3"

5| AUGUAUAGAAUGCAGCUGCUGUCUUGCAUCGCCCUGAGCCUGGCCCUGGUCACARACAGC AnaX-CLEAN-

6 PIE-Cargo-

0 PIE2-5"

5| aACUGGaAACUCGCUUGGCCGCAAUGACCUGGCUGAUGGUGUGAACUCGGGCCAGGGCCUGGGCAUC AnaX-GCv3-

6 | GAGAUCAUCGGGACCCUCCAGCUGGUGCUAUGCGUGCUGGCUACUACCGACCGGAGGCGCCGUGACC 2xhomo-

1 | UUGGUGGCUCAGCCCCCCUUGCCAUCGGCCUCUCUGUAGCCCUUGGACACCUCCUGGCUAUUGACUA CLEAN-PIE-
CACUGGCUGUGGGAUUAACCCUGCUCGGUCCUUUGGCULCCGCGGUGAUCACACACAACUUCAGCAAL Cargo-PIEl-
CACUGGAUUUUCUGGGUGGGGCCAUUCAUCGGGGGAGCCCUGGCUGUACUCAUCUACGACUUCAUCLE 3!
UGGCCCCACGCAGCAGUGACCUCACAGACCGCGUGAAGGUGUGGACCAGCGGCCAGGUGGAGGAGUA
UGACCUGGAUGCCGACGACAUCAACUCCAGGCUGGAGAUGAAGCCCAARUGAUAA

5| GCCACCAUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUGGCCGAGUUCCUGGCCA | AnaX-GCv3-

6 | CGACCCUCUUUGUCUUCAUCAGCAUCGGUUCUGCCCUGGGCUUCAARUACCCGGUGGGGAACAACCA 2xhomo-

2 | GACGGCGGUCCAGGACAACGUGAAGGUGUCGCUGGCCUUCGGGCUGAGCAUCGCCACGCUGGLCGCAG CLEAN-PIE-
AGUGUGGGCCACAUCAGCGGCGCCCACCUCAACCCGGCUGUCACACUGGGGCUGCUGCUCAGCUGCC Cargo-PIELl-
AGAUCAGCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGGGCCAUCGUCGCCACCGL 5!
CAUCCUCUCAGGCAUCACCUCCagCUU

5| aACCagCUCCCUGACUGGGAACUCGCUUGGCCGCAAUGACCUGGCUGAUGGUGUGAACUCGGGCCAG Twort-PIE-6-

6 | GGCCUGGGCAUCGAGAUCAUCGGGACCCUCCAGCUGGUGCUAUGCGUGCUGGCUACUACCGALCCGGA CLEAN-PIE-

3 | GGCGCCGUGACCUUGGUGGCUCAGCCCCCCUUGCCAUCGGCCUCUCUGUAGCCCUUGGACACCUCCU Cargo-PIEl-
GGCUAUUGACUACACUGGCUGUGGGAUUAACCCUGCUCGGUCCUUUGGCUCCGCGGUGAUCACACAL 3!
AACUUCAGCAACCACUGGAUUUUCUGGGUGGGGCCAUUCAUCGGGGGAGCCCUGGCUGUACUCAUCU
ACGACUUCAUCCUGGCCCCACGCAGCAGUGACCUCACAGACCGCGUGAAGGUGUGGACCAGCGGCCA
GGUGGAGGAGUAUGACCUGGAUGCCGACGACAUCAACUCCAGGGUGGAGAUGAAGCCCAAAUGAUARA

5| GCCACCAUGGCCAGCGAGUUCAAGAAGAAGCUCUUCUGGAGGGCAGUGGUGGCCGAGUUCCUGGCCA Twort-PIE-6-

6 | CGACCCUCUUUGUCUUCARUCAGCAUCGGUUCUGCCCUGGGCUUCAARUACCCGGUGGGGAACAACCA CLEAN-PIE-

4 | GACGGCGGUCCAGGACAACGUGAAGGUGUCGCUGGCCUUCGGGCUGAGCAUCGCCACGCUGGLGCAG Cargo-PIEl-
AGUGUGGGCCACAUCAGCGGCGCCCACCUCRACCCGGCUGUCACACUGGGGCUGCUGCUCAGLUGLC 5
AGAUCAGCAUCUUCCGUGCCCUCAUGUACAUCAUCGCCCAGUGCGUGGGGGCCAUCGUCGCCACCGL
CAUCCUCUCUGGCAU

5 | GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAAUAGAUGACUUACAACUAAUCGGAAGGUGC Anabaena

6 | AGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUARAAGAGAGAGUCCAAUUCUCARAGCCA pre-tRNA-Leu

5| AUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAARAUCCGUUGACCGGCAGCCAACUCUGCACARAAUG gene GROUP I

UCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAA
CUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCG
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AGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCLCUGUC POLR2A
AUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCAARUUCACCARGAGAGACGUCUUCCUGGAGC precursor
GGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAARAGACGCUACGGACUUAAAUAAUUG
AGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAARUCUAGUUAUAGA
CAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGC
AUAUCUAG

5 | GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACCACGCAAGGGAUGGUGUCAAAUUCGGCGAAA Azoarcus

6 | CCUAAGCGCCCGCCCGGGCGUAUGGCAACGCCGAGCCAAGCUUCGGCGCCUGCGCCGAUGAAGGUGU olearius

6 | AGAGACUAGACGGCACCCACCUAAGGCAAACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGGCGARAG BH72 GROUP I
UCACACAAACCGGaaUccgUUggUgcUgCCGGCAGCCARCUCUGCACAAAARUGUCCAUGAUGGGGCA INTRON-PIE-2
UCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCA POLR2A
GACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGG precursor
AGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCA
GGACACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCAC
AUGUGUGAUGGGGACAUUGUUAUCUUCAAgagcagcggacUcaUAUUUCGAUGUGCCUUGCGCCGGG
AGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5 | GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCACGCCGAGCCAAGCUUCGGCGCCUGCGCCGAUGA | Azoarcus

6 | AGGUGUAGAGACUAGACGGCACCCACCUAAGGCAAACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGG olearius

7| CGAAAGUCACACAAACCGGaaUccgUUggUgcUgCCGGCAGCCAACUCUGCACAARAUGUCCAUGAU BH72 GROUP I
GGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUAC INTRON-PIE-
AAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGA 4-5 POLR2A
UCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAU precursor
UGUGCAGGACACACUCACAGCAGUGCGCAARUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAA
CGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAgagcagcggacUcaUAUUUCGAUGUGCCUUGC
GCCGGGAAACCACGCAAGGGAUGGUGUCAARUUCGGCGAAACCUAAGCGCCCGCCCGGGCGUAUGGT
AGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5 | GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCCGGGCGUAUGGCAACGCCGAGCCAAGCUUCGGE Azoarcus

6 | GCCUGCGCCGAUGAAGGUGUAGAGACUAGACGGCACCCACCUAAGGCAAACGCUAUGGUGAAGGCAU olearius

8 | AGUCCAGGGAGUGGCGARAGUCACACAAACCGGaalccgUUggUgcUgCCGGCAGCCAACUCUGCAC BH72 GROUP I
AARAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUG INTRON-PIE-5
UGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGA POLR2A
GACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGG | precursor
CCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCC
UGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAgagcagecggacUcalUAUU
UCGAUGUGCCUUGCGCCGGGAAACCACGCAAGGGAUGGUGUCAAAUUCGGCGAAACCURAAGCGCCCG
CGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCUGCGCCGAUGAAGGUGUAGAGACUAGACGGCACC Azoarcus

6 | CACCUAAGGCARAACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGGCGAAAGUCACACAAACCGGaaUe olearius

9| cgUUggUgcUgCCGGCAGCCAACUCUGCACAARAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCC BH72 GROUP I
CAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGA INTRON-PIE-6
GAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCU POLR2A
CGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAG | precursor
UGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAU
UGUUAUCUUCAAgagcagcggacUcaUAUUUCGAUGUGCCUUGCGCCGGGAAACCACGCAAGGGAUG
GUGUCARAUUCGGCGARACCUAAGCGCCCGCCCGGGCGUAUGGCAACGCCGAGCCAAGCUUCGGCGC
CGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGGCG Azoarcus

7 | AAAGUCACACAAACCGGaaUccgUUggUgcUgCCGGCAGCCAACUCUGCACAARARUGUCCAUGAUGG olearius

0 | GGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAARCUCCGUACAR BH72 GROUP I
UGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUC INTRON-PIE-8
CAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUG POLR2A
UGCAGGACACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACG | precursor
GCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAgagcagcggacUcaUAUUUCGAUGUGCCUUGCGC
CGGGAAACCACGCAAGGGAUGGUGUCAAAUUCGGCGAAACCUAAGCGCCCGCCCGGGCGUAUGGCAA
CGCCGAGCCAAGCUUCGGCGCCUGCGCCGAUGAAGGUGUAGAGACUAGACGGCACCCACCUAAGGCA
AGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCARACCGGaaUccgUUggUgcUgCCGGCAGCCAAC Azoarcus

7 | UCUGCACARAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGARU olearius

1 | CUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGU BH72 GROUP I
CUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAG INTRON-PIE-9
CAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCARAUUCACCAAGAGAGAL POLR2A
GUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCRAgagcagecggac precursor
UcaUAUUUCGAUGUGCCUUGCGCCGGGAAACCACGCAAGGGAUGGUGUCARAUUCGGCGAAACCUAA
GCGCCCGCCCGGGCGUAUGGCARCGCCGAGCCAAGCUUCGGCGCCUGCGCCGAUGAAGGUGUAGAGA
CUAGACGGCACCCACCUAAGGCAAACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGGCGAAAGUCACA
CGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAAUGUAUAUCGAAAAAUCCUCUAAUUCAGGGAAC Staphylococce

7| ACCUAAACAAACUAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUAAUAAGAGAAAGUGCAACGAL us phage

2 | UAUUCCGAUAGGAAGUAGGGUCAAGUGACUCGARAUGGGGAUUACCCUUCUAGGGUAGUGAUAUAGU Twort GROUP
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CUGAACAUAUAUGGAAACAUAUAGAAGGAUAGGAGUAACGAACCUAUUCGUAACAUAAUUGaacUUU
UagUUaUCCGGCAGCCAACUCUGCACAARAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUG
GUCUACCUUUCGCUUGAAUCUUAGUGUGACRACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUG
AACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCA
UGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGBUGCG
CAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUU
AUCUUCAAacUacUgaaagcaURAAUAAUUGUGCCUUUAUACAGUGACCAGUGGACAAUCGACGGAU
AACAGCAUAUCUAG

I INTRON-
PIE-2 POLR2A
precursor

~

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAUCCUGAGCUAAGCUCUUAGUAAUAAGAGAAAGU
GCAACGACUAUUCCGAUAGGAAGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUCUAGGGUAGU
GAUAUAGUCUGAACAUAUAUGGAAACAUAUAGAAGGAUAGGAGUAACGAACCUAUUCGUAACAURAU
UGaacUUUUagUUaUCCGGCAGCCAACUCUGCACAAAAIGUCCAUGAUGGGGCAUCGGGUCCGCAUU
CUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACARAUGCAGACUUUGACGGGE
AUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGU
UCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACA
GCAGUGCGCAARAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGG
ACAUUGUUAUCUUCARAacUacUgaaagcaUAAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAARA
AAUCCUCUAAUUCAGGGAACACCUAAACAAACUAAGAUGUAGGCAGACCAGUGGACAAUCGACGGAU
AACAGCAUAUCUAG

Staphvlococc
us phage
Twort GROUP
I INTRON-
PIE-4-5
POLR2A
precursor

o1

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUA
AUAAGAGAAAGUGCAACGACUAUUCCGAUAGGAAGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCC
UUCUAGGGUAGUGAUAUAGUCUGAACAUAUAUGGAAACAUAUAGAAGGAUAGGAGUAACGAACCUAU
UCGUAACAUAAUUGaacUUUUagUUaUCCGGCAGCCAACUCUGCACAAAAUGUCCAUGAUGGGGCAU
CGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAG
ACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGA
GCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAARUCGGCCUGUCAUGGGUAUUGUGCAG
GACACACUCACAGCAGUGCGCARAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACA
UGUGUGAUGGGGACAUUGUUAUCUUCAAacUacUgaaagcaUAAAUAAUUGUGCCUUUAUACAGUAA
UGUAUAUCGAAAAAUCCUCUAAUUCAGGGAACACCUAAACAAACUGACCAGUGGACAAUCGACGGAU
AACAGCAUAUCUAG

Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-5 POLR2A
precursor

~ v

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCARUAAGAGARAGUGCAACGACUAUUCCGAUAGGA
AGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUCUAGGGUAGUGAUAUAGUCUGAACAUAUAUG
GAAACAUAUAGAAGGAUAGGAGUAACGAACCUAUUCGUAACAUAAUUGaacUUUUagUUaUCCGGCA
GCCAACUCUGCACARAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGC
UUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGC
CACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCC
CCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCARAUUCACCAAG
AGAGACGUCUUCCUGGAGCGGGUGGAARCGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAacUac
UgaaagcaUAAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAAAAAUCCUCUAAUUCAGGGAACA
CCUAARACARACUAAGAUGUAGGCAAUCCUGAGCURAGCUCUUAGUGACCAGUGGACRAUCGACGGAU
AACAGCAUAUCUAG

Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-6 POLR2A
precursor

~ o

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCUAGGAAGUAGGGUCAAGUGACUCGAAAUGGGGAU
UACCCUUCUAGGGUAGUGAUAUAGUCUGAACAUAUAUGGAAACAUAUAGAAGGAUAGGAGUAACGAA
CCUAUUCGUAACAUAAUUGaacUUUUagUUaUCCGGCAGCCAACUCUGCACARAAUGUCCAUGAUGG
GGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAA
UGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUC
CAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCLCCAGAGCARUCGGCCUGUCAUGGGUAUUG
UGCAGGACACACUCACAGCAGUGCGCAARAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACSG
GCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAacUacUgaaagcaUAAAUAAUUGUGCCUUUAUAC
AGUAAUGUAUAUCGAAAAAUCCUCUAAUUCAGGGAACACCUAAACARACURAGAUGUAGGCAAUCCU
GAGCUAAGCUCUUAGUAAUAAGAGAAAGUGCAACGACUAUUCCGAGACCAGUGGACAAUCGACGGAU
AACAGCAUAUCUAG

Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-7 POLR2A
precursor

vl

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCUAGGGUAGUGAUAUAGUCUGAACAUAUAUGGAA
ACAUAUAGAAGGAUAGGAGUAACGAACCUAUUCGUAACAUAAUUGaacUUUUagUUaUCCGGLAGLCC
AACUCUGCACAAAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGECUUG
AAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCAC
AGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCA
GAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCAARUUCACCAAGAGA
GACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAacUacUga
aagcaURARUAAUUGUGCCUUUAUACAGUARUGUAUAUCGAARAAUCCUCUAAUUCAGGGARACACCU
AAACAARCUAAGAUGUAGGCAARUCCUGAGCUARGCUCUUAGUAAUARGAGAAAGUGCARCGACUAUU
CCGAUAGGAAGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUGACCAGUGGACAAUCGACGGAU
AACAGCAUAUCUAG

Staphyvlococc
us phage
Twort GROUP
I INTRON-
PIE-8 POLR2A
precursor

w1

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAUAUAGAAGGAUAGGAGUARACGAACCUAUUC
GUAACAUAAUUGaacUUUUagUUaUCCGGCAGCCRAACUCUGCACAARAUGUCCAUGAUGGGGCAUCG
GGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGAC
UUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGC
UGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGA
CACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUG

Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-9 POLR2A
precursor
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UGUGAUGGGGACAUUGUUAUCUUCAAacUacUgaaagcaUAAAUAAUUGUGCCUUUAUACAGUAAUG
UAUAUCGAARAAAUCCUCUAAUUCAGGGAACACCUAAACAAACUAAGAUGUAGGCAAUCCUGAGCUAA
GCUCUUAGUAAUAAGAGAAAGUGCAACGACUAUUCCGAUAGGAAGUAGGGUCAAGUGACUCGAAAUG
GGGAUUACCCUUCUAGGGUAGUGAUAUAGUCUGAACAUAUAUGGAGACCAGUGGACAAUCGACGGAU
AACAGCAUAUCUAG

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCURAACGAACCUAUUCGUAACAURAAUUGaacUUUUa
gUUaUCCGGCAGCCAACUCUGCACAAAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGU
CUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGAA
CUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUG
AUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCA
AAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAU
CUUCAAacUacUgaaagcaUAAAUAAUUGUGCCUUUAUACAGUAAUGUAUAUCGAARAAUCCUCUAA
UUCAGGGAACACCUAAACAAACUAAGAUGUAGGCAAUCCUGAGCUAAGCUCUUAGUARUAAGAGAAA
GUGCAACGACUAUUCCGAUAGGAAGUAGGGUCAAGUGACUCGAAAUGGGGAUUACCCUUCUAGGGUA
GUGAUAUAGUCUGAACAUAUAUGGAAACAUAUAGAAGGAUAGGAGGACCAGUGGACAAUCGACGGAU
AACAGCAUAUCUAG

