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CIRCULAR RNA SYNTHESIS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This PCT application claims the priority benefit of U.S. Provisional Application No.
63/601,185, filed November 20, 2023; the entire disclosure is incorporated herein by reference for

all purposes.

REFERENCE TO SEQUENCE LISTING SUBMITTED ELECTRONICALLY VIA EFS-
WEB
[0002] The content of the sequence listing is submitted electronically (Name: ; Size: bytes; and

Date of Creation: ) and is filed with the application is herein incorporated by reference in its

entirety.
TECHNICAL FIELD
[0003] The disclosure relates to methods and compositions for the production of circular
RNAs (circRNAs).
BACKGROUND
[0004] Circular RNAs (circRNAs) are covalently closed single-stranded RNA molecules

lacking free 5' and 3' ends, and therefore lacking a 5' cap and a 3' polyA tail.

[0005] In nature, circRNAs have a wide range of origins and tissue specificity and play a
variety of roles in the development and homeostasis of organisms, in aging, and have also been
linked to the occurrence and development of various human diseases (e.g., cardiovascular diseases,
diabetes mellitus, and cancer).

[0006] circRNAs are more stable than linear RNAs, do not need a 5' cap or a 3' poly(A)
tail to keep them stable, and are not easily degraded by RNA exonucleases (Petkovic, S., and
Muller, S. (2013). RNA Self-Processing: Formation of Cyclic Species and Concatemers from a
Small Engineered RNA. FEBS Lett. 587, 2435-2440.), making circRNAs great candidates as
therapeutics.

[0007] Nevertheless, the use of circRNAs as therapeutics has been hampered by technical
limitation in their synthesis.

[0008] Linear RNA can be produced by chemical synthesis or enzymatic strategy, and
circRNAs can be produced by ligating the ends of linear RNA precursors to produce a covalently

closed circle. The use of chemical synthesis is limited by the high cost of purification and low
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yield, and can only produce RNAs of less than 50 to 70 nucleotides in length. Enzymatic strategy
is usually realized through an in vitro transcription (IVT) reaction, which includes a DNA template,
a reaction buffer, and a phage RNA polymerase. IVT reaction allows for longer RNA synthesis at
a lower cost. However, the run-off nature of phage polymerases may result in incomplete RNA.
[0009] Ribozyme methods include group I intron self-splicing systems, also called
permuted introns and exons (PIE) method. Due to the complexity of RNA secondary structure,
different RNA sequences lead to differences in the splicing efficiency and therefore yield of the
final circRNA, which limits the application of the PIE method. Group II introns can also be used
for circRNA synthesis, which involves an inverse splicing reaction. This method forms 2', 5'-
phosphodiester bonds at the ligation site instead of the natural 3', 5'-phosphodiester bonds, and the
mechanism remains unclear. Hairpin ribozyme (HPR) can produce circRNAs through rolling circle
reaction and the self-splicing reaction from circular single-strand DNA template. However, the
HPR method can efficiently produce only small circRNAs and suffers from unstable product and
exogenous HPR sequences.

[0010] Additionally, the high immunogenicity of the synthesized circRNAs (Chen, Y.G. et
al., (2017). Sensing self and foreign circular RNAs by intron identity. Mol. Cel. 67, 228-238.e5;
Chen, Y.G,, etal. (2019). N6-methyladenosine modification controls circular RNA immunity. Mol.
Cel. 76, 96-109.e), further hinders the applicability of circRNAs as therapeutic molecules.

[0011] Given the strong therapeutic potential of circRNAs, there is an immediate need for
methods and compositions for producing circRNAs with high efficiency, and for producing

circRNAs having low immunogenicity.

SUMMARY

[0012] Aspects of the present disclosure address the above-referenced problems and/or
others. In some aspects, the disclosure provides a genetic construct comprising a formula of’

5’ H-A-E-B-H’-3’,

wherein H comprise a 5” homology arm, A comprises a3’ intronic sequence, E comprises an exonic
sequence, B comprises a 5’ intronic sequence comprising an internal guide sequence (IGS), and
H’ comprises a 3’ homology arm, wherein the 3’ intronic sequence comprises a catalytic core,
wherein the 3’ terminus of A and the 5’ terminus of E form a 3 splice site and the 3’ terminus of
E and 5° terminus of B form a 5’ splice site, and wherein the genetic construct is capable of forming
a circular RNA that does not contain any exonic sequence from the genome from which the 5’

intronic sequence and the 3’ intronic sequence are derived (“excision scar”).
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[0013] In some aspects, the 5’ intronic sequence and/or the 3’ intronic sequence are derived
from a group I intron. In some aspects, the 3’ intronic sequence and the 5’ intronic sequence
together are less than the full intron.

[0014] In some aspects, the 5 intronic sequence and/or the 3’ intronic sequence are derived
from an intron of thymidylate synthase (td) from T4 bacteriophage; of pre-tRNAY of the
cyanobacteria Anabaena azollae, Anabaena PCC7120, Aphanizomenon flos-aquae strain NIV A-
CYA 142, or of Synechococcus; of pre-tRNA™ of the nitrogen-fixing bacteria Azoarcus; of 268
ribosomal RNA from Tetrahymena thermophila, of COX2 gene from Irimorphomyces
papilionaceus;, or any combination thereof.

[0015] In some aspects, the 5’ intronic sequence and/or the 3’ intronic sequence are derived
from an intron of thymidylate synthase (td) from T4 bacteriophage. In some aspects, the 5° splice
site comprises a site between two nucleotides comprising U and N, where N is any nucleotide. In
some aspects, the N is A, T, G, or C. In some aspects, the 3’ splice site comprises a site between
two nucleotides comprising G and N, wherein N is any nucleotide. In some aspects, the N is C. In
some aspects, the catalytic core comprises ACG, CU, or both.

[0016] In some aspects, the excision scar comprises SEQ ID NO: 80 or SEQ ID NO: 82.
In some aspects, the excision scar comprises SEQ ID NO: 80 and SEQ ID NO: 82. In some aspects,
the excision scar comprises SEQ ID NO: 81 or SEQ ID NO: 83. In some aspects, the excision scar
comprises SEQ ID NO: 81 and SEQ ID NO: 83.

[0017] In some aspects, the 3’ intronic sequence comprises a nucleotide sequence having
at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%,
at least about 95%, at least about 96%, at least about 97%, at least about 98%, at least about 99%,
or about 100% sequence identity to a 3’ intronic sequence selected from Table 4 (SEQ ID NOs: 11
— 22). In some aspects, the 5’ intronic sequence comprises a nucleotide sequence having at least
about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 95%, at least about 97%, at least about 98%, at least about 99%, or about
100% sequence identity to a 5’ intronic sequence selected from Table 4 (SEQ ID NOs: 23-30).
[0018] In some aspects, the 5’ intronic sequence and/or the 3’ intronic sequence are derived
from an intron of fRNAMY of the cyanobacteria Anabaena azollae. Tn some aspects, the 5° splice
site comprises a site between two nucleotides comprising U and N, wherein N is any nucleotide.
In some aspects, the N is A. In some aspects, the 3’ splice site comprises a site between two
nucleotides comprising G and N, wherein N is any nucleotide. In some aspects, the N is C. In some

aspects, the catalytic core comprises GAG, CC, or both. In some aspects, the 3 intronic sequence
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comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with a 3’ intronic sequence
in Table 4, for example, SEQ ID NO: 14 or 20. In some aspects, the 5’ intronic sequence comprises
a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%, at least
about 98%, at least about 99%, or about 100% sequence identity with a 5’ intronic sequence in
Table 4, for example, SEQ ID NO: 25 or 29.

[0019] In some aspects, the 5’ intronic sequence and the 3’ intronic sequence are derived
from an intron of t(RNA'EY of Azoarcus. In some aspects, the 5’ splice site comprises a site between
two nucleotides comprising U and N, wherein the N is any nucleotide. In some aspects, the N is
A. In some aspects, the 3 splice site comprises a site between two nucleotides comprising G and
N, wherein N is any nucleotide. In some aspects, the N is G. In some aspects, the catalytic core
comprises GAG, CC, or both. In some aspects, the 3’ intronic sequence comprises a nucleotide
sequence having at least about 70%, at least about 75%, at least about 80%, at least about 85%, at
least about 90%, at least about 95%, at least about 95%, at least about 97%, at least about 98%, at
least about 99%, or about 100% sequence identity with a 3’ intronic sequence in Table 4, for
example, SEQ ID NO: 13 or 19. In some aspects, the 5’ intronic sequence comprises a nucleotide
sequence having at least about 70%, at least about 75%, at least about 80%, at least about 85%, at
least about 90%, at least about 95%, at least about 95%, at least about 97%, at least about 98%, at
least about 99%, or about 100% sequence identity with a 5’ intronic sequence in Table 4, for
example, nucleotide sequence AAA.

[0020] In some aspects, the 5’ intronic sequence and the 3’ intronic sequence are derived
from an intron of 26S ribosomal RNA from 7etrahymena thermophila. In some aspects, the 5’
splice site comprises a site between two nucleotides comprising U and N, wherein N is any
nucleotide. In some aspects, the N is A. In some aspects, the 3’ splice site comprises a site between
two nucleotides comprising G and N, wherein the N is any nucleotide. In some aspects, the N is
U. In some aspects, the catalytic core comprises a catalytic core selected from Table 5. In some
aspects, the 3’ intronic sequence comprises a nucleotide sequence having at least about 70%, at
least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, at
least about 95%, at least about 97%, at least about 98%, at least about 99%, or about 100%
sequence identity with a 3’ intronic sequence in Table 4, for example, SEQ ID NO: 12 or 18. In

some aspects, the 57 intronic sequence comprises a nucleotide sequence having at least about 70%,
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at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%,
at least about 95%, at least about 97%, at least about 98%, at least about 99%, or about 100%
sequence identity with a 5’ intronic sequence in Table 4, for example, SEQ ID NO: 24 or 28.
[0021] In some aspects, the disclosure provides a genetic construct comprising a formula
of: 5°-H-A-E-B-H’-3’,

wherein H comprise a 5” homology arm, A comprises a 3’ intronic sequence, E comprises an exonic
sequence, B comprises a 5’ intronic sequence comprising an internal guide sequence (IGS), and
H’ comprises a 3’ homology arm, wherein the 3’ intronic sequence comprises a catalytic core,
wherein the 3’ terminus of A and the 5’ terminus of E form a 3’ splice site and the 3’ terminus of
E and 5’ terminus of B form a 5’ splice site, wherein the genetic construct is capable of forming a
circular RNA that does not contain any exonic sequence from the genome from which the 5’
intronic sequence and the 3’ intronic sequence are derived (“excision scar”), and wherein the
genetic construct comprises a nucleotide sequence having at least about 70%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 95%,
at least about 97%, at least about 98%, at least about 99%, or about 100% sequence identity with
SEQ ID NO: 113 or 123.

[0022] In some aspects, the disclosure provides a genetic construct comprising a formula
of: 5’-H-A-E-B-H’-3’,

wherein H comprise a 5” homology arm, A comprises a3’ intronic sequence, E comprises an exonic
sequence, B comprises a 5’ intronic sequence comprising an internal guide sequence (IGS), and
H’ comprises a 3’ homology arm, wherein the 3’ intronic sequence comprises a catalytic core,
wherein the 3’ terminus of A and the 5’ terminus of E form a 3’ splice site and the 3’ terminus of
E and 5’ terminus of B form a 5’ splice site, wherein the genetic construct is capable of forming a
circular RNA that does not contain any exonic sequence from the genome from which the 5’
intronic sequence and the 3’ intronic sequence are derived (“excision scar”), and wherein the
genetic construct comprises a nucleotide sequence having at least about 70%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 95%,
at least about 97%, at least about 98%, at least about 99%, or about 100% sequence identity with
SEQ ID NO: 114 or 124.

[0023] In some aspects, the disclosure provides a genetic construct comprising a formula
of: 5°-H-A-E-B-H’-3’,

wherein H comprise a 5” homology arm, A comprises a3’ intronic sequence, E comprises an exonic

sequence, B comprises a 5’ intronic sequence comprising an internal guide sequence (IGS), and
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H’ comprises a 3’ homology arm, wherein the 3’ intronic sequence comprises a catalytic core,
wherein the 3’ terminus of A and the 5’ terminus of E form a 3’ splice site and the 3’ terminus of
E and 5’ terminus of B form a 5’ splice site, wherein the genetic construct is capable of forming a
circular RNA that does not contain any exonic sequence from the genome from which the 5’
intronic sequence and the 3’ intronic sequence are derived (“excision scar”), and wherein the
genetic construct comprises a nucleotide sequence having at least about 70%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 95%,
at least about 97%, at least about 98%, at least about 99%, or about 100% sequence identity with
SEQ ID NO: 115 or 125.

[0024] In some aspects, the disclosure provides a genetic construct comprising a formula
of: 5°-H-A-E-B-H’-3’,

wherein H comprise a 5” homology arm, A comprises a3’ intronic sequence, E comprises an exonic
sequence, B comprises a 5’ intronic sequence comprising an internal guide sequence (IGS), and
H’ comprises a 3’ homology arm, wherein the 3’ intronic sequence comprises a catalytic core,
wherein the 3’ terminus of A and the 5’ terminus of E form a 3 splice site and the 3’ terminus of
E and 5° terminus of B form a 5” splice site, wherein the RNA construct is capable of forming a
circular RNA that does not contain any exonic sequence from the genome from which the 5’
intronic sequence and the 3’ intronic sequence are derived (“excision scar”), and wherein the
genetic construct comprises a nucleotide sequence having at least about 70%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 95%,
at least about 97%, at least about 98%, at least about 99%, or about 100% sequence identity with
SEQ ID NO: 116 or 126.

[0025] In some aspects, the disclosure provides a genetic construct comprising a formula
of: 5°-H-A-E-B-H’-3’,

wherein H comprise a 5’ homology arm, A comprises a 3’ intronic sequence, E comprises an exonic
sequence, B comprises a 5’ intronic sequence comprising an internal guide sequence (IGS), and
H’ comprises a 3° homology arm, wherein the 3’ intronic sequence comprises a catalytic core,
wherein the 3’ terminus of A and the 5’ terminus of E form a 3 splice site and the 3’ terminus of
E and 5’ terminus of B form a 5’ splice site, wherein the genetic construct is capable of forming a
circular RNA that does not contain any exonic sequence from the genome from which the 5’
intronic sequence and the 3’ intronic sequence are derived (“excision scar”), and wherein the
genetic construct comprises a nucleotide sequence having at least about 70%, at least about 75%,

at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 95%,
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at least about 97%, at least about 98%, at least about 99%, or about 100% sequence identity with
SEQ ID NO: 117 or 127.

[0026] In some aspects, the disclosure provides a genetic construct comprising a formula
of 5°-H-A-E-B-H’-3’,

wherein H comprises a 3> homology arm, A comprises a 3’ homology arm, a 3’ intronic sequence,
E comprise an exonic sequence, B comprises a 5’ intronic sequence comprising an internal guide
sequence, and H’ comprising a 5’ homology arm, wherein the 3’ intronic sequence comprises a
catalytic core, wherein the 3’ terminus of A and the 5° terminus of E form a 3’ splice site and the
3’ terminus of E and 5’ terminus of B form a 5 splice site, and wherein the 5’ intronic sequence

and/or the 3’ intronic sequence are derived from pre-tRNAMY

of the cyanobacteria Anabaena
azollae, cyanobacteria Azoarcus, or Synechococcus; or from 268 ribosomal RNA of Tetrahymena
thermophila, and are capable of forming a circular RNA.

[0027] In some aspects, the 5’ intronic sequence and/or the 3’ intronic sequences are
derived from tRNA™V of the cyanobacteria Anabaena azollae. In some aspects, the 5 splice site
comprises a site between two nucleotides comprising U and any nucleotide (N), optionally A. In
some aspects, the 3’ splice site comprises a site between two nucleotides comprising G and any
nucleotide (N), optionally C. In some aspects, the catalytic core comprises GAG, CC, or both. In
some aspects, the 57 intronic sequence comprises a nucleotide sequence having at least about 70%,
at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%,
at least about 95%, at least about 97%, at least about 98%, at least about 99%, or about 100%
sequence identity with SEQ ID NO: 25 or 29. In some aspects, the 3’ intronic sequence comprises
a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%, at least
about 98%, at least about 99%, or about 100% sequence identity with SEQ ID NO: 14 or 20.
[0028] In some aspects, the 5’ intronic sequence and/or the 3’ intronic sequences are
derived from tRNAMV of the cyanobacteria Azoarcus. In some aspects, the 5° splice site comprises
a site between two nucleotides comprising U and any nucleotide, optionally A. In some aspects,
the 3’ splice site comprises a site between two nucleotides comprising G and any nucleotide,
optionally C. In some aspects, the catalytic core comprises GAG, CC, or both. In some aspects, the
5’ intronic sequence comprises a nucleotide sequence of AAA. In some aspects, the 3’ intronic
sequence comprises a nucleotide sequence having at least about 70%, at least about 75%, at least

about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least
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about 97%, at least about 98%, at least about 99%, or about 100% sequence identity with SEQ ID
NO: 13 or 19.

[0029] In some aspects, the 5’ intronic sequence and the 3’ intronic sequences are derived
from tRNAMV of Synechococcus. In some aspects, the 5” splice site comprises a site between two
nucleotides comprising U and any nucleotide (N), optionally A. In some aspects, the 3’ splice site
comprises a site between two nucleotides comprising G and any nucleotide (N), optionally C. In
some aspects, the catalytic core comprises GAG, CC, or both. In some aspects, the 5’ intronic
sequence comprises a nucleotide sequence having at least about 70%, at least about 75%, at least
about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least
about 97%, at least about 98%, at least about 99%, or about 100% sequence identity to a 5 intronic
sequence derived from Synechococcus intron as set forth in SEQ ID NO: 140 or 143. In some
aspects, the 3’ intronic sequence comprises a nucleotide sequence having at least about 70%, at
least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, at
least about 95%, at least about 97%, at least about 98%, at least about 99%, or about 100%
sequence identity to a 5’ intronic sequence derived from Synechococcus intron as set forth in SEQ
ID NO: 140 or 143.

[0030] In some aspects, the 5’ intronic sequence and the 3’ intronic sequences are derived
from 26S ribosomal RNA of Tetrahymena thermophila. In some aspects, the 5’ splice site
comprises a site between two nucleotides comprising U and any nucleotide (N), optionally A. In
some aspects, the 3° splice site comprises a site between two nucleotides comprising G and any
nucleotide (N), optionally C. In some aspects, the catalytic core comprises GAG, CC, or both. In
some aspects, the 5° intronic sequence comprises a nucleotide sequence having at least about 70%,
at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%,
at least about 95%, at least about 97%, at least about 98%, at least about 99%, or about 100%
sequence identity with SEQ ID NO: 24 or 28. In some aspects, the 3’ intronic sequence comprises
a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%, at least
about 98%, at least about 99%, or about 100% sequence identity with SEQ ID NO: 12 or 18.
[0031] In some aspects, the circular RNA does not comprise an excision scar. In some
aspects, the circular RNA has a reduced immunogenicity. In some aspects, the circular RNA has a
reduced immunogenicity compared to a circular RNA that contains the excision scar.

[0032] In some aspects, the disclosure provides a genetic construct comprising a formula

of 5’-H-A-E-B-H’-3’,
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wherein H comprises a 3’ homology arm, A comprises a 3° homology arm, a 3’ intronic sequence,
E comprise an exonic sequence, B comprises a 5’ intronic sequence comprising an internal guide
sequence, and H” comprising a 5° homology arm, wherein the 3’ intronic sequence comprises a
catalytic core, wherein the 3’ terminus of A and the 5’ terminus of E form a 3’ splice site and the
3’ terminus of E and 5’ terminus of B form a 5’ splice site, and wherein the 5’ intronic sequence

and/or the 3’ intronic sequence are derived from pre-tRNAMU

of the cyanobacteria Anabaena
azollae, cyanobacteria Azoarcus, or Synechococcus or from 26S ribosomal RNA of Tetrahymena
thermophila and are capable of forming a circular RNA and wherein the genetic construct
comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with SEQ ID NO: 118 or
128.

[0033] In some aspects, the disclosure provides a genetic construct comprising a formula
of: 5°-A-E-3’,

wherein A comprises a 3’ intronic sequence, E comprises an exonic sequence, wherein the 3’
intronic sequence comprises a catalytic core, wherein the 3’ terminus of A and the 5’ terminus of
E form a 3’ splice site, and wherein the genetic construct is capable of forming a circular RNA.
[0034] In some aspects, the disclosure provides a genetic construct comprising a formula
of: 5°-A-E-3’,

wherein A comprises a 3 intronic sequence, E comprises an exonic sequence, wherein the 3’
intronic sequence comprises a catalytic core, wherein the 3’ terminus of A and the 5’ terminus of
E form a 3’ splice site, wherein the 3’ terminus of A and the 5° terminus of E form a 3’ splice site,
wherein the genetic construct comprises a nucleotide sequence having at least about 70%, at least
about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least
about 95%, at least about 97%, at least about 98%, at least about 99%, or about 100% sequence
identity with SEQ ID NO: 119 or 129, and wherein the genetic construct is capable of forming a
circular RNA.

[0035] In some aspects, the disclosure provides a genetic construct comprising a formula
of 5°-A-E-3’,

wherein A comprises a 3’ intronic sequence comprising a catalytic core (CC), and E comprises an
exonic sequence comprising a first portion of the exonic sequence (E'); a first homology arm (HI');
a second portion of the exonic sequence (E"); a second homology arm (HI"); and a third exonic

sequence (E"') comprising a catalytic nucleotide (CN); wherein the 3’ terminus of A and the 5’
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terminus of E form a 3’ splice site, wherein the genetic construct comprises a nucleotide sequence
having at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about
90%, at least about 95%, at least about 95%, at least about 97%, at least about 98%, at least about
99%, or about 100% sequence identity with SEQ ID NO: 120 or 130, and wherein the genetic
construct is capable of forming a circular RNA.

[0036] In some aspects, the disclosure provides a genetic construct comprising a formula
of 5’-A-E-3’,

wherein A comprises a 3’ intronic sequence comprising a catalytic core (CC), and E comprises an
exonic sequence comprising a first portion of the exonic sequence (E'); a first homology arm (HI');
a second portion of the exonic sequence (E"); a second homology arm (HI"); and a third exonic
sequence (E") comprising a catalytic nucleotide (CN); wherein the 3’ terminus of A and the 5’
terminus of E form a 3’ splice site, wherein the genetic construct comprises a nucleotide sequence
having at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about
90%, at least about 95%, at least about 95%, at least about 97%, at least about 98%, at least about
99%, or about 100% sequence identity with SEQ ID NO: 121 or 131, and wherein the genetic
construct is capable of forming a circular RNA.

[0037] In some aspects, the disclosure provides a genetic construct comprising a formula
of 5°-A-E-3’,

wherein H comprises a 3’ homology arm, A comprises a 3’ intronic sequence comprising a catalytic
core (CC), and E comprises an exonic sequence comprising a first portion of the exonic sequence
(E"); a first homology arm (HI'); a second portion of the exonic sequence (E"); a second homology
arm (HI"); and a third exonic sequence (E"') comprising a catalytic nucleotide (CN); wherein the
3’ terminus of A and the 5 terminus of E form a 3’ splice site, wherein the genetic construct
comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with SEQ ID NO: 122 or
132, and wherein the genetic construct is capable of forming a circular RNA.

[0038] In some aspects, the disclosure provides a genetic construct comprising a formula
of 5’-A-E-3’,

wherein A comprises a 3’ intronic sequence comprising a catalytic core (CC), and E comprises an
exonic sequence comprising a first portion of the exonic sequence (E'); a first homology arm (HI');
a second portion of the exonic sequence (E"); a second homology arm (HI"); and a third exonic

sequence (E") comprising a catalytic nucleotide (CN); wherein the genetic construct comprises a
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nucleotide sequence having at least about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%, at least
about 98%, at least about 99%, or about 100% sequence identity with SEQ ID NO: 181 and wherein
the genetic construct is capable of forming a circular RNA.

[0039] In some aspects, the disclosure provides a genetic construct comprising a formula
of 5’-B-A-E-3’,

wherein A comprises a 3’ intronic sequence, 3S comprises a 3’ splice site, E comprises an exonic
sequence, B comprises a 5’ intronic sequence, and 5S comprises a 5’ splice site, wherein the 3’
intronic sequence comprises a catalytic core, wherein B-A comprise the full intron, wherein the
genetic construct comprises a nucleotide sequence having at least about 70%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 95%,
at least about 97%, at least about 98%, at least about 99%, or about 100% sequence identity with
SEQ ID NO: 182 or 183, and wherein the genetic construct is capable of forming a circular RNA.
[0040] In some aspects, the genetic construct is RNA. In some aspects, the genetic
construct is DNA.

[0041] In some aspects, the genetic construct further comprises a promoter. In some
aspects, the promoter is a T7 promoter, a T3 promoter, or a Sp6 promoter.

[0042] In some aspects, the genetic construct further comprises an IRES.

[0043] In some aspects, the genetic construct further comprises a binding site for a polyA
binding protein at the 5’ terminus.

[0044] In some aspects, the 5° homology arm comprises a nucleotide sequence at least
about 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO:
72 (CCGTCGATTGTCCACTGGT). In some aspects, the 3> homology arm comprises a nucleotide
sequence at least about 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to SEQ ID NO: 73 (ACCAGTGGACAATCGACGQG).

[0045] In some aspects, the exonic sequence is linked to one or more untranslated regions
at the 3’ and/or 5’ of the exonic sequence. In some aspects, the one or more untranslated regions
comprise IRES. In some aspects, the IRES comprises a sequence having at least 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to SEQ ID NO: 87-110 or
145-168. In some aspects, the IRES is linked to a polyA. In some aspects, the one or more
untranslated regions comprise a polyA. In some aspects, the exonic sequence is linked to a polyA.
In some aspects, the polyA comprises a sequence having at least about 70%, 75%, 80%, 85%, 90%,

95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 85 or 86. In some aspects, the one
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or more untranslated regions further comprise a spacer sequence. In some aspects, the spacer
comprises a sequence having at least about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%, at least
about 98%, at least about 99%, or about 100% sequence identity to SEQ ID NO: 74-75 or 78-79.
[0046] In some aspects, the exonic sequence encodes a protein. In some aspects, the
circular RNA exhibits an increased expression of the protein, a prolonged expression of the protein
in vitro and/or in vivo, a reduced activation of an immune signaling pathway, an increased immune
activation, or any combination thereof. In some aspects, the protein comprises a therapeutic
protein. In some aspects, the protein comprises a cytokine, a receptor, a ligand, an
immunomodulatory, a growth factor, an antigen, an RNA binding domain, or any combination
thereof. In some aspects, the protein comprises an antibody, a fusion protein, or any combination
thereof. In some aspects, the protein comprises CD3, CD4, CDS, CD19, CD20, CD22, CD30,
CD34, HER2, HER3, HER4, LFA-I, Mol, pl50, 95, VLA-4, ICAM-I, VCAM, alpha v/beta 3
integrin, human macrophage inflammatory protein (MIP-1 -alpha), erythropoietin (EPO), NGF-
beta, platelet-derived growth factor (PDGF), fibroblast growth factors, epidermal growth factor
(EGF), transforming growth factors (TGF), insulin-like growth factors-I and -II (IGF-I and IGF-
II), des(1-3)-IGF-I (brain IGF-1), factor VIII, tissue factor, von Willebrands factor, protein C,
alpha-1-antitrypsin, plasminogen activators, such as urokinase and tissue plasminogen activator
("t-PA"), bombazine, thrombin, thrombopoietin, M-CSF, GM-CSF, G-CSF, flk2/flt3 receptor,
obesity (OB) receptor, LDL receptor, growth hormone receptors, thrombopoietin receptors ("TPO-
R," "c-mpl"), glucagon receptors, interleukin receptors, interferon receptors, T-cell receptors, stem
cell factor receptors, OX40L, bone-derived neurotrophic factor (BDNF), neurotrophin-3, -4, -5, or
-6 (NT-3, NT-4, NT-5, or NT-6), relaxin A-chain, relaxin B-chain, prorelaxin, interleukins and
interleukin receptors, including IL-1 to IL-33 and IL-I to IL-33 receptors, such as the IL-8 receptor,
viral antigens, lipoproteins, calcitonin, glucagon, atrial natriuretic factor, lung surfactant, tumor
necrosis factor-alpha and -beta, enkephalinase, RANTES (regulated on activation normally T-cell
expressed and secreted), mouse gonadotropin-associated peptide, DNAse, inhibin, activin, PUF
domain, Cas protein, or any combination thereof.

[0047] In some aspects, the disclosure provides a composition comprising the genetic
construct. In some aspects, the composition comprises the genetic construct disclosed herein and a
GTP. In some aspects, the GTP in the composition is in a sufficient amount to cleave the 5’ intron

and the 3’ intronic sequences from the genetic construct.
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[0048] In some aspects, the disclosure provides a method of making a circular RNA,
comprising contacting a GTP and the genetic construct disclosed herein.

[0049] In some aspects, the disclosure provides a circular RNA prepared by the method
disclosed herein.

[0050] In some aspects, the disclosure provides a method of treating a disease or condition
in a subject in need thereof, comprising administering the circular RNA disclosed herein to the

subject.

BRIEF DESCRIPTION OF THE DRAWINGS
[0051] Aspects of the present disclosure may take form in various components and
arrangements of components, and in various steps and arrangements of steps. The drawings are
only for illustration purpose of preferred embodiments of the present disclosure and are not to be
considered as limiting.
[0052] Features of embodiments of the present disclosure will be more readily understood
from the following detailed description take in conjunction with the accompanying drawings.
[0053] Fig. 1A is a schematic representation of a genetic construct (DNA or RNA genetic
construct) of formula:
5'-P-H-A-3S-E-5S-B-H'-3'
wherein:
P comprises a promoter;
H comprises a 5' homology arm;
A comprises a 3' intronic sequence comprising a catalytic core (CC);
3S comprises a 3' splice site;
E comprises an exonic sequence;
5S comprises a 5' splice site;
B comprises a 5' intronic sequence comprising an internal guide sequence (IGS);
H' comprises a 3' homology arm;
wherein the promoter (P) is to be understood to be comprised in the DNA genetic construct, but
not in the RNA genetic construct.
[0054] Fig. 1B is a schematic representation of a genetic construct (DNA or RNA genetic
construct) of formula:
5'-P-H-A-3S-E-5S-B-H'-3'

wherein:
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P comprises a promoter;
H comprises a 5' homology sequence;
A comprises a 3' intronic sequence comprising a catalytic core (CC);,
3S comprises a 3' splice site;
E comprises an exonic sequence comprising a first excision scar precursor (ESP) (X) and a second
ESP (X);
B comprises a 5' intronic sequence; and
H' comprises a 3' homology arm;
wherein the promoter (P) is to be understood to be comprised in the DNA genetic construct, but
not in the RNA genetic construct.
[0055] Fig. 1C is a schematic representation of a genetic construct (DNA or RNA genetic
construct) of formula:
5'-P-A-3S-E-3'
wherein:
P comprises a promoter;
A comprises a 3' intronic sequence comprising a catalytic core (CC)
3S comprises a 3' splice site; and
E comprises an exonic sequence comprising a catalytic nucleotide (CN);
wherein the promoter (P) is to be understood to be comprised in the DNA genetic construct, but
not in the RNA genetic construct.
[0056] Fig. 1D is a schematic representation of a genetic construct (DNA or RNA genetic
construct) of formula:
5'-P-A-3S-E-3'
wherein:
P comprises a promoter;
A comprises a 3' intronic sequence comprising a catalytic core (CC);
3S comprises a 3' splice site;
E comprises an exonic sequence comprising:
a first portion of the exonic sequence (E');
a first homology arm (HI)
a second portion of the exonic sequence (E")
a second homology arm (HI'); and

a third exonic sequence (E") comprising a catalytic nucleotide (CN);

14



WO 2025/111280 PCT/US2024/056551

wherein the promoter (P) is to be understood to be comprised in the DNA genetic construct, but
not in the RNA genetic construct.

[0057] Fig. 1E is a schematic representation of a genetic construct (DNA or RNA genetic
construct) of formula:

5'-P-B-A-3S-E-3'

wherein:

P comprises a promoter;

B comprises a 5' intronic sequence comprising an internal guide sequence (IGS);

A comprises a 3' intronic sequence comprising a catalytic core (CC)

3S comprises a 3' splice site;

E comprises an exonic sequence comprising a catalytic nucleotide (CN);

wherein the promoter (P) is to be understood to be comprised in the DNA genetic construct, but

not in the RNA genetic construct.

[0058] Fig. 2 is a schematic representation of a circularization mechanism.

[0059] Fig. 3A is a plasmid map of the genetic construct depicted in Fig. 1A.

[0060] Fig. 3B is a plasmid map of the genetic construct depicted in Fig. 1B.

[0061] Fig. 4 is a denaturing RNA gel of 4 group I introns run pre (-) and post (+) GTP

circularization. RNA ladder sizes shown to the right of the chart. Fragment analyzer (FA) smear
analysis of spliced (circularized), un-spliced, and nicked RNA, as well as concatemers are shown
for post GTP samples.

[0062] Fig. SA is a fragment analyzer trace of RNAs circularized in the presence of GTP
from RNA genetic constructs comprising sequences containing intronic sequences derived from
Anabaena PCC7120.

[0063] Fig. 5B is a fragment analyzer trace of RNAs circularized in the presence of GTP
from RNA genetic constructs comprising sequences containing intronic sequences derived from

Anabaena azollae.

[0064] Fig. SC is a fragment analyzer trace of RNAs circularized in the presence of GTP
from RNA genetic constructs comprising sequences containing intronic sequences derived from
Azoarcus.

[0065] Fig. 5D is a fragment analyzer trace of RNAs circularized in the presence of GTP

from RNA genetic constructs comprising sequences containing intronic sequences derived from

bacteriophage 14.
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[0066] Fig. 6 is a chart representing a flow cytometry analysis of GFP payload in
HEK293T cells transfected with circRNA derived from different introns as indicated.

DETAILED DESCRIPTION

[0067] The present disclosure is generally directed to improved genetic constructs for
synthesizing circular RNAs. Provided herein are RNA genetic constructs capable of forming
circular RNAs (i.e., pre-circRNAs), DNA genetic constructs from which the pre-circRNAs can be
transcribed, methods of synthesizing circular RNAs (i.e., circRNAs) using the pre-circRNAs, the
circRNAs and/or DNA genetic constructs disclosed herein, pharmaceutical compositions
comprising the genetic constructs (e.g., pre-circRNAs) and/or cirRNAs disclosed herein, and
method of treating a disease in a subject in need thereof comprising the pre-circRNAs, the
circRNAs and/or DNA genetic constructs or the pharmaceutical compositions disclosed herein.
[0068] Aspects of the present disclosure include synthesizing circRNA from a genetic
construct that includes group I introns. The circRNAs discussed in further detail herein may have
improved immunogenicity relative to other circRNAs.

L Definitions
[0069] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. In case of conflict, the present application, including the definitions, will control. Unless
otherwise required by context, singular terms shall include pluralities and plural terms shall include
the singular.
[0070] Throughout this disclosure, the term "a" or "an" entity refers to one or more of that
entity; for example, "a polynucleotide," is understood to represent one or more polynucleotides.
As such, the terms "a" (or "an"), "one or more," and "at least one" can be used interchangeably
herein.
[0071] Furthermore, "and/or" where used herein is to be taken as specific disclosure of
each of the two specified features or components with or without the other. Thus, the term "and/or"
as used in a phrase such as "A and/or B" herein is intended to include "A and B," "A or B," "A"
(alone), and "B" (alone). Likewise, the term "and/or" as used in a phrase such as "A, B, and/or C"
is intended to encompass each of the following aspects: A, B, and C; A, B, or C; A or C; A or B;
B or C; A and C; A and B; B and C; A (alone), B (alone); and C (alone).
[0072] It is understood that wherever aspects are described herein with the language

"comprising," otherwise analogous aspects described in terms of "consisting of" and/or
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"consisting essentially of" are also provided. As used herein, "comprising" is synonymous with

"including," "containing," or "characterized by," and is inclusive or open-ended and does not
exclude additional, unrecited elements or method steps. As used herein, "consisting of" excludes
any element, step, or ingredient not specified in the claim element. As used herein, "consisting
essentially of" does not exclude materials or steps that do not materially affect the basic and novel
characteristics of the claim.

[0073] The term "about" is used herein to mean approximately, roughly, around, or in the
regions of. When the term "about" is used in conjunction with a numerical range, it modifies that
range by extending the boundaries above and below the numerical values set forth. In general, the
term "about" is used herein to modify a numerical value above and below the stated value by a
variance of 10 percent, up or down (higher or lower), unless indicated otherwise. Unless otherwise
indicated, all numbers expressing quantities of ingredients, reaction conditions, and so forth used
in the specification, including claims, are to be understood as being modified in all instances by
the term "about." Accordingly, unless otherwise indicated to the contrary, the numerical parameters
are approximations and can vary depending upon the desired properties sought to be obtained. At
the very least, and not as an attempt to limit the application of the doctrine of equivalents to the
scope of the claims, each numerical parameter should be construed in light of the number of
significant digits and ordinary rounding approaches.

[0074] The term "at least" prior to a number or series of numbers is understood to include
the number adjacent to the term "at least," and all subsequent numbers or integers that could
logically be included, as clear from context. For example, the number of nucleotides in a nucleic
acid molecule must be an integer. For example, "at least 18 nucleotides of a 21-nucleotide nucleic
acid molecule" means that 18, 19, 20, or 21 nucleotides have the indicated property. When at least
is present before a series of numbers or a range, it is understood that "at least" can modify each of
the numbers in the series or range. "At least" is also not limited to integers (e.g., "at least 5%"

includes 5.0%, 5.1%, 5.18% without consideration of the number of significant figures).

[0075] "Nucleic acid," "nucleic acid molecule," "nucleotide sequence," "nucleic acid

sequence," "polynucleotide," and grammatical variants thereof are used interchangeably and refer
to the phosphate ester polymeric form of ribonucleosides (adenosine, guanosine, uridine or
cytidine; "RNA molecules”) or deoxyribonucleosides (deoxyadenosine, deoxyguanosine,
deoxythymidine, or deoxycytidine; "DNA molecules"), or any phosphoester analogs thereof, such
as phosphorothioates and thioesters, in either single stranded form, or a double-stranded helix.

Single stranded nucleic acid sequences refer to single-stranded DNA (ssDNA) or single-stranded
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RNA (ssRNA). Double stranded DNA-DNA, DNA-RNA, and RNA-RNA helices are possible.
The term nucleic acid molecule, and in particular DNA or RNA molecule, refers only to the
primary and secondary structure of the molecule, and does not limit it to any particular tertiary
forms. Thus, this term includes double-stranded DNA found, inter alia, in linear or circular DNA
molecules (e.g., restriction fragments), plasmids, supercoiled DNA and chromosomes. In
discussing the structure of particular double-stranded DNA molecules, sequences can be described
herein according to the normal convention of giving only the sequence in the 5' to 3' direction along
the non-transcribed strand of DNA (i.e., the strand having a sequence homologous to the mRNA).
A "recombinant DNA molecule" is a DNA molecule that has undergone a molecular biological
manipulation. DNA includes, but is not limited to, cDNA, genomic DNA, plasmid DNA, synthetic
DNA, and semi-synthetic DNA. A "nucleic acid composition" of the disclosure comprises one or
more nucleic acids as described herein. As described herein, a polynucleotide of the present
disclosure comprises DNA, RNA, or both. In some aspects, the term "polynucleotide" includes
polydeoxyribonucleotides (containing 2-deoxy-D-ribose), polyribonucleotides (containing D-
ribose), including tRNA, rRNA, shRNA, siRNA, miRNA and mRNA, whether spliced or
unspliced, any other type of polynucleotide which is an N- or C-glycoside of a purine or pyrimidine
base, and other polymers containing normucleotidic backbones, for example, polyamide (e.g.,
peptide nucleic acids "PNAs") and polymorpholino polymers, and other synthetic sequence-
specific nucleic acid polymers providing that the polymers contain nucleobases in a configuration
which allows for base pairing and base stacking, such as is found in DNA and RNA.

[0076] It is to be understood that when a DNA nucleotide sequence is disclosed herein, the
RNA sequence that can be transcribed therefrom is also to be considered as provided herein.
Analogously, when a RNA nucleotide sequence is disclosed herein the DNA sequence from which
the RNA sequence can be transcribed is also to be considered as provided herein. Thus, for
example, where a nucleotide sequences is provided as a DNA sequence, such as AATCGTA, the
corresponding RNA sequence AAUCGUA is also to be considered as provided; where a nucleotide
sequences is provided as a RNA sequence, such as AAUCGUA, the corresponding DNA sequence
AATCGTA is also to be considered as provided. A person of ordinary skill in the art would know
how to infer a DNA sequence form a provided RNA sequence (i.e., substituting the U in the
provided RNA sequence with a T to obtain the corresponding DNA sequence), and how to infer a
RNA sequence form a provided DNA sequence (i.e., substituting the T in the provided DNA
sequence with a U to obtain the corresponding RNA sequence). A person of ordinary skill in the

art would be aware of which DNA sequence are generally transcribed into RNA and which DNA
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sequences are not generally transcribed into RNA. For example, a person of ordinary skill in the
art would know that a promoter sequence is generally not transcribed from DNA into RNA;
whereas sequences such as exons and introns are generally transcribed from DNA into RNA.
Additionally, a person of ordinary skill in the art would know that some nucleotide sequences,
although functionally active solely (or mostly) in their DNA form, are also present in the RNA
sequence transcribed therefrom. Analogously, some nucleotide sequences, although functionally
active solely (or mostly) in their RNA form, are also present and encoded from the DNA sequence
form which the RNA is transcribed. For example, although RNA molecules are spliced, the
nucleotide sequence of the splice sites is also present in and encoded from the DNA sequence from
which the RNA sequence is transcribed.

[0077] The symbol "-" in the formula of any genetic constructs disclosed herein can be a
phosphodiester bond, or one or more nucleotides inserted between two nucleotides. For example,
when a formula requires 5'-A-E-B-3', wherein A comprises a 3' intronic sequence, E comprises an
exonic sequence (i.e., one or more exons or fragments thereof), and B comprises a 5' intronic
sequence, and wherein "-" between A and E and/or "-" between E and B can be a phosphodiester
bond or one or more nucleotides between A and E and/or E and B.

[0078] As used herein, the term "polypeptide" encompasses both peptides and proteins,
unless indicated otherwise.

[0079] The term "coding region" refers to a DNA or RNA region (the transcribed region)
which "encodes" a particular protein, e.g., such as a payload.

[0080] The term "RNA" is used herein to mean a molecule which comprises at least one
ribonucleotide residue. "Ribonucleotide" relates to a nucleotide with a hydroxyl group at the 2'-
position of a B-D-ribofuranosyl group. The term comprises double-stranded RNA, single-stranded
RNA, isolated RNA such as partially or completely purified RNA, essentially pure RNA, synthetic
RNA, and recombinantly generated RNA such as modified RNA which differs from naturally
occurring RNA by addition, deletion, substitution and/or alteration of one or more nucleotides. The
term "mRNA" means "messenger-RNA" and relates to a "transcript" which is generated by using
a DNA template and encodes a peptide or protein. Typically, an mRNA comprises a 5'-UTR, a
protein coding region and a 3'-UTR. mRNA only possesses limited half-life in cells and in vitro.
In the context of the present disclosure, mRNA can be generated by in vitro transcription from a
DNA template. The in vitro transcription methodology is known to the skilled person. For example,

there is a variety of in vitro transcription kits commercially available. As further described herein,
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in some aspects, a RNA is a linear RNA. In some aspects, a RNA is a circular RNA. In some
aspects, a RNA is a self-replicating RNA. In some aspects, a RNA is a non-replicating RNA.
[0081] As used herein, the term "pre-circular RNA" refers to a RNA (e.g., mRNA) or
DNA that is capable of directing its own circularization to form a circular RNA (also referred to
herein as "pre-circRNA").

[0082] As used herein, the term "circular RNA," or "circRNA" refers to an RNA (e.g.,
mRNA) that forms a circular structure through covalent bonds. CircRNAs are single-stranded RNA
molecules lacking free 5' and 3' ends, and therefore lacking a 5' cap and a 3' polyA tail.

[0083] As used herein, the term "payload sequence" refers to a nucleotide sequence
encoding a payload. As used herein, the term "payload" refers to any protein that can be encoded
by the payload sequence. In some aspects, a payload comprises a therapeutic protein. Non-limiting
examples of payloads are provided elsewhere in the present disclosure.

[0084] The term "sequence identity" is used herein to mean a relationship between two or
more amino acid (polypeptide or protein) sequences or two or more nucleic acid (polynucleotide)
sequences, as determined by comparing the sequences. In certain aspects, sequence identity is
calculated based on the full length of two given SEQ ID NO or on part thereof. Part thereof can
mean at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100% of both SEQ ID NO, or
any other specified percentage. The term "identity" can also mean the degree of sequence
relatedness between amino acid or nucleic acid sequences, as the case can be, as determined by the
match between strings of such sequences.

[0085] In some aspects, methods to determine identity are designed to give the largest
match between the sequences tested. Methods to determine identity and similarity are codified in
publicly available computer programs.

[0086] As used herein, the terms "effective amount" or "therapeutically effective
amount" of, e.g., a circRNA disclosed herein, refers to a quantity sufficient to, when administered
to the subject, including a human, effect beneficial or desired results, including clinical results,
and, as such, an "effective amount" or synonym thereto depends on the context in which it is being
applied.

[0087] As used herein, the term "target cell" refers to a cell in which a payload (e.g.,
encoded by the payload sequence) is desired to be expressed. As used herein, the term "non-target
cell" refers to a cell in which a payload is not intended to be expressed.

[0088] As used herein, the terms "genetic construct" refers to an artificially-designed

nucleic acid molecule, which can be borne on a vector. A genetic construct can be an RNA nucleic
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acid molecule (e.g., a pre-circRNA) or a DNA nucleic acid molecule (e.g., an expression cassette
from which the pre-circRNA can be transcribed, or a vector comprising the expression cassette).
[0089] As used herein, the term or "vector" refers to any nucleic acid molecule for the
cloning of a nucleic acid, such as a plasmid, phage, transposon, cosmid, chromosome, artificial
chromosome, virus, virion, etc. A vector can be a replicon to which another nucleic acid segment
can be attached so as to bring about the replication of the attached segment. A "replicon" refers to
any genetic element (e.g., plasmid, phage, cosmid, chromosome, virus) that functions as an
autonomous unit of replication in vivo, i.e., capable of replication under its own control. A vector
can be a "delivery vector" includes both viral and nonviral vehicles for introducing the nucleic acid
into a cell in vitro, ex vivo or in vivo. A vector can be also used in vitro in the absence of cells to
perform any of the procedures known in the art. For example, a vector can be used for in vitro
transcription. A large number of vectors are known and used in the art including, for example,
plasmids, modified eukaryotic viruses, or modified bacterial viruses. In some aspects, insertion of
a polynucleotide into a suitable vector can be accomplished by ligating the appropriate
polynucleotide fragments into a chosen vector that has complementary cohesive termini. Vectors
can be engineered to encode selectable markers or reporters that provide for the selection or
identification of cells that have incorporated the vector. Expression of selectable markers or
reporters allows identification and/or selection of host cells that incorporate and express other
coding regions contained on the vector. Examples of selectable marker genes known and used in
the art include: genes providing resistance to ampicillin, streptomycin, gentamycin, kanamycin,
hygromycin, bialaphos herbicide, sulfonamide, and the like; and genes that are used as phenotypic
markers, i.e., anthocyanin regulatory genes, isopentanyl transferase gene, and the like. Examples
of reporters known and used in the art include: luciferase (Luc), green fluorescent protein (GFP),
chloramphenicol acetyltransferase (CAT), B-galactosidase (LacZ), B-glucuronidase (Gus), and the
like. Selectable markers can also be considered to be reporters. In some aspects, the delivery vector
is selected from the group consisting of a viral vector (e.g., an AAV vector), a plasmid, a lipid, a
protein particle, a bacterial vector, and a lysosome.

[0090] As used herein the term "splicing" refers to the process by which exons are joined
while introns are removed from primary transcripts (pre-RNAs) to form the mature RNAs.

[0091] "Exon" are the coding sections of a DNA molecule, or of an RNA molecule which
is transcribed from a DNA molecule that are then translated into protein, or are part of a mature
structural RNA (e.g., tRNA or rRNA). In most eukaryotic genes, exons are separated by "introns,"

intervening non-coding sections of DNA. Therefore, introns are segments of nucleic acid that are
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transcribed into RNA, but are excised via splicing and therefore are not present in the mature RNA
transcript, which comprises only exons. The new, immature strands of messenger or structural
RNAs, before splicing occurs are called pre-RNAs, and may contain both introns and exon, the
RNA molecules resulting from splicing are called RNAs, or mature RNAs. pre-RNA molecules go
through splicing and only the exons remain in the "mature RNA," which is then, in the case of
mRNA, translated into a protein. "Structural RNAs" or "non-coding RNAs" are RNA molecules
that are not translated into proteins and exert a function in the form of RNA molecules. Exemplary
structural RNA molecules are rRNAs and tRNAs. During splicing, introns are removed from the
pre-RNA by cleavage at conserved sequences called "splice sites," which are located at the 5’ and
3" ends of the exons.

[0092] As used herein, the term "exonic sequence" refers to a nucleotide sequence which
is comprised in the mature RNA after splicing. As used herein, the term "intronic sequence" refers
to a nucleotide sequence which is removed from the RNA molecule during splicing and is thus not
comprised in the mature RNA after splicing. An exonic sequence can comprise one or more exons,
or portions thereof, can comprise a nucleotide sequence derived from a naturally occurring
nucleotide sequence, or can be an artificial sequence. An intronic sequence can comprise one or
more introns, or portions thereof, can comprise a nucleotide sequence derived from a naturally
occurring nucleotide sequence, or can be an artificial sequence.

[0093] As used herein, the term "S' intronic sequence" and "3' intronic sequence" refer
to intronic sequences that are located at the 5' and at the 3', respectively, of an intronic sequence.
In some aspects, the constructs disclosed herein comprise "5' intronic sequence" and "3' intronic
sequence” that are in a reverse position. Thus, in some aspects, a "3' intronic sequence" can be
located at the 5', and a "5' intronic sequence" can be located at the 3' of the constructs disclosed
herein.

[0094] As used herein, the term "splice site" refers to a sequence at the border between an
exon and an intron. A splice site comprises a pair of nucleotides linked by a phosphodiester bond
that is cleaved during a splicing reaction.

[0095] A 5' splice site is located at the border between the 3' end of an exon and the 5' end
of an intron. A 5' splice site comprises a pair of nucleotides between which cleavage of the
phosphodiester bond occurs during a splicing reaction. The nucleotide at the 5' of the pair of
nucleotides is comprised in the exon, the nucleotide at the 3' of the pair of nucleotides is comprised

in the intron.
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[0096] A 3'splice site is located at the border between the 5' end of an exon and the 3' end
of an intron. A 3' splice site comprises a pair of nucleotides between which cleavage of the
phosphodiester bond occurs during a splicing reaction. The nucleotide at the 5' of the pair of
nucleotides is comprised in the intron, the nucleotide at the 3' of the pair of nucleotides is comprised
in the exon.

[0097] As used herein, the term "catalytic nucleotide" refers to a nucleotide that facilitates
the circularization of pre-circRNA by interacting with a catalytic core of an intronic sequence.
[0098] "Linear nucleic acid molecules" are said to have a "5’-terminus" (5’ end) and a
"3’- terminus" (3’ end) because nucleic acid phosphodiester linkages occur at the 5” carbon and 3’
carbon of the sugar moieties of the substituent mononucleotides. The end nucleotide of a
polynucleotide at which a new linkage would be to a 5° carbon is its 5° terminal nucleotide. The
end nucleotide of a polynucleotide at which a new linkage would be to a 3’ carbon is its 3’ terminal
nucleotide. A terminal nucleotide, as used herein, is the nucleotide at the end position of the 3’- or
5 ’-terminus.

[0099] "Transcription" means the formation or synthesis of an RNA molecule by an RNA
polymerase using a DNA molecule as a template. The invention is not limited with respect to the
RNA polymerase that is used for transcription. For example, in some embodiments, a T7- type
RNA polymerase can be used.

[0100] "Translation" means the formation of a polypeptide molecule by a ribosome based
upon an RNA template.

[0101] As used herein, the term "coding sequence, " or "expression sequence" refers to a
nucleic acid sequence that encodes a product, e.g., a peptide or polypeptide (i.e., a protein coding
sequence), or a regulatory or structural nucleic acid (7.e., a tRNA or a rRNA).

[0102] As used herein, a "spacer" refers to a region of a polynucleotide sequence ranging
from 1 nucleotide to hundreds or thousands of nucleotides separating two other elements along a
polynucleotide sequence. The sequences can be defined or can be random. A spacer is typically
non-coding. In some embodiments, spacers include duplex forming regions.

[0103] As used herein, an "internal ribosome entry site" or "IRES" refers to an RNA
sequence or structural element ranging in size from 10 nt to 1000 nt or more, capable of initiating
translation of a polypeptide in the absence of a typical RNA cap structure. An IRES is typically
about 500 nt to about 700 nt in length.

11 Pre- circular RNA and DNA Genetic Constructs
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[0104] Provided herein are RNA or DNA genetic constructs for the synthesis of circular
RNAs (circRNAs). The disclosure also provides for circRNAs produced from such genetic
constructs. In some aspects, the genetic constructs for the synthesis of circRNAs are RNA genetic
constructs (i.e., pre-circRNAs). In some aspects, the genetic constructs for the synthesis of
circRNAs are DNA genetic constructs from which genetic constructs can be transcribed. In some
aspects, the genetic constructs disclosed herein, or the genetic constructs transcribed from the DNA
genetic constructs disclosed herein, undergo a splicing reaction. In some aspects, the splicing
reaction is an auto-catalytic splicing reaction (i.e., self-splicing reaction).

[0105] In some aspects, the genetic constructs disclosed herein comprise one or more
intronic sequence (i.e., one or more intron or fragment thereof), one or more exonic sequence (i.e.,
one or more exon or fragment thereof), and one or more splice sites.

[0106] In some aspects, the genetic constructs disclosed herein comprise one or more
intronic sequence (i.e., one or more intron or fragment thereof), one or more exonic sequence (i.e.,
one or more exon or fragment thereof), and one or more catalytic nucleotides.

[0107] In some aspects, the genetic constructs disclosed herein comprise one or more
intronic sequence (i.e., one or more intron or fragment thereof), one or more exonic sequence (i.e.,
one or more exon or fragment thereof), one or more splice sites, and one or more catalytic
nucleotides.

[0108] In some aspects, the genetic constructs disclosed herein are DNA genetic constructs
(e.g., comprised in a vector).

[0109] In some aspects, the genetic constructs disclosed herein are RNA genetic constructs.
In some aspects, the RNA genetic constructs disclosed herein undergo a splicing reaction. In some
aspects, the splicing reaction is an auto-catalytic splicing reaction. In some aspects, the splicing
reaction partially removes the one or more intronic sequence (i.e., one or more intron or fragment
thereof) from the RNA genetic constructs disclosed herein. In some aspects, the splicing reaction
completely removes the one or more intronic sequence (i.e., one or more intron or fragment thereof)
from the RNA genetic constructs disclosed herein. In some aspects, the splicing reaction
circularizes the one or more exonic sequence (i.e., one or more exon or fragment thereof)
comprised in the RNA genetic constructs disclosed herein.

[0110] In some aspects, the circularized one or more exonic sequence (i.e., one or more
exon or fragment thereof) is not a protein-coding exonic sequence. In some aspects, the circularized
one or more exonic sequence (7.e., one or more exon or fragment thereof) is a structural RNA. In

these aspects, the circularized one or more exonic sequence (i.e., one or more exon or fragment

24



WO 2025/111280 PCT/US2024/056551

thereof) can be a therapeutic agent (i.e., a therapeutic RNA). In some aspects, the one or more
exonic sequence (i.e., one or more exon or fragment thereof) is a protein-coding sequence. In these
aspects, the one or more exonic sequence (i.e., one or more exon or fragment thereof) can encode
a therapeutic agent (i.e., a therapeutic protein). In these aspects, the one or more exonic sequence
(i.e., one or more exon or fragment thereof) are translated into a therapeutic agent (i.e., a therapeutic
protein).

[0111] In some aspects, the genetic constructs are linear RNAs produced by in vivo
transcription of DNA genetic constructs disclosed herein. In some aspects, the genetic constructs
(e.g., pre-circRNAs) are linear RNAs produced by in vitro transcription of DNA genetic constructs
disclosed herein. In some aspects, the genetic constructs (e.g., pre-circRNAs) are linear RNAs
produced by chemical synthesis. The genetic constructs (e.g., pre-circRNAs) disclosed herein can
be unmodified, partially modified or completely modified.

[0112] In some aspects, the genetic constructs (e.g., pre-circRNAs) disclosed herein can
circularize to produce a circular RNA (circRNA). In some aspects, the circRNAs disclosed herein
comprises an exonic sequence (i.e., one or more exons) comprised in the DNA genetic constructs
or in the RNA genetic constructs disclosed herein. In some aspects, the circRNAs disclosed herein
consists of an exonic sequence (7.e., one or more exons) comprised in the DNA genetic constructs
or in the RNA genetic constructs disclosed herein. In some aspects, the circRNAs disclosed herein
further comprise one or more nucleotides comprised in the DNA genetic constructs or in the RNA
genetic constructs disclosed herein that are not part of the exonic sequence (i.e., one or more
exons). The one or more nucleotides comprised in the DNA genetic constructs or in the genetic
constructs disclosed herein that are not part of the exonic sequence (i.e., one or more exons) can
be, for example comprised in the intronic sequence, in the splice sites, in the homology arms of the
DNA genetic constructs or in the genetic constructs disclosed herein, or any combination thereof.
In these aspects, the circRNAs disclosed herein is described herein as comprising an excision scar.
In some aspects, the circular RNA is at least 500, 600, 700, 800, 900, 1000, 1500, 2000, 2500,
3000, 3500, 4000 or 4500 nucleotides in size. The circRNA disclosed herein can be unmodified,
partially modified or completely modified.

[0113] In some aspects, the RNA or DNA genetic constructs capable of forming circular
RNAs disclosed herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs
can be transcribed) comprise one or more intronic sequence (i.e., one or more intron or fragment

thereof), and/or one or more exonic sequence (i.e., one or more exon or fragment thereof). In some
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aspects, the one or more intronic sequence (i.e., one or more intron or fragment thereof) are derived

from a nucleotide sequence of a Group I intron.

IIA.  Genetic Constructs

1IA1. Genetic Construct A.

[0114] The present disclosure provides a genetic construct capable of forming circular
RNAs disclosed herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs
can be transcribed) comprise a formula of 5'-H-A-E-B-H'-3', wherein H comprises a 5' homology
arm, A comprises a 3' intronic sequence, E comprises an exonic sequence (i.e., one or more exons
or fragments thereof), B comprises a 5' intronic sequence, and H' comprises a 3' homology arm. In
some aspects, the construct comprises one or more splice sites, e.g., between A and E and/or
between E and B. In some aspects, the 3” terminus of A and 5’ terminus of E form a 3 splice site
(39), and the 3’ terminus of E and the 5’ terminus of B form a 5’ splice site (5S). In some aspects,
the construct further comprises a promoter, wherein the promoter (P) is to be understood to be
comprised in the DNA genetic construct, but not in the RNA genetic construct. In some aspects,
the 5' and 3’ intronic sequences are reverse complement of one another.

[0115] In some aspects, the disclosure provides a genetic construct capable of forming
circular RNAs disclosed herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-
circRNAs can be transcribed) comprise a formula of 5'-P-H-A-3S-E-5S-B-H'-3', wherein: P
comprises a promoter (e.g., T7, T3, SP6, etc.), H comprises a 5' homology arm, A comprises a 3'
intronic sequence, 3S comprises a 3' splice site, E comprises an exonic sequence (i.e., one or more
exons or fragments thereof), 5SS comprises a 5' splice site, B comprises a 5' intronic sequence, H'
comprises a 3' homology arm, and wherein the promoter (P) is to be understood to be comprised
in the DNA genetic construct, but not in the RNA genetic construct. In some aspects, the 5' and 3’
intronic sequences are reverse complement of one another. In some aspects, the 3’ terminus of A
and 5’ terminus of E form a 3’ splice site (3S), and the 3’ terminus of E and the 5’ terminus of B
form a 5’ splice site (5S).

[0116] The present disclosure is also directed to a method of producing a circular RNA
comprising adding GTP to a genetic construct (e.g., DNA or RNA) comprising a nucleotide
sequence having a formula of 5'-H-A-E-B-H'-3', wherein H comprises a 5' homology arm, A
comprises a 3' intronic sequence, E comprises an exonic sequence (i.e., one or more exons or
fragments thereof), B comprises a 5' intronic sequence, and H' comprises a 3' homology arm or a

formula of 5'-P-H-A-3S-E-5S-B-H'-3', wherein: P comprises a promoter (e.g., T7, T3, SP6, etc.),
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H comprises a 5' homology arm, A comprises a 3' intronic sequence, 3S comprises a 3' splice site,
E comprises an exonic sequence (i.e., one or more exons or fragments thereof), 5S comprises a 5'
splice site, B comprises a 5' intronic sequence, and H' comprises a 3' homology arm, and wherein
the promoter (P) is to be understood to be comprised in the DNA genetic construct, but not in the
RNA genetic construct. In some aspects, the 3° terminus of A and 5’ terminus of E form a 3’ splice
site (3S), and the 3’ terminus of E and the 5° terminus of B form a 5’ splice site (5S).

[0117] In some aspects, the disclosure comprises a circular RNA produced by the pre-

circRNA or the method herein.

1IA2. Genetic Construct B.

[0118] The present disclosure also provides a genetic construct capable of forming circular
RNAs disclosed herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs
can be transcribed) comprise a formula of: 5'-H-A-E-B-H'-3', wherein H comprises a 5' homology
arm, A comprises a 3' intronic sequence, E comprises an exonic sequence comprising a first
excision scar precursor (X) and a second excision scar precursor X', B comprises a 5' intronic
sequence, and H' comprises a 3' homology arm. In some aspects, the construct further comprises
one or more splice sites, e.g., between A and E (3S) and/or between E and B (5S). In some aspects,
the 3’ terminus of A and 5’ terminus of E form a 3’ splice site (3S), and the 3’ terminus of E and
the 5” terminus of B form a 5 splice site (5S). In some aspects, the construct further comprises a
promoter, wherein the promoter (P) is to be understood to be comprised in the DNA genetic
construct, but not in the RNA genetic construct. In some aspects, the 5' and 3’ intronic sequences
are reverse complement of one another.

[0119] In some aspects, the present disclosure also provides a genetic construct capable of
forming circular RNAs disclosed herein (i.e., pre-circRNAs or DNA genetic constructs from which
pre-circRNAs can be transcribed) comprise a formula of: 5'-P-H-A-3S-E-5S-B-H'-3', wherein: P
comprises a promoter (e.g., T7, T3, SP6, etc.), H comprises a 5' homology arm, A comprises a 3'
intronic sequence, 3S comprises a 3' splice site, E comprises an exonic sequence comprising a first
excision scar precursor (X) and a second excision scar precursor X', 5S comprises a 5° splice site,
B comprises a 5' intronic sequence, and H' comprises a 3' homology arm; and wherein the promoter
(P) is to be understood to be comprised in the DNA genetic construct, but not in the RNA genetic
construct. In some aspects, the 5' and 3’ intronic sequences are reverse complement of one another.
In some aspects, the 3° terminus of A and 5’ terminus of E form a 3’ splice site (3S), and the 3’

terminus of E and the 5’ terminus of B form a 5 splice site (5S).
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[0120] The present disclosure is also directed to a method of producing a circular RNA
comprising adding GTP to a genetic construct (e.g., DNA or RNA) comprising a nucleotide
sequence having a formula of 5'-H-A-E-B-H'-3', wherein H comprises a 5' homology arm, A
comprises a 3' intronic sequence, E comprises an exonic sequence comprising a first excision scar
precursor (X) and a second excision scar precursor X', B comprises a 5' intronic sequence, and H'
comprises a 3' homology arm or a formula of: 5'-P-H-A-3S-E-5S-B-H'-3', wherein: P comprises a
promoter (e.g., T7, T3, SP6, etc.), H comprises a 5' homology arm, A comprises a 3' intronic
sequence, 3S comprises a 3' splice site, E comprises an exonic sequence comprising a first excision
scar precursor (X) and a second excision scar precursor X', 5S comprises a 5 splice site, B
comprises a 5' intronic sequence, and H' comprises a 3' homology arm; and wherein the promoter
(P) is to be understood to be comprised in the DNA genetic construct, but not in the RNA genetic
construct. In some aspects, the 3° terminus of A and 5’ terminus of E form a 3’ splice site (35),
and the 3’ terminus of E and the 5’ terminus of B form a 5’ splice site (5S).

[0121] In some aspects, the disclosure comprises a circular RNA produced by the pre-

circRNA or the method herein.

1IA3. Genetic Construct C.

[0122] The present disclosure provides a genetic construct capable of forming circular
RNAs disclosed herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs
can be transcribed) comprises a formula of: 5'-A-E-3', A comprises a 3' intronic sequence, and E
comprises an exonic sequence comprising a catalytic nucleotide (CN). In some aspects, the
construct further comprises a splice site, e.g., between A and E (35). In some aspects, the construct
further comprises a promoter, wherein the promoter (P) is to be understood to be comprised in the
DNA genetic construct, but not in the RNA genetic construct. In some aspects, the 5' and 3’
intronic sequences are reverse complement of one another.