Staphylococc
us phage
Twort GROUP
I INTRON-
PIE-9.1
POLR2A
precursor

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCGCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGA
AGGGGGGGCCUAGGAUGCGGCARAGACGACCCGGUUCGGGGAACGCCAGCGUGCGLUGGCCGAUCCCG
AGGCGAGGUGCCGUAGCGGGCACCCGUCGUAACGCGLGGUAGGGCGUCGGUCCCLCCUCCCALGGLG
GAGGGGAGGCUUAAGGUACGUGCUARAACCCCCAGCGAUGGGGCCUGUAGGAARAAGCCCUGGUACGGC
GAAGCCUACGGGGACCGCCCGAUGGCGGUCGGAUGCCGGCGGGCCACGGAGCCCLCGGLCGUCGAUUG
CUGUUACCGGCAGCCAACUCUGCACAAAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGG
UCUACCUUUCGCUUGAAUCUUAGUGUGACARCUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGA
ACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCULGCAU
GAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGC
ARAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUA
UCUUCAAUAACAGGUUGACGACAACAGGCCUGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUU
UCUUCCGCUAGUCGAUCAUCCGUGACGGCCGGGCAAGACCAGUGGACAAUCGACGGAUAACAGCAUA
UCUAG

Scytalidium
dimidiatum
GROUP I
INTRON-PIE-2
POLR2A
Precursor

&)

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCGCGCUGGCCGAUCCCGAGGCGAGGUGCCGUAGCG
GGCACCCGUCGUAACGCGCGGUAGGGCGUCGGUCCCCCCUCCCACGGCGGAGGGGAGGCUUAAGGUA
CGUGCURAACCCCCAGCGAUGGGGCCUGUAGGAARRAGCCCUGGUACGGCGAAGCCUACGGGGALCCGL
CCGAUGGCGGUCGGAUGCCGGCGGGCCACGGAGCCCCCGGCGUCGAUUGeUgUUaCCGGCAGCCARC
UCUGCACARAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGARAU
CUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGU
CUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAG
CAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGAC
GUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCRARAUaacaggUUGA
CGACAACAGGCCUGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUUUCUUCCGCUAGUCGAUCA
UCCGUGACGGCCGGGCAAGCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGARGGGGGGGCCUAGGA
UGCGGCAAGACGACCCGGUUCGGGGAACGCCAGCGUGACCAGUGGACARUCGACGGAUAACAGCAUA
UCUAG

Scytalidium
dimidiatum
GROUP I
INTRCON-PIE-5
POLR2A
precursor

9]

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCGCGGGCACCCGUCGUAACGCGCGGUAGGGCGUCG
GUCCCCCCUCCCACGGCGGAGGGGAGGCUURAGGUACGUGCUAAACCCCCAGCGAUGGGGCCUGUAG
GAAAAGCCCUGGUACGGCGAAGCCUACGGGGACCGCCCGAUGGCGGUCGGAUGCCGGCGGGCCACGG
AGCCCCCGGCGUCGAUUGCUgUUaCCGGCAGCCARCUCUGCACAAARUGUCCAUGAUGGGGCAUCGG
GUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACARUGCAGACU
UUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCU
GGCCAUGGUUCCUCGCAUGAUUGUCACCCCLCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGAC
ACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGU
GUGAUGGGGACAUUGUUAUCUUCAAUaacaggUUGACGACAACAGGCCUGUGACAGCGGGGCUUCGA
ACUUUCCGUGUUUUUUUUUCUUCCGCUAGUCGAUCAUCCGUGACGGCCGGGCAAGCGCCCGAGUACC
AGGACCGUCGGGCCCCCGAGAAGGGGGGGCCUAGGAUGCGGCAAGACGACCCGGUUCGGGGAACGCC
AGCGUGCGCUGGCCGAUCCCGAGGCGAGGUGCCGUAGACCAGUGGACARAUCGACGGAURACAGCAUA
UCUAG

Scytalidium
dimidiatum
GROUP I
INTRON-PIE-6
POLR2A
precursor

@ Ul

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCGGCGGAGGGGAGGCUUAAGGUACGUGCUARACCC
CCAGCGAUGGGGCCUGUAGGAAAAGCCCUGGUACGGCGAAGCCUACGGGGACCGCCCGAUGGCGGUC
GGAUGCCGGCGGGCCACGGAGCCCCCGGCGUCGAUUGEUgUUaCCGGCAGCCAACUCUGCACAAARAU
GUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACA
ACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGC
GAGCAGAGARUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCRAAUCGGCCUGU
CAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAG
CGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAVUaacaggUUGACGACAACAGGCC
UGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUUUCUUCCGCUAGUCGAUCAUCCGUGACGGCC
GGGCAAGCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGAAGGGGGGGCCUAGGAUGCGGCAAGACG
ACCCGGUUCGGGGAACGCCAGCGUGCGCUGGCCGAUCCCGAGGCGAGGUGCCGUAGCGGGCACCCGU
CGUAACGCGCGGUAGGGCGUCGGUCCCCCCUCCCACGACCAGUGGACAAUCGACGGAUAACAGCAUA
UCUAG

Scytalidium
dimidiatum
GROUP I
INTRON-PIE-8
POLR2A
precursor
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5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCGGAGCCCCCGGCGUCGAUUGcUgUUaCCGGCAGC Scytalidium
8 | CAACUCUGCACAAAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUU dimidiatum

4 | GRAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCA GROUP I
CAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCC INTRON-PIE-9
AGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCAAAUUCACCAAGAG POLR2A
AGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAUaacagy precursor
UUGACGACAACAGGCCUGUGACAGCGGGGCUUCGAACUUUCCGUGUUUUUUUUUCUUCCGCUAGUCG
AUCAUCCGUGACGGCCGGGCAAGCGCCCGAGUACCAGGACCGUCGGGCCCCCGAGAAGGGGGGGCCU
AGGAUGCGGCAAGACGACCCGGUUCGGGGAARCGCCAGCGUGCGCUGGCCGAUCCCGAGGCGAGGUGC
CGUAGCGGGCACCCGUCGUAACGCGCGCUAGGGCGUCGGBUCCCCCCUCCCACGGCCGAGGGGAGGCU
UAAGGUACGUGCUARACCCCCAGCGAUGGGGCCUGUAGGARAAGCCCUGGUACGGCGARAGCCUACGG
GGACCGCCCGAUGGCGGUCGGAUGCCGGCGGGCCACGACCAGUGGACARUCGACGGAUAACAGCAUA
UCUAG

5| gggagacccUcgaCCGUCGAUUGUCCACUGGUCARAUGGAGAAGGUGUAGAGACUGGAAGGCAGGUAC Scytonema-

8 | CCUAACAGUAAAGCUGAGGGUARAGGGACAGUCCAGACCACAAACUGGUUAAUCCAGGCAGUGARAA hofmani tRNA

5| CUGUAGAUGGUAAGcaUaacccCCGGCAGCCARCUCUGCACAAAAUGUCCAUGAUGGGGCAUCGGGU fMet gene
CCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAARUGCAGACUUU GROUP I
GACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGG INTRCN-PIE-6
CCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACAC POLR2A
ACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGARCGGCACAUGUGU precursor
GAUGGGGACAUUGUUAUCUUCAAgggcUCAACGAGUAAGAUUGACURAACGCUUAAAAGUUAUUCUU
ACUAUGGGCGGUACGUAAAGAAACUUACGUAUGUUUACCUGUCAAACUCGGGGAAGCCAAUAGCGCG
GUAAUCCCGAACCAAGCUCCAGAGACCAGUGGACAAUCGACGGaUaacagecalalcUag

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACUUACGUAUGUUUACCUGUCAAACUCGGGGAA Scytonema-

8 | GCCAAUAGCGCGGUAAUCCCGAACCARGCUCCAGAAAUGGAGAAGGUGUAGAGACUGGAAGGCAGGU hofmani tRNA

6 | ACCCUARCAGUAAAGCUGAGGGUAAAGGGACAGUCCAGACCACAAACUGGUUAAUCCAGGCAGUGAA fMet gene
AACUGUAGAUGGUAAGCAUAACCCCCGGCAGCCAACUCUGCACAAAAUGUCCAUGAUGGGGCAUCGS GROUP I
GUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACU INTRON-PIE-2
UUGACGGGGAUGAGAUGRACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCU POLR2A
GGCCAUGGUUCCUCGCAUGAUUGUCACCCCLCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGAC precursor
ACACUCACAGCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGU
GUGAUGGGGACAUUGUUAUCUUCAAGGGCUCAACGAGUAAGAUUGACUAAACGCUUARARAAGUUAUUC
UUACUAUGGGCGGUACGUAAAGAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5 | GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAUCCCGAACCAAGCUCCAGAARUGGAGAAGGUGU Scytonema-

8 | AGAGACUGGAAGGCAGGUACCCUAACAGUARAGCUGAGGGUAAAGGGACAGUCCAGACCACAAACUG hofmani tRNA

7 | GUUAAUCCAGGCAGUGARAACUGUAGAUGGUAAGCAUAACCCCCGGCAGCCAACUCUGCACARARAUG fMet gene
UCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAA GROUP I
CUCCGUACARAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCG INTRON-PIE-
AGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUC 4-5 POLRZA
AUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCAAAUUCACCARGAGAGACGUCUUCCUGGAGC precursor
GGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAAGGGCUCAACGAGUAAGAUUGACUA
AACGCUUAAAAGUUAUUCUUACUAUGGGCGGUACGUAAAGAAACUUACGUAUGUUUACCUGUCARAL
UCGGGGAAGCCAAUAGCGCGGUAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAARUCCAGGCAGUGAARACUGUAGAUGGUAAGCAU Scytonema-

8 | AACCCCCGGCAGCCAACUCUGCACAARAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGU hofmani tRNA

8 | CUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACARAUGCAGACUUUGACGGGGAUGAGAUGAA fMet gene
CUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUG GROUP I
AUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGCA INTRON-PIE-9
AAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUAU POLR2A
CUUCAAGGGCUCAACGAGUAAGAUUGACUARACGCUUAAAAGUUAUUCUUACUAUGGGCGGUACGUA | precursor
AAGAAACUUACGUAUGUUUACCUGUCAAACUCGGGGAAGCCAAUAGCGCGGUAAUCCCGAACCAAGC
UCCAGARAUGGAGAAGGUGUAGAGACUGGARGGCAGGUACCCUAACAGUARAGCUGAGGGUARAGGG
ACAGUCCAGACCACAAACUGGUUGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5| gggagacccUcgaCCGUCGAUUGUCCACUGGUCAARUCCGGUGAAGGUGUAGAGACUGGAUGGGCAGT Agrobacteriu

8 | ACCUAAAGGCCGCAAGGUCCACGGUGAAGGGACAGUCCAGACCACGAACGCCCUUAUCCGAUUGAGA m-

9 | UGGGCGGCGGCGAAAGCCGAAGCGGUAUGaalccUggggCCGGCAGCCAACUCUGCACAAAAUGUCC tumefaciens
AUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACTUC GROUP I
CGUACAAUGCAGACUUUGACGGGGAUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGC INTRON-PIE-6
AGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUG POLR2A
GGUAUUGUGCAGGACACACUCACAGCAGUGCGCARAUUCACCAAGAGAGACGUCUUCCUGGAGCGGG precursor
UGGAACGGCACAUGUGUGAUGGGGACAUUGUUAUCUUCAACaggaUUCCURAGGUARAUUGGGGGUU
GCGCCCGGAAACGACGCRAAUCGAUCUGCUCAAAGUCGGGGARAGCUUCGCUGGUCUUCCAGUAUGCC
ARUCCCGAGCCAAGCUCCGGAGAGACCAGUGGACAAUCGACGGaUaacagcalalcUag

5| AAAAUCCGUUGACCGGCAGCCAACUCUGCACARAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUC Anabaena

9 | CCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACARAUGCAGACUUUGACGGGGAUG pre-tRNA-Leu

0 | AGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCC gene GROUP I

UCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCA
GUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACA
UUGUUAUCUUCAAAGACGCUACGGACUU

INTRON
POLR2A
circRNA
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5 | AAUCCGUUGGUGCUGCCGGCAGCCAACUCUGCACAAAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUU Azoarcus

9| CUCCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGG olearius

1 | AUGAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGU BH72 GROUP I
UCCUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACA INTRON-PIE-2
GCAGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGE POLR2A
ACAUUGUUAUCUUCAAGAGCAGCGGACUCAU circRNA

5| AACUUUUAGUUAUCCGGCAGCCAACUCUGCACAARAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCU Staphyvlococc

9| CCCAUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAU us phage

2 | GAGAUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUC Twort GROUP
CUCGCAUGAUUGUCACCCCCCAGAGCAAUCGGCCUGUCRAUGGGUAUUGUGCAGGACACACUCACAGC I INTRON-
AGUGCGCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGAC PIE-2 POLR2A
AUUGUUAUCUUCAAACUACUGAAAGCAU circRNA

5| CUGUUACCGGCAGCCAACUCUGCACAAAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAUGG Seytalidium

9 | UCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAUGA dimidiatum

3| ACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUCGCAU GROUP I
GAUUGUCACCCCCCAGAGCAAUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGCGC INTRON-PIE-2
AAARUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGUUA POLR2A
UCUUCARURACAGGU circRNA

5| CAUAACCCCCGGCAGCCARACUCUGCACAAAAUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCCAU Scytonema-

9| GGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAGAU hofmani tRNA

4 | GAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCLCUCGL fMet gene
AUGAUUGUCACCCCCCAGAGCARUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGUGC GROUP I
GCAAAUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUUGU INTRON-PIE-6
UAUCUUCAAGGGCU POLR2A

circRNA

5| AAUCCUGGGGCCGGCAGCCAACUCUGCACARARUGUCCAUGAUGGGGCAUCGGGUCCGCAUUCUCCC Agrobacteriu

9 | AUGGUCUACCUUUCGCUUGAAUCUUAGUGUGACAACUCCGUACAAUGCAGACUUUGACGGGGAUGAG m-

5 | AUGAACUUGCACCUGCCACAGUCUCUGGAGACGCGAGCAGAGAUCCAGGAGCUGGCCAUGGUUCCUC tumefaciens
GCAUGAUUGUCACCCCCCAGAGCARUCGGCCUGUCAUGGGUAUUGUGCAGGACACACUCACAGCAGU GROUP I
GCGCAARUUCACCAAGAGAGACGUCUUCCUGGAGCGGGUGGAACGGCACAUGUGUGAUGGGGACAUU INTRON-PIE-6
GUUAUCUUCAACAGGAUUCCU POLR2A

circRNA

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAAUAGAUGACUUACAACURAUCGGAAGGUGL AnaX-CAV2-

9 | AGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGAGAGUCCAARUUCUCAAAGCCA Luciferase

6 | AUAGGCAGUAGCGARAGCUGCAAGAGAAUGAARAUCCGUUGAUUAARACAGCCUGUGGGUUGCACCC precursor

ACCCACAGGGCCCACUGGGCGCUAGCACUCUGGUAUCACGAUACCUUUGUGCGCCUGUUUUAUAUCC
CCACCCCGAGUAAACGUUAGAAGUUACGCAACCCCGAUCAAUAGUAGGUGUAGCACUCCAGCUGCAU
CGAGAUCAAGCACUUCUGUCUCCCCGGACCGAGUARUCARUAGACUGCURACGCGGUUGAAGGAGAAA
ACGUUCGUUACCCGGCCAAUUACUUCGAGAAGCCCAGUAGUGCCGUGAAAGUUGCGGAGUGUUUCGC
UCAGCACUUCCCCCGUGUAGAUCAGGCUGAUGAGUCACCGCGAUCCCCACAGGUGACUGUGGLGGUG
GCUGCGUUGGCGGCCUGCCUAUGGGGCAACCCAUAGGACGCUCUAAUACAGACAUGGUGCGAAGAGC
CUAUUGAGCUARAUUGGUAGUCCUCCGGCCCCUGAARUGCGGCUAAUCCUAACUGCGGAGCACAUGCCC
UCAAACCAGGGGGUGGUGUGUCGUAACGGGUAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGU
GUUUCUUUUUAUUCUUAUAAUGGCUGCUUAUGGUGACAAUUARAAGAAUUGUUACCAUAUAGCUAUUG
GAUUGGCCAUCCGGUGACUAACAAAUCGCUCAUAUACCAGUUUGUUGGUUUUGUUCCCUUAUCACAU
ACAGCUCAUAARCACCCUCUUAUAUUUACUACARUUGAAUAGCAAGARAUGGAGGACGCCAAGAACAU
CAAGAAGGGCCCGGCGCCCUUCUACCCGCUGGAGGACGGGACCGCCGGCGAGCAGCUCCACAAGGCC
AUGAAGCGGUACGCCCUGGUGCLCGGGCACGRUCGCCUUCACCGACGLCCCACAUCGAGGUCGACAUCA
CCUACGCGGAGUACUUCGAGAUGAGCGUGCGCCUGGCCGAGGCCAUGAAGCGGUACGGCCUGAACAC
CAACCACCGGAUCGUGGUGUGCUCGGAGAACAGCCUGCAGUUCUUCAUGCCGGUGLCUGGGLGLCCUC
UUCAUCGGCGUGGCCGUCGCCCCGGCGAACGACAUCUACAACGAGCGGGAGCUGCUGAACAGCAUGG
GGAUCAGCCAGCCGACCGUGGUGUUCGUGAGCAAGAAGGGCCUGCAGAAGAUCCUGAACGUGCAGARA
GAAGCUGCCCAUCAUCCAGAAGAUCAUCAUCAUGGACAGCAAGACCGACUACCAGGGCUUCCAGUCG
AUGUACACGUUCGUGACCAGCCACCUCCCGCCGGGCUUCAACGAGUACGACUUCGUCCCGGAGAGLCU
UCGACCGGGACAAGACCAUCGCCCUGAUCAUGAACAGCAGCGGCAGCACCGGCCUGCCGAAGGGGGU
GGCCCUGCCGCACCGGACCGLCCUGCGUGCGCUUCUCGCACGCCCGGGACCCCAUCUUCGGCAACCAG
AUCAUCCCGGACACCGCCAUCCUGAGCGUGGUGCCGUUCCACCACGGCUUCGGCAUGUUCACGACCC
UGGGCUACCUCAUCUGCGGCUUCCGGGUGGUCCUGAUGUACCGGUUCGAGGAGGAGCUGUUCCUGCG
GAGCCUGCAGGACUACAAGAUCCAGAGCGCGCUGCUCGUGCCGACCCUGUUCAGCUUCUUCGCCAAG
AGCACCCUGAUCGACAAGUACGACCUGUCGAACCUGCACGAGAUCGCCAGCGGGGGCGCCCCGCUGA
GCAAGGAGGUGGGCGAGGCCGUGGCCAAGCGGUUCCACCUCCCGGGCAUCCGCCAGGGCUACGGCCU
GACCGAGACCACGAGCGCGAUCCUGAUCACLCCCCGAGGGGGACGACAAGCCGGGCGCCGUGGGCAAG
GUGGUCCCGUUCUUCGAGGCCAAGGUGGUGGACCUGGACACCGGCARGACCCUGGGCGUGAACCAGLC
GGGGCGAGCUGUGCGUGCGGGGECCGAUGAUCAUGAGCGGCUACGUGAACAACCCGGAGGCCACCAA
CGCCCUCAUCGACAAGGACGGCUGGCUGCACAGCGGCGACAUCGCCUACUGGGACGAGGACGAGCAC
UUCUUCAUCGUCGACCGGCUGAAGUCGCUGAUCAAGUACAAGGGCUACCAGGUGGCGCCGGCCGAGE
UGGAGAGCAUCCUGCUCCAGCACCCCAACAUCUUCGACGCCGGCGUGGCCGGGCUGCCGGACGACGA
CGCCGGCGAGCUGCCGGCCGCGEUGGUGGUGCUGGAGCACGGCAAGACCAUGACGGAGAAGGAGAUC
GUCGACUACGUGGCCAGCCAGGUGACCACCGCCAAGAAGCUGCGGGECGGCGUGGUGUUCGUGGALG
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AGGUCCCGAAGGGCCUGACCGGGAAGCUCGACGCCCGGAAGAUCCGLCGAGAUCCUGAUCAAGGCCAA
GAAGGGCGGCAAGAUCGCCGUGAGCUAAAGACGCUACGGACUUAARUARUUGAGCCUUARAGAAGAA
AUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAARGGCAAUCCUGAG
CCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5| GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAAUGGAGAAGGUGUAGAGACUGGAAGGCAGGUAC Scytonema-

9| CCUAACAGUAARAGCUGAGGGUARAGGGACAGUCCAGACCACAAACUGGUUAAUCCAGGCAGUGARAR hofmani tRNA
7| CUGUAGAUGGUAAGCAUAACCCUUAAARACAGCCUGUGGGUUGCACCCACCCACAGGGCCCACUGGGL fMet gene
GCUAGCACUCUGGUAUCACGAUACCUUUGUGCGCCUGUUUUAUAUCCCCACCCCGAGUAAACGUUAG GROUP T
AAGUUACGCAACCCCGAUCAAUAGUAGGUGUAGCACUCCAGCUGCAUCGAGAUCRAGCACUUCUGUC INTRON-PIE-6
UCCCCGGACCGAGUAUCAAUAGACUGCUAACGCGGUUGAAGGAGAARACGUUCGUUACCCGGCCAAU CAV2-
UACUUCGAGAAGCCCAGUAGUGCCGUGAAAGUUGCGGAGUGUUUCGCUCAGCACUUCCCCCGUGUAG Luciferase
AUCAGGCUGAUGAGUCACCGCGAUCCCCACAGGUGACUGUGGCGGUGGLUGCGUUGGLGGLCUGCCU precursor
AUGGGGCAACCCAUAGGACGCUCUAAUACAGACAUGGUGCGAAGAGCCUAUUGAGCURAUUGGUAGU
CCUCCGGCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACAUGCCCUCARACCAGGGGGUGGUGUG
UCGUAACGGGUAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUAUAA
UGGCUGCUUAUGGUGACAAUUAAAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUA
ACAAAUCGCUCAUAUACCAGUUUGUUGGUUUUGUUCCCUUAUCACAUACAGCUCAUAACACCCUCUU
AUAUUUACUACAAUUGAAUAGCAAGAAGCCACCAUGGAGGACGCCARGAACAUCRAAGAAGGGCCCGG
CGCCCUUCUACCCGCUGGAGGACGGGACCGCCGGCGAGCAGCUCCACAAGGCCAUGAAGCGGUACGC
CCUGGUGCCGGGCACGAUCGCCUUCACCGACGCCCACAUCGAGGUCGACAUCACCUACGCGGAGUALC
UUCGAGAUGAGCGUGCGCCUGGLCCGAGGCCAUGAAGCGGUACGGCCUGAACACCAACCACCGGAUCG
UGGUGUGCUCGGAGAACAGCCUGCAGUUCUUCAUGCCGGUGCUGGGLCGCCCUCUUCAUCGGLCGUGGL
CGUCGCCCCGGCGAACGACAUCUACAACGAGCGGGAGCUGCUGAACAGCAUGGGGAUCAGCCAGCCG
ACCGUGGUGUUCGUGAGCAAGAAGGGCCUGCAGAAGAUCCUGAACGUGCAGAAGAAGCUGCCCAUCA
UCCAGAAGAUCAUCAUCAUGGACAGCAAGACCGACUACCAGGGCUUCCAGUCGAUGUACACGUUCGU
GACCAGCCACCUCCCGCCGGGCUUCAARCGAGUACGACUUCGUCCCGGAGAGCUUCGACCGGGACAAG
ACCAUCGCCCUGAUCAUGAACAGCAGCGGCAGCACCGGLCCUGCCGAAGGGGGUGGCCCUGCLGCALC
GGACCGLCUGCGUGCGCUUCUCGCACGCLCCGGGACCCCAUCUUCGGCAACCAGAUCAUCCCGGACAL
CGCCAUCCUGAGCGUGGUGCCGUUCCACCACGGCUUCGGCAUGUUCACGACCCUGGGCUACCUCAUC
UGCGGCUUCCGGGUGGUCCUGAUGUACCGGUUCGAGGAGGAGCUGUUCCUGCGGAGCCUGCAGGACU
ACAAGAUCCAGAGCGCGCUGCUCGUGCCGACCCUGUUCAGCUUCUUCGCCAAGAGCACCCUGAUCGA
CAAGUACGACCUGUCGAACCUGCACGAGAUCGCCAGCGGGGGCGCCCCGCUGAGCARGGAGGUGGGE
GAGGCCGUGGCCAAGCGGUUCCACCUCCCGGGCAUCCGCCAGGGCUACGGCCUGACCGAGACCACGA
GCGCGAUCCUGAUCACCCCCGAGGGGGACGACAAGCCGGEGLGCCGUGGGCAAGGUGGULCCCGUUCUU
CGAGGCCAAGGUGGUGGACCUGGACACCGGCAAGACCCUGGGCGUGAACCAGCGGGGCGAGCUGUGL
GUGCGGGGGCCGAUGAUCAUGAGCGGCUACGUGAACAACCCGGAGGCCACCAACGCCCUCAUCGACA
AGGACGGCUGGCUGCACAGCGGCGACAUCGCCUACUGGGACGAGGACGAGCACUUCUUCAUCGUCGA
CCGGCUGAAGUCGCUGAUCAAGUACAAGGGCUACCAGGUGGCGCCGGCCGAGCUGGAGAGCAUCCUG
CUCCAGCACCCCAACAUCUUCGACGCCGGCGEUGGCCGGGECUGCCGGACGACGACGCCGGCGAGCUGL
CGGCCGLCGGUGGUGGUGCUGGAGCACGGCARGACCAUGACGGAGAAGGAGAUCGUCGACUACGUGGL
CAGCCAGGUGACCACCGCCAAGAAGCUGCGGGGCGGCGUGGUGUUCGUGGACGAGGUCCCGAAGGGC
CUGACCGGGAAGCUCGACGCCCGGAAGAUCCGCGAGAUCCUGAUCAAGGCCAAGAAGGGCGGLAAGA
UCGCCGUGAGCUGAUAAGGGCUCAACGAGUAAGAUUGACUAAACGCUUAARAGUUAUUCUUACUAUG
GGCGGUACGUAAAGAAACUUACGUAUGUUUACCUGUCAAACUCGGGGAAGCCAAUAGCGCGGUAAUC
CCGAACCAAGCUCCAGAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

5| AARAUCCGUUGAUURARACAGCCUGUGGGUUGCACCCACCCACAGGGCCCACUGGGCGCUAGCACUC AnaX-CAV2-
9 | UGGUAUCACGAUACCUUUGUGCGCCUGUUUUAUAUCCCCACCCCGAGUAAACGUUAGAAGUUACGCA Luciferase
8 | ACCCCGAUCAAUAGUAGGUGUAGCACUCCAGCUGCAUCGAGAUCAAGCACUUCUGUCUCCCCGGACC circRNA

GAGUAUCARUAGACUGCUAACGCGGUUGAAGGAGRAAACGUUCGUUACCCGGCCAAUUACUUCGAGA
AGCCCAGUAGUGCCGUGAAAGUUGCGGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGCUGA
UGAGUCACCGCGAUCCCCACAGGUGACUGUGGCGGUGGLCUGCGUUGGCGGCCUGCCUAUGGGGCAAC
CCAUAGGACGCUCUAAUACAGACAUGGUGCGAAGAGCCUAUUGAGCUAAUUGGUAGUCCUCCGGCCC
CUGAAUGCGGCUAAUCCUAACUGCGGAGCACAUGCCCUCARACCAGGGGGUGGUGUGUCGUAACGGG
UAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUVUAUUCUUAUARUGGCUGCUUA
UGGUGACARUUARAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACURACAAAUCGCU
CAUAUACCAGUUUGUUGGUUUUGUUCCCUUAUCACAUACAGCUCAUAACACCCUCUUAUAUUUACUA
CARAUUGRAUAGCAAGAAAUGGAGGACGCCARGAACAUCAAGAAGGGCCCGGCGCCCUUCUACCCGLU
GGAGGACGGGACCGCCGGCGAGCAGCUCCACAAGGCCAUGAAGCGGUACGCCCUGGUGCCGGGCACG
AUCGCCUUCACCGACGCCCACAUCGAGGUCGACAUCACCUACGCGGAGUACUUCGAGAUGAGCGUGC
GCCUGGCCGAGGCCAUGAAGCGGUACGGCCUGAACACCAACCACCGGAUCGUGGUGUGCUCGGAGAA
CAGCCUGCAGUUCUUCAUGCCGGUGCUGGGLGCCCUCUUCAUCGGCGUGGCCGUCGCCCCGGCGAARC
GACAUCUACAACGAGCGGGAGCUGCUGAACAGCAUGGGGAUCAGCCAGCCGACCGUGGUGUUCGUGA
GCAAGARGGGCCUGCAGAAGAUCCUGAACGUGCAGAAGRAGCUGCCCAUCAUCCAGAAGAUCAUCAU
CAUGGACAGCAAGACCGACUACCAGGGCUUCCAGUCGAUGUACACGUUCGUGACCAGCCACCUCCCG
CCGGGCUUCAACGAGUACGACUUCGUCCCGGAGAGCUUCGACCGGGACAAGACCAUCGCCCUGAUCA
UGAACAGCAGCGGCAGCACCGGLCUGCCGAAGGGGGUGGCCCUGCCGECACCGGALCCGLCLUGCGEUGCE
CUUCUCGCACGCCCGGGACCCCAUCUUCGGCAACCAGAUCAUCCCGGACACCGCCAUCCUGAGLCGUG
GUGCCGUUCCACCACGGCUUCGGCAUGUUCACGACCCUGGGCUACCUCAUCUGCGGCUUCCGGGUGG
UCCUGAUGUACCGGUUCGAGGAGGAGCUGUUCCUGCGGAGCCUGCAGGACUACARGAUCCAGAGCGC
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GCUGCUCGUGCCGACCCUGUUCAGCUUCUUCGCCAAGAGCACCCUGAUCGACAAGUACGACCUGUCG
AACCUGCACGAGAUCGCCAGCGGGGGCGCCCCGCUGAGCAAGGAGGUGGGCGAGGCCGUGGCCAAGC
GGUUCCACCUCCCGGGCAUCCGCCAGGGCUACGGCCUGACCGAGACCACGAGCGCGAUCCUGAUCAC
CCCCGAGGGGGACGACAAGCCGGGCGCCGUGGGCAAGGUGGUCCCGUUCUUCGAGGCCAAGGUGGUG
GACCUGGACACCGGCAAGACCCUGGGCGUGRACCAGCGGEGGCEAGCUGUGCGUGLGGEGGCCGEAUGA
UCAUGAGCGGCUACGUGAACAACCCGGAGGCCACCAACGCCCUCAUCGACAAGGACGGLUGGLUGCA
CAGCGGCGACAUCGCCUACUGGGACGAGGACGAGCACUUCUUCAUCGUCGACCGGCUGAAGUCGCUG
AUCAAGUACAAGGGCUACCAGGUGGCGCCGGCCGAGCUGGAGAGCAUCCUGCUCCAGCACCCCAACA
UCUUCGACGCCGGCGUGGCCGEGGCUGCCGGACGACGACGCCGGCGAGCUGCCGGCCEGCGGUGGUGGU
GCUGGAGCACGGCAAGACCAUGACGGAGAAGGAGAUCGUCGACUACGUGGCCAGCCAGGUGACCACC
GCCAAGAAGCUGCGGGGCGGCGUGGUGUUCGUGGACGAGGUCCCGAAGGGCCUGACCGGGAAGCUCG
ACGCCCGGAAGAUCCGCGAGAUCCUGAUCARGGCCAAGAAGGGCGGCAAGAUCGCCGUGAGCUAAAG
ACGCUACGGACUU