[0123] The present disclosure provides a genetic construct capable of forming circular
RNAs disclosed herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs
can be transcribed) comprises a formula of: 5'-P-A-3S-E-3', wherein P comprises a promoter (e.g.,
T7, T3, SP6, etc.), A comprises a 3' intronic sequence, 3S comprises a 3' splice site, and E
comprises an exonic sequence comprising a catalytic nucleotide (CN); and wherein the promoter
(P) is to be understood to be comprised in the DNA genetic construct, but not in the RNA genetic

construct.
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[0124] The present disclosure is also directed to a method of producing a circular RNA
comprising allowing a genetic construct (e.g., DNA or RNA) to self-circularize, wherein the
genetic construct comprises a nucleotide sequence having a formula of: 5'-A-E-3', A comprises a
3' intronic sequence, and E comprises an exonic sequence comprising a catalytic nucleotide (CN)
or a formula of: 5'-P-A-3S-E-3', wherein P comprises a promoter (e.g., T7, T3, SP6, etc.), A
comprises a 3' intronic sequence, 3S comprises a 3' splice site, and E comprises an exonic sequence
comprising a catalytic nucleotide (CN); and wherein the promoter (P) is to be understood to be
comprised in the DNA genetic construct, but not in the RNA genetic construct.

[0125] In some aspects, the disclosure comprises a circular RNA produced by the pre-

circRNA or the method herein.

1144. Genetic Construct D.

[0126] The present disclosure provides a genetic construct capable of forming circular
RNAs disclosed herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs
can be transcribed) comprises a formula of: 5'-A-E-3', A comprises a 3' intronic sequence
comprising a catalytic core (CC); E comprises an exonic sequence comprising: (i) a first portion
of the exonic sequence (E'); (i) a first homology arm (HI); (iii) a second portion of the exonic
sequence (E"); (iv) a second homology arm (HI'); and (v) a third exonic sequence (E"') comprising
a catalytic nucleotide (CN). In some aspects, the construct further comprises a splice sites, e.g.,
between A and E (35), e.g., at the 3” end of A. In some aspects, the construct further comprises a
promoter, wherein the promoter (P) is to be understood to be comprised in the DNA genetic
construct, but not in the RNA genetic construct. In some aspects, the 5' and 3’ intronic sequences
are reverse complement of one another. In some aspects, the 3’ terminus of A and 5’ terminus of
E form a 3’ splice site (3S).

[0127] In some aspects, the disclosure provides a genetic construct comprising a nucleotide
sequence having a formula of’ 5'-P-A-3S-E-3', wherein P is a promoter (e.g., T7, T3, SP6, etc.), A
comprises a 3' intronic sequence comprising a catalytic core (CC); 3S comprises a 3’ splice site; E
comprises an exonic sequence comprising: (i) a first portion of the exonic sequence (E"); (ii) a first
homology arm (HI); (iii) a second portion of the exonic sequence (E"); (iv) a second homology
arm (HI'); and (v) a third exonic sequence (E") comprising a catalytic nucleotide (CN), and wherein
the promoter (P) is to be understood to be comprised in the DNA genetic construct, but not in the

RNA genetic construct.
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[0128] The present disclosure is also directed to a method of producing a circular RNA
comprising allowing a genetic construct (e.g., DNA or RNA) to self-circularize, wherein the
genetic construct comprises a nucleotide sequence having a formula of: 5'-A-E-3', A comprises a
3' intronic sequence comprising a catalytic core (CC); E comprises an exonic sequence comprising:
(1) a first portion of the exonic sequence (E"); (i) a first homology arm (HI); (iii) a second portion
of the exonic sequence (E"); (iv) a second homology arm (HI'); and (v) a third exonic sequence
(E") comprising a catalytic nucleotide (CN) or a formula of: 5'-P-A-3S-E-3', wherein P is a
promoter (e.g., T7, T3, SP6, etc.), A comprises a 3' intronic sequence comprising a catalytic core
(CC); 3S comprises a 3’ splice site; E comprises an exonic sequence comprising: (i) a first portion
of the exonic sequence (E'); (ii) a first homology arm (HI); (iii) a second portion of the exonic
sequence (E"); (iv) a second homology arm (HI'); and (v) a third exonic sequence (E") comprising
a catalytic nucleotide (CN), and wherein the promoter (P) is to be understood to be comprised in
the DNA genetic construct, but not in the RNA genetic construct. In some aspects, the 3’ terminus
of A and 5’ terminus of E form a 3’ splice site (3S).

[0129] In some aspects, the disclosure comprises a circular RNA produced by the pre-

circRNA or the method herein.

11A45. Genetic Construct E.

[0130] The present disclosure provides a genetic construct capable of forming circular
RNAs disclosed herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs
can be transcribed) comprise a formula of: 5'-B-A-E-3', wherein B comprises a 5' intronic sequence
comprising an internal guide sequence (IGS ), A comprises a 3' intronic sequence, and E comprises
an exonic sequence comprising a catalytic nucleotide. In some aspects, the construct comprises a
splice site between A and E. In some aspects, the 3’ terminus of A and 5’ terminus of E form a 3’
splice site (3S). In some aspects, the construct comprises a promoter, wherein the promoter (P) is
to be understood to be comprised in the DNA genetic construct, but not in the RNA genetic
construct.

[0131] The present disclosure provides a genetic construct capable of forming circular
RNAs disclosed herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs
can be transcribed) comprise a formula of: 5'-P-B-A-3S-E-3' wherein P comprises a promoter
(e.g., T7, T3, SP6, etc.), B comprises a 5' intronic sequence comprising an internal guide sequence

(IGS), A comprises a 3' intronic sequence, 3S comprises a 3' splice site, and E comprises an exonic
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sequence comprising a catalytic nucleotide; and wherein the promoter (P) is to be understood to be
comprised in the DNA genetic construct, but not in the RNA genetic construct.

[0132] The present disclosure is also directed to a method of producing a circular RNA
comprising allowing a genetic construct (e.g., DNA or RNA) to self-circularize, wherein the
genetic construct comprises a nucleotide sequence having a formula of: 5'-B-A-E-3', wherein B
comprises a 5' intronic sequence comprising an internal guide sequence (IGS ), A comprises a 3'
intronic sequence, and E comprises an exonic sequence comprising a catalytic nucleotide or a
formula of: 5'-P-B-A-3S-E-3', wherein P comprises a promoter (e.g., T7, T3, SP6, etc.), B
comprises a 5' intronic sequence comprising an internal guide sequence (IGS ), A comprises a 3'
intronic sequence, 3S comprises a 3' splice site, and E comprises an exonic sequence comprising a
catalytic nucleotide; and wherein the promoter (P) is to be understood to be comprised in the DNA
genetic construct, but not in the RNA genetic construct.

[0133] In some aspects, the disclosure comprises a circular RNA produced by the pre-

circRNA or the method herein.

1I.B. Components of Genetic Constructs
1IB.1 Splice Sites
[0134] In some aspects, the genetic constructs capable of forming circular RNAs disclosed

herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs can be
transcribed) comprise or form a 5' splice site, a 3' splice site, a catalytic nucleotide, or a combination
thereof.

[0135] In some aspects, the genetic constructs capable of forming circular RNAs disclosed
herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs can be
transcribed) comprise a 5' splice site and a 3' splice site.

[0136] In some aspects, the genetic constructs capable of forming circular RNAs disclosed
herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs can be
transcribed) comprise a 3' splice site and a catalytic nucleotide.

[0137] In some aspects, the 5' splice site and the 3' splice site are transposed with respect
to the position of the same splice sites would they have been in a naturally occurring configuration.
In a naturally occurring configuration, a 5' splice site is located upstream of an exon, and a 3' splice
site is located downstream of an exonic sequence. In the genetic constructs disclosed herein, a 5'
splice site can be located downstream of an exonic sequence, and a 3' splice site can be located

upstream of an exonic sequence, i.e., the 5' splice site and the 3' splice site are transposed with
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respect to the position of the same splice sites would they have been in a naturally occurring
configuration.

[0138] In some aspects, the 3' splice site is located upstream of an exonic sequence and a
catalytic nucleotide is located downstream of an exonic sequence.

[0139] A splice site is a nucleotide sequence located at the border between an intronic
sequence and an exonic sequence, and comprises a pair of nucleotides linked by a phosphodiester
bond that is cleaved during a splicing reaction. Thus, each splice site comprises a portion that is
located in the intronic sequence and a portion that is located in the exonic sequence. In some
aspects, the splice site is a 5' splice site. A 5' splice site is located at the border between the 3' end
of an exonic sequence and the 5' end of an intronic sequence. A 5' splice site comprises a pair of
nucleotides between which cleavage of the phosphodiester bond occurs during a splicing reaction.
The nucleotide at the 5' of the pair of nucleotides (herein also referred to as "nucleotide at the 5' of
the 5' splice site" or "5S(5')") is comprised in the exonic sequence, the nucleotide at the 3' of the
pair of nucleotides (herein also referred to as "nucleotide at the 3' of the 5' splice site" or "5S(3")")

is comprised in the intronic sequence.

[0140] In some aspects, the 5S(5') is a U or a T and the 5S(3') is a N, wherein N is any one
of A, C, G, orU.
[0141] In some aspects, the 5' splice site comprises a sequence of formula 5'-U(or T)-N-3',

wherein the site of splice is between U (or T) and N, and wherein N is any one of A, C, G, T, or
U.

[0142] In some aspects, the splice site is a 3' splice site. A 3' splice site is located at the
border between the 5' end of an exonic sequence and the 3' end of an intronic sequence. A 3' splice
site comprises a pair of nucleotides between which cleavage of the phosphodiester bond occurs
during a splicing reaction. The nucleotide at the 5' of the pair of nucleotides (herein also referred
to as "nucleotide at the 5' of the 3' splice site" or "3S(5')") is comprised in the intronic sequence,
the nucleotide at the 3' of the pair of nucleotides (herein also referred to as "nucleotide at the 3' of

the 53' splice site" or "3S(3")") is comprised in the exonic sequence.

[0143] In some aspects, the 3S(5") is a G, and the 3S(3') is a N, wherein N is any one of A,
C,G T orU.
[0144] In some aspects, the 3' splice site comprises a sequence of formula 5'-G-N-3',

wherein the site of splice is between G and N, and wherein N is any one of A, C, G, T, or U.
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[0145] In some aspects, the genetic constructs capable of forming circular RNAs disclosed
herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs can be
transcribed) comprise a 5' splice site and a 3' splice.

[0146] In some aspects, the genetic constructs capable of forming circular RNAs disclosed
herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs can be
transcribed) comprise a splice site and a catalytic nucleotide.

[0147] In some aspects, the genetic constructs capable of forming circular RNAs disclosed
herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs can be
transcribed) comprise a 3' splice site and a catalytic nucleotide.

[0148] In some aspects, the 3' splice site comprises a nucleotide sequence having at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, or 100% identity with a nucleotide
sequence of SEQ ID NOs: 31-36. In some aspects, the 3' splice site comprises a nucleotide
sequence having at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or 100%
identity with a nucleotide sequence of SEQ ID NO: 33. In some aspects, the 3' splice site consists
of a nucleotide sequence of SEQ ID NOs: 31-36. In some aspects, the 3' splice site consists of a
nucleotide sequence of SEQ ID NO: 33.

[0149] In some aspects, the 5' splice site comprises a nucleotide sequence having at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, or 100% identity with a nucleotide
sequence of SEQ ID NOs: 37-41 or a nucleotide sequence of NAGUAAA, NCUU», NAGU",
NCUU», or NGGU*, wherein N is A, U, C, or G, and wherein """ indicates the position of the
phosphodiester bond that is cleaved during a splicing reaction. In some aspects, the 5' splice site
comprises a nucleotide sequence of NAGU"AAA, wherein N is A, U, C, or G, and wherein """
indicates the position of the phosphodiester bond that is cleaved during a splicing reaction. In some
aspects, the 5' splice site consists of a nucleotide sequence of SEQ ID NOs: 37-41, or of a
nucleotide sequence of NAGU"AAA, NCUU®, NAGU”, NCUU, or NGGU”, wherein Nis A, U,
C, or G, and wherein """ indicates the position of the phosphodiester bond that is cleaved during a
splicing reaction. In some aspects, the 5' splice site consists of a nucleotide sequence of
NAGU"MAAA, wherein N is A, U, C, or G, and wherein """ indicates the position of the
phosphodiester bond that is cleaved during a splicing reaction. Non-limiting examples of 5° splice
sites and 3’ splice sites that are useful for the present genetic constructs are shown in Table 1.
Table 1. Exemplary splice sites (""" indicates the position of the phosphodiester bond that is

cleaved during a splicing reaction).

SEQ ID NO | DESCRIPTION SEQUENCE
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31 Anabaena PCC7120 3' Splice site UGCAAGAGAAUG™N
32 Tetrahymena thermophila 3' Splice | UUGGAGUACUCG*UAAGGUAN
site
33 Azoarcus 3' Splice site UCACACAAACCGG N
34 Anabaena azollae 3' Splice site UGCGAGAGAAUG™N
35 Bacteriophage T4 Td 3' Splice site | GAACAUAAUG”CUN
36 Bacteriophage T4 Td 3' Splice site GAACAUAAUG™ CUACCGUUUAAUAUUGCGU

CAGGUAGUAAACUACUAACUACAACCUGCU

GAAGCAN
37 Anabaena PCC7120 5' Splice site NCUU"AAAUAAUUGAG
38 Tetrahymena thermophila 5' Splice | NCCCUCUAAAUAGCAAU
site
Azoarcus 5' Splice site NAGU"AAA
39 Anabaena azollae 5' Splice site NCUU"AGAAAACUGAGCCU
40 Bacteriophage T4 Td 5' Splice site | NGGU"UAAUUGAGGCUGAGU
41 Bacteriophage T4 Td 5' Splice site | NCAGAGAUGUUUUCUUGGGU*UAAUUGAGG
CUGAGU
Anabaena PCC7120 5' Splice site NCuU”®
Azoarcus 5' Splice site NAGU”

Anabaena azollae 5' Splice site NCuu”®

Bacteriophage T4 Td 5' Splice site | NGGU"

ILB.2. Introns

[0150] Splicing is a process by which a precursor RNA transcript (i.e., primary transcript)
is transformed into a mature RNA molecule (e.g., a mature mRNA, tRNA, or rRNA). During
splicing, introns are removed from the precursor RNA molecule (i.e., primary transcript) and exons
are joined together. For many eukaryotic RNAs, splicing occurs in a series of reactions catalyzed
by the spliceosome, a complex of small nuclear ribonucleoproteins (snRNPs), but self-splicing
introns, can catalyze their own excision from their parent RNA molecule. For example, Group I
introns can catalyze their own excision from their parent RNA molecule without accessory
proteins.

[0151] Group I introns are self-splicing introns, which can catalyze their own excision from
primary transcripts (e.g., pre-mRNA, pre-tRNA and pre-rRNA) in a wide range of organisms. The
ability of group I introns to self-splice renders them capable of acting as ribozymes.

[0152] Group I introns are found in bacterial, phage, viral, organellar genomes and often

nuclear rDNA genes of fungi, plants, and algae.
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[0153] Group I introns are highly variable at the primary sequence level yet possess
characteristic conserved secondary and tertiary structures. Structural investigations have revealed
a well-defined and highly conserved RNA core responsible for the catalysis, despite the fact that
almost no universally conserved nucleotide residues are present among group I introns. The
secondary structure of group I introns consists of paired (P) elements designated P1 to P13 and
single-stranded loop regions. Short, conserved sequences can be recognized in some intronic
sequences. The P1 and the P10 helices form the substrate-binding domain wherein the 5" and 3’
splice sites are juxtaposed to each other. In some group I introns, P2 is absent. The active core of
the group I ribozyme is assembled by two helical domains P4/P6 (P4, PS5 and P6), which is
considered the scaffolding domain, and P3/P9 (P3, P7, P8 and P9) that form the catalytic domain.
The P3-P7-P9 helix contains the guanosine-5’-triphosphate (GTP) binding pocket and the
exogenous GTP docks onto the G-binding site located in P7. Here the 3'-OH of an exogenous GTP
is positioned so that it can attack the 5'-3' phospodiester bond at the 5’ splice site located within
the P1 fold. In some aspects, the P10 comprises a nucleotide sequence of TAAGGTA (or
UAAGGUA), or CT (or CU). In some aspects, the P10 consists of a nucleotide sequence of
TAAGGTA (or UAAGGUA), or CT (or CU).

[0154] Group L introns are removed from precursor RNA by an autocatalytic RNA splicing
event that is mediated by the intron’s RNA tertiary structure. Base-pairing interactions between
the 5'-end of the intron and flanking exonic sequences define the location of the 5" and 3' splice
sites. The Internal Guide Sequence (IGS), which is a short intronic sequence near the 5'-end that
pairs with sequences of the upstream exon to form P1, determines the 5' splice site. The 3’ splice
site is determined by pairing of a short sequence of the downstream exon with a portion of the IGS,
forming P10 and mediating interactions between P9 and the P3/P8 helices that form the catalytic
core.

[0155] Splicing of the group I intron RNA is by a two-step transesterification reaction with
an exogenous GTP (aG) with its 3'-OH acting as an initiating nucleophile. Binding of the aG in
the G-binding site in P7 positions the 3'-OH of GTP to attack the 5' splice site. During the first
transesterification step the aG is attached to the 5'-end of the intron RNA by a 3'-5' phosphodiester
bond. This step is followed by conformational changes allowing the upstream exon's terminal 3’
guanosine (oG) to trade position with the oG and occupy the G-binding site to initiate the second
transesterification reaction. The 3'-OH of the upstream exon attacks the 3’ splice site (an
interaction facilitated by the formation of P10) promoting the ligation of upstream and downstream

exons and the release of the intron RNA. Non limiting examples of P10 are shown below:
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Table 2.
P10 (P2007) DNA T. thermophila TAAGGTA
P10 (P2077) DNA T4 Td cT
P10 (P2007) RNA T. thermophila UAAGGUA
P10 (P2077) RNA T4 Td cu
[0156] In some aspects, the one or more intronic sequence (i.e., one or more intron or

fragment thereof) is derived from a single intron. In some aspects, the one or more intronic
sequence (i.e., one or more intron or fragment thereof) is derived from two or more different
introns.

[0157] In some aspects, the one or more intronic sequence (i.e., one or more intron or
fragment thereof) is an artificial sequences comprising a nucleotide sequence having at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, or 100% identity with a nucleotide sequence
of a naturally occurring intron. In some aspects, the intron is a group L.

[0158] In some aspects, the one or more intronic sequence (i.e., one or more intron or
fragment thereof) is derived from an intron derived from a bacterial genome, a phage genome, a
viral genome, a eukaryotic organellar genome, or from a nuclear genome of fungi, plants, or algae,
or from an RNA transcribed therefrom. In some aspects, the one or more intronic sequence (i.e.,
one or more intron or fragment thereof) is derived from a phage genome or from an RNA
transcribed therefrom. In some aspects, the intronic sequence is derived from a bacteriophage T4
genome or from an RNA transcribed therefrom. In some aspects, the one or more intronic sequence
(i.e., one or more intron or fragment thereof) is derived from a bacterial genome or from an RNA
transcribed therefrom. In some aspects, the one or more intronic sequence (i.e., one or more intron
or fragment thereof) is derived from a cyanobacterium genome or from an RNA transcribed
therefrom. In some aspects, the one or more intronic sequence (i.e., one or more intron or fragment
thereof) is derived from an Anabaena azollae, Anabaena PCC7120, or Aphanizomenon flos-aquae
(e.g., strain NIVA-CYA 142), or Synechococcus genome or from an RNA transcribed therefrom.
In some aspects, the one or more intronic sequence (i.e., one or more intron or fragment thereof)
is derived from a nitrogen-fixing bacterium genome or from an RNA transcribed therefrom. In
some aspects, the one or more intronic sequence (i.e., one or more intron or fragment thereof) is
derived from an Azoarcus genome or from an RNA transcribed therefrom. In some aspects, the
one or more intronic sequence (i.e., one or more intron or fragment thereof) is derived from a
protozoan genome or from an RNA transcribed therefrom. In some aspects, the one or more

intronic sequence (7.e., one or more intron or fragment thereof) is derived from a ciliophoran
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genome or from an RNA transcribed therefrom. In some aspects, the one or more intronic sequence
(i.e., one or more intron or fragment thereof) is derived from a Tetrahymena thermophila genome
or from an RNA transcribed therefrom. In some aspects, the one or more intronic sequence (i.e.,
one or more intron or fragment thereof) is derived from a fungus genome or from an RNA
transcribed therefrom. In some aspects, the one or more intronic sequence (i.e., one or more intron
or fragment thereof) is derived from a trimorphomyces genome or from an RNA transcribed
therefrom. In some aspects, the one or more intronic sequence (i.e., one or more intron or fragment
thereof) is derived from a Trimorphomyces papilionaceus genome or from an RNA transcribed
therefrom.

[0159] In some aspects, the one or more intronic sequence (i.e., one or more intron or
fragment thereof) is derived from a genomic region encoding a protein-coding RNA or a structural
RNA (e.g., tRNA, rRNA), or from an RNA transcribed therefrom.

[0160] In some aspects, the one or more intronic sequence (i.e., one or more intron or
fragment thereof) is derived from an intron of a thymidylate synthase (td) from bacteriophage T4;
from an intron of a pre-tRNAMY from Anabaena azollae, Anabaena PCC7120, Aphanizomenon
flos-aquae (e.g., strain NIVA-CYA 142), or Synechococcus; from an intron of a pretRNA™® from
Azoarcus; from an intron of a 26S ribosomal RNA from 7etrahymena thermophila; from an intron
of a cytochrome C oxidase subunit 2 (COX2) from Trimorphomyces papilionaceus, or from any
combination thereof. In some aspects, the one or more intronic sequence (i.e., one or more intron
or fragment thereof) is derived from an intron comprised in the GISSD database
(http://www.rna.whu.edu.cn/gissd/).

[0161] In some aspects, the one or more intronic sequence (i.e., one or more intron or
fragment thereof) is derived from an intron of a thymidylate synthase (td) from bacteriophage T4.
[0162] In some aspects, the one or more intronic sequence (i.e., one or more intron or
fragment thereof) is derived from an intron of a pre-tRNAMY from Anabaena azollae.

[0163] In some aspects, the one or more intronic sequence (i.e., one or more intron or
fragment thereof) is derived from an intron of a pre-tRNA"Y from Anabaena PCC7120.

[0164] In some aspects, the one or more intronic sequence (i.e., one or more intron or
fragment thereof) is derived from an intron of a pre-tRNA™V from Aphanizomenon flos-aquae
(e.g., strain NIVA-CYA 142).

[0165] In some aspects, the one or more intronic sequence (i.e., one or more intron or

fragment thereof) is derived from an intron of a pre-tRNA'Y from Synechococcus.
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[0166] In some aspects, the one or more intronic sequence (i.e., one or more intron or
fragment thereof) is derived from an intron of a pre-tRNA™ from Azoarcus.

[0167] In some aspects, the one or more intronic sequence (i.e., one or more intron or
fragment thereof) is derived from an intron of a 26S ribosomal RNA from Tetrahymena
thermophila.

[0168] In some aspects, the one or more intronic sequence (i.e., one or more intron or
fragment thereof) is derived from an intron of a cytochrome C oxidase subunit 2 (COX2) from
Trimorphomyces papilionaceus.

[0169] In some aspects, the one or more intronic sequence (i.e., one or more intron or
fragment thereof) comprises a nucleotide sequence derived from an intron having at least 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with any
one of SEQ ID NOs: 1-5, 6-10, 139-141, or 142-144. In some aspects, the one or more intronic
sequence (i.e., one or more intron or fragment thereof) comprises a nucleotide sequence derived
from an intron having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identity with SEQ ID NOs: 3 or 8. In some aspects, the one or more intronic sequence
(i.e., one or more intron or fragment thereof) comprises a nucleotide sequence derived from an
intron consisting of any one of SEQ ID NOs: 1-5, 6-10, 139-141, or 142-144. In some aspects, the
one or more intronic sequence (i.e., one or more intron or fragment thereof) comprises a nucleotide
sequence derived from an intron consisting of SEQ ID NOs: 3 or 8.

[0170] Non-limiting examples of intron that are useful for the present genetic constructs
are shown in Table 2.

Table 3. Exemplary Introns

SEQ ID DESCRIPTION SEQUENCE
NO
1 Anabaena AAATAATTGAGCCTTAAAGAAGAAATTCTTTAAGTGGATGCTCTCAAACTCA
PCC7120 full GGGAAACCTAAATCTAGTTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTA
intron DNA GTAATTAGTAAAACAATAGATGACTTACAACTAATCGGAAGGTGCAGAGACT
CGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCT
CAAAGCCAATAGGCAGTAGCGAAAGCTGCAAGAGAATG
2 Tetrahymena AAATAGCAATATTTACCTTTGGAGGGAAAAGTTATCAGGCATGCACCTGGTA
thermophila GCTAGTCTTTAAACCAATAGATTGCATCGGTTTAAAAGGCAAGACCGTCAAA
full intron TTGCGGGAAAGGGGTCAACAGCCGTTCAGTACCAAGTCTCAGGGGAAACTTT
DNA GAGATGGCCTTGCAAAGGGTATGGTAATAAGCTGACGGACATGGTCCTAACC
ACGCAGCCAAGTCCTAAGTCAACAGATCTTCTGTTGATATGGATGCAGTTCA
CAGACTAAATGTCGGTCGGGGAAGATGTATTCTTCTCATAAGATATAGTCGG
ACCTCTCCTTAATGGGAGCTAGCGGATGAAGTGATGCAACACTGGAGCCGCT
GGGAACTAATTTGTATGCGAAAGTATATTGATTAGTTTTGGAGTACTCG
3 Azoarcus full | aaatttGetCCTTGCGCCGGGAAACCACGCAAGGGATGGTGTCAAATTCGGC
intron DNA GAAACCTAAGCGCCCGCCCGGGCGTATGGCAACGCCGAGCCAAGCTTCGGCG
CCTGCGCCGATGAAGGTGTAGAGACTAGACGGCACCCACCTAAGGCAAACGC
TATGGTGAAGGCATAGTCCAGGGAGTGGCGAAAGTCACACAAACCGG
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Anabaena
azollae full
intron DNA

AGAAAACTGAGCCTTGATAGAGAAATCTTTTAAGTGGAAGCTCTCAAATTCA
GGGAAACCTAAATCTGTTTACAGATATGGCAATCCTGAGCCAAGCCCAGAAA
ATTAGACTTGAGATTTGATTTTGGAGTTAAACTCAAAATTTAAAATCCCAAA
TTCAAAATTCCGGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTAAA
GCCGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCTGAAGTTGCTGAAGCAA
CAAGGCAGTAGTGAAAGCTGCGAGAGAATG

5 Bacteriophage | TAATTGAGGCCTGAGTATAAGGTGACTTATACTTGTAATCTATCTAAACGGG
T4 Td full GAACCTCTCTAGTAGACAATCCCGTGCTAAATTGTAGGACTAATTCCATTTA
intron DNA TCAGATTTCTAGGGGAGACCCTCGAATGGAATTGGTTCTACATAAATGCCTA

ACGACTATCCCTTTGGGGAGTAGGGTCAAGTGACTCGAAACGATAGACAACT
TGCTTTAACAAGTTGGAGATATAGTCTGCTCTGCATGGTGACATGCAGCTGG
ATATAATTCCGGGGTAAGATTAACGACCTTATCTGAACATAATG

139 Aphanizomenon | cttaaAAAGGAATTGAGCCTTGATTGAGAAATCTTTCAAGTGGCAGCTCTCA
flos-aquae AACTCAGGGAAACCTAAATCTATTCGTAGATACGGCAATCCTGAGCCAAGCC
strain NIVA- CAGAGAAAATTTCCCTGGGAaGGTGCAGAGACTCGACGGGAGCTACCCTAAC
CYA 142 GTGAAGACGAGGGTAAAGGGAGAGTCCAATTCTCAAAACTTATGATTGCTTT
Leucine Trna AGCAACTGAGTAGTAGTGAAAACTGCAAGAGAATG
- intron DNA

140 Synechococcus | AGAAAACTGGGCCTCGATCGCGAAAGGGATCGAGTGGCAGCTCTCAAACTCA
PCC 6301 tRNA | GGGAAACCTAAAACTTTAAACATTAAAGTCATGGCAATCCTGAGCCAAGCTA
(LEU) - AAGCTAAACAACTAACAGCTTTAGAAGGTGCAGAGACTAGACGGGAGCTACC
intron DNA CTAACGGATTCAGCCGAGGGTAAAGGGATAGTCCAATTCTCAACATCGCGAT

TGTTGATGGCAGCGAAAGTTGCAAAGAGAATG

141 Trimorphomyce | TACTTTATGGTTGAGACGTAATGAAGTTAAATGCATGAACACCTAACAATTA
s GGAAATATGCAGTGGATGAATTTATAGATTTATCTACTCAACGACTAAGGTA
papilionaceus | TATTATACCTTTAAAAAACTTCACGAATTATCGAAGACATAGTCTGACCCTA
COX2 IA1l - TGTGAAAATATAGGAAGCTTAATACGGCGATAACATATAA
intron DNA

6 Anabaena AAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCA
PCC7120 full GGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUA
intron RNA GUAAUUAGUAAAACAAUAGAUGACUUACAACUAAUCGGAAGGUGCAGAGACU

CGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGAGAGUCCAAUUCU
CAAAGCCAAUAGGCAGUAGCGAAAGCUGCAAGAGAAUG

7 Tetrahymena AAAUAGCAAUAUUUACCUUUGGAGGGAAAAGUUAUCAGGCAUGCACCUGGUA
thermophila GCUAGUCUUUAAACCAAUAGAUUGCAUCGGUUUAAAAGGCAAGACCGUCAAA
full intron UUGCGGGAAAGGGGUCAACAGCCGUUCAGUACCAAGUCUCAGGGGAAACUUU
RNA GAGAUGGCCUUGCAAAGGGUAUGGUAAUAAGCUGACGGACAUGGUCCUAACC

ACGCAGCCAAGUCCUAAGUCAACAGAUCUUCUGUUGAUAUGGAUGCAGUUCA
CAGACUAAAUGUCGGUCGGGGAAGAUGUAUUCUUCUCAUAAGAUAUAGUCGG
ACCUCUCCUUAAUGGGAGCUAGCGGAUGAAGUGAUGCAACACUGGAGCCGCU
GGGAACUAAUUUGUAUGCGAAAGUAUAUUGAUUAGUUUUGGAGUACUCG

8 Azoarcus full | aaauuuGcuCCUUGCGCCGGGARAACCACGCAAGGGAUGGUGUCAAAUUCGGC
intron RNA GAAACCUAAGCGCCCGCCCGGGCGUAUGGCAACGCCGAGCCAAGCUUCGGCG

CCUGCGCCGAUGAAGGUGUAGAGACUAGACGGCACCCACCUAAGGCALAACGC
UAUGGUGAAGGCAUAGUCCAGGGAGUGGCGAAAGUCACACAAACCGG

9 Anabaena AGAAAACUGAGCCUUGAUAGAGAAAUCUUUUAAGUGGAAGCUCUCAAAUUCA
azollae full GGGAAACCUAAAUCUGUUUACAGAUAUGGCAAUCCUGAGCCAAGCCCAGAAA
intron RNA AUUAGACUUGAGAUUUGAUUUUGGAGUUAAACUCAAAAUUUAAAAUCCCAAA

UUCAAAAUUCCGGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUAAA
GCCGAGGGUAAAGAGAGAGUCCAAUUCUCAAAGCCUGAAGUUGCUGAAGCAA
CAAGGCAGUAGUGAAAGCUGCGAGAGAAUG

10 Bacteriophage | UAAUUGAGGCCUGAGUAUAAGGUGACUUAUACUUGUAAUCUAUCUAAACGGG
T4 Td full GAACCUCUCUAGUAGACAAUCCCGUGCUAAAUUGUAGGACUAAUUCCAUUUA
intron RNA UCAGAUUUCUAGGGGAGACCCUCGAAUGGAAUUGGUUCUACAUAAAUGCCUA

ACGACUAUCCCUUUGGGGAGUAGGGUCAAGUGACUCGAAACGAUAGACAACU
UGCUUUAACAAGUUGGAGAUAUAGUCUGCUCUGCAUGGUGACAUGCAGCUGG
AUAUAAUUCCGGGGUAAGAUUAACGACCUUAUCUGAACAUAAUG

142 Aphanizomenon | cuuaaAAAGGAAUUGAGCCUUGAUUGAGAAAUCUUUCAAGUGGCAGCUCUCA

flos-aquae
strain NIVA-

AACUCAGGGAAACCUAAAUCUAUUCGUAGAUACGGCAAUCCUGAGCCAAGCC
CAGAGAAAAUUUCCCUGGGAaGGUGCAGAGACUCGACGGGAGCUACCCUAAC
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CYA 142 GUGAAGACGAGGGUAAAGGGAGAGUCCAAUUCUCAAAACUUAUGAUUGCUUU
Leucine Trna | AGCAACUGAGUAGUAGUGAAAACUGCAAGAGAAUG
- intron RNA

143 Synechococcus | AGAAAACUGGGCCUCGAUCGCGAAAGGGAUCGAGUGGCAGCUCUCAAACUCA
PCC 6301 tRNA | GGGAAACCUAAAACUUUAAACAUUAAAGUCAUGGCAAUCCUGAGCCAAGCUA
(LEU) - AAGCUAAACAACUAACAGCUUUAGAAGGUGCAGAGACUAGACGGGAGCUACC
intron RNA CUAACGGAUUCAGCCGAGGGUAAAGGGAUAGUCCAAUUCUCAACAUCGCGAU

UGUUGAUGGCAGCGAAAGUUGCAAAGAGAAUG

144 Trimorphomyce | UACUUUAUGGUUGAGACGUAAUGAAGUUAAAUGCAUGAACACCUAACAAUUA
s GGAAAUAUGCAGUGGAUGAAUUUAUAGAUUUAUCUACUCAACGACURAGGUA
papilionaceus | UAUUAUACCUUUAAAAAACUUCACGAAUUAUCGAAGACAUAGUCUGACCCUA
cox2 IAl - UGUGAARAUAUAGGAAGCUUAAUACGGCGAUAACAUAUAA
intron RNA

[0171] When referring to pre-circRNAs "derived from an intron of" means comprising an

intronic sequence derived from the RNA encoded by a certain gene. When referring to a DNA
genetic construct (from which pre-circRNAs can be transcribed) "derived from an intron of” means
comprising an intronic sequence derived from the DNA sequence of a certain gene.

[0172] In some aspects, the intronic sequence (i.e., one or more intron or fragment thereof)
comprised in the genetic constructs capable of forming circular RNAs disclosed herein (i.e., pre-
circRNAs or DNA genetic constructs from which pre-circRNAs can be transcribed) comprises a
nucleotide sequence of a full length intron. In some aspects, the intronic sequence (i.e., one or more
intron or fragment thereof) comprised in the genetic constructs capable of forming circular RNAs
disclosed herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs can be
transcribed) does not comprise a nucleotide sequence of a full length intron.

[0173]
than 85%, less than 80%, less than 75%, less than 70%, less than 65%, less than 60%, less than
55%, less than 50%, less than 45%, less than 40%, less than 35%, less than 30%, less than 25%,
less than 20%, less than 15%, less than 10%, less than 5%, less than 4%, less than 3%, less than

In some aspects, the intronic sequence comprises less than 95%, less than 90%, less

2%, less than 1% of a sequence of a full length intron.
[0174]
least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identity
with any one of SEQ ID NOs: 1-5, 6-10, 139-141, or 142-144. In some aspects, the intronic

In some aspects, the intronic sequence comprises a nucleotide sequence having at

sequence comprises a nucleotide sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identity with any one of SEQ ID NOs: 3 or 8. In some
aspects, the intronic sequence consists of a nucleotide sequence of any one of SEQ ID NOs: 1-5,
6-10, 139-141, or 142-144. In some aspects, the intronic sequence consists of a nucleotide sequence

of SEQ ID NOs: 3 or 8.
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[0175] In some aspects, the intronic sequence (i.e., one or more intron or fragment thereof)
comprised in the genetic constructs capable of forming circular RNAs disclosed herein (i.e., pre-
circRNAs or DNA genetic constructs from which pre-circRNAs can be transcribed) is split in two
segments.

[0176] In some aspects, the intronic sequence is splitin a 5' segment and a 3' segment. The
5' segment of the intronic sequence is herein also referred to as "5' intronic sequence," and the 3'
segment of the intronic sequence is herein also referred to as "3' intronic sequence."

[0177] It is to be understood, that the 5' and 3' descriptors of the intron segments refer
solely to the position of the 2 intron segments with respect to the full length sequence of the intron,
and that both the 5' intronic sequence and the 3' intronic sequence can comprise any portion of the
intronic sequence, so long as the intronic sequences required for circularization (e.g., the IGS, the
omega G, or the catalytic core) are present in the intronic sequence. For example, an intronic
sequence comprised in genetic constructs disclosed herein (i.e., pre-circRNAs or DNA genetic
constructs from which pre-circRNAs can be transcribed) can comprise a sequence comprising the
80% of the sequence of a full length intron (i.e., an intron fragment comprising 80% of the sequence
of the full length intron), wherein the full length intron has a length of 1000 nucleotides (from
nucleotide 1 at the 5' to nucleotide 1000 at the 3'). Such exemplary intronic sequence comprises
800 nucleotides. The 800 nucleotides can correspond, for example, to nucleotides 1-300 and 501-
1000 of the 1000 nucleotides of the full length intron, i.e., from nucleotide 1 to nucleotide 300 and
from nucleotide 501 to nucleotide 1000 of the full length intron. Such exemplary intronic sequence
does not comprise nucleotides 301-500 of the full length intron. In this exemplary a case, the 5'
intronic sequence may comprise, for example, 300 nucleotides, those nucleotides correspond to
nucleotides 1-300 of the 1000 nucleotides of the full length intron, and the 3' intronic sequence
may comprise, for example, 500 nucleotides corresponding to nucleotides 501-1000 of the 1000
nucleotides of the full length intron.

[0178] Additionally, both the 5' intronic sequence and the 3' intronic sequence can
comprise a nucleotide sequence comprising nucleotides that are not contiguous in the sequence of
the full length intron. For example, an exemplary intronic sequence comprising the 80% of the
sequence of a full length intron (i.e., an intron fragment comprising 80% of the sequence of the
full length intron), wherein the full length intron has a length of 1000 nucleotides (from nucleotide
1 at the 5' to nucleotide 1000 at the 3'), comprises 800 nucleotide. In this exemplary case, the 5'
intronic sequence may comprise, for example, 200 nucleotides, those nucleotides may correspond

to nucleotides 1-50 and 100-250 of the 1000 nucleotides of the full length intron, i.e., from
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nucleotide 1 to nucleotide 50 and from nucleotide 100 to nucleotide 250 of the full length intron,
and the 3' intronic sequence may comprise, for example, 600 nucleotides corresponding to
nucleotides 401-1000 of the 1000 nucleotides of the full length intron.

[0179] In some aspects, the genetic constructs capable of forming circular RNAs disclosed
herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs can be
transcribed) comprise a 5' intronic sequence and a 3' intronic sequence. In these aspects, the 5'
intronic sequence and a 3' intronic sequence are comprised iz cis in a same genetic construct.
[0180] In some aspects, the genetic constructs capable of forming circular RNAs disclosed
herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs can be
transcribed) comprise a 5' intronic sequence and do not comprise and a 3' intronic sequence. In
some aspects, the genetic constructs capable of forming circular RNAs disclosed herein (i.e., pre-
circRNAs or DNA genetic constructs from which pre-circRNAs can be transcribed) comprise a 3'
intronic sequence and do not comprise and a 5' intronic sequence.

[0181] In some aspects, the 5' intronic sequence and the 3' intronic sequence are derived
from a same intron. In some aspects, the 5' intronic sequence and the 3' intronic sequence are
derived from at least two different introns. In some aspects a 5' intronic sequence can be a chimeric
5'intronic sequence, i.e., a 5' intronic sequence comprising portions derived from one, two, or more
introns. In some aspects a 3' intronic sequence can be a chimeric 3' intronic sequence, i.e., a 3'
intronic sequence comprising portions derived from one, two, or more introns. For example, an
intronic sequence can comprise a P1 domain from a first intron, a catalytic core P7 domain from a
second intron, and a 3' terminal end from a third intron.

[0182] In some aspects, the 5' intronic sequence and the 3' intronic sequence together
correspond to a full length intron. In some aspects, the 5' intronic sequence and the 3' intronic
sequence together are less than a full length intron. In some aspects, the 5' intronic sequence
comprises less than 95%, less than 90%, less than 85%, less than 80%, less than 75%, less than
70%, less than 65%, less than 60%, less than 55%, less than 50%, less than 45%, less than 40%,
less than 35%, less than 30%, less than 25%, less than 20%, less than 15%, less than 10%, less than
5%, less than 4%, less than 3%, less than 2%, less than 1% of a sequence of a full length intron.

[0183] In some aspects, the 3' intronic sequence comprises a nucleotide sequence having
at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity
with any one of SEQ ID NOs: 11-16, 17-22, or 177-178. In some aspects, the 3' intronic sequence
comprises a nucleotide sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,

95%, 96%, 97%, 98%, 99% or 100% identity with SEQ ID NOs: 13 or 19. In some aspects, the 3'
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intronic sequence consists of a nucleotide sequence of any one of SEQ ID NOs: 11-16, 17-22, or
177-178. In some aspects, the 3' intronic sequence consists of a nucleotide sequence of SEQ ID
NOs: 13 or 19.

[0184] In some aspects, the 5' intronic sequence comprises a nucleotide sequence having
at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identity
with any one of SEQ ID NOs: 23-26, 27-30, or 175-176; or a nucleotide sequence of AAA. In
some aspects, the 5' intronic sequence comprises a nucleotide sequence of AAA. In some aspects,
the 5' intronic sequence consists of a nucleotide sequence of any one of SEQ ID NOs: 23-26, 27-
30, or 175-176. In some aspects, the 5' intronic sequence consists of nucleotide sequence of AAA.
[0185] In some aspects, the 3' intronic sequence comprises a nucleotide sequence having
at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity
with SEQ ID NO: 11 or 17. In some aspects, the 3' intronic sequence consists of a nucleotide
sequence of SEQ ID NO: 11 or 17. In some aspects, the 5' intronic sequence comprises a nucleotide
sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with SEQ ID NO: 23 or 27. In some aspects, the 5' intronic sequence consists of
anucleotide sequence of SEQ ID NO: 23 or 27. In some aspects, the 3' intronic sequence comprises
a nucleotide sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% or 100% identity with SEQ ID NO: 11 or 17, and the 5' intronic sequence
comprises a nucleotide sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identity with SEQ ID NO: 23 or 27. In some aspects, the 3'
intronic sequence consists of a nucleotide sequence of SEQ ID NO: 11 or 17, and the 5' intronic
sequence consists of a nucleotide sequence of SEQ ID NO: 23 or 27.

[0186] In some aspects, the 3' intronic sequence comprises a nucleotide sequence having
at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity
with SEQ ID NO: 16 or 22. In some aspects, the 3' intronic consists of a nucleotide sequence of
SEQ ID NO: 16 or 22. In some aspects, the 5' intronic sequence comprises a nucleotide sequence
having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identity with SEQ ID NO: 23 or 27. In some aspects, the 5' intronic sequence consists of a
nucleotide sequence of SEQ ID NO: 23 or 27. In some aspects, the 3' intronic sequence comprises
a nucleotide sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% or 100% identity with SEQ ID NO: 16 or 22, and the 5' intronic sequence
comprises a nucleotide sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identity with SEQ ID NO: 23 or 27. In some aspects, the 3'
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intronic sequence consists of a nucleotide sequence of SEQ ID NO: 16 or 22, and the 5' intronic
sequence consists of a nucleotide sequence of SEQ ID NO: 23 or 27.

[0187] In some aspects, the 3' intronic sequence comprises a nucleotide sequence having
at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity
with SEQ ID NO: 12 or 18. In some aspects, the 3' intronic sequence consists of a nucleotide
sequence of SEQ ID NO: 12 or 18. In some aspects, the 5' intronic sequence comprises a nucleotide
sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with SEQ ID NO: 24 or 28. In some aspects, the 5' intronic sequence consists of
anucleotide sequence of SEQ ID NO: 24 or 28. In some aspects, the 3' intronic sequence comprises
a nucleotide sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% or 100% identity with SEQ ID NO: 12 or 18, and the 5' intronic sequence
comprises a nucleotide sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identity with SEQ ID NO: 24 or 28. In some aspects, the 3'
intronic sequence consists of a nucleotide sequence of SEQ ID NO: 12 or 18, and the 5' intronic
sequence consists of a nucleotide sequence of SEQ ID NO: 24 or 28.

[0188] In some aspects, the 3' intronic sequence comprises a nucleotide sequence having
at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity
with SEQ ID NO: 13 or 19. In some aspects, the 3' intronic sequence consists of a nucleotide
sequence of SEQ ID NO: 13 or 19. In some aspects, the 5' intronic sequence comprises a nucleotide
sequence of a nucleotide sequence of AAA. In some aspects, the 5' intronic sequence consists of a
nucleotide sequence of AAA. In some aspects, the 3' intronic sequence comprises a nucleotide
sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with SEQ ID NO: 13 or 19, and the 5' intronic sequence comprises a nucleotide
sequence of AAA. In some aspects, the 3' intronic sequence consists of a nucleotide sequence of
SEQ ID NO: 13 or 19, and the 5' intronic sequence consists of a nucleotide sequence of AAA.
[0189] In some aspects, the 3' intronic sequence comprises a nucleotide sequence having
at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity
with SEQ ID NO: 14 or 20. In some aspects, the 3' intronic sequence consists of a nucleotide
sequence of SEQ ID NO: 14 or 20. In some aspects, the 5' intronic sequence comprises a nucleotide
sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with SEQ ID NO: 25 or 29. In some aspects, the 5' intronic sequence consists of
anucleotide sequence of SEQ ID NO: 25 or 29. In some aspects, the 3' intronic sequence comprises

a nucleotide sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
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97%, 98%, 99% or 100% identity with SEQ ID NO: 14 or 20, and the 5' intronic sequence
comprises a nucleotide sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identity with SEQ ID NO: 25 or 29. In some aspects, the 3'
intronic sequence consists of a nucleotide sequence of SEQ ID NO: 14 or 20, and the 5' intronic
sequence consists of a nucleotide sequence of SEQ ID NO: 25 or 29.

[0190] In some aspects, the 3' intronic sequence comprises a nucleotide sequence having
at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity
with SEQ ID NO: 15 or 21. In some aspects, the 3' intronic sequence consists of a nucleotide
sequence of SEQ ID NO: 15 or 21. In some aspects, the 5' intronic sequence comprises a nucleotide
sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identity with SEQ ID NO: 26 or 30. In some aspects, the 5' intronic sequence consists of
anucleotide sequence of SEQ ID NO: 26 or 30. In some aspects, the 3' intronic sequence comprises
a nucleotide sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% or 100% identity with SEQ ID NO: 15 or 21, and the 5' intronic sequence
comprises a nucleotide sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identity with SEQ ID NO: 26 or 30. In some aspects, the 3'
intronic sequence consists of a nucleotide sequence of SEQ ID NO: 15 or 21, and the 5' intronic
sequence consists of a nucleotide sequence of SEQ ID NO: 26 or 30.

[0191] In some aspects, the 3' intronic sequence comprises a nucleotide sequence having
at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity
with SEQ ID NO: 177 or 178. In some aspects, the 3' intronic sequence consists of a nucleotide
sequence of SEQ ID NO: 177 or 178. In some aspects, the 5' intronic sequence comprises a
nucleotide sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or 100% identity with SEQ ID NO: 175 or 176. In some aspects, the 5' intronic sequence
consists of a nucleotide sequence of SEQ ID NO: 175 or 176. In some aspects, the 3' intronic
sequence comprises a nucleotide sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 100% identity with SEQ ID NO: 177 or 178, and the 5' intronic
sequence comprises a nucleotide sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 100% identity with SEQ ID NO: 175 or 176. In some aspects,
the 3' intronic sequence consists of a nucleotide sequence of SEQ ID NO: 177 or 178, and the 5'
intronic sequence consists of a nucleotide sequence of SEQ ID NO: 175 or 176.

[0192] Non-limiting examples of 5’ intronic sequences and 3’ intronic sequences that are

useful for the present genetic constructs are shown in Table 4.
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Table 4. Exemplary 5’ intronic sequences and 3’ intronic sequences.

SEQ ID | DESCRIPTION SEQUENCE
NO
11 Anabaena AACAATAGATGACTTACAACTAATCGGAAGGTGCAGAGACTCGACGGGAGCT
PCC7120 3! ACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATA
intron (DNA) GGCAGTAGCGAAAGCTGCAAGAGAATG
12 Tetrahymena ATTTACCTTTGGAGGGAAAAGTTATCAGGCATGCACCTGGTAGCTAGTCTTT
thermophila AAACCAATAGATTGCATCGGTTTAAAAGGCAAGACCGTCAAATTGCGGGAAA
3! intron GGGGTCAACAGCCGTTCAGTACCAAGTCTCAGGGGAAACTTTGAGATGGCCT
(DNA) TGCAAAGGGTATGGTAATAAGCTGACGGACATGGTCCTAACCACGCAGCCAA
GTCCTAAGTCAACAGATCTTCTGTTGATATGGATGCAGTTCACAGACTAAAT
GTCGGTCGGGGAAGATGTATTCTTCTCATAAGATATAGTCGGACCTCTCCTT
AATGGGAGCTAGCGGATGAAGTGATGCAACACTGGAGCCGCTGGGAACTAAT
TTGTATGCGAAAGTATATTGATTAGTTTTGGAGTACTCG
13 Azoarcus 3' tttGetCCTTGCGCCGGGAAACCACGCAAGGGATGGTGTCAAATTCGGCGAA
intron (DNA) ACCTAAGCGCCCGCCCGGGCGTATGGCAACGCCGAGCCAAGCTTCGGCGCCT
GCGCCGATGAAGGTGTAGAGACTAGACGGCACCCACCTAAGGCAAACGCTAT
GGTGAAGGCATAGTCCAGGGAGTGGCGAAAGTCACACAAACCGG
14 Anabaena AACTCAAAATTTAAAATCCCAAATTCAAAATTCCGGGAAGGTGCAGAGACTC
azollae 3! GACGGGAGCTACCCTAACGTAAAGCCGAGGGTAAAGAGAGAGTCCAATTCTC
intron (DNA) AAAGCCTGAAGTTGCTGAAGCAACAAGGCAGTAGTGAAAGCTGCGAGAGAAT
G
15 Bacteriophage GGGAGACCCTCGAATGGAATTGGTTCTACATAAATGCCTAACGACTATCCCT
T4 Td 3! TTGGGGAGTAGGGTCAAGTGACTCGAAACGATAGACAACTTGCTTTAACAAG
intron (DNA) TTGGAGATATAGTCTGCTCTGCATGGTGACATGCAGCTGGATATAATTCCGG
GGTAAGATTAACGACCTTATCTGAACATAATG
16 Anabaena GGAGACCCTCGACCGTCGATTGTCCACTGGTCAACAATAGATGACTTACAAC
PCC7120 3! TAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAGG
intron (DNA) GTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCAA
GAGAATG
17 Anabaena AACAAUAGAUGACUUACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCU
PCC7120 3! ACCCUAACGUCAAGACGAGGGUAAAGAGAGAGUCCAAUUCUCAAAGCCAAUA
intron (RNA) GGCAGUAGCGAAAGCUGCAAGAGAAUG
18 Tetrahymena AUUUACCUUUGGAGGGAAAAGUUAUCAGGCAUGCACCUGGUAGCUAGUCUUU
thermophila AAACCAAUAGAUUGCAUCGGUUUAAAAGGCAAGACCGUCAAAUUGCGGGAAA
3! intron GGGGUCAACAGCCGUUCAGUACCAAGUCUCAGGGGAAACUUUGAGAUGGCCU
(RNA) UGCAAAGGGUAUGGUAAUAAGCUGACGGACAUGGUCCUAACCACGCAGCCAA
GUCCUAAGUCAACAGAUCUUCUGUUGAUAUGGAUGCAGUUCACAGACUAAAU
GUCGGUCGGGGAAGAUGUAUUCUUCUCAUAAGAUAUAGUCGGACCUCUCCUU
AAUGGGAGCUAGCGGAUGAAGUGAUGCAACACUGGAGCCGCUGGGAACUAAU
UUGUAUGCGAAAGUAUAUUGAUUAGUUUUGGAGUACUCG
19 Azoarcus 3' uuuGcuCCUUGCGCCGGGAAACCACGCAAGGGAUGGUGUCAAAUUCGGCGAA
intron (RNA) ACCUAAGCGCCCGCCCGGGCGUAUGGCAACGCCGAGCCAAGCUUCGGCGCCU
GCGCCGAUGAAGGUGUAGAGACUAGACGGCACCCACCUAAGGCAAACGCUAU
GGUGAAGGCAUAGUCCAGGGAGUGGCGAAAGUCACACAAACCGG
20 Anabaena AACUCAAAAUUUAAAAUCCCAAAUUCAAAAUUCCGGGAAGGUGCAGAGACUC
azollae 3! GACGGGAGCUACCCUAACGUAAAGCCGAGGGUAAAGAGAGAGUCCAAUUCUC
intron (RNA) AAAGCCUGAAGUUGCUGAAGCAACAAGGCAGUAGUGAAAGCUGCGAGAGAAU
G
21 Bacteriophage GGGAGACCCUCGAAUGGAAUUGGUUCUACAUAAAUGCCUAACGACUAUCCCU
T4 Td 3! UUGGGGAGUAGGGUCAAGUGACUCGAAACGAUAGACAACUUGCUUUAACAAG
intron (RNA) UUGGAGAUAUAGUCUGCUCUGCAUGGUGACAUGCAGCUGGAUAUAAUUCCGG
GGUAAGAUUAACGACCUUAUCUGAACAUAAUG
22 Anabaena GGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAAUAGAUGACUUACAAC
PCC7120 3! UAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGG
intron (RNA) GUAAAGAGAGAGUCCAAUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCAA

GAGAAUG
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23 Anabaena AAATAATTGAGCCTTAAAGAAGAAATTCTTTAAGTGGATGCTCTCAAACTCA
PCC7120 5! GGGAAACCTAAATCTAGTTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTA
intron (DNA) GTAATTAGTAA

24 Tetrahymena AAATAGCAAT
thermophila
5' intron
(DNA)

Azoarcus 5 aaa
intron (DNA)

25 Anabaena AGAAAACTGAGCCTTGATAGAGAAATCTTTTAAGTGGAAGCTCTCAAATTCA
azollae 5' GGGAAACCTAAATCTGTTTACAGATATGGCAATCCTGAGCCAAGCCCAGAAA
intron (DNA) ATTAGACTTGAGATTTGATTTTGGAGTTA

26 Bacteriophage TAATTGAGGCCTGAGTATAAGGTGACTTATACTTGTAATCTATCTAAACGGG
T4 Td 5 GAACCTCTCTAGTAGACAATCCCGTGCTAAATTGTAGGACTAATTCCATTTA
intron (DNA) TCAGATTTCTAG

27 Anabaena AAAUAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCA
PCC7120 5! GGGAAACCUAAAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUA
intron (RNA) GUAAUUAGUAA

28 Tetrahymena AAAUAGCAAU
thermophila
5' intron
(RNA)

Azoarcus 5! aaa
intron (RNA)

29 Anabaena AGAAAACUGAGCCUUGAUAGAGAAAUCUUUUAAGUGGAAGCUCUCAAAUUCA
azollae 5! GGGAAACCUAAAUCUGUUUACAGAUAUGGCAAUCCUGAGCCAAGCCCAGAAA
intron (RNA) AUUAGACUUGAGAUUUGAUUUUGGAGUUA

30 Bacteriophage UAAUUGAGGCCUGAGUAUAAGGUGACUUAUACUUGUAAUCUAUCUAAACGGG
T4 Td 5' GAACCUCUCUAGUAGACAAUCCCGUGCUAAAUUGUAGGACUAAUUCCAUUUA
intron (RNA) UCAGAUUUCUAG

[0193] In some aspects, the 5' intronic sequence comprises an internal guide sequence. In

some aspects, the 5' intronic sequence consists of an internal guide sequence flanked by any number
of additional intronic nucleotides at the 5' (e.g., 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, 30, 35, 40, 45, or 50, etc.), and/or any number of additional
intronic nucleotides at the 3' (e.g. 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, 30, 35, 40, 45, or 50, etc.).

[0194] In some aspects, the 5' intronic sequence consists of an internal guide sequence
flanked by any number of additional intronic nucleotides at the 5' (e.g., 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, 30, 35, 40, 45, or 50, etc.), and/or any
number of additional intronic nucleotides at the 3' (e.g., 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, 30, 35, 40, 45, or 50, etc.). In some aspects, the 5' intronic
sequence consists of an internal guide sequence.

[0195] As use herein, the term "intronic nucleotides" refers to nucleotides that are part of
the intron from which the intronic sequences are derived.

[0196]
less than 85%, less than 80%, less than 75%, less than 70%, less than 65%, less than 60%, less than

In some aspects, the 3' intronic sequence comprises less than 95%, less than 90%,
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55%, less than 50%, less than 45%, less than 40%, less than 35%, less than 30%, less than 25%,
less than 20%, less than 15%, less than 10%, less than 5%, less than 4%, less than 3%, less than
2%, less than 1% of a sequence of a full length intron.

[0197] In some aspects, the 3' intronic sequence comprises a catalytic core sequence. In
some aspects, the 3' intronic sequence consists of a catalytic core sequence flanked by any number
of additional intronic nucleotides at the 5' (e.g., 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, 30, 35, 40, 45, or 50, etc.), and/or any number of additional
intronic nucleotides atthe 3' (e.g., 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, 30, 35, 40, 45, or 50, etc.). In some aspects, the 3' intronic sequence consists of
a catalytic core sequence flanked by any number of additional intronic nucleotides at the 5' (e.g.,
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, 30, 35, 40, 45,
or 50, etc.), and/or any number of additional intronic nucleotides at the 3' (e.g., 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, 30, 35, 40, 45, or 50, etc.). In

some aspects, the 3' the intronic sequence consists of a catalytic core sequence.

1I.B.3. Catalytic Core

[0198] In some aspects, the intronic sequence comprises a catalytic core. As used herein,
the term "catalytic core" refers to a nucleotide sequence comprising sequences and structures
indispensable for catalytic function. The catalytic core interacts with the substrates used for the
steps of the self-splicing reaction. The substrates used for the steps of the self-splicing reaction
comprise an exogenous guanosine, a 5'-splice site, a 3' splice site, or a combination thereof.
[0199] In some aspects, the catalytic core comprises a sequence of GAG and CC, wherein
the GAG and the CC are separated by (N)n, wherein N is any one of A, C, G, T, or U, and n is an
integer. In some aspects, the catalytic core comprises a sequence of ACG and CT (or U), wherein
the ACG and the CT(or U) are separated by (N)n, wherein N is any one of A, C, G, T, or U, and
nis an integer. In some aspects, an exogenous G binds to the catalytic core.

[0200] In some aspects, the intronic sequence does not comprise a catalytic core.

[0201] In some aspects, the catalytic core comprises a nucleotide sequence of any one of
AGAGA[N]6-41A[N]43-4sGUCC, ACAGA[N]6-41A[N]43-4sGUCG, or ACGACU[N]7ssUAGUCU,
wherein N is any one of A, U, C, or G, and wherein each N in each one of the chains of [N]e-41,
[N]43-45, or [N]7-68, can be independently any one of A, U, C, or G. In some aspects, the catalytic
core consists of a nucleotide sequence of AGAGA[N]s-41A[N]43-4sGUCC, ACAGA[N]6-41A[N]43-
4sGUCG, or ACGACU[N]7-ssUAGUCU, wherein N is any one of A, U, C, or G, and wherein each

48



WO 2025/111280 PCT/US2024/056551

N in each one of the chains of [N]s.41, [N]43-45, or [N]7-68, can be independently any one of A, U,
C,orG.

[0202] Non-limiting examples of catalytic cores that are useful for the present genetic
constructs are shown in Table 5.

Table 5. Exemplary catalytic cores

DESCRIPTION SEQUENCE

Anabaena (P852) -A150-Al154, A195, G198-C201 AGAGA [N 5414 [N] 43-45GUCC
T. thermophila (P2007) - A260-A264, A305, G308-G311 | ACAGA[N] s 1A [N]43-45GUCG
Azoarcus (P2008) - Al24-A128, Al69, G172-C175 AGAGA [N] 6414 [N] 43-45GUCC
Anabaena azollae (P2076) - Al178-A182, A224, G227-

€230 AGAGA [NJ s-41A [N] 43-45GUCC
T4 Td (P2077) A157-Ul62, U230-U235 ACGACU [N] 7 s5UAGUCU
11.B.4. Internal Guide Sequence (IGS)

[0203] In some aspects the intronic sequence comprises an internal guide sequence. As

used herein, the term "internal guide sequence" or "IGS" refers to a nucleic acid sequence
comprised in the intronic sequence that pairs with the exon located at its 5' during the splicing
reaction. In some aspects, the internal guide sequence pairs with a nucleotide comprised in the
exon. In some aspects, the internal guide sequence is fully or substantially complementary to a
nucleotide sequence comprised in the exon.

[0204] In some aspects, the internal guide sequence comprises a nucleotide sequence of
any one of CTTAA (or CUUAA), CCCTCT (or CCCUCU), agT (or agU), CTT (or CUU), GGT
(or GGU), TTGAG (or UUGAG), GGAGGG, tttGet (or uuuGeu), CTGAG (or CUGAG) or
GGCC. In some aspects, the internal guide sequence comprises a nucleotide sequence of agT (or
agl) or tttGcet (or uuuGeu). In some aspects, the internal guide sequence consists of a nucleotide
sequence of CTTAA (or CUUAA), CCCTCT (or CCCUCU), agT (or agU), CTT (or CUU), GGT
(or GGU), TTGAG (or UUGAG), GGAGGG, tttGet (or uuuGeu), CTGAG (or CUGAG) or
GGCC. In some aspects, the internal guide sequence consists of a nucleotide sequence of agT (or
agl) or tttGet (or uuuGeu).

[0205] Non-limiting examples of internal guide sequences that are useful for the present
genetic constructs are shown in Table 6.

Table 6. Exemplary internal guide sequences

DESCRIPTION SEQUENCE
IGS' (P852) DNA Anabaena CTTAA
IGS' (P2007) DNA T. thermophila CCCTCT
IGS' (P2008) DNA Azoarcus agT
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IGS' (P2076) DNA Anabaena azollae | CTT

IGS' (P2077) DNA T4 Td GGT
IGS (P852) DNA Anabaena TTGAG
IGS (P2007) DNA T. thermophila GGAGGG
IGS (P2008) DNA Azoarcus tttGet
IGS (P2076) DNA Anabaena azollae CTGAG
IGS (P2077) DNA T4 Td GGCC
IGS' (P852) RNA Anabaena CUUAA
IGS' (P2007) RNA T. thermophila CCCucCu
IGS' (P2008) RNA Azoarcus agyU
IGS' (P2076) RNA Anabaena azollae | CUU
IGS' (P2077) RNA T4 Td GGU
IGS (P852) RNA Anabaena UUGAG
IGS (P2007) RNA T. thermophila GGAGGG
IGS (P2008) RNA Azoarcus uuuGcu
IGS (P2076) RNA Anabaena azollae CUGAG
IGS (P2077) RNA T4 Td GGCC

1L.B.5. Homology Arms

[0206] In some aspects, the genetic constructs capable of forming circular RNAs disclosed

herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs can be
transcribed) further comprise one or more homology arms. As used herein, the term "homology
arm" refers to a sequence that is capable of paring (i.e., hybridizing) with another sequence.

[0207] In some aspects, the homology arms are at the 5' and/or at the 3' end of the genetic
constructs disclosed herein. For example, the first homology arm can be located at the 5' end of the
genetic construct, and a second homology arm can be located at the 3' end of the genetic construct.
In some aspects, the homology arms are interposed between any two other sequences comprised
in the genetic constructs disclosed herein. For example, a first homology arm can be between the
3' splice site and the exonic sequence, and a second homology arm can be between the 5' splice
site and the exonic sequence. In some aspects, the homology arms are comprised within any other
sequence comprised in the genetic constructs disclosed herein. For example, the homology arms
can be comprised in the intronic sequences, in the exonic sequences, in the splice sites, or any
combination thereof. In some aspects, the homology arms can be comprised in a spacer sequence.
As used herein, a spacer sequence is any sequence that is designed to be located between the 5'/3'
splice sites and/or functional regions of the exonic sequence (e.g., IRES, payload, etc.). In some
aspects, the homology arms are excised during circularization and are not comprised in the
circRNAs. In some aspects, the homology arms are not excised during circularization and are

comprised in the circRNAs.
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[0208] The first and the second homology arms are the reverse complement of the other
and are capable of pairing with one another. In some aspect, the pairing of the first and the second
homology arms changes the spatial conformation of the genetic construct. For example, the pairing
of the first and the second homology arms can bring the 3' splice site and the 5' splice site in
proximity.

[0209] In some aspects, the homology arms comprise a nucleotide sequence having at least
75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with
a nucleotide sequence of any one of SEQ ID NOs: 72-73, 76-77, or 171-174. In some aspects, the
homology arms consist of a nucleotide sequence of any one of SEQ ID NOs: 72-73, 76-77, or 171-
174.

[0210] Non-limiting examples of homology arms that are useful for the present genetic
constructs are shown in Table 7.