CAUAACCCUUAAAACAGCCUGUGGGUUGCACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGU
AUCACGAUACCUUUGUGCGCCUGUUUUAUAUCCCCACCCCGAGUAAACGUUAGAAGUUACGCAACCC
CGAUCARUAGUAGGUGUAGCACUCCAGCUGCAUCGAGAUCAAGCACUUCUGUCUCCCCGGACCGAGU
AUCAAUAGACUGCURACGCGGUUGAAGGAGAAAACGUUCGUUACCCGGCCAAUUACUUCGAGAAGCC
CAGUAGUGCCGUGAAAGUUGCGGAGUGUUUCGCUCAGCACUUCCCCCGUGUAGAUCAGGCUGAUGAG
UCACCGCGAUCCCCACAGGUGACUGUGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGCARCCCAU
AGGACGCUCUARAUACAGACAUGGUGCGAAGAGCCUAUUGAGCUAAUUGGUAGUCCUCCGGCCLCCUGA
AUGCGGCUAAUCCURACUGCGGAGCACAUGCCCUCAAACCAGGGGGUGGUGUGUCGUAACGGGUAAL
UCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUVAUUCUUAUAAUGGCUGCUUAUGGU
GACAAUUAAAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAACAARUCGCUCAUA
UACCAGUUUGUUGGUUUUGUUCCCUUAUCACAUACAGCUCAUAACACCCUCUUAUAUUUACUACAAU
UGAAUAGCAAGAAGCCACCAUGGAGGACGCCAAGAACAUCAAGAAGGGCCCGGCGECCCUUCUACCCG
CUGGAGGACGGGACCGCCGGCGAGCAGCUCCACAAGGCCAUGAAGCGGUACGCCCUGGUGCCGGGCA
CGAUCGCCUUCACCGACGCCCACAUCGAGGUCGACAUCACCUACGCGGAGUACUUCGAGAUGAGCGU
GCGCCUGGCCGAGGCCAUGAAGCGGUACGGCCUGAACACCAACCACCGGAUCGUGGUGUGCUCGGAG
AACAGCCUGCAGUUCUUCAUGCCGGUGCUGGGCGCCCUCUUCAUCGGCGUGGCCGUCGCCCCGGCGA
ACGACAUCUACAACGAGCGGGAGCUGCUGAACAGCAUGGGGAUCAGCCAGCCGACCGUGGUGUUCGU
GAGCAAGAAGGGCCUGCAGAAGAUCCUGAACGUGCAGAAGAAGCUGCCCAUCAUCCAGAAGAUCAUC
AUCAUGGACAGCAAGACCGACUACCAGGGCUUCCAGUCGAUGUACACGUUCGUGACCAGCCALCCUCC
CGCCGGGCUUCAACGAGUACGACUUCGUCCCGGAGAGCUUCGACCGGGACAAGACCAUCGCCCUGAU
CAUGAACAGCAGCGGCAGCACCGGCCUGCCGARGGGGGUGGLCCUGCCGCACCGGACCGCCUGLGUG
CGCUUCUCGCACGCCCGGGACCCCAUCUUCGGCAACCAGAUCAUCCCGGACACCGCCAUCCUGAGCG
UGGUGCCGUUCCACCACGGCUUCGGCAUGUUCACGACCCUGGGCUACCUCAUCUGCGGCUUCCGGGU
GGUCCUGAUGUACCGGUUCGAGGAGGAGCUGUUCCUGCGGAGCCUGCAGGACUACAAGAUCCAGAGC
GCGCUGCUCGUGCCGACCCUGUUCAGCUUCUUCGCCAAGAGCACCCUGAUCGACRAGUACGACCUGU
CGAACCUGCACGAGAUCGCCAGLCGGGGGCGCCCCGCUGAGCAAGGAGGUGGGCGAGGCCGUGGCCAA
GCGGUUCCACCUCCCGGGCAUCCGCCAGGGCUACGGCCUGACCGAGACCACGAGCGCGAUCCUGAUC
ACCCCCGAGGGGGACGACAAGCCGGGCGCCGUGGGCAAGGUGGUCCCGUUCUUCGAGGCCAAGGUGG
UGGACCUGGACACCGGCAAGACLCCUGGGCGUGAACCAGLGGGGCGAGCUGUGCGUGLCGGGGGLCGAU
GAUCAUGAGCGGCUACGUGAACAACCCGGAGGCCACCAACGCCCUCAUCGACAAGGACGGLCUGGLUG
CACAGCGGCGACAUCGCCUACUGGGACGAGGACGAGCACUUCUUCAUCGUCGACCGGCUGAAGUCGL
UGAUCAAGUACAAGGGCUACCAGGUGGCGCLCGGCCGAGCUGGAGAGCAUCCUGCUCCAGCACCCCAA
CAUCUUCGACGCCGGCGUGGCCGGGCUGCCGGACGACGACGCCGGCGAGCUGCCGGCCGCGEGUGGUG
GUGCUGGAGCACGGCAAGACCAUGACGGAGAAGGAGAUCGUCGACUACGUGGCCAGCCAGGUGACCA
CCGCCAAGAAGCUGCGGGGCGGCGUGGUGUUCGUGGACGAGGUCCCGAAGGGCCUGACCGGGAAGCU
CGACGCCCGGAAGAUCCGCGAGAUCCUGAUCAAGGCCARGAAGGGCGGCAAGAUCGCCGUGAGCUGA
URAGGGCU
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GGGAGACCCUCGAGGCCCCUCUGCAGUGUCUGUUGUGGAGGCCAGAUACGUAACUGCUUCCGCAACA
AUAGAUGACUUACAACURAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAG
GGUAAAGAGAGAGUCCAAUUCUCAAAGCCARAUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAAAACCC
CCCCACCCACAGCAAGAAUGCCAUCAUCUGUCCUCACCCCCAAUUUUCCCUUUUCUUCCCCUGCAARC
CAUUACGCUUACUCGCAUGUGCAUUGAGUGGUGCAUGUGUUGAACAARACAGCUACACUCACAUGGGG
GCGGGUUUUCCCGCCCUACGGCCUCUCGCGAGGCCCACCCCUUCCCUCCCCUUAUARCUACAGUGCU
UUGGUAGGUAAGCAUCCUGAUCCCCCGCGGAAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGG
UUAUCARAGGCACCCGGUCUUUCCGCCUUCAGGAGUAUCCCUACUAGUGAAUUCUAGCGGGGCUCUG
CUUGGUGCCAACCUCCCCCAAAUGCGCGCUGCGGGAGUGCUCUUCCCCAACUCACCCUAGUAUCCUC
UCAUGUGUGUGCUUGGUCAGCAUAUCUGAGACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGA
CGGGCCAGUGCGUGUAGUCGUCUUCCGGCUUGUCCGGGGCAUGUUUGGUGAACCGGUGGGGUAAGGU
UGGUGUGCCCAACGCCCGUACUUUGGUGACACCUCAAGACCACCCAGGAAUGCCAGGGAGGUACCCC
ACCUCACGGUGGGAUCUGACCCUGGGCUAAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCU
UCUGUUCACGGCCACCAUGGAGGACGCCAAGAACAUCAAGAAGGGCCCGGCGCCCUUCUACCLGLUG
GAGGACGGGACCGCCGGCGAGCAGCUCCACAAGGCCAUGAAGCGGUACGCCCUGGUGCCGGGCACGA
UCGCCUUCACCGACGCCCACAUCGAGGUCGACAUCACCUACGCGGAGUACUUCGAGRUGAGCGUGCG
CCUGGCCGAGGCCAUGAAGCGGUACGGCCUGAACACCAACCACCGGAUCGUGGUGUGCUCGGAGAAC
AGCCUGCAGUUCUUCAUGCCGGUGCUGGGCGCLCCUCUUCAUCGGLCGUGGCCGUCGCCCCGGLCGAACG
ACAUCUACAACGAGCGGGAGCUGCUGAACAGCAUGGGGAUCAGCCAGCCGACCGUGGUGUUCGUGAG
CAAGAAGGGCCUGCAGAAGAUCCUGAACGUGCAGAAGAAGCUGCCCAUCAUCCAGAAGAUCAUCAUC
AUGGACAGCAAGACCGACUACCAGGGCUUCCAGUCGAUGUACACGUUCGUGACCAGCCACCULCCGC
CGGGCUUCAACGAGUACGACUUCGUCCCGGAGAGCUUCGACCGGGACAAGACCAUCGCCCUGAUCAU
GAACAGCAGCGGCAGCACCGGCLUGCCGAAGGGGGUGGLCCUGCCGLCACCGGACCGLCCUGLGUGLGL
UUCUCGCACGCCCGGGACCCCAUCUUCGGCAACCAGAUCAUCCCGGACACCGCCAUCCUGAGEGUGG
UGCCGUUCCACCACGGCUUCGGCAUGUUCACGACCCUGGGCUACCUCAUCUGCGGCUUCCGGGUGGU
CCUGAUGUACCGGUUCGAGGAGGAGCUGUUCCUGCGGAGCCUGCAGGACUACAAGAUCCAGAGCGCG
CUGCUCGUGCCGACCCUGUUCAGCUUCUUCGCCAAGAGCACCCUGAUCGACAAGUACGACCUGUCGA
ACCUGCACGAGAUCGCCAGCGGGGGCGCCCCGCUGAGCAAGGAGGUGGGCGAGGLCGUGGCCAAGLCG
GUUCCACCUCCCGGGCAUCCGCCAGGGCUACGGCCUGACCGAGACCACGAGCGCGAUCCUGAUCACC
CCCGAGGGGGACGACAAGCCGGGCGCCGUGGGCAAGGUGGUCCCGUUCUUCGAGGCCAAGGUGGUGG
ACCUGGACACCGGCARAGACCCUGGGCGUGARCCAGCGGGGCGAGCUGUGCGUGCGGGGGCCGAUGAU
CAUGAGCGGCUACGUGAACAACCCGGAGGCLCACCAACGLCCUCAUCGACAAGGACGGCUGGCUGCAC
AGCGGCGACAUCGCCUACUGGGACGAGGACGAGCACUUCUUCAUCGUCGACCGGCUGAAGUCGCUGA
UCAAGUACAAGGGCUACCAGGUGGCGCCGGLCGAGCUGGAGAGCAUCCUGCUCCAGCACCCCAACAU
CUUCGACGCCGGCGUGGCCGGGLUGCCGGACGACGACGLCCGGCGAGCUGCCGGCLCGCGGUGGUGGUG
CUGGAGCACGGCAAGACCAUGACGGAGAAGGAGAUCGUCGACUACGUGGCCAGCCAGGUGACCACCG
CCRAGAARGCUGCGGGGCGGCGUGGUGUUCGUGGACGAGGUCCCGAAGGGCCUGACCGGGAAGCUCGA
CGCCCGGAAGAUCCGCGAGAUCCUGAUCAAGGCCAAGAAGGGCGGCAAGAUCGCCGUGAGCUGAUAA
CGUUAAAUCACAAACACCAUUGUCACACUCCAACUUAAAUCCAGACGGGGGGGGCUUAAAUAAUUGA
GCCUUARAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGARACCUAAAUCUAGUUAUAGAC
AAGGCAAUCCUGAGCCAAGCCGAAGUAGUARUUAGUAAGCGGAAGCAGUUACGUAUCUGGCCUCCAC
AACAGACACUGCAGAGGGGCCAUAACAGCAUAUCUAG

circRNA-1X
miRNA-122-5P

GGGAGACCCUCGAGGCCCCUCUGCAGUGUCUGUUGUGGAGGCCAGAUACGUAACUGCUUCCGCAACA
AUAGAUGACUUACAACUARAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUARCGUCAAGACGAG
GGUAAAGAGAGAGUCCAAUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCAAGAGARUGARAACCC
CCCCACCCACAGCAAGAAUGCCAUCAUCUGUCCUCACCCCCAAUUUUCCCUUUUCUUCCCCUGCARC
CAUUACGCUUACUCGCAUGUGCAUUGAGUGGUGCAUGUGUUGAACAAACAGCUACACUCACAUGGGG
GCGGGUUUUCCCGCCCUACGGCCUCUCGCGAGGCCCACCCCUUCCCUCCCCUUAUARACUACAGUGCU
UUGGUAGGUAAGCAUCCUGAUCCCCCGCGGAAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGG
UUAUCARAGGCACCCGGUCUUUCCGCCUUCAGGAGUAUCCCUACUAGUGAAUUCUAGCGGGGLCUCUG
CUUGGUGCCAACCUCCCCCAAAUGCGCGCUGCGGGAGUGCUCUUCCCCAACUCACCCUAGUAUCCUC
UCAUGUGUGUGCUUGGUCAGCAUAUCUGAGACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGA
CGGGCCAGUGCGUGUAGUCGUCUUCCGGCUUGUCCGGGGCAUGUUUGGUGAACCGGUGGGGUAAGGU

circRNA-2X
miRNA-122-5P
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UGGUGUGCCCAACGCCCGUACUUUGGUGACACCUCAAGACCACCCAGGAAUGCCAGGGAGGUACCCC
ACCUCACGGUGGGAUCUGACCCUGGGCUAAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCU
UCUGUUCACGGCCACCAUGGAGGACGCCAAGAACAUCAAGAAGGGCCCGGCGCCCUUCUACCCGCUG
GAGGACGGGACCGCCGGCGAGCAGCUCCACAAGGCCAUGAAGCGGUACGCCCUGGUGCCGGGCACGA
UCGCCUUCACCGACGCCCACAUCGAGGUCGACAUCACCUACGCGGAGUACUUCGAGAUGAGCGUGCE
CCUGGCCGAGGCCAUGAAGCGGUACGGCCUGAACACCAACCACCGGAUCGUGGUGUGCUCGGAGARC
AGCCUGCAGUUCUUCAUGCCGGUGCUGGGCGECCCUCUUCAUCGGCGUGGCCGUCGECCCCGGCGARCG
ACAUCUACAACGAGCGGGAGCUGCUGAACAGCAUGGGGAUCAGCCAGCCGACCGUGGUGUUCGUGAG
CAAGAAGGGCCUGCAGAAGAUCCUGAACGUGCAGAAGAAGCUGCCCAUCAUCCAGAAGAUCAUCAUC
AUGGACAGCAAGACCGACUACCAGGGCUUCCAGUCGAUGUACACGUUCGUGACCAGCCACCUCCCGC
CGGGCUUCAACGAGUACGACUUCGUCCCGGAGAGCUUCGACCGGGACAAGACCAUCGCCCUGAUCAU
GAACAGCAGCGGCAGCACCGGCLUGCCGAAGGGGGUGGLCCUGCCGCACCGGACCGCLCUGLCGUGLGL
UUCUCGCACGCCCGGGACCCCAUCUUCGGCAACCAGAUCAUCCCGGACACCGCCAUCCUGAGCGUGG
UGCCGUUCCACCACGGCUUCGGCAUGUUCACGACCCUGGGCUACCUCAUCUGCGGCUUCCGGGUGGU
CCUGAUGUACCGGUUCGAGGAGGAGCUGUUCCUGCGGAGCCUGCAGGACUACAAGAUCCAGAGCGLG
CUGCUCGUGCCGACCCUGUUCAGCUUCUUCGCCAAGAGCACCCUGAUCGACAAGUACGACCUGUCGA
ACCUGCACGAGAUCGCCAGCGGGGGCGCCCCGCUGAGCAAGGAGGUGGGCGAGGCCGUGGCCAAGCG
GUUCCACCUCCCGGGCAUCCGCCAGGGCUACGGCCUGACCGAGACCACGAGCGCGAUCCUGAUCACC
CCCGAGGGGGACGACAAGCCGEGGCGCCGUGGGCAAGGUGGUCCCGUUCUUCGAGGCCAAGGUGGUGG
ACCUGGACACCGGCRAGACCCUGGGCGUGARCCAGCGGGGLGAGCUGUGCGUGCEGGGGCCGAUGAU
CAUGAGCGGCUACGUGAACAACCCGGAGGCCACCAACGLCCCUCAUCGACAAGGACGGCUGGCUGCAC
AGCGGCGACAUCGCCUACUGGGACGAGGACGAGCACUUCUUCAUCGUCGACCGGCUGAAGUCGCUGA
UCAAGUACAAGGGCUACCAGGUGGCGCCGGCCGAGCUGGAGAGCAUCCUGCUCCAGCACCCCAACAU
CUUCGACGCCGGCGUGGCCGGGLCUGCCGGACGACGACGCCGGCGAGLCUGCCGGCLGCGGUGGUGGUG
CUGGAGCACGGCAAGACCAUGACGGAGAAGGAGAUCGUCGACUACGUGGCCAGCCAGGUGACCACCG
CCARAGAARGCUGCGGGGCGGCGUGGUGUUCGUGGACGAGGUCCCGARGGGCCUGACCGGGAAGCUCGA
CGCCCGGARAGAUCCGCGAGAUCCUGAUCAAGGCCAAGAAGGGCGGCAAGAUCGCCGUGAGCUGAUAA
GAUUAUUUCGCAAACACCAUUGUCACACUCCAACUUAAAUCCCAAACACCAUUGUCACACUCCARACU
UAAAUCCAGACGGGGGGGGCUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUC
AAACUCAGGGAAACCUAARAUCUAGUUAUAGACAAGGCARUCCUGAGCCAAGCCGAAGUAGUARUUAG
UAAGCGGAAGCAGUUACGUAUCUGGCCUCCACAACAGACACUGCAGAGGGGCCAUAACAGCAUAUCU
AG