Table 7. Exemplary homology arms

SEQ ID DESCRIPTION SEQUENCE
NO

72 5' homology (all) DNA | CCGTCGATTGTCCACTGGTC

73 3' homology (all) DNA | GACCAGTGGACAATCGACGG

76 5' homology (all) RNA | CCGUCGAUUGUCCACUGGUC

77 3' homology (all) RNA | GACCAGUGGACAAUCGACGG

171 H of construct D - DNA | GETTGTTGGAGATCTCTGGC

172 H of construct D - RNA | GGUUGUUGGAGAUCUCUGGC

173 H' of construct D -DNA | GCCAGAGATCTCCAACAACC

174 H' of construct D -RNA | GCCAGAGAUCUCCAACAACC

[0211] In some aspects, the 5' the intronic sequence, the 3' intronic sequence, the 5' splice

site, the 3' splice site, the exonic sequence, and optionally the homology arms are on a same
polynucleotide molecule (e.g., on a same DNA or RNA molecule). Thus the 5' intronic sequence,
the 3' intronic sequence, the 5' splice site, the 3' splice site, the exonic sequence, and optionally the
homology arms can be in cis (i.e., comprised in a same polynucleotide molecule).

[0212] In some aspects, the one or more exonic sequence is bookended by the 5' and the 3'
intronic sequences. In some aspects, the 5' intronic sequence is upstream of the one or more exonic
sequence. In some aspects, the 3' intronic sequence is downstream of the one or more exonic

sequence.

IL.B.6. Exons
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[0213] In some aspects the exonic sequences (i.e., one or more exon or fragment thereof)
comprised in the RNA or DNA genetic constructs capable of forming circular RNAs disclosed
herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs can be
transcribed) comprise one exon, or two or more exons.

[0214] In some aspects, the exonic sequence is (i.e., in the pre-circRNA construct) or
encodes for (i.e., in the DNA genetic constructs from which the pre-circRNAs can be transcribed)
a functional RNA. In some aspects, the functional RNA is not a protein-coding RNA. In some
aspects, the functional RNA is a therapeutic RNA. In some aspects, the functional RNA is a
protein-coding RNA. In some aspects, the protein-coding RNA is translated into a protein. In some
aspects, the protein is a therapeutic protein.

[0215] In some aspects, an RNA or DNA genetic construct capable of forming circular
RNAs disclosed herein (i.e., a pre-circRNAs or a DNA genetic construct from which the pre-
circRNAs can be transcribed) encodes one protein. In some aspects, an RNA or DNA genetic
construct capable of forming circular RNAs disclosed herein (i.e., a pre-circRNAs or a DNA
genetic construct from which the pre-circRNAs can be transcribed) encodes two or more proteins.
In some aspects, the sequences encoding the two or more proteins can be separated by a ribosomal
skipping element or a nucleotide sequence encoding a protease cleavage site. Non limiting
examples of self-cleaving 2A peptides are: thosea-asigna virus 2 A peptide (T2A), porcine
teschovirus-1 2 A peptide (P2A), foot-and-mouth disease virus 2 A peptide (F2A), equine rhinitis
A vims 2A peptide (E2A), cytoplasmic polyhedrosis vims 2A peptide (BmCPV 2A), or flacherie
vims of B. mori 2A peptide (BmIFV 2A).

[0216] Non-limiting examples of proteins that can be encoded by the RNA or DNA genetic
constructs capable of forming circular RNAs disclosed herein (i.e., pre-circRNAs or DNA genetic
constructs from which pre-circRNAs can be transcribed) are chimeric antigen receptor (CAR), T-
cell receptor (TCR), B-cell receptor (BCR), immune cell activation or inhibitory receptor,
recombinant fusion protein, chimeric mutant protein, or fusion protein, or a combination thereof.
In some embodiments, the therapeutic protein comprises an antibody, nanobody, non-antibody
protein, immune modulatory ligand, receptor, structural protein, growth factor ligand or receptor,
hormone or hormone receptor, transcription factor, checkpoint inhibitor or agonist, Fc fusion
protein, anticoagulant, blood clotting factor, chaperone protein, antimicrobial protein, structural
protein, biochemical enzyme, tight junction protein, mitochondrial stress response, cytoskeletal
protein, metal-binding protein, or small molecule. In some embodiments, the immune modulatory

ligand comprises an interferon, cytokine, chemokine, or interleukin. In some embodiments, the
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structural protein is a channel protein or nuclear pore protein, a cytokine, an immune checkpoint
inhibitor, an agonist, an antagonist, a chimeric antigen receptor, one or more TCR chains, a secreted
T cell or immune cell engager, a transcription factor, an immunosuppressive enzyme.

[0217] In some aspects, the protein is a cytokine. Non limiting examples of cytokines are,
but are not limited to, IL-2, IL-4, IL-7, IL-10, IL-12, IL-15, IL-18, IL-21, IL-35, IL-12p70, IL-
27beta, IFN-q, IFN-B, IFNy, TGFbeta, or a functional fragment thereof’

[0218] In some aspects, the protein is an antigen binding protein, or a functional fragments
thereof. In some aspects, the antigen binding protein is a trispecific antigen-binding protein
(TRITESs), or bispecific antigen-binding protein (BITEs), or a functional fragments thereof. In
some aspects, the antigen binding protein is an antibody, or a functional fragments thereof. Non
limiting examples of antigens are, but are not limited to, Ebola virus glycoprotein Ebola virus
glycoprotein, a4 integrin, Amyloid beta, Amyloid beta protofibrils, Amyloid beta, N3pG (N-
terminal truncated), Angiopoietin-like 3, B. anthrasis PA, B7-H3, B-cell maturation antigen, BLyS,
Cls, C5, CCR4, CD11a, CD19, CD20, CD22, CD3, CD30, CD33, CD38, CD4, CD52, CD62 (aka
P-selectin), CD79b, CGRP, CGRP receptor, Clostridium difficile enterotoxin B, Complement 5,
CTLA-4, Dabigatran, Ebola virus, EGFR, EGFR, ¢cMET, Endotoxin, EpCAM, EPCAM/CD3,
Factor Ixa, X, FcRn, FGF23, Folate receptor alpha, G protein-coupled receptor 5D, CD3, GD2,
gp100, CD3, GPIIb/Illa, HER2, IFNARI, IFNg, IgE, IGF-1R, IL-12/23, IL-13, IL-17a, IL-17A,
F, IL-17R, IL-1B, IL-23 p19, IL-23p19, IL-2R, IL-36 receptor, IL-4R @, IL-5, IL-5R o, IL-6, IL-
6R, LAG-3, MASP-2, Nectin-4, PCSK9, PD-1, PDGFRa, PD-L1, Plasma kallikrelin, RANK-L,
RSV, SARS-CoV-2, Sclerostin, SLAMF7, Thymic stromal lymphopoietin, Tissue factor, Tissue
factor pathway inhibitor, TNF, TROP-2, VEGF, VEGF-A, VEGF-A, Ang-2, VEGFR2, von
Willebrand factor, and 047 integrin. Non limiting examples of antibodies are, but are not limited
to, Muromonab-CD3, Efalizumab, Tositumomab-1131, Nebacumab, Edrecolomab, Catumaxomab,
Daclizumab, Olaratumab, Abciximab, Rituximab, Basiliximab, Palivizumab, Infliximab,
Trastuzumab, Adalimumab, Ibritumomab tiuxetan, Omalizumab, Cetuximab, Bevacizumab,
Natalizumab, Panitumumab, Ranibizumab, Eculizumab, Certolizumab pegol, Ustekinumab,
Canakinumab, Golimumab, Ofatumumab, Tocilizumab,Denosumab, Belimumab, Ipilimumab,
Brentuximab vedotin, Pertuzumab, Ado-trastuzumab emtansine, Raxibacumab, Obinutuzumab,
Siltuximab ,Ramucirumab, Vedolizumab, Nivolumab, Pembrolizumab, Blinatumomab,
Alemtuzumab, Evolocumab, Idarucizumab, Necitumumab, Dinutuximab, Secukinumab,
Mepolizumab, Alirocumab, Daratumumab,Elotuzumab, Ixekizumab, Reslizumab, Bezlotoxumab,

Atezolizumab, Obiltoxaximab, Brodalumab, Dupilumab, Inotuzumab ozogamicin, Guselkumab,
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Sarilumab, Avelumab, Emicizumab, Ocrelizumab, Benralizumab, Durvalumab, Gemtuzumab
ozogamicin, Erenumab, erenumab-aooe, Galcanezumab, galcanezumab-gnlm, Burosumab,
burosumab-twza, Lanadelumab, lanadelumab-flyo, Mogamulizumab, mogamulizumab-kpkec,
Tildrakizumab, tildrakizumab-asmn, Fremanezumab, fremanezumab-virm, Ravulizumab,
ravulizumab-cwvz, Cemiplimab, cemiplimab-rwlc, Ibalizumab, ibalizumab-uiyk, Emapalumab,
emapalumab-lzsg, Moxetumomab pasudotox, moxetumomab pasudotox-tdfk, Caplacizumab,
caplacizumab-yhdp, Risankizumab, risankizumab-rzaa, Polatuzumab vedotin, polatuzumab
vedotin-piiq, Romosozumab, romosozumab-aqqg, Brolucizumab, brolucizumab-dbll,
Crizanlizumab, crizanlizumab-tmca, Enfortumab vedotin, enfortumab vedotin-ejfv, [fam-
Jtrastuzumab deruxtecan, fam-trastuzumab deruxtecan-nxki, Isatuximab, isatuximab-irfc,
Belantamab mafodotin, belantamab mafodotin-blmf, Sacituzumab govitecan, sacituzumab
govitecan-hziy, Tafasitamab, tafasitamab-cxix ,Satralizumab, satralizumab-mwge, Eptinezumab,
eptinezumab-jjmr, Inebilizumab, inebilizumab-cdon, Teprotumumab, teprotumumab-trbw,
Evinacumab, Dostarlimab, dostarlimab-gxly, Amivantamab, amivantamab-vmjw,
Tralokinumab, tralokinumab-ldrm, Anifrolumab, anifrolumab-fnia, Loncastuximab tesirine,
loncastuximab tesirine-lpyl, Atoltivimab, maftivimab, odesivimab-ebgn, Naxitamab-gqgk,
Margetuximab-cmkb,  Ansuvimab-zykl,Aducanumab, aducanumab-avwa, Regdanvimab,
Sotrovimab, Tisotumab vedotin, tisotumab vedotin-tftv, Bimekizumab, Casirivimab + imdevimab,
Tezepelumab, tezepelumab-ekko, Faricimab, faricimab-svoa, Sutimlimab, sutimlimab-jome,
Tixagevimab, cilgavimab, Spesolimab, Nirsevimab, Teplizumab, teplizumab-mzwv, Ublituximab,
Tebentafusp, tebentafusp-tebn, Relatlimab, Mosunetuzumab, Teclistamab, Tremelimumab,
Mirvetuximab soravtansine, mirvetuximab soravtansine-gynx, Lecanemab, Toripalimab,
Trastuzumab duocarmazine, Epcoritamab, Mirikizumab, Glofitamab, Pozelimab, Lebrikizumab,
Talquetamab, Rozanolixizumab, Cosibelimab, Concizumab, Elranatamab, Sugemalimab,
Penpulimab, Donanemab, Sintilimab, Tislelizumab, Retifanlimab, WNarsoplimab, and
Omburtamab.

[0219] In some aspects, the protein is a chimeric antigen receptors (CARs or CAR-TSs).
Non limiting examples of CARs are, but are not limited to, CAR comprising an antigen binding
domain specific for an antigen selected from the group consisting of CD19, CD123, CD22, CD30,
CD171, CS-1, C-type lectin-like molecule- 1, CD33, epidermal growth factor receptor variant III
(EGFRVIII), ganglioside G2 (GD2), ganglioside GD3, TNF receptor family member B cell
maturation (BCMA), Tn antigen ((Tn Ag) or (GalNAca-Ser/Thr)), prostate-specific membrane
antigen (PSMA), Receptor tyrosine kinase-like orphan receptor 1 (ROR1), Fms-Like Tyrosine
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Kinase 3 (FLT3), Tumor-associated glycoprotein 72 (TAG72), CD38, CD44v6, Carcinoembryonic
antigen (CEA), Epithelial cell adhesion molecule (EPCAM), B7H3 (CD276), KIT (CD117),
Interleukin- 13 receptor subunit alpha-2, mesothelin, Interleukin 11 receptor alpha (IL-1IRa),
prostate stem cell antigen (PSCA), Protease Serine 21, vascular endothelial growth factor receptor
2 (VEGFR2), Lewis(Y) antigen, CD24, Platelet-derived growth factor receptor beta (PDGFR-
beta), Stage-specific embryonic antigen-4 (SSEA-4), CD20, Folate receptor alpha, HER2, HER3,
Mucin 1, cell surface associated (MUC1), epidermal growth factor receptor (EGFR), neural cell
adhesion molecule (NCAM), Prostase, prostatic acid phosphatase (PAP), elongation factor 2
mutated (ELF2M), Ephrin B2, fibroblast activation protein alpha (FAP), insulin-like growth factor
1 receptor (IGF -I receptor), carbonic anhydrase IX (CAIX), Proteasome (Prosome, Macropain)
Subunit, Beta Type, 9 (LMP2), glycoprotein 100 (gplOO), oncogene fusion protein consisting of
breakpoint cluster region (BCR) and Abelson murine leukemia viral oncogene homolog 1 (Abl)
(ber-abl), tyrosinase, ephrin type-A receptor 2 (EphA2), Fucosyl GM1, sialyl Lewis adhesion
molecule (sLe), ganglioside GM3, transglutaminase 5 (TGS5), high molecular weight-melanoma-
associated antigen (HMWMAA), o-acetyl-GD2 ganglioside (OAcGD2), Folate receptor beta,
tumor endothelial marker 1 (TEM1/CD248), tumor endothelial marker 7-related (TEM7R), claudin
6 (CLDNGO), thyroid stimulating hormone receptor (TSHR), G protein-coupled receptor class C
group 5, member D (GPRCS5D), chromosome X open reading frame 61 (CXORF61), CD97,
CD179a, anaplastic lymphoma kinase (ALK), Polysialic acid, placenta-specific 1 (PLAC1),
hexasaccharide portion of globoH glycoceramide (GloboH), mammary gland differentiation
antigen (NY-BR-1), uroplakin 2 (UPK2), Hepatitis A virus cellular receptor 1 (HAVCRI1),
adrenoceptor beta 3 (ADRB3), pannexin 3 (PANX3), G protein-coupled receptor 20 (GPR20),
lymphocyte antigen 6 complex, locus K 9 (LY6K), Olfactory receptor S1E2 (OR51E2), TCR
Gamma Alternate Reading Frame Protein (TARP), Wilms tumor protein (WT1), Cancer/testis
antigen 1 (NY-ESO-1), Cancer/testis antigen 2 (LAGE-la), MAGE family members (including
MAGE-A1, MAGE- A3 and MAGE-A4), ETS translocation- variant gene 6, located on
chromosome 12p (ETV6-AML), sperm protein 17 (SPA17), X Antigen Family, Member 1 A
(XAGET1), angiopoietin-binding cell surface receptor 2 (Tie 2), melanoma cancer testis antigen-1
(MAD-CT-1), melanoma cancer testis antigen-2 (MAD- CT-2), Fos-related antigen 1, tumor
protein p53 (p53), p53 mutant, prostein, surviving, telomerase, prostate carcinoma tumor antigen-
1, melanoma antigen recognized by T cells 1, Rat sarcoma (Ras) mutant, human Telomerase
reverse transcriptase (hTERT), sarcoma translocation breakpoints, melanoma inhibitor of

apoptosis (ML-IAP), ERG (transmembrane protease, serine 2 (TMPRSS2) ETS fusion gene), N-

55



WO 2025/111280 PCT/US2024/056551

Acetyl glucosaminyl-transf erase V (NA17), paired box protein Pax-3 (PAX3), Androgen receptor,
Cyclin Bl, v-myc avian myelocytomatosis viral oncogene neuroblastoma derived homolog
(MYCN), Ras Homolog Family Member C (RhoC), Tyrosinase-related protein 2 (TRP-2),
Cytochrome P450 1B1 (CYPIBI), CCCTC-Binding Factor (Zinc Finger Protein)-Like, Squamous
Cell Carcinoma Antigen Recognized By T Cells 3 (SART3), Paired box protein Pax-5 (PAXS),
proacrosin binding protein sp32 (OY-TES1), lymphocyte-specific protein tyrosine kinase (LCK),
A kinase anchor protein 4 (AKAP-4), synovial sarcoma, X breakpoint 2 (SSX2), Receptor for
Advanced Gly cation Endproducts (RAGE-1), renal ubiquitous 1 (RU1), renal ubiquitous 2 (RU2),
legumain, human papilloma virus E6 (HPV E6), human papilloma virus E7 (HPV E7), intestinal
carboxyl esterase, heat shock protein 70-2 mutated (mut hsp70-2), CD79a, CD79, CD72,
Leukocyte-associated immunoglobulin-like receptor 1 (LAIR1), Fc fragment of IgA receptor
(FCAR or CD89), Leukocyte immunoglobulin-like receptor subfamily A member 2 (LILRA2),
CD300 molecule-like family member f (CD300LF), C-type lectin domain family 12 member A
(CLECI12A), bone marrow stromal cell antigen 2 (BST2), EGF- like module-containing mucin-
like hormone receptor-like 2 (EMR2), lymphocyte antigen 75 (LY75), Glypican-3 (GPC3), Fc
receptor-like 5 (FCRLS5), MUC16, 5T4, 8H9, anbq integrin, anbo integrin, alphafetoprotein (AFP),
B7-H6, ca-125, CA9, CD44, CD44v7/8, CDS52, E- cadherin, EMA (epithelial membrane antigen),
epithelial glycoprotein-2 (EGP-2), epithelial glycoprotein-40 (EGP-40), ErbB4, epithelial tumor
antigen (ETA), folate binding protein (FBP), kinase insert domain receptor (KDR), k-light chain,
L1 cell adhesion molecule, MFJC18, NKG2D, oncofetal antigen (h5T4), tumor/testis-antigen IB,
GAGE, GAGE-1, BAGE, SCP-1, CTZ9, SAGE, CAGE, CT10, MART-1, immunoglobulin
lambda-like polypeptide 1 (IGLL1), Hepatitis B Surface Antigen Binding Protein (HBsAg), viral
capsid antigen (VC A), early antigen (EA), EBV nuclear antigen (EBNA), HHV-6 p41 early
antigen, HHV-6B U94 latent antigen, HHV-6B p98 late antigen , cytomegalovirus (CMV) antigen,
large T antigen, small T antigen, adenovirus antigen, respiratory syncytial virus (RSV) antigen,
haemagglutinin (HA), neuraminidase (NA), parainfluenza type 1 antigen, parainfluenza type 2
antigen, parainfluenza type 3 antigen, parainfluenza type 4 antigen, Human Metapneumovirus
(HMPV) antigen, hepatitis C virus (HCV) core antigen, HIV p24 antigen, human T-cell
lympotrophic virus (HTLV-1) antigen, Merkel cell polyoma virus small T antigen, Merkel cell
polyoma virus large T antigen, Kaposi sarcoma-associated herpesvirus (KSHV) lytic nuclear
antigen and KSHYV latent nuclear antigen.

[0220] In some aspects, the protein is a transcription factor. Non limiting examples of

transcription factors are, but are not limited to, Forkhead box P3 (Foxp3), and signal transducer
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and activator of transcription (STAT, e.g., STATI1, STAT2, STAT3, STAT4, STAT 5 (including
STATS A and STATSB), and STATE).

ILB.7. IRES

[0221] In some aspects, the RNA or DNA constructs disclosed herein further comprise an
internal ribosome entry site (IRES). In some aspects, the IRES is comprised in an exon.

[0222] First identified as a feature Picorna virus RNA, IRES plays an important role in
initiating protein synthesis in absence of the 5' cap structure. An IRES can act as the sole ribosome
binding site, or can serve as one of multiple ribosome binding sites of an mRNA. Nucleic acids or
mRNA containing more than one functional ribosome binding site can encode several peptides or
polypeptides that are translated independently by the ribosomes ("multicistronic nucleic acid
molecules"). When nucleic acids or mRNA are provided with an IRES, further optionally provided
is a second translatable region.

[0223] Examples of IRES sequences that can be used according to the disclosure include
without limitation, those from picornaviruses (e.g., FMDYV), pest viruses (CFFV), polio viruses
(PV), encephalomyocarditis viruses (ECMV), foot-and-mouth disease viruses (FMDYV), hepatitis
C viruses (HCV), classical swine fever viruses (CSFV), murine leukemia virus (MLV), simian
immune deficiency viruses (SIV) or cricket paralysis viruses (CrPV). In some aspects, the genetic
constructs disclosed herein comprise an IRES. In some embodiments, the genetic constructs
disclosed herein comprises an IRES having at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identity with a nucleotide sequence of SEQ ID NOs: 87-110 or
145-168. Modifications of IRES and accessory sequences are disclosed herein to increase or reduce
IRES activities, for example, by truncating the 5 and/or 3’ ends of the IRES, adding a spacer 5’ to
the IRES, modifying the 6 nucleotides 5° to the translation initiation site (Kozak sequence),
modification of alternative translation initiation sites, and creating chimeric/hybrid IRES
sequences. In some aspects, the IRES sequence in the genetic constructs disclosed herein comprises
one or more of these modifications relative to a native IRES (e.g., a native IRES disclosed in Table
8 (SEQ ID NOs: 87-110 or 145-168)).

Table 8. Exemplary IRES

SEQ DESCRIP | SEQUENCE
ID NO TION
87 CVB3 TTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTA

TCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAA
CACACACCGATCAACAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGT
TACCCCGGACTGAGTATCAATAGACTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTAT
CCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCA
GCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGG
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CGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACA
TGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATC
CTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGGGCAACTCTG
CAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTA
TGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGACTAAT
AGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAAC
ATTACAATTCATTGTTAAGTTGAATACAGCAAA

88 EV71 TTAAAACAGCTGTGGGTTGTCACCCACCCACAGGGTCCACTGGGCGCTAGTACACTGGT
ATCTCGGTACCTTTGTACGCCTGTTTTATACCCCCTCCCTGATTTGCAACTTAGAAGCA
ACGCAAACCAGATCAATAGTAGGTGTGACATACCAGTCGCATCTTGATCAAGCACTTCT
GTATCCCCGGACCGAGTATCAATAGACTGTGCACACGGTTGAAGGAGAAAACGTCCGTT
ACCCGGCTAACTACTTCGAGAAGCCTAGTAACGCCATTGAAGTTGCAGAGTGTTTCGCT
CAGCACTCCCCCCGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGT
GGCGGTGGCTGCGTTGGCGGCCTGCCTATGGGGTAACCCATAGGACGCTCTAATACGGA
CATGGCGTGAAGAGTCTATTGAGCTAGTTAGTAGTCCTCCGGCCCCTGAATGCGGCTAA
TCCTAACTGCGGAGCACATACCCTTAATCCAAAGGGCAGTGTGTCGTAACGGGCAACTC
TGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCTTTTTATTCTTGTATTGGCTGCT
TATGGTGACAATTAAAGAATTGTTACCATATAGCTATTGGATTGGCCATCCAGTGTCAA
ACAGAGCTATTGTATATCTCTTTGTTGGATTCACACCTCTCACTCTTGAAACGTTACAC
ACCCTCAATTACATTATACTGCTGAACACGAAGCG

89 CVB5 TTAAAACAGCCTGTGGGTTGTTCCCACCCGCAGGGCCCACTGGGCGCCAGCACTCTGGT
ATCACGGTACCTTTGTGCGCCTGTTTTAAAACCCTCTCCCCAATTTGAAACTTAGAAGC
AATACACCTCGATCAATAGTAGGCATGACACGCCAGCCATGTCTTGATCAAGCACTTCT
GTTTCCCCGGACTGAGTATCAATAAACTGCTTGCGCGGTCGAAGGAGAAAACGTCCGTT
ACCCGACTAACTACTTCGAGAAACCCAGTAACACCATGGAAATTGCGGAGTGTTTCACT
CAGCACATTCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGTGACCGT
GGCGGTGGCTGCGCTGGCGGCCTGCCCATGGGGCAACCCATGGGACGCTTCAATATGGA
CATGGTGTGAAGAGTCTATTGAGCTAGTTAGTAGTCCTCCGGCCCCTGAATGCGGCTAA
TCCTAACTGCGGAGCACGTGCCTCCATTCCAGGGGGTGGCGTGTCGTAACGGGCAACTC
TGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCTTTTAATTTTATACTGGCTGCTT
ATGGTGACAATTGAAAGATTGTTGCCATATAGCTATTGGATTGGCCATCCGGTATCCAA
CAGAGCAATTGTGTACCTTTTTGTTGGATTTGTACCACTTACCAGAACAAGTTTTCATA
CACTGTGTTACATTATTAGACTAAACACAGAAAA

90 EchoVll | TTAAAACAGCCTGTGGGTTGTACCCACCCACAGGGCCCACTGGGCGCTAGCACACTGGT
ATCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTTCCCGCAACCGCAAATTTAGAAG
CAAAGCTAACCCGATCGATAGCGGATGCGCATGCCAGCCGCATTTTGATCAAGTACTTC
TGTTTCCCCGGACCGAGTATCAATAGACTGCTCACGCGGTTGAAGGAGAAAACGTCCGT
TACCCGACCAACTACTTCGAGAAACCTAGTAACATCATGAATGTTGCAGGGCGTTTCGA
TCAGCACGACCCTGGTGTAGATCAGGCTGATGAGTCACCGCATTCCCCACGGGTGACCG
TGGCGGTGGCTGCGTTGGCGGCCTGCCTATGGGGTGACCCATAGGACGCTCTAATACGG
ACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGTTA
ATCCTAACTGCGGACGACATACCCCTAATCCAAGGGGCAGTGTGTCGTAACGGGCAACT
CTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTATTTTTATACTGGCTGC
TTATGGTGACAATCTCAGAGTTGTTACCATATAGCTATTGGATTGGCCATCCGGTGAGC
AACAGAGCTGTCATTTATCAGTTTGTTGGCTTTATACCTCTAAATCACACGGTTTTTTT
TTTTTGGAACGCTTGTATTCATCTTAACCCTCAATAAGGCAAA

91 EVB107 TTAAAACAGCCTGTGGGTTGTTCCCACCCGCAGGGCCCACTGGGCGCTAGCACACTGGT
ATCCCGGTACCCTTGTGCGCCTGTTTTATATACCCTCCCCCTTATGTAACTTAGAAGTA
TGATTCAAACGGTCGACAGGCGGCTCAGTGCACCAACTGAGTCATGACCAAGCACTTCT
GTTACCCCGGACTGAGTATCAATAAGCTGTTCACACGGCTGAAGGAGAAAACGTTCGTT
ACCCGGCCAATTACTTCGAGAAACCTAGTACCACCATGAAGGTTGCGCAGTGTTTCGCT
CCACACAACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGT
GGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGCAACCCATGGGACGCTTCAATACTGA
CATGGTGTGAAGAGTCTATTGAGCTAATTGGTAGTCCTCCGGCCCCTGAATGCGGCTAA
TCCCAACTGTGGAGCAGATACTCACAAACCAGTGAGCGGTCTGTCGTAACGGGCAACTC
CGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCTTTTTATTCTTACATTGGCTGCT
TATGGTGACAATTGACAAATTGTTACCATATAGCTATTGGATTGGCCATCCGGTGACAA
ACAGAGCTATTGTTTACTTGTTTGTTGGTTTCATACCATTAAATTACAAGGTCTTAGAA
ACTCTCAACTTTATTTTGACACTCAATACAGCAAA

92 PV3 TTAAAACAGCTCTGGGGTTGCTCCCACCCCAGAGGCCCACGTGGCGGCCAGTACTCTGG
TATTGCGGTACCTTTGTACGCCTGTTTTATACTCCCTCCCCCCGTGCAACTTTAGAAGA
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AATCCACAAAGTTCAATAGAGGGGGTGCAAACCAGCACCACCACGAACAAGCACTTCTG
TTTCCCCGGTGATGTCGTATAAGCTGTACCCACGGCTGAAGGCGACGGATCCGTTATCC
GCTTGAGTACTTCGAGAAGCCTAGTATTACCTTGGAATCTTCGACGCGTTGCGCTCAGC
ACTCTACCCCGAGTGTAGCTTAGGTCGATGAGTCTGGGCACGCCCCACCGGCGACGGTG
GCCCAGGCTGCGTTGGCGGCCTACCCATGGCTATCACCATGGGACGCTAGTTGTGAACA
AGGTGTGAAGAGCCTATTGAGCTACCCAAGAGTCCTCCGGCCCCTGAATGCGGCTAATC
CTAACCACGGAGCAAGTGTCCTCAACCCAGGGGATGGCTTGTCGTAACGCGAAAGTCTG
TGGCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTATTTTTATGTATGGCTGCTT
ATGGTGACAATCAAAGGTTGTTACCATAAAGCAATTTGGATTGGCCATCCGGTGAGAAT
CAAACATATTATCTACCTGTTTGTTGGGTTTTCTTCTTTTACTTGAACAATACCTCTAA
TAATAACTGCTATATTGTCAATAAGACATTATCATCACA

93

CVB1

TTAAAACAGCCTGTGGGTTGTTCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTA
TCACGGTACCTTTGTGCGCCTGTTTTACATCCCCTCCCCAAATTGTAATTTAGAAGTTT
CACACACCGATCATTAGCAAGCGTGGCACACCAGCCATGTTTTGATCAAGCACTTCTGT
TACCCCGGACTGAGTATCAATAGACCGCTAACGCGGTTGAAGGAGAAAACGTTCGTTAC
CCGGCCAACTACTTCGAAAAACCTAGTAACACCATGGAAGTTGCGGAGTGTTTCGCTCA
GCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCGTTCCCCACGGGCGACCGTGG
CGGTGGCTGCGTTGGCGGCCTGCCTACGGGGAAACCCGTAGGACGCTCTAATACAGACA
TGGTGCGAAGAGTCTATTGAGCTAGTTGGTAATCCTCCGGCCCCTGAATGCGGCTAATC
CTAACTGCGGAGCACATACCCTCAAACCAGGGGGCAGTGTGTCGTAACGGGCAACTCTG
CAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTA
TGGTGACAATTGACAGGTTGTTACCATATAGTTATTGGATTGGCCATCCGGTGACTAAC
AGAGCAATTATATATCTCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAAC
ACTACATCTCATCATTAAACTAAATACAACAAA

94

EchoVE1l
5

TTAAAACAGCCTGTGGGTTGTACCCACCCACAGGGCCCACTGGGCGCTAGCACTCTGGT
ATTACGGTACCCTTGTGCGCCTGTTTTATATACCCCGCCCCAAGCAAACGCTAGATGTA
ACGCACTTATGATCAATAGCAGGCGTGGCACTCCAGCCACGTTATGATCAAGCACTTCT
GTCTCCCCGGACCGAGTATCAATAGACTGCTCACGCGGTCGAAGGAGAAAACGTTCGTT
ACCCGACCAGCTACTTCGAGAAACCTAGTAACTCCATGGAGGTTGCAGAGTGTTTCGTT
CAGCACTTCCCCCGTGTAGATCAGGCTGATGAGTCACCGCGTTCCTCACGGGCGACCGT
GGCGGTGGCTGCGTTGGCGGCCTGCCTATGGGTATACCCATAGGACGCTCTAATACTGA
CATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAA
TCCTAACTGCGGAGCACATACCCCCAACCCAGGGGGCAGTGTGTCGTAACGGGTAACTC
TGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTATTCTTACATTGGCTGCT
TATGGTGACAATTGAGAGATTGTTACCATATAGCTATTGGATTGGCCATCCAGTGACTA
ACAGAGCTATTATTTACCTTTTTGTTGGCTTCGTATCACTTGGTTTAAAAGAGGTTAGT
ACTTTATATTGCATTATATTACTAAACACGAGAAA

95

EchoVil

TTAAAACAGCCTGTGGGTTGTTCCCACCCACAGGGCCCACTGGGCGTTAGCACACTGGT
ATCACGGTACCTTTGTGCGCCTGTTTTATACTCCCCCCCCTAAGGAAACTTTAGAAGCA
AAGCAATTGTGATCAATAGTGGGTATGGCACACCAGTCATATCTTGATCAAGCACTTCT
GTTCCCCCGGACTTAGTACCAATAGACTGCTCAAGCGGTTGAAGGGGAAAACGTTCGTT
ATCCGGCCAACTACTTCGAGAAACCTAGTAGCACCATGAAAGTTGCGGAGTGTTTCGCT
CAGCACTTCCCCCGTGTAGATCAGGCTGATGAGTCACCGTATTCCCCACGGGCGACCGT
GACGGTGGCTGCGTTGGCGGCCTGCCCATGGGGTAACCCATGGGACGCTCTAAAACAGA
CACGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCCAA
TCCTAACTGCGGAGCACATACTCCCAATCCAGGGAGCAGTGTGTCGTAATGGGTAACTC
TGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTATTCTCACATTGACTGCT
TATGGTGACAATTGAAAGATTGTTACCATATAGCTATTGGATTGGTCATCCGGTGAGCA
ATAGAGCTATTGTTTATCAATTTGTTGGATTTGTACCACTCAACTTTTCTGTTTTGAGA
ACACTCAACTACATCTTACTGCTAAACACATCAAA