GGGAGACCCUCGAGGCCCCUCUGCAGUGUCUGUUGUGGAGGCCAGAUACGUAACUGCUUCCGCAACA circRNA-1X

AUAGAUGACUUACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUARCGUCAAGACGAG miRNA-671-5P
GGUAAAGAGAGAGUCCAAUUCUCARAGCCARUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAARACCC
CCCCACCCACAGCAAGAAUGCCAUCAUCUGUCCUCACCCCCAAUUUUCCCUUUUCUUCCCCUGCAAC
CAUUACGCUUACUCGCAUGUGCAUUGAGUGGUGCAUGUGUUGAACARACAGCUACACUCACAUGGGG
GCGGGUUUUCCCGECCCUACGGCLCUCUCGCGAGGCCCACCCCUUCCCUCCCCUUAUAACUACAGUGCU
UUGGUAGGUAAGCAUCCUGAUCCCCCGCGGARAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGG
UUAUCARAGGCACCCGGUCUUUCCGCCUUCAGGAGUAUCCCUACUAGUGAAUUCUAGCGGGGCUCUG
CUUGGUGCCAACCUCCCCCAAAUGCGCGCUGCGGGAGUGCUCUUCCCCAACUCACCCUAGUADCCUC
UCAUGUGUGUGCUUGGUCAGCAUAUCUGAGACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGA
CGGGCCAGUGCGUGUAGUCGUCUUCCGGCUUGUCCGGGGCAUGUUUGGUGAACCGGUGGGGUAAGGU
UGGUGUGCCCAACGCCCGUACUUUGGUGACACCUCAAGACCACCCAGGAAUGCCAGGGAGGUACLCCC
ACCUCACGGUGGGAUCUGACCCUGGGCUAAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCU
UCUGUUCACGGCCACCAUGGAGGACGCCAAGAACAUCAAGAAGGGCCCGGCGCCCUUCUACCCGCUG
GAGGACGGGACCGCCGGCGAGCAGCUCCACAAGGCCAUGAAGCGGUACGCCCUGGUGCCGGGCACGA
UCGCCUUCACCGACGCCCACAUCGAGGUCGACAUCACCUACGCGGAGUACUUCGAGAUGAGCGUGCG
CCUGGCCGAGGCCAUGAAGCGGUACGGCCUGAACACCAACCACCGGAUCGUGGUGUGCUCGGAGAAL
AGCCUGCAGUUCUUCAUGCCGGUGCUGGGCGCCCUCUUCAUCGGCGUGGCCGUCGCCCCGGCGAALG
ACAUCUACAACGAGCGGGAGCUGCUGAACAGCAUGGGGAUCAGCCAGCCGACCGUGGUGUUCGUGAG
CAAGAAGGGCCUGCAGAAGAUCCUGAACGUGCAGAAGAAGCUGCCCAUCAUCCAGAAGAUCAUCAUC
AUGGACAGCAAGACCGACUACCAGGGCUUCCAGUCGAUGUACACGUUCGUGACCAGCCACCULCCGL
CGGGCUUCARACGAGUACGACUUCGUCCCGGAGAGCUUCGACCGGGACAAGACCAUCGCCCUGAUCAU
GAACAGCAGCGGCAGCACCGGCCUGCCGAAGGGGGUGGCCCUGCCGCACCGGACCGCCUGCGUGEGL
UUCUCGCACGCCCGGGACCCCAUCUUCGGCRAACCAGAUCAUCCCGGACACCGCCAUCCUGAGCGUGG
UGCCGUUCCACCACGGCUUCGGCAUGUUCACGACCCUGGGCUACCUCAUCUGCGGCUUCCGGGUGGU
CCUGAUGUACCGGUUCGAGGAGGAGCUGUUCCUGCGGAGCCUGCAGGACUACAAGAUCCAGAGCGCG
CUGCUCGUGCCGACCCUGUUCAGCUUCUUCGCCAAGAGCACCCUGAUCGACAAGUACGACCUGUCGA
ACCUGCACGAGAUCGCCAGCGGGGGCGCCCCGCUGAGCAAGGAGGUGGGCGAGGCCGUGGCCAAGLG
GUUCCACCUCCCGGGCAUCCGCCAGGGCUACGGCCUGACCGAGACCACGAGCGCGAUCCUGAUCACC
CCCGAGGGGGACGACAAGCCGGGCGCCGUGGGCAAGGUGGUCCCGUUCUUCGAGGCCARGGUGGUGG
ACCUGGACACCGGCAAGACCCUGGGCGUGAACCAGCGGGGCGAGCUGUGCGUGCGEGGGGCCGAUGAU
CAUGAGCGGCUACGUGAACAACCCGGAGGCCACCAACGLCCUCAUCGACARGGACGGLCUGGCUGCAL
AGCGGCGACAUCGCCUACUGGGACGAGGACGAGCACUUCUUCAUCGUCGACCGGCUGRAGUCGCUGA
UCAAGUACAAGGGCUACCAGGUGGCGCCGGCCGAGCUGGAGAGCAUCCUGCUCCAGCACCCCAACAU
CUUCGACGCCGGCGUGGCCGGGLCUGCCGGACGACGACGLCGGCGAGCUGCLGGCCGCGGEUGGUGGUG
CUGGAGCACGGCAAGACCAUGACGGAGAAGGAGAUCGUCGACUACGUGGCCAGCCAGGUGACCACCG
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CCAAGAAGCUGCGGGGCGGCGUGGUGUUCGUGGACGAGGUCCCGAAGGGCCUGACCGGGAAGCUCGA
CGCCCGGAAGAUCCGCGAGAUCCUGAUCAAGGCCAAGAAGGGCGGCAAGAUCGCCGUGAGCUGAUAA
CGUUAAAUCACUCCAGCCCCUCCAGGGCUUCCUACUUARAUCCAGACGGGGGGGGCUUARAUAAUUG
AGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAARUCUAGUUAUAGA
CAAGGCAAUCCUGAGCCAAGCCGAAGUAGURAAUUAGUAAGCGGAAGCAGUUACGUAUCUGGCCUCCA
CAACAGACACUGCAGAGGGGCCAUAACAGCAUAUCUAG

6 | GGGAGACCCUCGAGGCCCCUCUGCAGUGUCUGUUGUGGAGGCCAGAUACGUAACUGCUUCCGCARCA circRNA-2X
AUAGAUGACUUACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAG miRNA-671-5P
4 | GGUAAAGAGAGAGUCCAAUUCUCAAAGCCARUAGGCAGUAGCGAAAGCUGCAAGAGAAUGARRACCC
CCCCACCCACAGCAAGAAUGCCAUCAUCUGUCCUCACCCCCAAUUUUCCCUUUUCUUCCCCUGCAAC
CAUUACGCUUACUCGCAUGUGCAUUGAGUGGUGCAUGUGUUGAACAAACAGCUACACUCACAUGGGG
GCGGGUUUUCCCGCCCUACGGCCUCUCGCGAGGCCCACCCCUUCCCUCCCCUUAUAACUACAGUGCU
UUGGUAGGUAAGCAUCCUGAUCCCCCGCGGRAAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGG
UUAUCAAAGGCACCCGGUCUUUCCGCCUUCAGGAGUAUCCCUACUAGUGAAUUCUAGCGGGGCUCUG
CUUGGUGCCAACCUCCCCCAAAUGCGCGCUGCGGGAGUGCUCUUCCCCAACUCACCCUAGUAUCCUC
UCAUGUGUGUGCUUGGUCAGCAUAUCUGAGACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGA
CGGGCCAGUGCGUGUAGUCGUCUUCCGEGCUUGUCCGGGGCAUGUUUGGUGAACCGGUGGGGUAAGGU
UGGUGUGCCCAACGCCCGUACUUUGGUGACACCUCAAGACCACCCAGGAAUGCCAGGGAGGUACCCC
ACCUCACGGUGGGAUCUGACCCUGGGCUAAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCU
UCUGUUCACGGCCACCAUGGAGGACGCCAAGAACAUCAAGAAGGGCCCGGCGCCCUUCUACCCGCUG
GAGGACGGGACCGCLGGCGAGCAGCUCCACAAGGCCAUGAAGCGGUACGCCCUGGUGCCGGGLACGA
UCGCCUUCACCGACGCCCACAUCGAGGUCGACAUCACCUACGCGGAGUACUUCGAGAUGAGCGUGCG
CCUGGCCGAGGCCAUGAAGCGGUACGGCCUGAACACCAACCACCGGAUCGUGGUGUGCUCGGAGAAC
AGCCUGCAGUUCUUCAUGCCGGUGCUGGGCGECCCUCUUCAUCGGCGUGGCCGUCGCCCCGGCGAACG
ACAUCUACAACGAGCGGGAGCUGCUGAACAGCAUGGGGAUCAGCCAGCCGACCGUGGUGUUCGUGAG
CAAGAAGGGCCUGCAGAAGAUCCUGAACGUGCAGAAGAAGCUGCCCAUCAUCCAGAAGAUCAUCAUC
AUGGACAGCAAGACCGACUACCAGGGCUUCCAGUCGAUGUACACGUUCGUGACCAGCCALCCULCCGL
CGGGCUUCAACGAGUACGACUUCGUCCCGGAGAGCUUCGACCGGGACAAGACCAUCGCCCUGAUCAU
GAACAGCAGCGGCAGCACCGGCLUGCCGAAGGGGGUGGLCCUGCCGCACCGGACCGCCUGLCGUGLGL
UUCUCGCACGCCCGGGACCCCAUCUUCGGCAACCAGAUCAUCCCGGACACCGCCAUCCUGAGCGUGG
UGCCGUUCCACCACGGCUUCGGCAUGUUCACGACCCUGGGCUACCUCAUCUGCGGCUUCCGGGUGGU
CCUGAUGUACCGGUUCGAGGAGGAGCUGUUCCUGCGGAGCCUGCAGGACUACAAGAUCCAGAGCGCG
CUGCUCGUGCCGACCCUGUUCAGCUUCUUCGCCARGAGCACCCUGAUCGACAAGUACGACCUGUCGA
ACCUGCACGAGAUCGCCAGCGGGGGCGCCCCGCUGAGCAAGGAGGUGGGCGAGGLCCGUGGCCAAGCG
GUUCCACCUCCCGGGCAUCCGCCAGGGCUACGGCCUGACCGAGACCACGAGCGCGAUCCUGAUCACC
CCCGAGGGGGACGACAAGCCGGGCGCCGUGGGCAAGGUGGUCCCGUUCUUCGAGGCCAAGGUGGUGG
ACCUGGACACCGGCAAGACCCUGGGCGUGARCCAGCGGGGCGAGCUGUGCGUGCGGGGGCCGAUGAU
CAUGAGCGGCUACGUGAACAACCCGGAGGCLCACCAACGCCCUCAUCGACAAGGACGGCUGGCUGCAC
AGCGGCGACAUCGCCUACUGGGACGAGGACGAGCACUUCUUCAUCGUCGACCGGCUGAARGUCGCUGA
UCAAGUACAAGGGCUACCAGGUGGCGCCGGCCGAGCUGGAGAGCAUCCUGCUCCAGCACCCCAACAU
CUUCGACGCCGGCGUGGCCGGGLUGCCGGACGACGACGLCGGLGAGCUGCLGGLLGLGEUGGUGEUG
CUGGAGCACGGCAAGACCAUGACGGAGAAGGAGAUCGUCGACUACGUGGCCAGCCAGGUGACCALCG
CCAAGAAGCUGCGGGGCGGCGUGGUGUUCGUGGACGAGGUCCCGAAGGGCCUGACCGGGAAGLCUCGA
CGCCCGGARGAUCCGCGAGAUCCUGAUCAAGGCCAAGAAGGGCGGCAAGAUCGCCGUGAGCUGAUAA
GAUUAUUUCGCUCCAGCCCCUCCAGGGCUUCCUACUUAAAUCCCUCCAGCCCCUCCAGGGCUUCCUA
CUUARAUCCAGACGGGGGGGGCUUARARUAAUUGAGCCUUARAGAAGAAAUUCUUUAARGUGGAUGCUC
UCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUU
AGUAAGCGGAAGCAGUUACGUAUCUGGCCUCCACAACAGACACUGCAGAGGGGCCAUAACAGCAUAU
CUAG

fun

6 | GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCCGUCGAUUGUCCACUGGUCAACAAUAGAUGACU circRBD-WT
1 | UACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAACACGAGGGUARAAGAGA
5| GAGUCCAAUUCUCARAGCCAAUAGGCAGUAGCGAARAGCUGCAAGAGAAUGAAAACCCCCCCACCCAC
AGCAAGARAUGCCAUCAUCUGUCCUCACCCCCAARUUUUCCCUUUUCUUCCCCUGCAACCAUUACGCUU
ACUCGCAUGUGCAUUGAGUGGUGCAUGUGUUGAACAAACAGCUACACUCACAUGGGGGCGGGUUUUC
CCGCCCUACGGCCUCUCGCGAGGCCCACCCCUUCCCUCCCCUUAUARCUACAGUGCUUUGGUAGGUA
AGCAUCCUGAUCCCCCGCGGAAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGGUUAUCAAAGG
CACCCGGUCUUUCCGCCUUCAGGAGUAUCCCUACUAGUGAAUUCUAGCGGGGCUCUGCUUGGUGCCA
ACCUCCCCCAAAUGCGCGCUGCGGGAGUGCUCUUCCCCAACUCACCCUAGUAUCCUCUCAUGUGUGU
GCUUGGUCAGCAUAUCUGAGACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGACGGGCCAGUG
CGUGUAGUCGUCUUCCGGCUUGUCCGGGGCAUGUUUGGUGAACCGGUGGGGUAAGGUUGGUGUGCCC
AACGCCCGUACUUUGGUGACACCUCARGACCACCCAGGAAUGCCAGGGAGGUACCCCACCUCACGGU
GGGAUCUGACCCUGGGCUAAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCUUCUGUUCACG
GCCACCAUGGAUAUGAGAGCCCAUGUUCAUCUGCUGGGCCUGCUGCUGCUUUGGCUGCCUGGCGCUA
AAUGCAACAUCACCAACCUGUGUCCAUUUGGAGAGGUGUUCAAUGCCACCAGGUUUGCCUCUGUCUA
UGCCUGGAACAGGAAGAGGAUUAGCAACUGUGUGGCUGACUACUCUGUGCUCUACARCUCUGCCUCC
UUCAGCACCUUCAAGUGUUAUGGAGUGAGCCCAACCAAACUGAAUGACCUGUGUUUCACCAAUGUCU
AUGCUGACUCCUUUGUGAUUAGGGGAGAUGAGGUGAGACAGAUUGCCCCUGGACAAACAGGCAAGAU
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UGCUGACUACAACUACAARACUGCCUGAUGACUUCACAGGCUGUGUGAUUGCCUGGAACAGCAACAAC
CUGGACAGCAAGGUGGGAGGCAACUACAACUACCUCUACAGACUGUUCAGGAAGAGCAACCUGARAC
CAUUUGAGAGGGACAUCAGCACAGAGAUUUACCAGGCUGGCAGCACACCAUGUAAUGGAGUGGAGGG
CUUCAACUGUUACUUUCCACUCCAAUCCUAUGGCUUCCAACCAACCAAUGGAGUGGGCUACCAACCA
UACAGGGUGGUGGUGCUGUCCUUUGAACUGCUCCAUGCCCCUGCCACAGUGGAGCCURAGAGCAGCG
ACAAGACCCACACAUGCCCUCCAUGUCCUGCUCCAGAACUGCUCGGAGGCCCUUCCGUGUUCCUGUU
UCCUCCRAAGCCUAAGGACACCCUGAUGAUCUCCAGAACACCCGAAGUGACCUGCGUGGUGGUCGAU
GUGUCUCACGAGGACCCUGAAGUGAAGUUCRAAUUGGUACGUCGACGGCGUGGAAGUGCACAACGCCA
AGACCAAGCCUAGAGAGGAACAGUACAACAGCACCUACAGAGUGGUGUCCGUGCUGACCGUGCUGCA
CCAGGAUUGGCUGAACGGCAAAGAGUACAAGUGCAAGGUGUCCAACAAGGCCCUGCCAGCUCCUAUC
GAGAAAACCAUCAGCAAGGCCAAGGGCCAGCCUAGGGAACCCCAGGUUUACACACUGCCUCCAAGCC
GGGAAGAGAUGACCAAGAACCAGGUGUCCCUGACCUGCCUGGUCAAGGGCUUCUACCCUUCCGAUAU
CGCCGUGGAAUGGGAGAGCAAUGGCCAGCCUGAGAACAACUACAAGACCACACCUCCUGUGCUGGAC
AGCGACGGCUCAUUCUUCCUGUACAGCAAGCUGACAGUGGACAAGAGCAGAUGGCAGCAGGGLAACG
UGUUCAGCUGCAGCGUGAUGCACGAGGCCCUGCACAACCACUACACCCAGAAGUCCCUGAGCCUGUC
UCCUGGCAAAUGAUAAAGACGGGGGGGGCUUARAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUG
GAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGU
AGUAAUUAGUAAGACCAGUGGACAAUCGACGGGACCAGUGGACAAUCGACGGAURACAGCAUAUCUA
G

6 | GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCCGUCGAUUGUCCACUGGUCARCAAUAGAUGACU circRBD-UTR-
UACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGA 1

6 | GAGUCCAAUUCUCARAGCCAAUAGGCAGUAGCGAARAGCUGCAAGAGAAUGAAAACCCCCCCARARAR
AAAAAAACCARAAARAAAAAACAAAAAAAAAAAAUAAUUGACUAACCCACAGCAAGAAUGCCAUCAU
CUGUCCUCACCCCCAAUUUUCCCUUUUCUUCCCCUGCAACCAUUACGCUUACUCGCAUGUGCAUUGA
GUGGUGCAUGUGUUGAACAAACAGCUACACUCACAUGGGGGCGGGUUUUCCCGCCCUACGGCCUCUC
GCGAGGCCCACCCCUUCCCUCCCCUUAUAACUACAGUGCUUUGGUAGGUAAGCAUCCUGAUCCCCCG
CGGAAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGGUUAUCARAGGCACCCGGULCUUUCCGLC
UUCAGGAGUAUCCCUACUAGUGAAUUCUAGCGGGGCUCUGCUUGGUGCCAACCUCCCCCAAAUGCGC
GCUGCGGGAGUGCUCUUCCCCAACUCACCCUAGUAUCCUCUCAUGUGUGUGCUUGGUCAGCAUAUCU
GAGACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGACGGGCCAGUGCGUGUAGUCGUCUUCCG
GCUUGUCCGGGGCAUGUUUGGUGAACCGGUGGGGUAAGGUUGGUGUGCCCAACGCCCGUACUUUGGU
GACACCUCAAGACCACCCAGGAAUGCCAGGGAGGUACCCCACCUCACGGUGGGAUCUGACCCUGGGC
UAAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCUUCUGUUCACGGCCACCAUGGAUAUGAG
AGCCCAUGUUCAUCUGCUGGGCCUGCUGCUGCUUUGGCUGCCUGGCGCUARAUGCAACAUCACCAAC
CUGUGUCCAUUUGGAGAGGUGUUCAAUGCCACCAGGUUUGCCUCUGUCUAUGCCUGGAACAGGAAGA
GGAUUAGCAACUGUGUGGCUGACUACUCUGUGCUCUACAACUCUGCCUCCUUCAGCACCUUCAAGUG
UUAUGGAGUGAGCCCAACCAAACUGAAUGACCUGUGUUUCACCAAUGUCUAUGCUGACUCCUUUGUG
AUUAGGGGAGAUGAGGUGAGACAGAUUGCCCCUGGACAAACAGGCAAGAUUGCUGACUACAACUACA
AACUGCCUGAUGACUUCACAGGCUGUGUGAUUGCCUGGAACAGCAACAACCUGGACAGCAAGGUGGG
AGGCAACUACAACUACCUCUACAGACUGUUCAGGAAGAGCAACCUGAAACCAUUUGAGAGGGACAUC
AGCACAGAGAUUUACCAGGCUGGCAGCACACCAUGUAAUGGAGUGGAGGGCUUCAACUGUUALCUUUC
CACUCCAAUCCUAUGGCUUCCAACCAACCAAUGGAGUGGGCUACCAACCAUACAGGGUGGUGGUGCU
GUCCUUUGAACUGCUCCAUGCCCCUGCCACAGUGGAGCCUAAGAGCAGCGACAAGACCCACACAUGL
CCUCCAUGUCCUGCUCCAGAACUGCUCGGAGGCCCUUCCCUGUUCCUGUUUCCUCCARAGCCUAAGG
ACACCCUGAUGAUCUCCAGAACACCCGAAGUGACCUGCGUGGUGGUCGAUGUGUCUCACGAGGACCC
UGAAGUGAAGUUCARUUGGUACGUCGACGGCGUGGAAGUGCACAACGCCAAGACCARGCCUAGAGAG
GAACAGUACAACAGCACCUACAGAGUGGUGUCCGUGCUGACCGUGCUGCACCAGGAUUGGCUGAACG
GCAAAGAGUACAAGUGCAAGGUGUCCAACARGGCCCUGCCAGCUCCUAUCGAGAAARCCAUCAGCAA
GGCCAAGGGCCAGCCUAGGGAACCCCAGGUUUACACACUGCCUCCAAGCCGGGAAGAGAUGACCARG
AACCAGGUGUCCCUGACCUGCCUGGUCAAGGGCUUCUACCCUUCCGAUAUCGCCGUGGAAUGGGAGA
GCAAUGGCCAGCCUGAGAACAACUACAAGACCACACCUCCUGUGCUGGACAGCGACGGCUCAUUCUU
CCUGUACAGCAAGCUGACAGUGGACAAGAGCAGAUGGCAGCAGGGCAACGUGUUCAGCUGCAGCGUG
AUGCACGAGGCCCUGCACAACCACUACACCCAGAAGUCCCUGAGCCUGUCUCCUGGCAAAUGAUAAA
GACGGGGGGGGCUUAAAUAAUUGAGCCUUARAGARGAAAUUCUUUAARGUGGAUGCUCUCAAACUCAG
GGAAACCUAAAUCUAGUUAUAGACAAGGCARUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCA
GUGGACRAUCGACGGGACCAGUGGACAAUCGACGGAUAARCAGCAUAUCUAG

=

6 | GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCCGUCGAUUGUCCACUGGUCARCRAAUAGAUGACU circRBD-UTR-
1| UACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGA 2

7 | GAGUCCRAUUCUCAAAGCCAAUAGGCAGUAGCGARAGCUGCAAGAGAAUGAAAACCCCCCCAGGGAA
AUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGACCCCGGCGCCCCCACAGCAAGAAUGCCAUCA
UCUGUCCUCACCCCCAAUUUUCCCUUUUCUUCCCCUGCRAACCAUUACGCUUACUCGCAUGUGCAUUG
AGUGGUGCAUGUGUUGAACAAACAGCUACACUCACAUGGGGGCGGGUUUUCCCGLCCUACGGLCUCU
CGCGAGGCCCACCCCUUCCCUCCCCUUAUAACUACAGUGCUUUGGUAGGUAAGCAUCCUGAUCCCCC
GCGGAAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGGUUAUCAAAGGCACCCGGUCUUUCLEGL
CUUCAGGAGUAUCCCUACUAGUGAAUUCUAGCGGGGCUCUGCUUGGUGCCAACCUCCCCCARAUGCG
CGCUGCGGGAGUGCUCUUCCCCAACUCACCCUAGUAUCCUCUCAUGUGUGUGCUUGGUCAGCAUAUC
UGAGACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGACGGGCCAGUGCGUGUAGUCGUCUUCC
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GGCUUGUCCGGGGCAUGUUUGGUGAACCGGUGGGGUAAGGUUGGUGUGCCCAACGCCCGUACUUUGG
UGACACCUCAAGACCACCCAGGAAUGCCAGGGAGGUACCCCACCUCACGGUGGGAUCUGACCCUGGG
CUAAUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCUUCUGUUCACGGCCACCAUGGAUAUGA
GAGCCCAUGUUCAUCUGCUGGGCCUGCUGCUGCUUUGGCUGCCUGGCGCUAARUGCAACAUCACCAA
CCUGUGUCCAUUUGGAGAGGUGUUCAAUGCCACCAGGUUUGCCUCUGUCUAUGCCUGGAACAGGAAG
AGGAUUAGCAACUGUGUGGCUGACUACUCUGUGCUCUACAACUCUGCCUCCUUCAGCACCUUCAAGU
GUUAUGGAGUGAGCCCAACCAAACUGAAUGACCUGUGUUUCACCAAUGUCUAUGCUGACUCCUUUGU
GAUUAGGGGAGAUGAGGUGAGACAGAUUGCCCCUGGACAARCAGGCAAGAUUGCUGACUACAACUAC
AAACUGCCUGAUGACUUCACAGGCUGUGUGAUUGCCUGGAACAGCAACAACCUGGACAGCAAGGUGG
GAGGCAACUACAACUACCUCUACAGACUGUUCAGGAAGAGCAACCUGAAACCAUUUGAGAGGGACAU
CAGCACAGAGAUUUACCAGGCUGGCAGCACACCAUGUAAUGGAGUGGAGGGCUUCAACUGUUACUUU
CCACUCCARUCCUAUGGCUUCCAACCAACCAAUGGAGUGGGCUACCAACCAUACAGGGUGGUGGUGC
UGUCCUUUGAACUGCUCCAUGCCCCUGCCACAGUGGAGCCUAAGAGCAGCGACAAGACCCACACAUG
CCCUCCAUGUCCUGCUCCAGAACUGCUCGGAGGCCCUUCCGUGUUCCUGUUUCCUCCAAAGCCUAAG
GACACCCUGAUGAUCUCCAGAACACCCGAAGUGACCUGCGUGGUGGUCGAUGUGUCUCACGAGGACC
CUGAAGUGAAGUUCAAUUGGUACGUCGACGGCGUGGAAGUGCACAACGCCAAGACCAAGCCUAGAGA
GGAACAGUACAACAGCACCUACAGAGUGGUGUCCGUGCUGACCGUGCUGCACCAGGAUUGGCUGAAC
GGCAAAGAGUACAAGUGCAAGGUGUCCAACRAGGCCCUGCCAGCUCCUAUCGAGAARACCAUCAGCA
AGGCCAAGGGCCAGCCUAGGGAACCCCAGGUUUACACACUGCCUCCAAGCCGGGAAGAGAUGACCAA
GAACCAGGUGUCCCUGACCUGCLUGGUCAAGGGCUUCUACCCUUCCGAUAUCGCCGUGGAAUGGGAG
AGCAAUGGCCAGCCUGAGAACAACUACAAGACCACACCUCCUGUGCUGGACAGCGACGGCUCAUUCU
UCCUGUACAGCAAGCUGACAGUGGACAAGAGCAGAUGGCAGCAGGGCAACGUGUUCAGCUGCAGCGU
GAUGCACGAGGCCCUGCACAACCACUACACCCAGAAGUCCCUGAGCCUGUCUCCUGGCARAUGAUAA
AGACGGGGGGGGCUUAAAUAAUUGAGCCUUAAAGAAGARAUUCUUUAAGUGGAUGCUCUCAAACUCA
GGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACC
AGUGGACAAUCGACGGGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

6 | GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCCCGUCGAUUGUCCACUGGUCARCARUAGAUGACU clrcRBD-UTR-
1 | UACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGA 3

8 | GAGUCCRAUUCUCAARAGCCAAUAGGCAGUAGCGAAAGCUGCAAGAGRAUGAAAACCCCCCCAGAGARA
UAAACUAGUAUUCUUCUGGUCCCCACAGACUCAGAGAGAACCCCCCACAGCAAGAAUGCCAUCAUCU
GUCCUCACCCCCAAUUUUCCCUUUUCUUCCCCUGCAACCAUUACGCUUACUCGCAUGUGCAUUGAGU
GGUGCAUGUGUUGAACAAACAGCUACACUCACAUGGGGGCGGGUUUUCCCGCCCUACGGCCUCUCGL
GAGGCCCACCCCUUCCCUCCCCUUAUAACUACAGUGCUUUGGUAGGUAAGCAUCCUGAUCCLLCGEG
GAAGCUGCUCACGUGGCAACUGUGGGGACCCAGACAGGUUAUCAAAGGCACCCGGUCUUUCCGCCUU
CAGGAGUAUCCCUACUAGUGAAUUCUAGCGGGGCUCUGCUUGGUGCCAACCUCCCCCARAUGLCGLGL
UGCGGGAGUGCUCUUCCCCAACUCACCCUAGUAUCCUCUCAUGUGUGUGCUUGGUCAGCAUAUCUGA
GACGAUGUUCCGCUGUCCCAGACCAGUCCAGUAAUGGACGGGCCAGUGCGUGUAGUCGUCUUCCGGL
UUGUCCGGGGCAUGUUUGGUGAACCGGUGGGCGUAAGGUUGGUGUGCCCAACGCCCGUACUUUGGUGA
CACCUCRAGACCACCCAGGAAUGCCAGGGAGGUACCCCACCUCACGGUGGGAUCUGACCCUGGGCUA
AUUGUCUACGGUGGUUCUUCUUGCUUCCACUUCUUUCUUCUGUUCACGGCCACCAUGGAUAUGAGAG
CCCAUGUUCAUCUGCUGGGCCUGCUGCUGCUUUGGCUGLCCUGGCGCUARAUGCARCAUCACCAALCCU
GUGUCCAUUUGGAGAGGUGUUCAAUGCCACCAGGUUUGCCUCUGUCUAUGCCUGGAACAGGAAGAGG
AUUAGCAACUGUGUGGCUGACUACUCUGUGCUCUACAACUCUGCCUCCUUCAGCACCUUCAAGUGUU
AUGGAGUGAGCCCAACCARAACUGAAUGACCUGUGUUUCACCAAUGUCUAUGCUGACUCCUUUGUGAU
UAGGGGAGAUGAGGUGAGACAGAUUGCCCCUGGACAAACAGGCAAGAUUGCUGACUACAACUACAAA
CUGCCUGAUGACUUCACAGGCUGUGUGAUUGCCUGGAACAGCAACAACCUGGACAGCAAGGUGGGAG
GCAACUACAACUACCUCUACAGACUGUUCAGGAAGAGCAACCUGAAACCAUUUGAGAGGGACAUCAG
CACAGAGAUUUACCAGGCUGGCAGCACACCARUGURAUGGAGUGGAGGGCUUCAACUGUUACUUUCCA
CUCCAAUCCUAUGGCUUCCAACCAACCAAUGGAGUGGGCUACCAACCAUACAGGGUGGUGGUGCUGU
CCUUUGARACUGCUCCAUGCCCCUGCCACAGUGGAGCCURAGAGCAGCGACARAGACCCACACAUGLCCC
UCCAUGUCCUGCUCCAGAACUGCUCGGAGGCCCUUCCGUGUUCCUGUUUCCUCCAAAGCCUAAGGAC
ACCCUGAUGAUCUCCAGAACACCCGAAGUGACCUGCGUGGUGGUCGAUGUGUCUCACGAGGALCCCUG
AAGUGAAGUUCAAUUGGUACGUCGACGGCGUGGAAGUGCACAACGCCAAGACCAAGCCUAGAGAGGA
ACAGUACAACAGCACCUACAGAGUGGUGUCCGUGCUGACCGUGCUGCACCAGGAUUGGCUGAACGGC
AAAGAGUACAAGUGCAAGGUGUCCAACAAGGCCCUGCCAGCUCCUAUCGAGAAARCCAUCAGCAAGG
CCAAGGGCCAGCCUAGGGAACCCCAGGUUURCACACUGCCUCCAAGCCGGGAAGAGAUGACCAAGARA
CCAGGUGUCCCUGACCUGCCUGGUCAAGGGCUUCUACCCUUCCGAUAUCGCCGUGGAAUGGGAGAGC
AAUGGCCAGCCUGAGAACAACUACAAGACCACACCUCCUGUGCUGGACAGCGALCGGLCUCAUUCUUCC
UGUACAGCAAGCUGACAGUGGACAAGAGCAGAUGGCAGCAGGGCAACGUGUUCAGCUGCAGCGUGAU
GCACGAGGCCCUGCACAACCACUACACCCAGAAGUCCCUGAGCCUGUCUCCUGGCARAUGAUAAAGA
CGGGGGGGGCUUAAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGG
AAACCUARAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGU
GGACAAUCGACGGGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

6 | AAAAAAAAAAAACCAAAAAAAARAAACAAARAAARAAAAUAAUUGACUAA UTR-1

Y

246



WO 2024/193634 PCT/CN2024/082941

6 | GGGAAAUAAGAGAGAAARGAAGAGUAAGAAGARAAUAUAAGACCCCGGCGCCGCCACT UTR-2

2

0

6 | GAGAARURAARCUAGUAUUCUUCUGGUCCCCACAGACUCAGAGAGAACCCGCCACC UTR-3

2

1

6 | CAAACACCAUUGUCACACUCCA hsa-miR-122-
2 Sp

2

& | CUCCAGCCCCUCCAGGGLCUUCCU hsa-miR-671-
2 5p

3

6 | AAAUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGAGCCACCAUGGAGGACGCCAAGAACAUCAA | Luciferase