96

EVD94

TTAAAACAGCCTGTGGGTTGTTCCCACCCCAGAGGCCCACGTGGCGGCCAGTACTCTGG
TATCACGGTACCTTTGTACGCCTGTTTTATATCCCCTTCCCCCGCAACTTAGAAGAAAA
CAAATCAAGTTCACTAGGAGGGGGTACAAACCAGTACCACCACGAACAAGCACTTCTGT
TTCCCCGGTGATGTCGTATAGACTGTAACCACGGTTGAAAACGATTGATCCGTTATCCG
CTCTTGTACTTCGAAAAGCCCAGTATCACCTTGGAATCTTCGATGCGTTGCGCTCAGCA
CTCAACCCCAGAGTGTAGCTTAGGTCGATGAGTCTGGACACTCCTCACCGGCGACGGTG
GTCCAGGCTGCGTTGGCGGCCTACCTGTGGTCCAAAGCCACAGGACGCTAGTTGTGAAC
AAGGTGTGAAGAGCCTATTGAGCTACAAGAGAATCCTCCGGCCCCTGAATGCGGCTAAT
CCTAACCACGGAGCAAGGGTACACAAACCAGTGTATATCTTGTCGTAACGCGCAAGTCT
GTGGCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTGTTTTTATCATGGCTGCTT
ATGGTGACAATCTAAGATTGTTATCATATAGCTGTTGGATTGGCCATCCGGTAATTTAT
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TGAGATTTGAGCATTTGCTTGTTTCTTCAACAATTTCACCTATTCATTGCATTTCAGCA
GTCAAA

97 PV1 TTAAAACAGCTCTGGGGTTGTACCCACCCCAGAGGCCCACGTGGCGGCTAGTACTCCGG
TATTGCGGTACCCTTGTACGCCTGTTTTATACTCCCTTCCCGTAACTTAGACGCACAAA
ACCAAGTTCAATAGAAGGGGGTACAAACCAGTACCACCACGAACAAGCACTTCTGTTTC
CCCGGTGATGTCGTATAGACTGCTTGCGTGGTTGAAAGCGACGGATCCGTTATCCGCTT
ATGTACTTCGAGAAGCCCAGTACCACCTCGGAATCTTCGATGCGTTGCGCTCAGCACTC
AACCCCAGAGTGTAGCTTAGGCTGATGAGTCTGGACATCCCTCACCGGTGACGGTGGTC
CAGGCTGCGTTGGCGGCCTACCTATGGCTAACGCCATGGGACGCTAGTTGTGAACAAGG
TGTGAAGAGCCTATTGAGCTACATAAGAATCCTCCGGCCCCTGAATGCGGCTAATCCCA
ACCTCGGAGCAGGTGGTCACAAACCAGTGATTGGCCTGTCGTAACGCGCAAGTCCGTGG
CGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTATTTTATTGTGGCTGCTTATGGT
GACAATCACAGATTGTTATCATAAAGCGAATTGGATTGGCCATCCGGTGAAAGTGAGAC
TCATTATCTATCTGTTTGCTGGATCCGCTCCATTGAGTGTGTTTACTCTAAGTACAATT
TCAACAGTTATTTCAATCAGACAATTGTATCACC

98 PV2 TTAAAACAGCTCTGGGGTTGTTCCCACCCCAGAGGCCCACGTGGCGGCCAGTACACTGG
TATCGCGGTACCTTTGTACGCCTGTTTTATACTCCCTTCCCCCGTAACTTAGAAGCACA
ACGTCCAAGTTCAATAGAAGGGGGTACAAACCAGTACCACCACGAACAAGCACTTCTGT
TCCCCCGGTGAGGCTGTATAGGCTGTTTCCACGGCTAAAAGCGGCTGATCCGTTATCCG
CTCATGTACTTCGAGAAGCCTAGTATCACCTTGGAATCTTCGATGCGTTGCGCTCAACA
CTCAACCCCAGAGTGTAGCTTAGGTCGATGAGTCTGGACGTTCCTCACCGGCGACGGTG
GTCCAGGCTGCGTTGGCGGCCTACCTGTGGCCCAAAGCCACAGGACGCTAGTTGTGAAC
AAGGTGTGAAGAGCCTATTGAGCTACCTGAGAGTCCTCCGGCCCCTGAATGCGGCTAAT
CCTAACCACGGAGCAGGCAGTGGCAATCCAGCGACCAGCCTGTCGTAACGCGCAAGTTC
GTGGCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTATTTTTACAATGGCTGCTT
ATGGTGACAATTATTGATAGTTATCATAAAGCAAATTGGATTGGCCATCCGGTGAGAAT
TTGATTATTAAATTACTCTCTTGTTGGGATTGCTCCTTTGAAATCCTGTGCACTCACAC
CTATTGGAATTACCTCATTGTTGAGATATTATTACCACT

99 CVA24 ttaaaacagctcectggggttgtteccaccccagaggeccacgtggeggecagtactecgg
tattgeggtacccttgtacgectgttttacactcececctteccecggtaacttagaagtaaa
caaaccaagttcaatagaagggggtacaaaccagtaccaccacgaacaagcacttetgt
ttececeggtgacgttgtatagactgtacccacggttgaaaacaactgateegttateecyg
ctecttgtacttecgagaagecccagtatcaccttggaatettecgatgegttgegetecagea
ctcaaccccagagtgtagettaggtecgatgagtetggacaatectcaceggegacggtyg
gtccaggetgegttggeggectacectgtggeccaaagecacaggacgetagttgtgaac
aaggtgtgaagagecctattgagectacgagagagtecteeggeceectgaatgeggetaat
cccaaccacggagcaggtgatcacaageccagtgattagectgtegtaacgegecaagtet
gtggcggaaccgactactttgggtgtecegtgtttectttattttattatggetgettat
ggtgacaatcacagattgttatcataaagcgacttggattggeccateccagtgaaaataa
aacacatcatttacctgattgttggatttactcegetgactatcectactecaccaggtett
attaaggttattctgttgattaggtcacaatttcaca

100 CVB6 ttaaaacagcctgtgggttgtacccacccacagggeccactgggegetagecactetggt
attgecggtacctttgtgegectgttttacccaccectecececccaacgtaacttagaagect
gacatatacggtcacaagccagcccagtacgeccaactgggtaccgaccaagecacttetyg
ttacceceggactgagtatcaataagetgeccaaageggetgaaggagaaaacgttegtta
cceggecaattacttegagaaacccagtaacaccatgaaagttgegtagegttteatte
agcacaatcccagtgtagatcaggtcecgatgagtcacecgecattecccacaggegactgtg
geggtggetgegttggeggectgeccatggggcaaacccatgggacgettecaatactga
catggtgcgaagagtctattgagetaattggtagtecteecggecectgaatgeggetaa
tactaactgeggagecaggecactaogecagaccagegageagettgtegtaatgggeaacte
cgcagcggaaccgactactttgggtgteecgtgtttectatttectttacactggetget
tatggtgacaattgagaaattgttaccatatagctattggagtggccatceggtgacta
acagagcaataatatatttgtttgttggetttgtgecacttaatttgaaggttgttaag
acgctcaatctgatactacttctaaataaagcaaa

101 EV89 ttaaaacagcctctgggttgecacccacccacagggeccactgggegctagecacactggt
atcacggtacctttgtgegectgttttatacacccteccececttgtaacttagaagaaa
caaacaaacgatcaatagtaggcttagcactccagectaagtectecgatcaagecacttetyg
ttacceceggaccgagtatcaataggectgtacccacggetgaaagagaaaacgttegtta
cceggetatcectacttegggaaacccagtaccatcatgaagattgcaaagegtttegete
agcacaaccccagtgtagatcaggtegatgagtcactgeattecccacaggegactgtg
gcagtggectgegttggeggectgectatggggaaacccataggacgetttaatattgac
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atggtgcgaagagtctactgagetaggtagtagtecteecggecectgaatgeggetaat
cccaaccacggagcaggcgctcecacactceccagtgagtagettgtegtaatgegaaagtet
gtggcggaaccgactactttgggtgtcegtgtttecttttatttttatecatggetgett
atggtgacaatctaagattgttatcatatagectattggattggecateceggtgaattet
agagatattatttacttgtttgttggttttaccacattaaacattaccaattacagaac
tectectetacatecctgttattgaataatagaaagagaaa

102 EV9l ttaaacagctctagggttgtteccacectagaggeccacgtggeggetagecactetggt
atcacggtacctttgtgegectgttttatatecectttecccatgtaacttagaagttat
taaacaaagttcaatagaagggggtacaaaccagtgccaccacgaacaagcacttetgt
ttecececggtgaagetgtatagactgtcetecacggttgaaaatggcagateegttaceeyg
ctttggtacttcgagaaacctagtatcaccttggaatettegatgegttgegetcagea
ctcaaccccagagtgtagettaggtcgatgagtctggacgatectecactggtgacagtg
gtccaggetgegttggeggectaccectgtggtgaaaaccacaggacgetagttgtgaaca
aggtgtgaagagtctattgagectaccaaagagtecteecggecectgaatgeggetaate
ctaaccacggagcaagtgccttcaaaccagtaggtagettgtegtaacgegecaagtcetg
tggcggaaccgactactttgggtgtcegtgtttecttttattttatcatggetgettat
ggtgacaatctaagattgttatcatatagectattggattggeccateeggtgactaacag
agatctcatatacctttttgttggttttactaaattaaatattaccacgttcaagacac
ttctecttatcatacaactaaatagtgagaagagaaa

103 EVJ108 ttaaaatagcctcagggttgtteccacecctgagggeccacgtggegtagtactetggta
ttacggtacctttgtacgectattttaccececttececttgtaacttagaagcaaagea
aaccagttcaatagtaagcaacacaacccagtgttgtgacgaacaagtacttetgttte
cccgggagggtetgacggtaagetgtacccacggetgaagtatgacctacegttaaceg
gctacctacttegagaagtctagtaataccattgaagttttgttggegttacgetcaac
acactacccegtgtgtagttttggetgatgagtcacggecattecccacgggegacegtg
gcegtggetgegttgeggecaaccaaggggegcaagetecttggacgtecacttaacaga
catggtgtgaagaacctattgagctaggtagtagtcecctecggecectgaatgeggetaa
tectaacteccggagcacatcagtgecaacccagecatttggtgtgttgtaatacgecaagte
tggagcggaaccgactactttgggtgtecegtgtttectgttttacettatttggetget
tatggtgacaatttgatattgttaccatatagectgttggattggccatceggatttttyg
aaagagacccaaaactttcttcetctacttecagattcaagtgegaagttttectttteat
atattacttactaatttgaagtaccaaag

104 EV87 ttaaaacagcctgtgggttgtteccacccacagggeccactgggegctagecacactggt
atcacggtacccttgtgegectgttttatacaccecttecectactgtgacttagaagea
aaacaatgatgaccaatagcaagcgcagcactccagetgtgttteggtecaageacttet
gtttecceceggactgagtatcaataggceccactecacgtggeccgaaggagaaaacgtaeegtt
acccggccaattacttecgagaaacccagtaacaccatagaggttgegecagegtttaeget
cegeacteccccagtgtagatcaggtegatgagtcacegegttececcacgggegacegt
ggcggtggetgegttggeggectgeccatggggtaacccatgggacgettcaatactga
catggtgcgaagagtctattgagctaattggtagtectecggececectgaatgeggetaa
tectaactgeggagcagatacccacgetecagtgggecagtetgtegtaacgggtaacte
tgecageggaaccgactactttgggtgteegtgtttecttttattettatattggetget
tatggtgacaattgaaagattgttaccatatagctattggattggeccatceggtgtcta
atagagcaattatattcctgtttgttggttttataccactgaatatcacagtttacaag
accctcaattacatcctacgtttaaacaagacaaa

105 EchoV31l | ttaaaacagcctgtgggttgtteccacccacagggeccatgggegetagecacactggta
tecgtggtacctttgtgegectgttttatacacccteccecatttgtaacttagaagtaaa
gcaatattgatcaatagcaagcatggcacaccagecegtgttcagatcaagecacttetgt
aaccceggactgagtatcaataggetgecaaageggetgaaggagaaaacgttegttaa
ccggcocaactacttegagaageccagtatcaccatgaaagttgcagagegtttaegetea
gcactccceceecegtgtagattaggtecgatgagtecacecgecatececeeccacaggegactgtgyg
cggtggetgegttggeggectacctacggggcaacecegtaggacgetctaatacagaca
tggtgagaagagcectattgagetagttggtagtectecggecectgaatgeggataate
ctaactgcggagcatgtgetegecaatccagegagaggcatgtegtaacgggecaactetyg
cagcggaaccgactactttgggtgtecgtgtttecttttattecttgtttggetgetta
tggtgacaattgaaagattgttgccatatagetattgggteggecacctggtatetaac
agagcaattatttacttgtttgttggttttgtacccttaaatctcaaggttettgaaac
ccttaactacacattgaaactcaattcattgaa

106 EV68 ttaaaacagctctggggttgtteccactcaagggeccacgtggeggetagtactetggt
atctcecggtacctttgtacgectgttttaatteccctecccaacgtaacttagaagetttt
aaaccaaagctcaataggtggagcgcaaaccagegetcecttatgagcaagcacttetgte
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teccocoggtgtggttgtatagactgtceeccacggttgaaaacaacttatecgttaacaege
tatagtacttcgagaaacctagtattgectteggagtgttgatgegttgegetecageac
actaaccegtgtgtagettgggtegatgagtetggacgtaceeccactggegacagtggt
ccaggetgegttggeggectactecatggtgaaaaccatgagacgetagacatgaacaag
gtgtgaagagtctattgagctgctatagagtecteceggecectgaatgeggetaatect
aaccatggagcaagtgctcacaaaccagtgagttacttgtegtaacgegecaagteegtg
gcggaaccgactactttgggtgtceegtgtttecactttttacttttatgactgetaatgg
tgacaatttaatattgttaccatttggcttgtcgaattgatcacataagatctatagtt
ttgttcactgatttgectttgaaataatctcacctcaaaacctecagtacataacattta
aagagtttaaacttatttataaca

107

EVS2

tttaaaacagcctgtgggttgtacccacccacagggeccacgeggegttagtactetgg
tatcacggtacctttgtatgecctgttttatectcececctteccececgtaacgttagaagaatg
aacaaaagacaattagcaaatccaccaacccaggtgggttttegtcaagecacttetgtt
tececeecggacctagtaccaataagetgtgeccacggetgaaggggaaaacgttegttate
cggctacctacttegagaagectagtaccaccaatgattgtctcaagtgttacgetcecag
cacaaccccagtgtagttcaggtegatgagtcaccgaattcecececcacgggegacegtgte
ggtggctgegttggeggectgectgegagtttecactegecaggacgettgattecatgaca
tggtgcgaagagectattgagetaggcagtagtectecggecectgaatgeggetaate
ctaaccacggagccatgcecgtcacaaaccagtggegtcatggtegtaacgagcaattetg
tggeggaaccgactactttgggtgtecgtgtttectgttttatttacettggetgetta
tggtgacaatctagagttgtcatcatatagecgattggattggecatececggatattactt
tgtgtgatttatctettgectegtaagcaattttaaatagtttatagecatcatt

108

EVG2

ctaaaacagcctgegggttgtaccececgecegecagggeccactgggegetagtactetggt
acgctagtacactagcacgttagtgettttgtacgecagtacetttgtacgeectgtttt
attttcececttecccacatgtaactttagaagtttagaaacaaacaatgaccaataggag
tccagcatccagttggattgeggtcaagtacttetgttteccceggacctagtagtgata
ggctgtacccacggecgaagatgaaccegtecgttateceggetacctacttegggaage
ctagtaacattctgaagtcetetgaggegtttegetecagecacgacceeggtgtagategg
gctgatgggtcetcecegecatacceccacgggtgacegtggeggaggeecgegttggeggeeceg
cctatggcgaaagceccataggacgectettagatgacagggtgtgaagagectactgage
tgggtagtagtccteeggecectgaatgeggetaatectaaccacggagegtecacegyg
caaaccggtegggagggegtegtaacgggtaactetgtggeggaaccgactactttggyg
tgtcegtgtttecttttgatectattttggetgettatggtgacaacgataagttgtta
tcataaagecttttgggttggecacctggaaaaagttatcagtgtttgatattgttegge
tcotcacgeocttecaacaaaacaggecttacttettttaattgeattttatecateggag
gttattacagatttccatctgaagcttcecttectcacagtagecagtaaa

109

CVA2

ttaaaacagcctgtgggttgecacccacccacagggeccactgggegetageactetggt
atcacgatacctttgtgegectgttttatatccccacecececgagtaaacgttagaagtta
cgcaaccccgatcaatagtaggtgtagecactceccagetgecategagatcaagecacttetyg
tctececceggaccgagtatcaatagactgetaacgeggttgaaggagaaaacgttegtta
cceggecaattacttegagaageccagtagtgecgtgaaagttgeggagtgtttegete
agcactteecececegtgtagatcaggetgatgagtcacegegatecccacaggtgactgtg
gcggtggetgegttggeggectgectatggggecaacccataggacgetetaatacagac
atggtgcgaagagcctattgagetaattggtagtecteeggecectgaatgeggetaat
cctaactgeggagcacatgecctcaaaccagggggtggtgtgtegtaacgggtaactet
gcagcggaaccgactactttgggtgtceegtgtttetttttattettataatggetgett
atggtgacaattaaagaattgttaccatatagctattggattggecatcecggtgactaa
caaatcgctcatataccagtttgttggttttgtteecttatecacatacagetcataaca
cccteottatatttactacaattgaatagcaagaa

110

CVA6

ttaaaacagectgtgggttgecacccactcacagggeccactgggegetagecacactgat
ttecececggaatceccttgtgegectgttttatatccectecececcatgegcaacttagaagea
atctacaccttegatcaatagecaggegtggegegecagecatgtetagatcaagecactt
ctgtttecceggactgagtatcaataaactgcectecacgeggttgaaggagaaaatgtteg
ttaccecggctaactacttegagaaacctagtagecaccatgaaaattgcagagegttteg
ctecagegettececeegegtagatcaggetgatgagtecactgeattectecacgggegace
gtggcagtggetgegttggeggectgeccatggggtaacccatgggacgetetaatatyg
gacatggtgtgaagagtctattgagctagttagtagtecctecggeececctgaatgegget
aatcctaactgeggagcacatacceccaaaccagggggeggtgtgtegtaacgggeaac
tetgecageggaaccgactactttgggtgteegtgtttecttttattettatattggetyg
cttatggtgacaattgaaagattgttaccatatagctattggattggccateceggtgaa
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taacagagccttgatatacctttttgtagggtttataccacttactettegegttgttyg
agactctaaagtacattctaatcttgaacactagaaa

145 CVB3 UUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUA
UCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAA
CACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGU
UACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAU
CCGGCCAACUACUUCGAAAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCA
GCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGG
CGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACA
UGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUC
CUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUG
CAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUA
UGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAU
AGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAAC
AUUACAAUUCAUUGUUAAGUUGAAUACAGCAAA

146 EV71 UUAAAACAGCUGUGGGUUGUCACCCACCCACAGGGUCCACUGGGCGCUAGUACACUGGU
AUCUCGGUACCUUUGUACGCCUGUUUUAUACCCCCUCCCUGAUUUGCAACUUAGAAGCA
ACGCAAACCAGAUCAAUAGUAGGUGUGACAUACCAGUCGCAUCUUGAUCAAGCACUUCU
GUAUCCCCGGACCGAGUAUCAAUAGACUGUGCACACGGUUGAAGGAGAAAACGUCCGUU
ACCCGGCUAACUACUUCGAGAAGCCUAGUAACGCCAUUGAAGUUGCAGAGUGUUUCGCU
CAGCACUCCCCCCGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGU
GGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGUAACCCAUAGGACGCUCUAAUACGGA
CAUGGCGUGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGGCUAA
UCCUAACUGCGGAGCACAUACCCUUAAUCCAAAGGGCAGUGUGUCGUAACGGGCAACUC
UGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUGUAUUGGCUGCU
UAUGGUGACAAUUAAAGAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGUGUCAA
ACAGAGCUAUUGUAUAUCUCUUUGUUGGAUUCACACCUCUCACUCUUGAAACGUUACAC
ACCCUCAAUUACAUUAUACUGCUGAACACGAAGCG

147 CVB5 UUAAAACAGCCUGUGGGUUGUUCCCACCCGCAGGGCCCACUGGGCGCCAGCACUCUGGU
AUCACGGUACCUUUGUGCGCCUGUUUUAAAACCCUCUCCCCAAUUUGAAACUUAGAAGC
AAUACACCUCGAUCAAUAGUAGGCAUGACACGCCAGCCAUGUCUUGAUCAAGCACUUCU
GUUUCCCCGGACUGAGUAUCAAUAAACUGCUUGCGCGGUCGAAGGAGAAAACGUCCGUU
ACCCGACUAACUACUUCGAGAAACCCAGUAACACCAUGGAAAUUGCGGAGUGUUUCACU
CAGCACAUUCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGUGACCGU
GGCGGUGGCUGCGCUGGCGGCCUGCCCAUGGGGCAACCCAUGGGACGCUUCAAUAUGGA
CAUGGUGUGAAGAGUCUAUUGAGCUAGUUAGUAGUCCUCCGGCCCCUGAAUGCGGCUAA
UCCUAACUGCGGAGCACGUGCCUCCAUUCCAGGGGGUGGCGUGUCGUAACGGGCAACUC
UGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUAAUUUUAUACUGGCUGCUU
AUGGUGACAAUUGAAAGAUUGUUGCCAUAUAGCUAUUGGAUUGGCCAUCCGGUAUCCAA
CAGAGCAAUUGUGUACCUUUUUGUUGGAUUUGUACCACUUACCAGAACAAGUUUUCAUA
CACUGUGUUACAUUAUUAGACUAAACACAGAAAA

148 EchoVll | UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACACUGGU
AUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUUCCCGCAACCGCAAAUUUAGAAG
CAAAGCUAACCCGAUCGAUAGCGGAUGCGCAUGCCAGCCGCAUUUUGAUCAAGUACUUC
UGUUUCCCCGGACCGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAACGUCCGU
UACCCGACCAACUACUUCGAGAAACCUAGUAACAUCAUGAAUGUUGCAGGGCGUUUCGA
UCAGCACGACCCUGGUGUAGAUCAGGCUGAUGAGUCACCGCAUUCCCCACGGGUGACCG
UGGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGGUGACCCAUAGGACGCUCUAAUACGG
ACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGUUA
AUCCUAACUGCGGACGACAUACCCCUAAUCCAAGGGGCAGUGUGUCGUAACGGGCAACU
CUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUACUGGCUGC
UUAUGGUGACAAUCUCAGAGUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGAGC
AACAGAGCUGUCAUUUAUCAGUUUGUUGGCUUUAUACCUCUAAAUCACACGGUUUUUUU
UUUUUGGAACGCUUGUAUUCAUCUUAACCCUCAAUAAGGCAAA

149 EVB107 UUAAAACAGCCUGUGGGUUGUUCCCACCCGCAGGGCCCACUGGGCGCUAGCACACUGGU
AUCCCGGUACCCUUGUGCGCCUGUUUUAUAUACCCUCCCCCUUAUGUAACUUAGAAGUA
UGAUUCAAACGGUCGACAGGCGGCUCAGUGCACCAACUGAGUCAUGACCAAGCACUUCU
GUUACCCCGGACUGAGUAUCAAUAAGCUGUUCACACGGCUGAAGGAGAAAACGUUCGUU
ACCCGGCCAAUUACUUCGAGAAACCUAGUACCACCAUGAAGGUUGCGCAGUGUUUCGCU
CCACACAACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGU
GGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGCAACCCAUGGGACGCUUCAAUACUGA
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CAUGGUGUGAAGAGUCUAUUGAGCUAAUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAA
UCCCAACUGUGGAGCAGAUACUCACAAACCAGUGAGCGGUCUGUCGUAACGGGCAACUC
CGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCUUUUUAUUCUUACAUUGGCUGCU
UAUGGUGACAAUUGACAAAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACAA
ACAGAGCUAUUGUUUACUUGUUUGUUGGUUUCAUACCAUUAAAUUACAAGGUCUUAGAA
ACUCUCAACUUUAUUUUGACACUCAAUACAGCAAA

150 PV3 UUAAAACAGCUCUGGGGUUGCUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACUCUGG
UAUUGCGGUACCUUUGUACGCCUGUUUUAUACUCCCUCCCCCCGUGCAACUUUAGAAGA
AAUCCACAAAGUUCAAUAGAGGGGGUGCAAACCAGCACCACCACGAACAAGCACUUCUG
UUUCCCCGGUGAUGUCGUAUAAGCUGUACCCACGGCUGAAGGCGACGGAUCCGUUAUCC
GCUUGAGUACUUCGAGAAGCCUAGUAUUACCUUGGAAUCUUCGACGCGUUGCGCUCAGC
ACUCUACCCCGAGUGUAGCUUAGGUCGAUGAGUCUGGGCACGCCCCACCGGCGACGGUG
GCCCAGGCUGCGUUGGCGGCCUACCCAUGGCUAUCACCAUGGGACGCUAGUUGUGAACA
AGGUGUGAAGAGCCUAUUGAGCUACCCAAGAGUCCUCCGGCCCCUGAAUGCGGCUAAUC
CUAACCACGGAGCAAGUGUCCUCAACCCAGGGGAUGGCUUGUCGUAACGCGAAAGUCUG
UGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUAUGUAUGGCUGCUU
AUGGUGACAAUCAAAGGUUGUUACCAUAAAGCAAUUUGGAUUGGCCAUCCGGUGAGAAU
CAAACAUAUUAUCUACCUGUUUGUUGGGUUUUCUUCUUUUACUUGAACAAUACCUCUAA
UAAUAACUGCUAUAUUGUCAAUAAGACAUUAUCAUCACA

151 CVB1 UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUA
UCACGGUACCUUUGUGCGCCUGUUUUACAUCCCCUCCCCAAAUUGUAAUUUAGAAGUUU
CACACACCGAUCAUUAGCAAGCGUGGCACACCAGCCAUGUUUUGAUCAAGCACUUCUGU
UACCCCGGACUGAGUAUCAAUAGACCGCUAACGCGGUUGAAGGAGAAAACGUUCGUUAC
CCGGCCAACUACUUCGAAAAACCUAGUAACACCAUGGAAGUUGCGGAGUGUUUCGCUCA
GCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCGUUCCCCACGGGCGACCGUGG
CGGUGGCUGCGUUGGCGGCCUGCCUACGGGGAAACCCGUAGGACGCUCUAAUACAGACA
UGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAAUCCUCCGGCCCCUGAAUGCGGCUAAUC
CUAACUGCGGAGCACAUACCCUCAAACCAGGGGGCAGUGUGUCGUAACGGGCAACUCUG
CAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUA
UGGUGACAAUUGACAGGUUGUUACCAUAUAGUUAUUGGAUUGGCCAUCCGGUGACUAAC
AGAGCAAUUAUAUAUCUCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAAC
ACUACAUCUCAUCAUUAAACUAAAUACAACAAA

152 EchoVE1l | UUAAAACAGCCUGUGGGUUGUACCCACCCACAGGGCCCACUGGGCGCUAGCACUCUGGU
5 AUUACGGUACCCUUGUGCGCCUGUUUUAUAUACCCCGCCCCAAGCAAACGCUAGAUGUA
ACGCACUUAUGAUCAAUAGCAGGCGUGGCACUCCAGCCACGUUAUGAUCAAGCACUUCU
GUCUCCCCGGACCGAGUAUCAAUAGACUGCUCACGCGGUCGAAGGAGAAAACGUUCGUU
ACCCGACCAGCUACUUCGAGAAACCUAGUAACUCCAUGGAGGUUGCAGAGUGUUUCGUU
CAGCACUUCCCCCGUGUAGAUCAGGCUGAUGAGUCACCGCGUUCCUCACGGGCGACCGU
GGCGGUGGCUGCGUUGGCGGCCUGCCUAUGGGUAUACCCAUAGGACGCUCUAAUACUGA
CAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAA
UCCUAACUGCGGAGCACAUACCCCCAACCCAGGGGGCAGUGUGUCGUAACGGGUAACUC
UGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUUACAUUGGCUGCU
UAUGGUGACAAUUGAGAGAUUGUUACCAUAUAGCUAUUGGAUUGGCCAUCCAGUGACUA
ACAGAGCUAUUAUUUACCUUUUUGUUGGCUUCGUAUCACUUGGUUUAAAAGAGGUUAGU
ACUUUAUAUUGCAUUAUAUUACUAAACACGAGAAA

153 EchoVil UUAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGCGUUAGCACACUGGU
AUCACGGUACCUUUGUGCGCCUGUUUUAUACUCCCCCCCCUAAGGAAACUUUAGAAGCA
AAGCAAUUGUGAUCAAUAGUGGGUAUGGCACACCAGUCAUAUCUUGAUCAAGCACUUCU
GUUCCCCCGGACUUAGUACCAAUAGACUGCUCAAGCGGUUGAAGGGGAAAACGUUCGUU
AUCCGGCCAACUACUUCGAGAAACCUAGUAGCACCAUGAAAGUUGCGGAGUGUUUCGCU
CAGCACUUCCCCCGUGUAGAUCAGGCUGAUGAGUCACCGUAUUCCCCACGGGCGACCGU
GACGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGUAACCCAUGGGACGCUCUAAAACAGA
CACGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCCAA
UCCUAACUGCGGAGCACAUACUCCCAAUCCAGGGAGCAGUGUGUCGUAAUGGGUAACUC
UGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUCUCACAUUGACUGCU
UAUGGUGACAAUUGAAAGAUUGUUACCAUAUAGCUAUUGGAUUGGUCAUCCGGUGAGCA
AUAGAGCUAUUGUUUAUCAAUUUGUUGGAUUUGUACCACUCAACUUUUCUGUUUUGAGA
ACACUCAACUACAUCUUACUGCUAAACACAUCAAA

154 EVD94 UUAAAACAGCCUGUGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACUCUGG
UAUCACGGUACCUUUGUACGCCUGUUUUAUAUCCCCUUCCCCCGCAACUUAGAAGAAAA
CAAAUCAAGUUCACUAGGAGGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGU

64




WO 2025/111280 PCT/US2024/056551

UUCCCCGGUGAUGUCGUAUAGACUGUAACCACGGUUGAAAACGAUUGAUCCGUUAUCCG
CUCUUGUACUUCGAAAAGCCCAGUAUCACCUUGGAAUCUUCGAUGCGUUGCGCUCAGCA
CUCAACCCCAGAGUGUAGCUUAGGUCGAUGAGUCUGGACACUCCUCACCGGCGACGGUG
GUCCAGGCUGCGUUGGCGGCCUACCUGUGGUCCAAAGCCACAGGACGCUAGUUGUGAAC
AAGGUGUGAAGAGCCUAUUGAGCUACAAGAGAAUCCUCCGGCCCCUGAAUGCGGCUAAU
CCUAACCACGGAGCAAGGGUACACAAACCAGUGUAUAUCUUGUCGUAACGCGCAAGUCU
GUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUGUUUUUAUCAUGGCUGCUU
AUGGUGACAAUCUAAGAUUGUUAUCAUAUAGCUGUUGGAUUGGCCAUCCGGUAAUUUAU
UGAGAUUUGAGCAUUUGCUUGUUUCUUCAACAAUUUCACCUAUUCAUUGCAUUUCAGCA
GUCAAA

155

PVl

UUAAAACAGCUCUGGGGUUGUACCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCCGG
UAUUGCGGUACCCUUGUACGCCUGUUUUAUACUCCCUUCCCGUAACUUAGACGCACAAA
ACCAAGUUCAAUAGAAGGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGUUUC
CCCGGUGAUGUCGUAUAGACUGCUUGCGUGGUUGAAAGCGACGGAUCCGUUAUCCGCUU
AUGUACUUCGAGAAGCCCAGUACCACCUCGGAAUCUUCGAUGCGUUGCGCUCAGCACUC
AACCCCAGAGUGUAGCUUAGGCUGAUGAGUCUGGACAUCCCUCACCGGUGACGGUGGUC
CAGGCUGCGUUGGCGGCCUACCUAUGGCUAACGCCAUGGGACGCUAGUUGUGAACAAGG
UGUGAAGAGCCUAUUGAGCUACAUAAGAAUCCUCCGGCCCCUGAAUGCGGCUAAUCCCA
ACCUCGGAGCAGGUGGUCACAAACCAGUGAUUGGCCUGUCGUAACGCGCAAGUCCGUGG
CGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUAUUGUGGCUGCUUAUGGU
GACAAUCACAGAUUGUUAUCAUAAAGCGAAUUGGAUUGGCCAUCCGGUGAAAGUGAGAC
UCAUUAUCUAUCUGUUUGCUGGAUCCGCUCCAUUGAGUGUGUUUACUCUAAGUACAAUU
UCAACAGUUAUUUCAAUCAGACAAUUGUAUCACC