2 | GAAGGGCCCGGCGCCCUUCUACCCGCUGGAGCACGGGACCGCCGGCGAGCAGCUCCACAAGGCCAUG | mRNA

4 | AAGCGGUACGCCCUGGUGCCGGGECACGAUCGCCUUCACCGACGCCCACAUCGAGGUCGACAUCACCU

ACGCGGAGUACUUCGAGAUGAGCGUGCGCCUGGCCGAGGCCAUGAAGCGGUACGGCCUGAACACCAA
CCACCGGAUCGUGGUGUGCUCGGAGAACAGCCUGCAGUUCUUCAUGCCGGUGCUGGGCGCCCUCUUC
AUCGGCGUGGCCGUCGCCCCGGCGAACGACAUCUACAACGAGCGGGAGCUGCUGAACAGCAUGGGGA
UCAGCCAGCCGACCGUGGUGUUCGUGAGCARGAAGGGCCUGCAGAAGAUCCUGARCGUGCAGAAGAA
GCUGCCCAUCAUCCAGAAGAUCAUCAUCAUGGACAGCAAGACCGACUACCAGGGCUUCCAGUCGAUG
UACACGUUCGUGACCAGCCACCUCCCGCCGGGCUUCAALGAGUACGACUUCGUCCCGGAGAGLUUCG
ACCGGGACAAGACCAUCGCCCUGAUCAUGAACAGCAGCGGCAGCACCGGCCUGCCGAAGGGGGUGGC
CCUGCCGCACCGGACCGCCUGCGUGCGCUUCUCGCACGCCCGGGACCCCAUCUUCGGCAACCAGAUC
AUCCCGGACACCGCCAUCCUGAGCGUGGUGCCGUUCCACCACGGCUUCGGCAUGUUCACGACCCUGG
GCUACCUCAUCUGCGGCUUCCGGGUGGUCCUGAUGUACCGGUUCGAGGAGGAGCUGUUCCUGCGGAG
CCUGCAGGACUACAAGAUCCAGAGCGCGCUGCUCGUGCLCGACCCUGUUCAGCUUCUUCGCCAAGAGC
ACCCUGAUCGACAAGUACGACCUGUCGAACCUGCACGAGAUCGCCAGCGGGGGCGECLCCGCUGAGLCA
AGGAGGUGGGCGAGGCCGUGGCCAAGCGGUUCCACCUCCCGGGCAUCCGCCAGGGCUACGGCCUGAL
CGAGACCACGAGCGCGAUCCUGAUCACCCCCGAGGGGGACGACAAGCCGGGCGCCGUGGGCAAGGUG
GUCCCGUUCUUCGAGGCCAAGGUGGUGGACCUGGACACCGGCAAGACCCUGGGCGUGAACCAGCGGG
GCGAGCUGUGCGUGCGGGGGCCGAUGAUCAUGAGCGGCUACGUGAACAACCCGGAGGCCACCAACGC
CCUCAUCGACAAGGACGGCUGGLUGCACAGCGGCGACAUCGCCUACUGGGACGAGGACGAGCACUUL
UUCAUCGUCGACCGGCUGAAGUCGCUGAUCRAGUACAAGGGCUACCAGGUGGCGCCGGCCGAGCUGG
AGAGCAUCCUGCUCCAGCACCCCAACAUCUUCGACGCCGGCGUGGCLCGGGCUGCCGGACGACGACGL
CGGCGAGCUGCCGGCCGCGGUGGUGGUGCUGCAGCACGGCAAGACCAUGACGGAGAAGGAGAUCGUC
GACUACGUGGCCAGCCAGGUGACCACCGCCAAGAAGCUGCGGGGCGGCEGUGGUGUUCGUGGACGAGG
UCCCGAAGGGCCUGACCGGGAAGCUCGACGCCCGGAAGAUCCGCGAGAUCCUGAUCAAGGCCAAGAA
GGGCGGCARGAUCGCCGUGAGCUAAGCUGCLUUCUGCGGGGCUUGCCUUCUGGCCAUGCCCUUCUUC
UCUCCCUUGCACCUGUACCUCUUGGUCUUUGAAUAAAGCCUGAGUAGGAAGUAUCCCAAUGGCGCGC
CGAGCUUGGCAAAAAAARAAAAAAARAAAARAAARAAAAAARARANAARARARAAARRARARRAARA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAARA
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CLAIMS

We claim:

1. A circular RNA precursor comprising from 5' to 3' direction:

a) a 3’ self-splicing intron fragment; and

b) a 57 self-splicing intron fragment;

wherein the 3° self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA through the self-splicing of the circular RNA precursor, and

wherein the self-splicing intron is selected from Group I introns and Group I introns.

2. The circular RNA precursor of claim 1, wherein the self-splicing intron is selected from
the following group: cyanobacterium Anabaena Group I Intron such as AnaX, Azoarcus Group 1
Intron (Azo), Scytalidium dimidiatum Group I Intron (Sd), Staphylococcus phage Twort Group 1
Intron (Twort), Scytonema-hofmani tRNA fMet group 1 intron (Sh), or Agrobacterium-
tumefaciens group I intron (At), for example, the self-splicing intron has a nucleotide sequence
selected from any one of SEQ ID NO: 1-6, or a nucleotide sequence having at least 50%, at least
60%, at least 70%, at least 80%, at least 81%, at lcast 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least 99%
sequence identity to any one of SEQ ID NO: 1-6.

3. The circular RNA precursor of claim 1 or 2, wherein the 3” self-splicing intron fragment is
the 3’ terminal portion of the self-splicing intron starting from an intron internal split site I to the
3' end of the self-splicing intron, and the 5° self-splicing intron fragment is the 5° terminal portion
of the self-splicing intron starting from the 5' end of the self-splicing intron to an intron internal
split site II.

4. The circular RNA precursor of any one of claims 1-3, wherein the self-splicing intron is
cyanobacterium Anabaena Group I Intron such as AnaX having a nucleotide sequence as set forth
in SEQ ID NO. 1, and the intron internal split site I and the intron internal split site [ respectively
correspond to nucleotide A at position 115 and nucleotide A at position 116 from 5 end of SEQ
ID NO. 1.

5. The circular RNA precursor of any one of claims 1-3, wherein the self-splicing intron is
Azoarcus Group I Intron (Azo) which has a nucleotide sequence as set forth in SEQ ID NO. 2, and
wherein

1) the intron internal split site II and the intron internal split site I respectively correspond to
nucleotide A at position 24 and nucleotide A at position 25 from the 5’ end of SEQ ID NO. 2; or

2) the intron internal split site IT and the intron internal split site I respectively correspond to

nucleotide A at position 85 and nucleotide A at position 86 from the 5 end of SEQ ID NO. 2; or
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3) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide C at position 71 and nucleotide C at position 72 from the 5’ end of SEQ ID NO. 2; or

4) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide C at position 108 and nucleotide U at position 109 from the 5" end of SEQ ID NO. 2;
or

5) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide A at position 154 and nucleotide A at position 155 from the 5" end of SEQ ID NO. 2; or

6) the intron internal split site I and the intron internal split site I respectively correspond to
nucleotide C at position 198 and nucleotide A at position 199 from the S’ end of SEQ ID NO. 2.

6. The circular RNA precursor of any one of claims 1-3, wherein the self-splicing intron is
Staphylococcus phage Twort Group I Intron (Twort) which has a nucleotide sequence as set forth
in SEQ ID NO. 3, and

1) the intron internal split site II and the intron internal split site I respectively correspond to
nucleotide U at position 70 and nucleotide A at position 71 from the 5" end of SEQ ID NO. 3; or

2) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide U at position 103 and nucleotide A at position 104 from the 5" end of SEQ ID NO. 3;
or

3) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide A at position 132 and nucleotide U at position 133 from the 5" end of SEQ ID NO. 3;
or

4) the intron internal split site II and the intron internal split site I respectively correspond to
nucleotide U at position 173 and nucleotide C at position 174 from the 5' end of SEQ ID NO. 3;
or

5) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide A at position 206 and nucleotide A at position 207 from the 5' end of SEQ ID NO. 3; or

6) the intron internal split site I and the intron internal split site I respectively correspond to
nucleotide G at position 226 and nucleotide U at position 227 from the 5’ end of SEQ ID NO. 3;
or

7) the intron internal split site I and the intron internal split site I respectively correspond to
nucleotide U at position 23 and nucleotide A at position 24 from the 5' end of SEQ ID NO. 3; or

8) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide A at position 82 and nucleotide A at position 83 from the 5' end of SEQ ID NO. 3.

7. The circular RNA precursor of any one of claims 1-3, wherein the self-splicing intron is
Scytalidium dimidiatum Group I Intron (Sd) which has a nucleotide sequence as set forth in SEQ
ID NO. 4, and wherein
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1) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide A at position 88 and nucleotide G at position 89 from the §' end of SEQ ID NO. 4; or

2) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide U at position 173 and nucleotide G at position 174 from the 5’ end of SEQ ID NO. 4,
or

3) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide A at position 204 and nucleotide G at position 205 from the 5' end of SEQ ID NO. 4;
or

4) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide C at position 252 and nucleotide G at position 253 from the 5" end of SEQ ID NO. 4;
or

5) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide C at position 370 and nucleotide G at position 371 from the 5* end of SEQ ID NO. 4.

8. The circular RNA precursor of any one of claims 1-3, wherein the self-splicing intron is
Scytonema-hofmani tRNA fMet group I intron (Sh) which has a nucleotide sequence as set forth
in SEQ ID NO. 5, and

1) the intron internal split site II and the intron internal split site I respectively correspond to
nucleotide A at position 129 and nucleotide A at position 130 from the 5’ end of SEQ ID NO. 5; or

2) the intron internal split site IT and the intron internal split site I respectively correspond to
nucleotide A at position 60 and nucleotide A at position 61 from the 5’ end of SEQ ID NO. 5; or

3) the intron internal split site II and the intron internal split site I respectively correspond to
nucleotide A at position 109 and nucleotide A at position 110 from the 5' end of SEQ ID NO. 5; or

4) the intron internal split site II and the intron internal split site I respectively correspond to
nucleotide A at position 213 and nucleotide A at position 214 from the 5' end of SEQ ID NO. 5.

9. The circular RNA precursor of any one of claims 1-4, wherein the self-splicing intron is
Agrobacterium-tumefaciens group I intron (At), and the intron internal split site IT and the intron
internal split site I respectively correspond to nucleotide A at position 107 and nucleotide A at
position 108 from the 5'end of the At intron having a nucleotide sequence as set forth in SEQ ID
NO. 6.

10. The circular RNA precursor of claim 1, wherein the self-splicing intron is the
cyanobacterium Anabaena Group I Intron such as AnaX, and the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 7 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
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identity to SEQ ID NO: 7, and the 5' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 8 or a nucleotide sequence having at least 75%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 8.

11. The circular RNA precursor of claim 1, wherein the self-splicing intron is the Azoarcus
Group [ Intron (Azo), and the 3' self-splicing intron fragment comprises or consists of a nucleotide
sequence of SEQ ID NO: 9, 11, 13, 15, 17 or 19 or a nucleotide sequence having at least 75%, at
least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID
NO: 9, 11, 13, 15, 17 or 19, and the §' self-splicing intron fragment comprises or consists of a
nucleotide sequence of SEQ ID NO: 10, 12, 14, 16, 18 or 20 or a nucleotide sequence having at
least 75%, at lcast 80%, at least 81%, at least 82%, at least 83%, at lcast 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity
to SEQ ID NO: 10, 12, 14, 16, 18 or 20.

12. The circular RNA precursor of claim 1, wherein the self-splicing intron is the Scytalidium
dimidiatum Group I Intron (Sd), and the 3' self-splicing intron fragment comprises or consists of
anucleotide sequence of SEQ ID NO: 37, 39, 41, 43 or 45 or a nucleotide sequence having at least
75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%,
at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to
SEQ ID NO: 37, 39, 41, 43 or 45, and the 5' self-splicing intron fragment comprises or consists of
anucleotide sequence of SEQ ID NO: 38, 40, 42, 44 or 46 or a nucleotide sequence having at least
75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%,
at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to
SEQ ID NO: 38, 40, 42, 44 or 46.

13. The circular RNA precursor of claim 1, wherein the self-splicing intron is the
Staphylococcus phage Twort Group I Intron (Twort), and the 3' self-splicing intron fragment
comprises or consists of a nucleotide sequence of SEQ ID NO: 21, 23, 25, 27, 29, 31, 33 or 35 or
a nucleotide sequence having at least 75%, at least 80%, at least 81%, at least 82%, at least 83%,
at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
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98%, at least 99% or 100% identity to SEQ ID NO: 21, 23, 25,27, 29, 31, 33 or 35, and the 5' self-
splicing intron fragment comprises or consists of a nucleotide sequence of SEQ ID NO: 22, 24,
26, 28, 30, 32, 34 or 36 or a nucleotide sequence having at least 75%, at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 22, 24, 26, 28, 30,
32, 34 or 36.

14. The circular RNA precursor of claim 1, wherein the self-splicing intron is the Scytonema-
hofmani tRNA fMet group I intron (Sh), and the 3' self-splicing intron fragment comprises or
consists of a nucleotide sequence of SEQ ID NO: 47, 49, 51 or 53 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 47, 49, 51 or 53 and the 5' self-splicing intron fragment comprises or
consists of a nucleotide sequence of SEQ ID NO: 48, 50, 52 or 54 or a nucleotide sequence having
at least 75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at lcast 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identity to SEQ ID NO: 48, 50, 52 or 54.

15. The circular RNA precursor of claim 1, wherein the self-splicing intron is the
Agrobacterium-tumefaciens group I intron (At), and the 3' self-splicing intron fragment comprises
or consists of a nucleotide sequence of SEQ ID NO: 55 or a nucleotide sequence having at least
75%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%,
at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identity to
SEQ ID NO: 55, and the 5' self-splicing intron fragment comprises or consists of a nucleotide
sequence of SEQ ID NO: 56 or a nucleotide sequence having at least 75%, at least 80%, at least
81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99% or 100% identity to SEQ ID NO: 56.

16. The circular RNA precursor of any one of claims 1-15, which further comprises from 5'
to 3' direction: optionally a first residual circularizing element; a nucleotide sequence of interest;
and optionally a second residual circularizing element, located between a) and b), wherein the total
length of the first residual circularizing element and the second residual circularizing element is

about 0 to about 500 nucleotides; and/or
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the circular RNA precursor further comprises a homology arm sequence I upstream of the 3°
self-splicing intron fragment and a homology arm sequence I1 downstream of the 5’ self-splicing
intron fragment.

17. The circular RNA precursor of claim 16, comprising from 5' to 3' direction:

i) the 3’ self-splicing intron fragment;

ii) the first residual circularizing element;

iii) the nucleotide sequence of interest;

1v) the second residual circularizing element; and

v) the 5’ self-splicing intron fragment.

18. The circular RNA precursor of claim 16 or 17, wherein the first residual circularizing
element comprises or consists of from 5° to 3’ direction a 3' exon region and optionally a first
spacer, the second residual circularizing element comprises or consists of from 3’ to 5’ direction a
5' exon region and optionally a second spacer.

19. The circular RNA precursor of claim 18, wherein the 3' exon region is derived from the
native 3' exon of the self-splicing intron, the 5' exon region is derived from the native 5' exon of
the self-splicing intron, and the 3' exon region and 5' exon region can be recognized and/or spliced
by the self-splicing intron or a combination of the 3’ self-splicing intron fragment and the 5° self-
splicing intron fragment.

20. The circular RNA precursor of claim 19, wherein 3' exon region is a sequence having at
least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% sequence identity to the native 3' exon or a contiguous fragment of about 1- about 50
nucleotides starting from the 5' terminal nucleotide of the native 3' exon, and

the 5' exon region is a sequence having at least 50%, at least 60%, at least 70%, at least 80%,
at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the native 5'
exon or a contiguous fragment of about 1- about 50 nucleotides starting from the 3' terminal
nucleotide of the native 5' exon.

21. The circular RNA precursor of any one of claims 16-20, wherein the nucleotide sequence
of interest comprises at least one protein-coding sequence and a translation initiation element such
as an internal ribosome entry site (IRES) operably linked thereto.

22. The circular RNA precursor of claim 21, wherein the translation initiation element is an

internal ribosome entry site (IRES), wherein said IRES is selected from the following IRES
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sequences: Taura syndrome virus, blood-sucking bug virus, Tyler's encephalomyelitis virus, simian
virus 40, red fire ant virus 1, cereal constriction virus, reticulovirus Endothelial hyperplasia virus,
Forman poliovirus 1, soybean inchworm virus, Kashmir bee virus, human rhinovirus 2, glass
leafhopper virus-1, human immunodeficiency virus type 1, glass leathopper virus-1, lice P virus ,
Hepatitis C virus, Hepatitis A virus, Hepatitis GB virus, Foot and mouth disease virus, Human
enterovirus 71, Equine rhinovirus, Tea inchworm-like virus, Encephalomyocarditis virus (EMCV),
Drosophila C virus, Cruciferous tobacco Virus, cricket paralysis virus, bovine viral diarrhea virus
1, black queen cell virus, aphid lethal paralysis virus, avian encephalomyelitis virus, acute bee
paralysis virus, hibiscus yellow ring spot virus, swine fever virus, human FGF2, human SFTPAI,
Human AMLI1/RUNXI, Drosophila Antennac, Human AQP4, Human AT1R, Human BAG-1,
Human BCL2, Human BiP, Human c-IAP1, Human c-myc, Human elF4G, Mouse NDST4L,
Human LEF!1, Mouse HIFla, Human n.myc, mouse Gtx, human p27kipl, human PDGF2/c-sis,
human p$3, human Pim-1, mouse Rbm3, Drosophila reaper, canine Scamper, Drosophila Ubx,
human UNR, mouse UtrA, human VEGF-A, human XIAP, Drosophila hairless, Saccharomyces
cerevisiae TFIID, Saccharomyces cerevisiae YAPI, human c-sr¢, human FGF-1, simian
picornavirus, turnip crepe disease virus, elF4G aptamer, Coxsackie Virus B3 (CVB3) or Coxsackie
virus A (CVA1/2), preferably, the IRES is selected from CVB3, HRV-B3, BRAV-1 L, PV1 L,
CAV2 L, BRAV-1,PV1, or CAV2.

23. The circular RNA precursor of claim 22, wherein the IRES comprises a nucleotide
sequence set forth in one of SEQ ID NOs: 120-526, or comprises a nucleotide sequence having at
least 75%, e.g., at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least 99%
sequence identity to one of SEQ ID NOs: 120-526.

24, The circular RNA precursor of any one of claims 21-23, wherein the at least one protein-
coding sequence encodes a protein of eukaryotic, prokaryotic or viral origin, for example, a protein
for therapeutic or diagnostic use;

for example, the at least one protein-coding sequence encodes IL-2, or an aquaporin, such as
AQP-1 protein or a protein having the same activity as the AQP-1 protein and derived from the
AQP-1 protein through substitution, deletion or addition of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more
amino acids in the amino acid sequence of the AQP-1 protein.

25. The circular RNA precursor of any one of claims 21-24, wherein the at least one protein-
coding sequence comprises a nucleotide sequence of any one of SEQ ID NO: 117-118, or a
nucleotide sequence having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 8§7%, at least 88%, at least
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89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% sequence identity to any one of SEQ ID NO: 117-118.

26. The circular RNA precursor of any one of claims 16-23, wherein the nucleotide sequence
of interest is a non-coding sequence, for example, the non-coding sequence can be an antisense
RNA, aptamer, guide RNA, or non-protein-coding RNA existing in any organism.

27. The circular RNA precursor of any one of claims 1-15 comprising from 5' to 3' direction:
the 3’ self-splicing intron fragment; a nucleotide sequence of interest; and the 5’ self-splicing intron
fragment;

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA which is formed by the nucleotide sequence of interest through the self-splicing of
the circular RNA precursor;

wherein the nucleotide sequence of interest comprises from 5' to 3' direction: a circularizing
sequence fragment II comprising a ribozyme recognition site II at its 5° end and a circularizing
sequence fragment T comprising a ribozyme recognition site T at its 3’ end,

wherein the circularizing sequence fragment [ is the 5 terminal portion of a circularizing
sequence, and the circularizing sequence fragment I1 is the a 3’ terminal portion of a circularizing
sequence, and

wherein the ribozyme recognition site I is connected with the ribozyme recognition site II in
the generated circular RNA, and thus the circularizing sequence fragment 1 is connected with the
circularizing sequence fragment II to form a circularizing sequence.

28. The circular RNA precursor of claim 27, wherein the circularized nucleotide sequence of
interest comprises one or more sequences selected from the following group: at least one protein
coding sequences, a non-coding sequence, translation initiation element (TIE), a non-TIE
functional element or any combination thereof.

29. The circular RNA precursor of claim 27 or 28, wherein the circularizing sequence is
selected from at least one protein-coding sequence, a non-coding sequence, a translation initiation
element (TIE), or a non-TIE functional element.

30. The circular RNA precursor of any one of claims 1-15, comprising from 5' to 3' direction:
the 3’ self-splicing intron fragment; a nucleotide sequence of interest; and the 5’ self-splicing intron
fragment,

wherein the 3’ self-splicing intron fragment and the 5’ self-splicing intron fragment in
combination retain the self-splicing activity of a self-splicing intron and allow generation of a
circular RNA which is formed by the nucleotide sequence of interest through the self-splicing of

the circular RNA precursor and which comprises at least one protein-coding sequence;
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wherein the nucleotide sequence of interest comprises from 5'to 3' direction: a protein-coding
sequence fragment I, a translation initiation element such as an internal ribosome entry site (IRES),
and a protein-coding sequence fragment I;

wherein the protein-coding sequence fragment I is the 5’ terminal portion of the at least one
protein-coding sequence, and the protein-coding sequence fragment Il is the 3’ terminal portion of
the at least one protein-coding sequence, and

the protein-coding sequence fragment I comprises a ribozyme recognition site I located at its
3’ end, the protein-coding sequence fragment I comprises a ribozyme recognition site II located
at its 5° end, wherein in the generated circular RNA the ribozyme recognition site I is connected
with the ribozyme recognition site II, and thus the protein-coding sequence fragment I is connected
with the protein-coding sequence fragment II to form the at least one protein-coding sequence.

31. The circular RNA precursor of claim 30, wherein the generated circular RNA comprises
at least two protein-coding sequences, and a further translation initiation element, 2A sequence or
spacer may be linked between any two adjacent protein-coding sequences, and the translation
initiation element comprises: IRES sequence, 5° UTR sequence, Kozak sequence, a sequence
containing m6A, a sequence complementary to ribosome 18S rRNA, or any combination thereof.

32. The circular RNA precursor of any one of claims 29-31, wherein the ribozyme recognition
site I and the ribozyme recognition site II are configured such that the circular RNA precursor
comprising them has a high circularization efficiency.

33. The circular RNA precursor of any one of claims 29-32, wherein the total length of the
ribozyme recognition site I and the ribozyme recognition site IT is about 0 to about 100 nucleotides,
about 0 to about 90 nucleotides, about 0 to about 8 nucleotides, about 0 to about 70 nucleotides,
about 0 to about 60 nucleotides, about 0 to about 50 nucleotides, about 0 to about 40 nucleotides,
about 0 to about 35 nucleotides, about 2 to about 100 nucleotides, about 5 to about 100 nucleotides,
about 10 to about 100 nucleotides, about 20 to about 100 nucleotides, about 30 to about 100
nucleotides, or about 30 to about 100 nucleotides, suchas 1,2, 3,4, 5,6, 7,8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41,42,43, 44, 45,46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, or 100 nucleotides in length.

34. The circular RNA precursor of any one of claims 29-33, wherein the total length of the
ribozyme recognition site I is about 0 to about 100 nucleotides, about 0 to about 90 nucleotides,
about 0 to about 8 nucleotides, about 0 to about 70 nucleotides, about 0 to about 60 nucleotides,
about 0 to about 50 nucleotides, about 0 to about 40 nucleotides, about 0 to about 35 nucleotides,

about 2 to about 100 nucleotides, about 5 to about 100 nucleotides, about 10 to about 100
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nucleotides, about 20 to about 100 nucleotides, about 30 to about 100 nucleotides, or about 30 to
about 100 nucleotides, such as 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23,24,25,26,27, 28,29, 30,31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,775,176, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
or 100 nucleotides in length.

35. The circular RNA precursor of any one of claims 29-34, wherein the ribozymnie recognition
site I and the ribozyme recognition site II are configured to be capable of forming a stem-loop
structure, e.g., upon self-splicing for circularization.

36. The circular RNA precursor of claim 35, wherein the loop of the stem-loop structure
comprises the splicing junction.

37. The circular RNA precursor of any one of claims 29-36, wherein the ribozyme recognition
site I comprises the sequence structure of the following formula: 5'-third non-pairing sequence-
third pairing sequence-third loop sequence-3'; and the ribozyme recognition site II comprises the
sequence structure of the following formula: 5'-fourth loop sequence-fourth pairing sequence-
fourth non-pairing sequence-3',

wherein the third non-pairing sequence or the fourth non-pairing sequence may be
independently present or absent,

the third pairing sequence and the fourth pairing sequence can complementarily pair to each
other to form the stem of the stem-loop structure, wherein the third loop sequence and the fourth
loop sequence can form the loop of the stem-loop structure, e.g., through self-splicing for
circularization.

38. The circular RNA precursor of any one of claims 29-37, wherein the ribozyme recognition
site I can be selected from various sequence.

39. The circular RNA precursor of claim 37 or 38, wherein the fourth loop sequence
comprises or consists of one or more nucleotides which can pair with the P1 region of the
corresponding self-splicing intron to form a P10 duplex region during the circularization.

40. The circular RNA precursor of any one of claims 37-39, wherein the fourth loop sequence
consist of a nucleotide sequence of (N)n, wherein N represents any nucleotides (A, G, U, or C), n
represents an integer from 1-20, for example, 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, or 20.

41. The circular RNA precursor of any one of claims 37-40, wherein the fourth loop sequence
comprises or consists of the sequence of AAAA, AGAA, AA, UUUU, UAAA, CAAA, or GAAA,
preferably AAAA.

42. The circular RNA precursor of any one of claims 37-41, wherein the ribozyme

257



WO 2024/193634 PCT/CN2024/082941

recognition site I comprises a nucleotide sequence having at least 50%, at least 60%, at least 70%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at lcast 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at lcast 98%, at least 99% or 100% sequence identity
to a nucleotide sequence of any one of SEQ ID NO: 95-116.

43. The circular RNA precursor of any one of claims 37-42, wherein the third loop sequence
comprises or consists of one or more nucleotides which can pair with the internal guide sequence
(IGS) of the corresponding self-splicing intron to form a P1 duplex region during the
circularization.

44, The circular RNA precursor of any one of claims 37-43, wherein the third loop sequence
comprises or consists of a nucleotide sequence of any one of SEQ ID NO: 95-116, such as CUU,
CAU or CUC, preferably CUU.

45. The circular RNA precursor of any one of claims 37-44, wherein the loop of the stem-
loop structure has a sequence of CUUAAAA, CUUUUUU, CUUAA, CUUGAAA, CUUUAAA,
CUUAGAA, CUUCAAA or CUCAAAA, preferably CUUAAAA.

46. The circular RNA precursor of any one of claims 29-45, wherein the translation initiation
element is an internal ribosome entry site (IRES) which is selected from the following IRES
sequences: Taura syndrome virus, blood-sucking bug virus, Tyler's encephalomyelitis virus, simian
virus 40, red fire ant virus 1, cereal constriction virus, reticulovirus Endothelial hyperplasia virus,
Forman poliovirus 1, soybean inchworm virus, Kashmir bee virus, human rhinovirus 2, glass
leathopper virus-1, human immunodeficiency virus type 1, glass leathopper virus-1, lice P virus ,
Hepatitis C virus, Hepatitis A virus, Hepatitis GB virus, Foot and mouth disease virus, Human
enterovirus 71, Equine rhinovirus, Tea inchworm-like virus, Encephalomyocarditis virus (EMCV),
Drosophila C virus, Cruciferous tobacco Virus, cricket paralysis virus, bovine viral diarrhea virus
1, black queen cell virus, aphid lethal paralysis virus, avian encephalomyelitis virus, acute bee
paralysis virus, hibiscus yellow ring spot virus, swine fever virus, human FGF2, human SFTPAT,
Human AMLI/RUNXI, Drosophila Antennae, Human AQP4, Human AT1R, Human BAG-1,
Human BCL2, Human BiP, Human c-IAP1, Human c-myc, Human eIF4G, Mouse NDST4L,
Human LEF1, Mouse HIF1a, Human n.myc, mouse Gtx, human p27kipl, human PDGF2/c-sis,
human p53, human Pim-1, mouse Rbm3, Drosophila reaper, canine Scamper, Drosophila Ubx,
human UNR, mouse UtrA, human VEGF-A, human XIAP, Drosophila hairless, Saccharomyces
cerevisiae TFIID, Saccharomyces cerevisiae YAPI, human c-sre, human FGF-1, simian
picornavirus, turnip crepe disease virus, elF4G aptamer, Coxsackie Virus B3 (CVB3) or Coxsackie
virus A (CVA1/2), preferably, the IRES is selected from CVB3, HRV-B3, BRAV-1 L, PV1 L,
CAV2 L, BRAV-1, PV1, or CAV2.
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47. The circular RNA precursor of any one of claims 29-46, wherein the IRES comprises a
nucleotide sequence set forth in one of SEQ ID NOs: 120-526, or comprises a nucleotide sequence
having at least 75%, ¢.g., at least 80%, at least 81%, at lcast 82%, at least 83%, at least 84%, at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98% , or at least
99% sequence identity to one of SEQ ID NOs: 120-526.

48. The circular RNA precursor of any one of claims 29-47, wherein the at least one protein-
coding sequence encodes a protein of eukaryotic, prokaryotic or viral origin, for example, a protein
for therapeutic or diagnostic use, in particular a protein of mammalian or human origin.

49. The circular RNA precursor of any one of claims 29-48, wherein the at least one protein-
coding sequence encodes IL-2, or an aquaporin.

50. The circular RNA precursor of claim 49, wherein the aquaporin is AQP-1 protein or a
protein having the same activity as the AQP-1 protein and derived from the AQP-1 protein through
substitution, deletion or addition of 1, 2, 3,4, 5, 6, 7, 8, 9, 10 or more amino acids in the amino
acid sequence of the AQP-1 protein.

51. The circular RNA precursor of any one of claims 29-50, wherein the at least one protein-
coding sequence comprises a nucleotide sequence of any one of SEQ ID NO: 117-118, or a
nucleotide sequence having at least S0%, at least 60%, at least 70%, at least 80%, at least 81%, at
least 82%, at lcast 83%, at least 84%, at least 85%, at lcast 86%, at lcast 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% sequence identity to any one of SEQ ID NO: 117-118.

52. The circular RNA precursor of any one of claims 29-51, which comprises a nucleotide
sequence selected from any one of SEQ ID NO: 530, 531 and 533-534, or a nucleotide sequence
having at least 50%, at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98% , or at least 99% sequence identity to any one of SEQ ID NO: 530, 531 and 533-534.

53. A nucleic acid vector for generating a circular RNA molecule, said vector comprises a
coding sequence of the circular RNA precursor of any one of claims 1-52.

54. The nucleic acid vector of claim 53, which further comprises an RNA polymerase
promoter sequence operably linked to the coding sequence of the circular RNA precursor.

55. The nucleic acid vector of claim 53 or 54, wherein the promoter is a T7 RNA polymerase
promoter, a T6 viral RNA polymerase promoter, a SP6 viral RNA polymerase promoter, a T3 viral
RNA polymerase promoter or a T4 viral RNA polymerase promoter, preferably a T7 RNA

polymerase promoter.
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56. A circular RNA, which is prepared from the circular RNA precursor of any one of claims
1-52, preferably said circular RNA has a duration of in vivo expression of at least 24 hours, for
example, 36 hours, 48 hours, 72 hours, 96 hours, 5 days, 10 days, 15 days, 16 days, 17 days, 18
days, 19 days, 20 days or more.

57. The circular RNA of claim 56, which comprises or has a nucleotide sequence of any one
of SEQ ID NO: 543-558, or a nucleotide sequence having at least 50%, at least 60%, at least 70%,
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to
any one of SEQ ID NO: 543-558.

58. Use of the circular RNA precursor of any one of claims 1-52 and/or the circular RNA of
56 or 57 as an expression vector.

59. A pharmaceutical composition comprising the circular RNA precursor of any one of
claims 1-52 and/or the nucleic acid vector of any one of claims 53-55 and/or the circular RNA of
claim 56 or 57, and a pharmaceutically acceptable carrier.

60. A product expressed by the circular RNA of claim 56 or 57.

61. The product of claim 60, which comprises [1.-2, POLR2A, or an aquaporin, such as AQP-
1 protein having a sequence as set forth in SEQ ID NO: 118 or a protein having the same activity
as the AQP-1 protein and derived from the AQP-1 protein through substitution, deletion or addition
of1,2,3,4,5,6,7,8,9, 10 or more amino acids in the amino acid sequence of the AQP-1 protein.

62. A method for preventing or treating a disease or condition in a subject, comprising
administering to a subject the circular RNA of any one of claims 56-57, or the pharmaceutical
composition of claim 59.

63. The method of claim 62, wherein the disease or condition comprises but not limited to
xerostomia, xerophthalmia, Sjogren's syndrome or the like.

64. Use of the circular RNA of claim 56 or 57 or the pharmaceutical composition of claim 59
in the manufacture of a medicament for preventing or treating a disease or condition in a subject.

65. The use of claim 64, wherein the disease or condition is xerostomia, xerophthalmia, or

Sjogren's syndrome.
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