156

Pv2

UUAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCCAGUACACUGG
UAUCGCGGUACCUUUGUACGCCUGUUUUAUACUCCCUUCCCCCGUAACUUAGAAGCACA
ACGUCCAAGUUCAAUAGAAGGGGGUACAAACCAGUACCACCACGAACAAGCACUUCUGU
UCCCCCGGUGAGGCUGUAUAGGCUGUUUCCACGGCUAAAAGCGGCUGAUCCGUUAUCCG
CUCAUGUACUUCGAGAAGCCUAGUAUCACCUUGGAAUCUUCGAUGCGUUGCGCUCAACA
CUCAACCCCAGAGUGUAGCUUAGGUCGAUGAGUCUGGACGUUCCUCACCGGCGACGGUG
GUCCAGGCUGCGUUGGCGGCCUACCUGUGGCCCAAAGCCACAGGACGCUAGUUGUGAAC
AAGGUGUGAAGAGCCUAUUGAGCUACCUGAGAGUCCUCCGGCCCCUGAAUGCGGCUAAU
CCUAACCACGGAGCAGGCAGUGGCAAUCCAGCGACCAGCCUGUCGUAACGCGCAAGUUC
GUGGCGGAACCGACUACUUUGGGUGUCCGUGUUUCCUUUUAUUUUUACAAUGGCUGCUU
AUGGUGACAAUUAUUGAUAGUUAUCAUAAAGCAAAUUGGAUUGGCCAUCCGGUGAGAAU
UUGAUUAUUAAAUUACUCUCUUGUUGGGAUUGCUCCUUUGAAAUCCUGUGCACUCACAC
CUAUUGGAAUUACCUCAUUGUUGAGAUAUUAUUACCACU

157

CVA24

uuaaaacagcucugggguuguucccaccccagaggecacacguggeggaecaguacuccgyg
uauugcgguacccuuguacgecuguuuuacacucccuucccegguaacuuagaaguaaa
caaaccaaguucaauvagaaggggguacaaaccaguaccaccacgaacaagcacuucugu
uucccecggugacguuguauagacuguacccacgguugaaaacaacugauccguuaucceyg
cucuuguacuucgagaagcccaguaucaccuuggaaucuucgaugeguugegaucagea
cucaaccccagaguguagcuuaggucgaugagucuggacaauccucaccggegacggug
guccaggcougcguuggaggoouaccuguggaeccaaagecacaggacgcuaguugugaac
aaggugugaagagccuauugagcuacgagagaguccuccggeacccugaaugeggouaau
cccaaccacggagcaggugaucacaagocagugauuagecugucguaacgegcaagucu
guggcggaaccgacuacuuuggguguccguguuuccuuuauuuuauuauggcugouuau
ggugacaaucacagauuguuaucauvaaagcgacuuggauuggccauccagugaaaauaa
aacacaucauuuaccugauuguuggauuuacuccgcugacuaucuacucaccaggucuu
auuaagguuauucuguugauuaggucacaauuucaca

158

CVB6

uuaaaacagccuguggguuguacccacccacagggeccacugggegouagecacucuggu
auugcgguaccuuugugcgecuguuuuacccacccucccacaacguaacuuagaagecu
gacauauacggucacaagccagcccaguacgccaacuggguaccgaccaagecacuucug
uuaccccggacugaguaucaauaagcugccaaageggcugaaggagaaaacguucguua
ccecggccaauuacuucgagaaacccaguaacaccaugaaaguugcguageguuucauud
agcacaaucccaguguagaucaggucgaugagucaccgcauuccccacaggegacugug
gcgguggougeguuggeggecugoccauggggcaaacccaugggacgouucaauacuga
cauggugcgaagagucuauugagcuaauugguaguccuccggaecccugaaugaeggouaa
uccuaacugcggagcaggcacucgcagaccagegagcagcuugucguaaugggecaacuc
cgcagcggaaccgacuacuuuggguguccguguuuccuauuuccuuuacacuggeugou
uauggugacaauugagaaauuguuaccauauagcuauuggaguggecauccggugacua
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acagagcaauaauauauuuguuuguuggcuuugugccacuuaauuugaagguuguuaag
acgcucaaucugauacuacuucuaaauvaaagcaaa

159 EV89 uuaaaacagccucuggguugcacccacccacagggcccacugggcgcuagcacacuggu
aucacgguaccuuugugcgecuguuuuauacacccucccecccuuguaacuuagaagaaa
caaacaaacgaucaauaguaggcuuagcacuccagcuaagucucgaucaagcacuucug
uyaccccggaccgaguaucaauaggcuguacccacggcugaaagagaaaacguucguua
cccggcuaucuacuucgggaaacccaguaccaucaugaagauugcaaageguuucgaouc
agcacaaccccaguguagaucaggucgaugagucacugcauuccccacaggegacugug
gcaguggcugcguuggcggcecugcecuauggggaaacccauaggacgcuuuaauauugac
auggugcgaagagucuacugagcuagguaguaguccuccggccccugaaugeggcuaau
cccaaccacggagcaggcegcucacacuccagugaguagcuugucguaaugegaaagucu
guggcggaaccgacuacuuuggguguccguguuuccuuuuauuuuuaucauggacugaeuu
auggugacaaucuaagauuguuaucauauagcuauuggauuggccauccggugaauucu
agagauauuauuuacuuguuuguugguuuuaccacauuaaacauuaccaauuacagaac
ucuccucuacauccuguuauugaauaauagaaagagaaa

160 EV91 uuaaacagcucuaggguuguucccacccuagaggeccacguggcggcuagcacucuggu
aucacgguaccuuugugcgceccuguuuuauaucccuuucceccauguaacuuagaaguuau
uaaacaaaguucaauagaaggggguacaaaccagugccaccacgaacaagcacuucugu
uuccccggugaagcuguauagacugucuccacgguugaaaauggcagauccguuacceyg
cuuugguacuucgagaaaccuaguaucaccuuggaaucuucgaugcguugegecucagea
cucaaccccagaguguagcuuaggucgaugagucuggacgauccucacuggugacagug
guccaggcugcguuggaggecuaccuguggugaaaaccacaggacgcuaguugugaaca
aggugugaagagucuauugagcuaccaaagaguccuccggcecccugaaugeggcuaauc
cuaaccacggagcaagugccuucaaaccaguagguagcuugucguaacgegcaagucuyg
uggcggaaccgacuacuuuggguguccguguuuccuuuuauuuuaucauggeugcuuau
ggugacaaucuaagauuguuaucauauagcuauuggauuggccauccggugacuaacag
agaucucauauaccuuuuuguugguuuuacuaaauuaaauauuaccacguucaagacac
uucuccuuaucauacaacuaaauagugagaagagaaa

161 EVJ108 uuaaaauagccucaggguuguucccacccugagggeccacguggeguaguacucuggua
uuacgguaccuuuguacgccuauuuuacccccuuccecuuguaacuuagaageaaagea
aaccaguucaauaguaagcaacacaacccaguguugugacgaacaaguacuucuguuuc
ccecgggagggucugacgguaagouguacccacggcugaaguaugaccuaccguuaaccg
gcuaccuacuucgagaagucuaguaauaccauugaaguuuuguuggeguuacgoucaac
acacuaccccoguguguaguuuuggcugaugagucacggecauuccecacgggegacagug
gccoguggougeguugeggocaaccaaggggoegcaagouccuuggacgucacuuaacaga
cauggugugaagaaccuauugagcuagguaguaguccuccggecccugaaugeggocuaa
uccuaacuccggagcacaucagugcaacccagcauuugguguguuguaauacgcaaguc
uggagcggaaccgacuacuuuggguguccguguuuccuguuuuaccuuauuuggeugeu
uauggugacaauuugauauuguuaccauauagcuguuggauuggccauccggauuuuug
aaagagacccaaaacuuucuucucuacuucagauucaagugcgaaguuuuccuuuucau
auauuacuuacuaauuugaaguaccaaag

162 EV87 uuaaaacagccuguggguuguucceacccacagggeccacugggcgocuagecacacuggu
aucacgguacccuugugegecuguuuuauacacccuuccccuacugugacuuagaagea
aaacaaugaugaccaauagcaagcgcagcacuccagcuguguuucggucaagcacuucu
guuuccecggacugaguaucaauaggccacucacguggecgaaggagaaaacguccguu
acceggecaauuacuucgagaaacccaguaacaccauagagguugegecageguuucgeu
ccgcacucccoccaguguagaucaggucgaugagucaccgeguuccccacgggegaccgu
ggcgguggcugcguuggeggecugeccaugggguaacccaugggacgouucaauacuga
cauggugcgaagagucuauugagcuaauugguaguccuccggecccugaaugeggeuaa
uccuaacugcggagcagauacccacgcuccagugggcagucugucguaacggguaacuc
ugcagcggaaccgacuacuuuggguguccguguuuccuuuuauuculauauuggcugcu
uauggugacaauugaaagauuguuaccauauagcuauuggauuggecauccggugucua
auagagcaauuauauuccuguuuguugguuuuauaccacugaauaucacaguuuacaag
acccoucaauuacauccuacguuuaaacaagacaaa

163 EchoV31l | uuaaaacagccuguggguuguucccacccacagggeccaugggegacuagcacacuggua
ucgugguaccuuugugcegecuguuuuauacacccuccccauuuguaacuuagaaguaaa
gcaauauugaucaauagcaagcauggcacaccagccguguucagaucaagcacuucugu
aacccceggacugaguaucaauaggcugecaaagcggcugaaggagaaaacguucguuaa
ccggccaacuacuucgagaageccaguaucaccaugaaaguugcagageguuucgeuca
gcacuccccoccguguagauuaggucgaugagucaccgcaucccoccacaggegacugugg
cgguggcugeguuggcggaecuaccuacggggcaacccguaggacgocucuaauacagaca
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uggugagaagagccuauugagcuaguugguaguccuccggecccugaaugeggauaauc
cuaacugcggagcaugugcucgcaauccagcgagaggcaugucguaacgggcaacucug
cagcggaaccgacuacuuuggguguccguguuuccuuuuauuccuuguuuggeugeuua
uggugacaauugaaagauuguugccauauagcuauugggucggecaccugguaucuaac
agagcaauuauuuacuuguuuguugguuuuguacccuuaaaucucaagguucuugaaac
ccuuaacuacacauugaaacucaauucauugaa

164 EV6S uuaaaacagcucugggguuguucccacucaagggeccacguggeggcuaguacucuggu
aucucgguaccuuuguacgccuguuuuaauucccuccccaacguaacuuagaageuuuu
aaaccaaagcucaauagguggagcgcaaaccagecgcucuuaugagcaagcacuucugudc
uccecggugugguuguauagacuguccccacgguugaaaacaacuuauccguuaacege
uauaguacuucgagaaaccuaguauugccuucggaguguugaugeguugegeucageac
acuaacccguguguagcuugggucgaugagucuggacguaccccacuggegacaguggu
ccaggcugcguuggcggocuacucauggugaaaaccaugagacgcuagacaugaacaag
gugugaagagucuauugagcugcuauagaguccuccggecccugaaugeggcuaauccu
aaccauggagcaagugcucacaaaccagugaguuacuugucguaacgegcaagucegug
gcggaaccgacuacuuuggguguccguguuucacuuuuuacuuuuaugacugouaaugy
ugacaauuuaauauuguuaccauuuggcuugucgaauugaucacauaagaucuauaguu
uuguucacugauuugcuuugaaauaaucucaccucaaaaccuccaguacauaacauuua
aagaguuuaaacuuauuuauaaca

165 EV92 uuuaaaacagccuguggguuguacccacccacagggeccacgeggeguuaguacucugy
uaucacgguaccuuuguaugccuguuuuaucuccouucecceguaacguuagaagaaug
aacaaaagacaauuagcaaauccaccaacccagguggguuuucgucaageacuucuguu
uccecggaccuaguaccaauaagcugugeccacggougaaggggaaaacguucguuauc
cggcuaccuacuucgagaagccuaguaccaccaaugauugucucaaguguuacgoucag
cacaaccccaguguaguucaggucgaugagucaccgaauuccccacgggegaceguguc
gguggcugcguuggcggecugacugcgaguuucacucgecaggacgouugauucaugaca
uggugcgaagagccuauugagouaggcaguaguccuccggecccugaaugaeggeuaauc
cuaaccacggagccaugogucacaaaccaguggegucauggucguaacgagecaauucug
uggcggaaccgacuacuuuggguguccguguuuccuguuuuauuuaccuuggougeuua
uggugacaaucuagaguugucaucauauagcgauuggauuggecauccggavauuacuu
ugugugauuuaucucuugcucguaagcaauuuuaaauaguuuauagcaucauu

166 EVG2 cuaaaacagccugcggguuguaccogeccgeagggeccacugggegouaguacucuggu
acgcuaguacacuagcacguuagugcuuuuguacgecaguaccuuuguacgecuguuuu
auuuucccuuccccacauguaacuuuagaaguuuagaaacaaacaaugaccaauaggag
uccagcauccaguuggauugeggucaaguacuucuguuuccecggaccuaguagugaua
ggcuguacccacggccgaagaugaaccocguccguuauccggouaccuacuucgggaage
cuaguaacauucugaagucucugaggcguuucgcucagecacgaccecgguguagaucgg
gougaugggucuccgcauaccccacgggugaccguggeggaggecgeguuggeggecayg
ccuauggcgaaagccauvaggacgecucuuagaugacagggugugaagagecuacugage
uggguaguaguccuccggcecocugaaugcggcuaauccuaaccacggageguccaccegyg
caaaccggucgggagggcgucguaacggguaacucuguggeggaaccgacuacuuuggyg
uguccguguuuccuuuugauccuauuuuggcugcuuauggugacaacgauvaaguuguua
ucauaaagcuuuuggguuggcecaccuggaaaaaguuaucaguguuugauauuguucgge
ucucacgccuuccaacaaaacaggccuuacuucuuuuaauugcauuuuauccaucggag
guuauuacagauuuccaucugaagcuucuucucacaguagcaguaaa

167 CVA2 uuaaaacagccuguggguugcacccacccacagggeccacugggegeuagecacucuggu
aucacgauaccuuugugcgccuguuuuauauccccaccccgaguaaacguuagaaguua
cgcaacccecgaucaauaguagguguagcacuccagocugcaucgagaucaagecacuucug
ucucceeoggaccgaguaucaauagacugcuaacgegguugaaggagaaaacguucguua
cceggecaauuacuucgagaageccaguagugecgugaaaguugeggaguguuucgeuc
agcacuuccccecoguguagaucaggcugaugagucaccgegauccccacaggugacugug
gocgguggceugeguuggeggecugecuauggggcaacccauaggacgocucuaauacagac
auggugcgaagagccuauugagcuaauugguaguccuccggecccugaaugeggeuaau
ccuaacugcggagcacaugceccucaaaccaggggguggugugucguaacggguaacucu
gcagcggaaccgacuacuuuggguguccguguuucuuiuulauucuuauaauggcugeuu
auggugacaauuaaagaauuguuaccauauagcuauuggauuggecauccggugacuaa
caaaucgcucauauaccaguuuguugguuuuguuccculaucacauacagcucauvaaca
cccucuuauvauuuacuacaauugaauvagcaagaa

168 CVA6 uuaaaacagccuguggguugcacccacucacagggeccacugggegocuagecacacugau
uucccggaauccuugugegecuguuuuauauccccucceccaugegcaacuuagaagea
aucuacaccuucgaucaauagcaggcguggcgegecagccaugucuagaucaagecacuu
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cuguuuccccggacugaguaucaauaaacugcucacgegguugaaggagaaaauguucg
uuacccggcuaacuacuucgagaaaccuaguagcaccaugaaaauugcagagoeguuucy
cucagcgcuucceccgaguagaucaggcugaugagucacugcauuccucacgggegace
guggcaguggcugceguuggeggeccugeccaugggguaacccaugggacgecucuaauaug
gacauggugugaagagucuauugagcuaguuaguaguccuccggeaccugaaugeggeu
aauccuaacugcggagcacauacccccaaaccagggggcggugugucguaacgggeaac
ucugcagceggaaccgacuacuuuggguguccguguuuccuuuuauucuuaulauuggeuy
cuuauggugacaauugaaagauuguuaccauvauvagcuauuggauuggecauccggugaa
uaacagagccuugauauaccuuuuuguaggguuuauaccacuuacucuucgcguuguuy
agacucuaaaguacauucuaaucuugaacacuagaaa

[0224] In some aspects, inclusion of an IRES permits the translation of one or more open
reading frames from a circular RNA (e.g, open reading frames comprised in the exonic sequences).
The IRES element attracts a eukaryotic ribosomal translation initiation complex and promotes
translation initiation. See, e.g., Kaufman et al., Nuc. Acids Res. (1991) 19:4485-4490; Gurtu et al .,
Biochem. Biophys. Res. Comm. (1996) 229:295-298; Rees et al., BioTechniques (1996) 20: 102-
110; Kobayashi et al., BioTechniques (1996) 21:399-402; and Mosser et ah, BioTechniques
199722 150-161). A multitude of IRES sequences are available and include sequences derived
from a wide variety of viruses, such as from leader sequences of picornaviruses such as the
encephalomyocarditis virus (EMCV) UTR (Jang et al, J. Virol. (1989) 63: 1651-1660), the polio
leader sequence, the hepatitis A virus leader, the hepatitis C virus IRES, human rhinovirus type 2
IRES (Dobrikova et al., Proc. Natl. Acad. Sci. (2003) 100(25): 15125- 15130), an IRES element
from the foot and mouth disease virus (Ramesh et al., Nucl. Acid Res. (1996) 24:2697-2700), a
giardiavirus IRES (Garlapati et al., J. Biol. Chem. (2004) 279(5):3389-3397), and the like.

[0225] In some aspects, the IRES is an IRES sequence of Taura syndrome virus, Triatoma
virus, Theiler's encephalomyelitis virus, Simian Virus 40, Solenopsis invicta virus 1,
Rhopalosiphum padi virus, Reticuloendotheliosis virus, Human poliovirus 1, Plautia stall intestine
virus, Kashmir bee virus, Human rhinovirus 2, Homalodisca coagulata virus- 1, Human
Immunodeficiency Virus type 1, , Himetobi P virus, Hepatitis C virus, Hepatitis A virus, Hepatitis
GB virus , Foot and mouth disease virus, Human enterovirus 71, Equine rhinitis virus, Ectropis
obliqua picorna-like virus, Encephalomyocarditis virus, Drosophila C Virus, Human
coxsackievirus B3, Crucifer tobamovirus, Cricket paralysis virus, Bovine viral diarrhea virus 1,
Black Queen Cell Virus, Aphid lethal paralysis virus, Avian encephalomyelitis virus, Acute bee
paralysis virus, Hibiscus chlorotic ringspot virus, Classical swine fever virus, Human FGF2,
Human SFTPAI1, Human AML1/RUNXI, Drosophila antennapedia, Human AQP4, Human
ATIR, Human BAG-1, Human BCL2, Human BiP, Human ¢-IAPl, Human c-myc, Human elF4G,
Mouse NDST4L, Human LEF1, Mouse HIFI alpha, Human n.myc, Mouse Gtx, Human p27kipl,

Human PDGF2/c-sis, Human p53, Human Pim-1, Mouse Rbm3, Drosophila reaper, Canine
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Scamper, Drosophila Ubx, Human UNR, Mouse UtrA, Human VEGF-A, Human XIAP,
Drosophila hairless, S. cerevisiae TFIID, S. cerevisiae YAPI, tobacco etch virus, turnip crinkle
virus, EMCV-A, EMCV-B, EMCV-Bf, EMCV-Cf, EMCV pEC9, Picobirnavirus, HCV QC64,
Human Cosavirus E/D, Human Cosavirus F, Human Cosavirus JMY, Rhinovirus NATO001,
HRV14, HRV89, HRVC-02, HRV-A21, Salivirus A SHI, Salivirus FHB, Salivirus NG-J1, Human
Parechovirus 1, Crohivirus B, Yc-3, Rosavirus M-7, Shanbavirus A, Pasivirus A, Pasivirus A2,
Echovirus E14, Human Parechovirus 5, Aichi Virus, Hepatitis A Virus HA 16, Phopivirus, CVA10,
Enterovirus C, Enterovirus D, Enterovirus J, Human Pegivirus 2, GBV-C GT110, GBV-C K1737,
GBV-C Iowa, Pegivirus A 1220, Pasivirus A 3, Sapelovirus, Rosavirus B, Bakunsa Virus,
Tremovirus A, Swine Pasivirus 1, PLV-CHN, Pasivirus A, Sicinivirus, Hepacivirus K, Hepacivirus
A, BVDVI, Border Disease Virus, BVDV2, CSFV-PK15C, SF573 Dicistrovirus, Hubei Picorna-
like Virus, CRPV, Salivirus A BNS5, Salivirus A BN2, Salivirus A 02394, Salivirus A GUT,
Salivirus A CH, Salivirus A SZ1, Salivirus FHB, CVB3, CVBI, Echovirus 7, CVB5, EVATI,
CVA3, CVAI12, EV24 or an aptamer to elF4G.

1I.B.S. UTRs and Kozak Sequence

[0226] In some aspects, genetic constructs disclosed herein further comprises a UTR. For
example, in some aspects, a pre-circRNA or circRNA produced as disclosed herein comprises a
payload sequence, wherein the payload sequence comprises a UTR. In some aspects, the UTR is a
5'-UTR. In some aspects, the UTR is a 3'-UTR. In some aspects, the UTR comprises both a 5'-UTR
and a 3'-UTR.

[0227] Untranslated regions (UTRs) of a gene are transcribed but not translated. The 5'-
UTR starts at the transcription start site and continues to the start codon but does not include the
start codon; whereas, the 3'-UTR starts immediately following the stop codon and continues until
the transcriptional termination signal. There is growing body of evidence about the regulatory roles
played by the UTRs in terms of stability of the nucleic acid molecule and translation. Accordingly,
where a pre-circRNA or circRNA produced as disclosed herein comprises a UTR, the stability of
the payload sequence is increased, e.g., as compared to a sequence without the UTR. As described
herein, in some aspects, increased stability results in increased expression of the encoded protein.
Natural 5'-UTRs bear features which play roles in translation initiation. They harbor signatures
like Kozak sequences which are commonly known to be involved in the process by which the
ribosome initiates translation of many genes. Kozak sequences have the consensus

CCR(A/G)CCAUGG, where R is a purine (adenine or guanine) three bases upstream of the start
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codon (AUG), which is followed by another 'G'. 5'-UTR also have been known to form secondary
structures which are involved in elongation factor binding.

[0228] 5’-UTR secondary structures involved in elongation factor binding can interact with
other RNA binding molecules in the 5'-UTR or 3'-UTR to regulate gene expression. For example,
the elongation factor EIF4A2 binding to a secondarily structured element in the 5'-UTR is
necessary for microRNA mediated repression (Meijer H A et al., Science, 2013, 340, 82-85, herein
incorporated by reference in its entirety). The different secondary structures in the 5'-UTR can be
incorporated into the flanking region to either stabilize or selectively destabilize mRNAs in specific
tissues or cells.

[0229] By engineering the features typically found in abundantly expressed genes of
specific target organs, one can enhance the stability and protein production of a nucleic acid
sequence (e.g., payload sequence of a synthetic circuit provided herein). For example, introduction
of 5'-UTR of liver-expressed mRNA, such as albumin, serum amyloid A, Apolipoprotein A/B/E,
transferrin, alpha fetoprotein, erythropoietin, or Factor VIII, could be used to enhance expression
of a nucleic acid molecule, such as a mRNA, in hepatic cell lines or liver. Likewise, use of 5'-UTR
from other tissue-specific mRNA to improve expression in that tissue is possible—for muscle
(MyoD, Myosin, Myoglobin, Myogenin, Herculin), for endothelial cells (Tie-1, CD36), for
myeloid cells (C/EBP, AML1, G-CSF, GM-CSF, CD11b, MSR, Fr-1, i-NOS), for leukocytes
(CD45, CD18), for adipose tissue (CD36, GLUT4, ACRP30, adiponectin) and for lung epithelial
cells (SP-A/B/C/D).

[0230] Other non-UTR sequences can also be incorporated into the UTRs (e.g., 5'-UTR
and/or 3'-UTR). For example, introns or portions of introns sequences can be incorporated into the
flanking regions of a nucleic acid sequence (e.g., payload sequence of a synthetic circuit provided
herein).

[0231] In some aspects, one or more nucleotides within a UTR (e.g., 5'-UTR and/or 3'-
UTR) can be mutated, replaced and/or removed. For example, one or more nucleotides upstream
of the start codon can be replaced with another nucleotide. The nucleotide or nucleotides to be
replaced canbe 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,
30, 35, 40, 45, 50, 55, 60 or more than 60 nucleotides upstream of the start codon. As another
example, one or more nucleotides upstream of the start codon can be removed from the UTR. In
some aspects, the genetic constructs disclosed herein comprise a Kozak sequence.

[0232] 3'-UTRs are known to have stretches of adenosines and uridines embedded in them.

These AU rich signatures are particularly prevalent in genes with high rates of turnover. Based on
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their sequence features and functional properties, the AU rich elements (AREs) can be separated
into three classes (Chen et al, 1995): Class I AREs contain several dispersed copies of an AUUUA
motif within U-rich regions. C-Myc and MyoD contain class I AREs. Class II AREs possess two
or more overlapping UUAUUUA(U/A)(U/A) nonamers. Molecules containing this type of AREs
include GM-CSF and TNF-a. Class III ARES are less well defined. These U rich regions do not
contain an AUUUA motif. ¢c-Jun and Myogenin are two well-studied examples of this class. Most
proteins binding to the AREs are known to destabilize the messenger, whereas members of the
ELAYV family, most notably HuR, have been documented to increase the stability of mRNA. HuR
binds to AREs of all the three classes. Engineering the HuR specific binding sites into the 3'-UTR
of nucleic acid molecules can lead to HuR binding and thus, stabilization of the message in vivo.
[0233] In some aspects, introduction, removal, or modification of 3'-UTR AU rich
elements (AREs) can be used to modulate the stability of a nucleic acid sequence. When
engineering specific genetic constructs disclosed herein, one or more copies of an ARE can be
introduced to make the nucleic acid sequence less stable and thereby curtail translation and
decrease production of the resultant protein. Likewise, AREs can be identified and removed or
mutated to increase the intracellular stability and thus increase translation and production of the
resultant protein.

[0234] In some aspects, the genetic constructs disclosed herein comprise a3” UTR. In some
embodiments, the 3' UTR is from human beta globin, human alpha globin Xenopus beta globin,
Xenopus alpha globin, human prolactin, human GAP-43, human eEFlal, human Tau, human TNFq,
dengue virus, hantavirus small mRNA, bunyavirus small mRNA, turnip yellow mosaic virus,
hepatitis C virus, rubella virus, tobacco mosaic virus, human IL-8, human actin, human GAPDH,
human tubulin, hibiscus chlorotic ringspot virus, woodchuck hepatitis virus post translationally
regulated element, sindbis virus, turnip crinkle virus, tobacco etch virus, or Venezuelan equine
encephalitis virus.

[0235] In some aspects, the genetic constructs disclosed herein comprise a 5> UTR. In some
embodiments, the 5' UTR is from human beta globin, Xenopus laevis beta globin, human alpha
globin, Xenopus laevis alpha globin, rubella virus, tobacco mosaic virus, mouse Gtx, dengue virus,
heat shock protein 70kDa protein 1 A, tobacco alcohol dehydrogenase, tobacco etch virus, turnip

crinkle virus, or the adenovirus tripartite leader.
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1.B.9. Spacers

[0236] In some aspects, the genetic constructs disclosed herein comprise a spacer sequence.
In some aspects, the genetic constructs disclosed herein comprise a spacer sequence having at least
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identity with a
nucleotide sequence of SEQ ID NOs: 74-75 or 78-79. In some aspects, the genetic constructs
disclosed herein comprise a spacer consisting of a nucleotide sequence of SEQ ID NOs: 74-75 or
78-79.

[0237] Non-limiting examples of spacer sequences that are useful for the present genetic
constructs are shown in Table 9.

Table 9. Exemplary spacers

SEQ DESCRIPTION SEQUENCE

ID NO

74 5' spacer (all) AAAATCCGTTGACCTTAAACGETCGTGTGGGTTCAAGTCCCTCCACCC
DNA CCACGCCGGAAACGCAATAGCCG

75 3' spacer (all) GGCTATTATGCGTTACCGGCGAGACGCTACGGA
DNA

78 5' spacer (all) AAAAUCCGUUGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCC
RNA CCACGCCGGAAACGCAAUAGCCG

79 3' spacer (all) GGCUAUUAUGCGUUACCGGCGAGACGCUACGGA
RNA

[0238] In some aspects, the genetic constructs disclosed herein comprise a first (5”) and/or

a second (3’) spacer. In some aspects, including a spacer between the 3’ intron fragment and the
IRES may conserve secondary structures in those regions by preventing them from interacting,
thus increasing splicing efficiency. In some aspects, the first (between 3’ group fragment and IRES)
and second (between the expression sequence and 5’ intron fragment) spacers comprise additional
base pairing regions that are predicted to base pair with each other and not to the first and second
duplex forming regions. In some aspects, such spacer base pairing brings the intron fragments in
close proximity to each other, further increasing splicing efficiency. In some aspects, the
combination of base pairing between the first and second duplex forming regions, and separately,
base pairing between the first and second spacers, promotes the formation of a splicing bubble
containing the intron fragments flanked by adjacent regions of base pairing. In some aspects, a
spacer is a contiguous sequence with one or more of the following qualities: 1) predicted to avoid
interfering with proximal structures, for example, the IRES, expression sequence, or intron; 2) is
at least 7 nt long and no longer than 100 nt; 3) is located after and adjacent to the 3’ intron fragment
and/or before and adjacent to the 5° intron fragment; and 4) contains one or more of the following:
a) an unstructured region at least 5 nt long, b) a region of base pairing at least 5 nt long to a distal

sequence, including another spacer, and c) a structured region at least 7 nt long limited in scope to
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the sequence of the spacer. Spacers may have several regions, including an unstructured region, a
base pairing region, a hairpin/structured region, and combinations thereof. In some aspects, the
spacer has a structured region with high GC content. In some aspects, a region within a spacer base
pairs with another region within the same spacer. In some aspects, a region within a spacer base
pairs with a region within another spacer. In some aspects, a spacer comprises one or more hairpin
structures. In some aspects, a spacer comprises one or more hairpin structures with a stem of 4 to
12 nucleotides and a loop of 2 to 10 nucleotides. In some aspects, there is an additional spacer
between the 3’ intron fragment and the IRES. In some aspects, this additional spacer prevents the
structured regions of the IRES from interfering with the folding of the 3” intron fragment or reduces
the extent to which this occurs. In some aspects, the 5’ spacer sequence is at least 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 25 or 30 nucleotides in length. In some aspects, the 5’ spacer
sequence is no more than 100, 90, 80, 70, 60, 50, 45, 40, 35 or 30 nucleotides in length. In some
aspects the 5’ spacer sequence is between 5 and 50, 10 and 50, 20 and 50, 20 and 40, and/or 25 and
35 nucleotides in length. In some aspects, the 5 spacer sequence is 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 or 50 nucleotides in length. In some aspects, the 5’ spacer sequence is a
polyA sequence. In some aspects, the 5° spacer sequence is a poly AC sequence. In some aspects,
a spacer comprises about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100% poly AC
content. In some aspects, a spacer comprises about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, or 100% polypyrimidine (C/T or C/U) content.

ILB.10. Poly(A)

[0239] In some aspects, the genetic constructs disclosed herein further comprise a polyA
region. In some aspects, the polyA region is at least 15, 30, or 60 nucleotides long. In some aspects,
the poly A sequence is removed upon circularization. Thus, an oligonucleotide hybridizing with the
polyA sequence, such as a deoxythymine oligonucleotide (oligo(dT)) conjugated to a solid surface
(e.g., aresin), can be used to separate circular RNA from its precursor RNA. Other sequences can
also be disposed 5’ to the 3’ intron fragment or 3’ to the 5” intron fragment and a complementary
sequence can similarly be used for circular RNA purification. In some aspects, the polyA region
comprises a nucleotide sequence having at least 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identity with SEQ ID NOs: 85 or 86. In some aspects, the
polyA region consists of SEQ ID NOs: 85 or 86.
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[0240] Non-limiting examples of polyA region that are useful for the present genetic

constructs are shown in Table 10.

[0241] Table 10. Exemplary polyA regions
SEQ ID | DESCRIPTION SEQUENCE
NO
85 5! PolyAC AAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACA
86 3' PolyAC AAAAAACAAAAAACAAAAC
ILB.11 Excision Scars
[0242] In some aspects, the RNA or DNA genetic constructs disclosed herein further

comprise one or more nucleotide sequences derived from the organism from which the intronic or
the exonic sequences are derived. In some aspects, the one or more nucleotide sequences derived
from the organism from which the intronic or the exonic sequences are derived are intronic
sequences, exonic sequences, or any combination thereof. In some aspects, the one or more
nucleotide sequences derived from the organism from which the intronic or the exonic sequences
are derived are located in proximity of the splice sites. In some aspects, the one or more nucleotide
sequences derived from the organism from which the intronic or the exonic sequences are derived
are adjacent to the splice sites. In some aspects, the one or more nucleotide sequences derived from
the organism from which the intronic or the exonic sequences are derived are not excised from the
pre-circRNA during splicing. In these aspects, the one or more nucleotide sequences derived from
the organism from which the intronic or the exonic sequences are derived are also herein referred
to as pre-excision scars, when referring to those sequences as comprised in the pre-circRNAs or in
the DNA constructs from which the pre-circRNAs can be transcribed, and as excision scars when
referring to those sequences as comprised in the circRNAs.

[0243] In some aspects, the excision scar comprises a nucleotide sequence having at least
75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with
SEQ ID NOs: 80-81 or 82-83. In some aspects, the excision scar consists of SEQ ID NOs: 80-81
or 82-83.

[0244] Non-limiting examples of excision scars that are useful for the present genetic
constructs are shown in Table 11.

Table 11. Exemplary excision scars

SEQ ID DESCRIPTION SEQUENCE

NO

80 Excision scar 1 CTACCGTTTAATATTGCGTCAGGTAGTAAACTACTAACTACAA
(P3450) DNA CCTGCTGAAGCA

81 Excision scar 2 CAGAGATGTTTTCTTGGGT
(P3450) DNA
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82 Excision scar 1 CUACCGUUUAAUAUUGCGUCAGGUAGUAAACUACUAACUACAA
(P3450) RNA CCUGCUGAAGCA
83 Excigion scar 2 CAGAGAUGUUUUCUUGGGU
(P3450) RNA
II.B.12. Promoter
[0245] In some aspects, the RNA or DNA genetic constructs disclosed herein further

comprises a promoter. In some aspects, the promoter is removed upon circularization. In some
aspects the promoter is T7, T3, or SP6. In some aspects the promoter is a T7 promoter. In some
aspects, the promoter is a T3 promoter. In some aspects, the prmoter is a SP6 promoter. In some
aspects, the promoter comprises a nucleotide sequence having at least 75%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity with any one of SEQ ID NOs: 133-
138. In some aspects, the promoter consists of a nucleotide sequence of any one of SEQ ID NOs:
133-138.

[0246] Non-limiting examples of promoters that are useful for the present genetic
constructs are shown in Table 12.

Table 12. Exemplary promoters

SEQ ID NO | prgCcRIPTION SEQUENCE
133 T7 RNAP (DNA) TAATACGACTCACTATAG
134 SP6 RNAP (DNA) ATTTRAGTEACACTATAG
135 SP3 RNAP (DNA) AATTAACCCOTCACTAMAG
11.C Exemplary Constructs
[0247] Exemplary embodiments of the genetic constructs disclosed herein are described in

detail below. For simplicity, the exemplary genetic constructs are preferentially described with
reference to the RNA genetic constructs (i.e., pre-circRNAs). It is to be understood that the DNA
genetic constructs, from which such pre-circRNAs can be transcribed, are also to be considered as
encompassed by the following description. As such, for example, any RNA nucleotide sequence
reciting uracil (U) it is to be understood as encompassing a corresponding DNA nucleotide

sequence reciting thymine (T).

IL.C.1. Exemplary Genetic Construct A

[0248] In some aspects, the genetic constructs capable of forming circular RNAs disclosed
herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs can be
transcribed) comprise a formula of: 5'-P-H-A-3S-E-5S-B-H'-3', wherein: P comprises a promoter

(e.g., T7, T3, SP6, etc.), H comprises a 5' homology arm, A comprises a 3' intronic sequence, 3S
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comprises a 3' splice site, E comprises an exonic sequence (i.e., one or more exons or fragments
thereof), 5S comprises a 5' splice site, B comprises a 5' intronic sequence, H' comprises a 3'
homology arm, and wherein the promoter (P) is to be understood to be comprised in the DNA
genetic construct, but not in the RNA genetic construct. In some aspects, the 5' and 3’ intronic
sequences are reverse complement of one another.

[0249] In some aspects, the intronic sequence comprises a nucleotide sequence derived
from a group I intron. In some aspects, the group I intron comprises a nucleotide sequence having
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 1-5 or
6-10. In some aspects, the group I intron consists of SEQ ID NOs: 1-5 or 6-10.

[0250] In some aspects, the 5' intronic sequence comprises a nucleotide sequence derived
from a group I intron. In some aspects, the 5' intronic sequence comprises an internal guide site
(IGS). In some aspects, the 5' intronic sequence consists of an internal guide site (IGS). In some
aspects, the IGS comprises a nucleotide sequence of any one of CTTAA (or CUUAA), CCCTCT
(or CCCUCU), agT (or agU), CTT (or CUU), GGT (or GGU), TTGAG (or UUGAG), GGAGGG,
tttGet (or uuuGeu), CTGAG (or CUGAG) or GGCC. In some aspects, the internal guide sequence
comprises a nucleotide sequence of agT (or agU) or tttGet (or uuuGeu). In some aspects, the IGS
consists of any one of CTTAA (or CUUAA), CCCTCT (or CCCUCU), agT (or agU), CTT (or
CUU), GGT (or GGU), TTGAG (or UUGAG), GGAGGG, tttGet (or uuuGeu), CTGAG (or
CUGAG) or GGCC. In some aspects, the internal guide sequence consists of any one of agT (or
agl) or tttGet (or uuuGeu). In some aspects, the 5' intronic sequence comprises a nucleotide
sequence having at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%,
at least 96%, at least 97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ
ID NOs: 23-26 or 27-30, or anucleotide of AAA. In some aspects, the 5' intronic sequence consists
of SEQ ID NOs: 23-26, or of a nucleotide sequence of AAA.

[0251] In some aspects, the 3' intronic sequence comprises a nucleotide sequence derived
from a group I intron. In some aspects, the 3' intronic sequence comprises a catalytic core. In some
aspects, the catalytic core comprises a sequence of GAG and CC, wherein the GAG and the CC
are separated by (N)n, wherein N is any one of A, C, G, T, or U, and n is an integer. In some
aspects, the catalytic core comprises a sequence of ACG and CT(or U), wherein the ACG and the
CT(or U) are separated by (N)n, wherein N is any one of A, C, G, T, or U, and n is an integer.
[0252] In some aspects, the catalytic core comprises a nucleotide sequence of any one of

AGAGA[N]6-41A[N]43.4sGUCC, ACAGA[N]6-41A[N]43.4sGUCG, or ACGACU[N]7ssUAGUCU,
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wherein N is any one of A, U, C, or G, and wherein each N in each one of the chains of [N]e.a1,
[N]43-45, or [N]7-68, can be independently any one of A, U, C, or G. In some aspects, the catalytic
core consists of AGAGA[N]6-41A[N]a3.4sGUCC, ACAGA[N]6-41A[N]43-4sGUCG, or
ACGACU[N]7.ssUAGUCU, wherein N is any one of A, U, C, or G, and wherein each N in each
one of the chains of [N]s.41, [N]43-45, or [N]7-68, can be independently any one of A, U, C, or G.
In some aspects, the 3' intronic sequence comprises a nucleotide sequence having at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least about 99%, or 100% sequence identity with SEQ ID NO: 11-15 or 17-21. In some
aspects, the 3' intronic sequence consists of SEQ ID NO: 11-15 or 17-21.

[0253] In some aspects, the 5' intronic sequence and the 3' intronic sequence together are less than
a full intron.

[0254] In some aspects, the 5' intronic sequence comprises a nucleotide sequence having
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 23 or
27. In some aspects, the 3' intronic sequence comprises a nucleotide sequence having at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 11 or 17. In some
aspects, the 5' intronic sequence comprises a nucleotide sequence having at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least about 99%, or 100% sequence identity with SEQ ID NOs: 23 or 27, and the 3' intronic
sequence comprises a nucleotide sequence having at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least about 99%, or
100% sequence identity with SEQ ID NOs: 11 or 17.

[0255] In some aspects, the 5' intronic sequence comprises a nucleotide sequence having
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 24 or
28. In some aspects, the 3' intronic sequence comprises a nucleotide sequence having at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 12 or 18. In some
aspects, the 5' intronic sequence comprises a nucleotide sequence having at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least about 99%, or 100% sequence identity with SEQ ID NOs: 24 or 28, and the 3' intronic

sequence comprises a nucleotide sequence having at least 70%, at least 75%, at least 80%, at least
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85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least about 99%, or
100% sequence identity with SEQ ID NOs: 12 or 18.

[0256] In some aspects, the 5' intronic sequence comprises a nucleotide sequence of AAA.
In some aspects, the 3' intronic sequence comprises a nucleotide sequence having at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 13 or 19. In some aspects,
the 5' intronic sequence comprises a nucleotide sequence of AAA, and the 3' intronic sequence
comprises a nucleotide sequence having at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least about 99%, or 100%
sequence identity with SEQ ID NOs: 13 or 19.

[0257] In some aspects, the 5' intronic sequence comprises a nucleotide sequence having
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 25 or
29. In some aspects, the 3' intronic sequence comprises a nucleotide sequence having at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 14 or 20. In some
aspects, the 5' intronic sequence comprises a nucleotide sequence having at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least about 99%, or 100% sequence identity with SEQ ID NOs: 25 or 29, and the 3' intronic
sequence comprises a nucleotide sequence having at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least about 99%, or
100% sequence identity with SEQ ID NOs: 14 or 20.

[0258] In some aspects, the 5' intronic sequence comprises a nucleotide sequence having
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 26 or
30. In some aspects, the 3' intronic sequence comprises a nucleotide sequence having at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 15 or 21. In some
aspects, the 5' intronic sequence comprises a nucleotide sequence having at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least about 99%, or 100% sequence identity with SEQ ID NOs: 26 or 30, and the 3' intronic

sequence comprises a nucleotide sequence having at least 70%, at least 75%, at least 80%, at least
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85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least about 99%, or
100% sequence identity with SEQ ID NOs: 15 or 21.

[0259] In some aspects, the 3' splice site comprises 2 nucleotides, wherein one nucleotide
is upstream of the site of splice and one nucleotide is downstream of the site of splice. In some
aspects the nucleotide upstream of the site of splice is a G, and the nucleotide downstream of the
site of splice is a N, wherein N is any one of A, C, G, T, or U. In some aspects, N is C. In some
aspects, the 3' splice site comprises a sequence of formula 5'-G-N-3', wherein the site of splice is
between G and N, and wherein N is any one of A, C, G, T, or U. In some aspects, the 3' splice site
comprises a sequence of formula 5'-G-C-3",

[0260] In some aspects, the 5' splice site comprises 2 nucleotides, wherein one nucleotide
is upstream of the site of splice and one nucleotide is downstream of the site of splice. In some
aspects the nucleotide upstream of the site of splice is a U or a T, and the nucleotide downstream
of the site of splice is a N, wherein N is any one of A, C, G, T, or U. In some aspects, N is A. In
some aspects, the 5' splice site comprises a sequence of formula 5'-U(or T)-N-3', wherein the site
of splice is between U (or T) and N, and wherein N is any one of A, C, G, T, or U. In some aspects,
the 5' splice site comprises a sequence of formula 5'-U(or T)-A-3'.

[0261] In some aspects, the 3' splice site comprises a nucleotide sequence having at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 31-35. In some
aspects, the 5' splice site comprises a nucleotide sequence having at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
about 99%, or 100% sequence identity with SEQ ID NOs: 37-40, or a nucleotide sequence of
NAGU "AAA. In some aspects, the 3' splice site comprises a nucleotide sequence having at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 31-35, and the 5'
splice site comprises a nucleotide sequence having at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least about 99%, or
100% sequence identity with SEQ ID NOs: 37-40, or a nucleotide sequence of NAGU ~"AAA.
[0262] In some aspects, the 3' splice site comprises a nucleotide sequence having at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 31. In some
aspects, the 5' splice site comprises a nucleotide sequence having at least 70%, at least 75%, at

least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
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about 99%, or 100% sequence identity with SEQ ID NOs: 37. In some aspects, the 3' splice site
comprises a nucleotide sequence having at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least about 99%, or 100%
sequence identity with SEQ ID NOs: 31, and the 5' splice site comprises a nucleotide sequence
having at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs:
37.

[0263] In some aspects, the 3' splice site comprises a nucleotide sequence having at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 32. In some aspects,
the 5' splice site comprises a nucleotide sequence having at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least about
99%, or 100% sequence identity with SEQ ID NOs: 38. In some aspects, the 3' splice site comprises
a nucleotide sequence having at least 70%, at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least about 99%, or 100% sequence identity
with SEQ ID NOs: 32, and the 5' splice site comprises a nucleotide sequence having at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 38.

[0264] In some aspects, the 3' splice site comprises a nucleotide sequence having at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 33. In some aspects,
the 5' splice site comprises a nucleotide sequence of NAGU "AAA. In some aspects, the 3' splice
site comprises a nucleotide sequence having at least 70%, at least 75%, at least 80%, at least 85%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least about 99%, or 100%
sequence identity with SEQ ID NOs: 33, and the 5' splice site comprises a nucleotide sequence of
NAGU "AAA.

[0265] In some aspects, the 3' splice site comprises a nucleotide sequence having at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 34. In some aspects,
the 5' splice site comprises a nucleotide sequence having at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least about
99%, or 100% sequence identity with SEQ ID NOs: 39. In some aspects, the 3' splice site comprises
a nucleotide sequence having at least 70%, at least 75%, at least 80%, at least 85%, at least 90%,
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at least 95%, at least 96%, at least 97%, at least 98%, at least about 99%, or 100% sequence identity
with SEQ ID NOs: 34, and the 5' splice site comprises a nucleotide sequence having at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 39.

[0266] In some aspects, the 3' splice site comprises a nucleotide sequence having at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 35. In some aspects,
the 5' splice site comprises a nucleotide sequence having at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least about
99%, or 100% sequence identity with SEQ ID NOs: 40. In some aspects, the 3' splice site comprises
a nucleotide sequence having at least 70%, at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least about 99%, or 100% sequence identity
with SEQ ID NOs: 35, and the 5' splice site comprises a nucleotide sequence having at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 40.

[0267] In some aspects, the 5' homology arm comprises a nucleotide sequence having at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NO: 72 or 76. In
some aspects, the 3' homology arm comprises a nucleotide sequence having at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%,
at least about 99%, or 100% sequence identity with SEQ ID NO: 73 or 77.

[0268] In some aspects, the 5' splice site is at the border between the 5' intronic sequence
and the exonic sequence. In some aspects, the 3' splice site is at the border between the 3' intronic
sequence and the exonic sequence. In some aspects, the intronic sequences are fully excised from
the RNA genetic constructs (i.e., pre-circRNAs). In some aspects, the resulting circRNAs do not
comprise any intronic sequence. In some aspects, the resulting circRNAs do not comprise one or
more intronic sequence residue. In some aspects, the resulting circRNAs do not comprise one or
more nucleotide sequences derived from the organism from which the 5’ intronic sequence and the
3’ intronic sequence are derived, i.e., the resulting circRNAs does not comprise "excision scars."
[0269] In some aspects, the pre-circRNA is capable of forming a circular RNA. In some
aspects, the pre-circRNA is capable of forming a circular RNA in the presence of an exogenous G.

In some aspects, the pre-circRNA is capable of forming a circular RNA, wherein the circular RNA
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does not comprise any sequence derived from the organism from which the 5’ intronic sequence
and the 3’ intronic sequence are derived (“excision scar”).

[0270] In some aspects, the genetic constructs comprises from 5’ to 3” a 5 homology arm,
a 3’ intronic sequence, a 3’ splice site, a polyA, an IRES, one or more exons, a polyA, a 5’ intronic
sequence comprising an internal guide sequence (IGS), a 5’ splice site, and H’ comprises a 3’
homology arm, wherein the 3’ intronic sequence comprises a catalytic core, and wherein the RNA
construct is capable of forming a circular RNA that does not contain any sequence derived from

the genome from which the 5’ intronic sequence and the 3’ intronic sequence are derived (“excision

scar”).
1L.C.2. Exemplary Genetic Construct B
[0271] In some aspects, the genetic constructs capable of forming circular RNAs disclosed

herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs can be
transcribed) comprise a formula of: 5'-P-H-A-3S-E-5S-B-H'-3' ;wherein: P comprises a promoter
(e.g., T7, T3, SP6, etc.), H comprises a 5' homology arm, A comprises an intronic sequence, 3S
comprises a 3' splice site, E comprises an exonic sequence comprising a first excision scar
precursor (X) and a second excision scar precursor X', B comprises a 5' intronic sequence, and H'
comprises a 3' homology arm; and wherein the promoter (P) is to be understood to be comprised
in the DNA genetic construct, but not in the RNA genetic construct. In some aspects, the 5' and 3’
intronic sequences are reverse complement of one another.

[0272] In some aspects, the intronic sequence comprises a nucleotide sequence derived
from a group I intron. In some aspects, the group I intron comprises a nucleotide sequence having
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NO: 5 or 10.
In some aspects, the group I intron consists of SEQ ID NOs: 5 or 10.

[0273] In some aspects, the 5' intronic sequence comprises an internal guide site (IGS). In
some aspects, the IGS comprises the nucleotide sequence of GGT (or GGU) or GGCC. In some
aspects, the 5' intronic sequence comprises a nucleotide sequence having at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least about 99%, or 100% sequence identity with SEQ ID NO: 26 or 30. In some aspects, the 5'
intronic sequence consists of SEQ ID NO: 26 or 30.

[0274] In some aspects, the 3' intronic sequence comprises a nucleotide sequence derived

from a group I intron. In some aspects, the catalytic core comprises a nucleotide sequence of

82



WO 2025/111280 PCT/US2024/056551

ACGACU[N]7.ssUAGUCU, wherein N is any one of A, U, C, or G, and wherein each N in each
one of the chains of [N]e-41, [N]43.45, or [N]7-68, can be independently any one of A, U, C, or G.
In some aspects, the catalytic core consists of ACGACU[N]76sUAGUCU, wherein N is any one
of A, U, C, or G, and wherein each N in each one of the chains of [N]s.41, [N]43-45, or [N]7-68, can
be independently any one of A, U, C, or G. In some aspects, the 3' intronic sequence comprises a
nucleotide sequence having at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least about 99%, or 100% sequence identity
with SEQ ID NO: 15 or 21.

[0275] In some aspects the 5' intronic sequence and the 3' intronic sequence together are
less than a full intron.

[0276] In some aspects, the 5' intronic sequence comprises a nucleotide sequence having
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 26 or
30. In some aspects, the 3' intronic sequence comprises a nucleotide sequence having at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 15 or 21. In some
aspects, the 5' intronic sequence comprises a nucleotide sequence having at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least about 99%, or 100% sequence identity with SEQ ID NOs: 26 or 30, and the 3' intronic
sequence comprises a nucleotide sequence having at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least about 99%, or
100% sequence identity with SEQ ID NOs: 15 or 21.

[0277] In some aspects, the 3' splice site comprises 2 nucleotides, wherein one nucleotide
is upstream of the site of splice and one nucleotide is downstream of the site of splice. In some
aspects the nucleotide upstream of the site of splice is a G, and the nucleotide downstream of the
site of splice is a N, wherein N is any one of A, C, G, T, or U. In some aspects, N is C. In some
aspects, the 3' splice site comprises a sequence of formula 5'-G-N-3', wherein the site of splice is
between G and N, and wherein N is any one of A, C, G, T, or U. In some aspects, the 3' splice site
comprises a sequence of formula 5'-G-C-3".

[0278] In some aspects, the 5' splice site comprises 2 nucleotides, wherein one nucleotide
is upstream of the site of splice and one nucleotide is downstream of the site of splice. In some
aspects the nucleotide upstream of the site of splice is a U or a T, and the nucleotide downstream

of the site of splice is a N, wherein N is any one of A, C, G, T, or U. In some aspects, N is A. In

83



WO 2025/111280 PCT/US2024/056551

some aspects, the 5' splice site comprises a sequence of formula 5'-U(or T)-N-3', wherein the site
of splice is between U (or T) and N, and wherein N is any one of A, C, G, T, or U. In some aspects,
the 5' splice site comprises a sequence of formula 5'-U(or T)-A-3'.

[0279] In some aspects, the 3' splice site comprises a nucleotide sequence having at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 36. In some aspects,
the 5' splice site comprises a nucleotide sequence having at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least about
99%, or 100% sequence identity with SEQ ID NOs: 41. In some aspects, the 3' splice site comprises
a nucleotide sequence having at least 70%, at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least about 99%, or 100% sequence identity
with SEQ ID NOs: 36, and the 5' splice site comprises a nucleotide sequence having at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 41.

[0280] In some aspects, the 3' splice site comprises a nucleotide sequence having at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least about 99%, or 100% sequence identity with the 3' intronic sequence derived
from Synechococcus PCC 6301 tRNA (LEU) as set forth in SEQ ID NOs: 36. In some aspects, the
5' splice site comprises a nucleotide sequence having at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least about 99%,
or 100% sequence identity with the 5' intronic sequence derived from Synechococcus PCC 6301
tRNA (LEU) as set forth in SEQ ID NOs: 41. In some aspects, the 3' splice site comprises a
nucleotide sequence having at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least about 99%, or 100% sequence identity
with the 3' intronic sequence derived from Synechococcus PCC 6301 tRNA (LEU) as set forth in
SEQ ID NOs: 36, and the 5' splice site comprises a nucleotide sequence having at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least about 99%, or 100% sequence identity with the 5' intronic sequence derived from
Synechococcus PCC 6301 tRNA (LEU) as set forth in SEQ ID NOs: 41.

[0281] In some aspects, the 5' homology arm comprises a nucleotide sequence having at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NO: 72 or 76. In

some aspects, the 3' homology arm comprises a nucleotide sequence having at least 70%, at least
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75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%,
at least about 99%, or 100% sequence identity with SEQ ID NO: 73 or 77.

[0282] In some aspects, the 5' splice site is not at the border between the 5' intronic
sequence and the exonic sequence. In some aspects, the 3' splice site is not at the border between
the 3' intronic sequence and the exonic sequence. In some aspects, the intronic sequences are not
fully excised from the RNA genetic constructs (i.e., pre-circRNAs). In some aspects, the resulting
circRNAs comprise at least a portion of the intronic sequence. In some aspects, the resulting
circRNAs comprise one or more intronic sequence residues. In some aspects, the resulting
circRNAs comprise one or more nucleotide sequences derived from the organism from which the
5’ intronic sequence and the 3’ intronic sequence are derived, i.e., the resulting circRNAs comprise
at least one "excision scar." In some aspects, the excision scar comprises a nucleotide sequence
having at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, at least about 99%, or 100% sequence identity with any one of
SEQ ID NOs: 80-81 or 82-83. In some aspects, the excision scar consists of any one of SEQ ID
NOs: 80-81 or 82-83.

[0283] In some aspects, the pre-circRNA is capable of forming a circular RNA. In some
aspects, the pre-circRNA is capable of forming a circular RNA in the presence of an exogenous G.
In some aspects, the pre-circRNA is capable of forming a circular RNA, wherein the circular RNA

comprising an excision scar.

11.C.3. Exemplary Genetic Construct C

[0284] In some aspects, the genetic constructs capable of forming circular RNAs disclosed
herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs can be
transcribed) comprises a formula of: §'-P-A-3S-E-3', wherein P comprises a promoter (e.g., T7,
T3, SP6, etc.), A comprises a 3' intronic sequence, 3S comprises a 3' splice site, and E comprises
an exonic sequence comprising a catalytic nucleotide (CN); and wherein the promoter (P) is to be
understood to be comprised in the DNA genetic construct, but not in the RNA genetic construct.
[0285] In some aspects, the intronic sequence comprises a nucleotide sequence derived
from a group I intron. In some aspects, the group I intron comprises a nucleotide sequence having
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 1, 3-5;
or 6, 8-10. In some aspects, the group I intron consists of SEQ ID NOs: 1, 3-5; or 6, 8-10.

85



WO 2025/111280 PCT/US2024/056551

[0286] In some aspects, the 3' intronic sequence comprises a catalytic core. In some
aspects, the catalytic core comprises a sequence of GAG and CC, wherein the GAG and the CC
are separated by (N)n, wherein N is any one of A, C, G, T, or U, and n is an integer. In some
aspects, the catalytic core comprises a sequence of ACG and CT(or U), wherein the ACG and the
CT(or U) are separated by (N)n, wherein N is any one of A, C, G, T, or U, and n is an integer. In
some aspects, the catalytic core comprises a nucleotide sequence of AGAGA[N]6.41A[N]43-
4sGUCC, or ACGACU[N]7-ssUAGUCU, wherein N is any one of A, U, C, or G, and wherein each
N in each one of the chains of [N]e.41, [N]43-45, or [N]7-68, can be independently any one of A, U,
C, or G. In some aspects, the catalytic core consists of AGAGA[N]s.41A[N]43.4sGUCC, or
ACGACU[N]7.sUAGUCU, wherein N is any one of A, U, C, or G, and wherein each N in each
one of the chains of [N]e-41, [N]43.45, or [N]7-68, can be independently any one of A, U, C, or G.
In some aspects, the 3' intronic sequence comprises a nucleotide sequence having at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least about 99%, or 100% sequence identity with any one of SEQ ID NOs: 13-16 or 19-
22. In some aspects, the 3' intronic sequence consists of any one of SEQ ID NOs: 13-16 or 19-22.
[0287] In some aspects the 3' intronic sequence is less than a full intron.

[0288] In some aspects, the 3' splice site comprises 2 nucleotides, wherein one nucleotide
is upstream of the site of splice and one nucleotide is downstream of the site of splice. In some
aspects the nucleotide upstream of the site of splice is a G, and the nucleotide downstream of the
site of splice is a N, wherein N is any one of A, C, G, T, or U. In some aspects, N is C. In some
aspects, the 3' splice site comprises a sequence of formula 5'-G-N-3', wherein the site of splice is
between G and N, and wherein N is any one of A, C, G, T, or U. In some aspects, the 3' splice site
comprises a sequence of formula 5'-G-C-3'. In some aspects, the 3' splice site comprises a
nucleotide sequence having at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least about 99%, or 100% sequence identity
with SEQ ID NOs: 31 or 33-35. In some aspects, the 3' splice site consists of SEQ ID NOs: 31 or
33-35.

[0289] In some aspects, the 5' homology arm comprises a nucleotide sequence having at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NO: 72 or 76.
[0290] In some aspects, the 3' splice site is at the border between the 3' intronic sequence
and the exonic sequence. In some aspects, the intronic sequences are fully excised from the RNA

genetic constructs (7.e., pre-circRNAs). In some aspects, the resulting circRNAs do not comprise
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any intronic sequence. In some aspects, the resulting circRNAs do not comprise one or more
intronic sequence residue. In some aspects, the resulting circRNAs do not comprise one or more
nucleotide sequences derived from the organism from which the 3’ intronic sequence is derived,
i.e., the resulting circRNAs does not comprise "excision scars."

[0291] In some aspects, the pre-circRNA is capable of forming a circular RNA. In some
aspects, the pre-circRNA is capable of forming a circular RNA in the presence of an exogenous G.
In some aspects, the pre-circRNA is capable of forming a circular RNA, wherein the circular RNA

does not comprise an excision scar.

1.CA4. Exemplary Genetic Construct D

[0292] In some aspects, the genetic constructs capable of forming circular RNAs disclosed
herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs can be
transcribed) comprises a formula of: 5'-P-A-3S-E-3', wherein P comprises a promoter (e.g., T7,
T3, SP6, etc.), A comprises a 3’intronic sequence, E comprises an exonic sequence (E) comprising
a first portion of the exonic sequence (E'), a first homology arm (HI), a second portion of the exonic
sequence (E"), a second homology arm (HI'), and a third exonic sequence (E"') comprising a
catalytic nucleotide (CN); and wherein the promoter (P) is to be understood to be comprised in the
DNA genetic construct, but not in the RNA genetic construct.

[0293] In some aspects, the intronic sequence comprises a nucleotide sequence derived
from a group I intron. In some aspects, the group I intron comprises a nucleotide sequence having
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 1 or 6.
In some aspects, the group I intron consists of SEQ ID NOs: 1 or 6.

[0294] In some aspects, the 3' intronic sequence comprises a catalytic core. In some
aspects, the catalytic core comprises a sequence of AGAGA[N]6-41A[N]43-4sGUCC, wherein N is
any one of A, U, C, or G, and wherein each N in each one of the chains of [N]e-41, or [N]a3.45, can
be independently any one of A, U, C, or G. In some aspects, the catalytic core consists of
AGAGA[N]6-41A[N]43-4sGUCC, wherein N is any one of A, U, C, or G, and wherein each N in
each one of the chains of [N]e.41,0r [N]43.45, can be independently any one of A, U, C, or G. In
some aspects, the 3' intronic sequence comprises a nucleotide sequence having at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least about 99%, or 100% sequence identity with any one of SEQ ID NOs: 11 or 17. In

some aspects, the 3' intronic sequence consists of any one of SEQ ID NOs: 11 or 17.
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[0295] In some aspects the 3' intronic sequence is less than a full intron.

[0296] In some aspects, the 3' splice site comprises 2 nucleotides, wherein one nucleotide
is upstream of the site of splice and one nucleotide is downstream of the site of splice. In some
aspects the nucleotide upstream of the site of splice is a G, and the nucleotide downstream of the
site of splice is a N, wherein N is any one of A, C, G, T, or U. In some aspects, N is A. In some
aspects, the 3' splice site comprises a sequence of formula 5'-G-N-3', wherein the site of splice is
between G and N, and wherein N is any one of A, C, G, T, or U. In some aspects, the 3' splice site
comprises a sequence of formula 5'-G-A-3'. In some aspects, the 3' splice site comprises a
nucleotide sequence having at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least about 99%, or 100% sequence identity
with SEQ ID NOs: 169 or 170. In some aspects, the 3' splice site consists of SEQ ID NOs: 169 or
170.

[0297] In some aspects, the first homology arm comprises a nucleotide sequence having at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 171 or 172.
In some aspects, the second homology arm comprises a nucleotide sequence having at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 173 or 174.

[0298] In some aspects, the 3' splice site is at the border between the 3' intronic sequence
and the exonic sequence. In some aspects, the intronic sequences are fully excised from the RNA
genetic constructs (i.e., pre-circRNAs). In some aspects, the resulting circRNAs do not comprise
any intronic sequence. In some aspects, the resulting circRNAs do not comprise one or more
intronic sequence residue. In some aspects, the resulting circRNAs do not comprise one or more
nucleotide sequences derived from the organism from which the 3’ intronic sequence is derived,
i.e., the resulting circRNAs does not comprise "excision scars."

[0299] In some aspects, the pre-circRNA is capable of forming a circular RNA. In some
aspects, the pre-circRNA is capable of forming a circular RNA in the presence of an exogenous G.
In some aspects, the pre-circRNA is capable of forming a circular RNA, wherein the circular RNA

does not comprise an excision scar.

11.C.5. Exemplary Genetic Construct E
[0300] In some aspects, the genetic constructs capable of forming circular RNAs disclosed

herein (i.e., pre-circRNAs or DNA genetic constructs from which pre-circRNAs can be
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transcribed) comprise a formula of: §'-P-B-A-3S-E-3', wherein P comprises a promoter (e.g., T7,
T3, SP6, etc.), B comprises a 5' intronic sequence comprising an internal guide sequence (IGS ),
A comprises a 3' intronic sequence, 3S comprises a 3' splice site, and E comprises an exonic
sequence comprising a catalytic nucleotide; and wherein the promoter (P) is to be understood to be
comprised in the DNA genetic construct, but not in the RNA genetic construct.

[0301] In some aspects, the intronic sequence comprises a nucleotide sequence derived
from a group I intron. In some aspects, the group I intron comprises a nucleotide sequence having
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 1 or 6.
In some aspects, the group I intron consists of SEQ ID NOs: 1 or 6.

[0302] In some aspects, the 5' intronic sequence comprises an internal guide site (IGS). In
some aspects, the IGS comprises the nucleotide sequence of CTTAA (or CUUAA) or TTGAG (or
UUGAQG). In some aspects, the 5' intronic sequence comprises a nucleotide sequence having at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 175 or 176. In
some aspects, the 5' intronic sequence consists of SEQ ID NOs: 175 or 176.

[0303] In some aspects, the 3' intronic sequence comprises a catalytic core. In some
aspects, the catalytic core comprises a sequence of AGAGA[N]6-41A[N]43-4sGUCC, wherein N is
any one of A, U, C, or G, and wherein each N in each one of the chains of [N]e-41, or [N]a3.45, can
be independently any one of A, U, C, or G. In some aspects, the catalytic core consists of
AGAGA[N]6-41A[N]43-4sGUCC, wherein N is any one of A, U, C, or G, and wherein each N in
each one of the chains of [N]e.41,0r [N]43.45, can be independently any one of A, U, C, or G. In
some aspects, the 3' intronic sequence comprises a nucleotide sequence having at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least about 99%, or 100% sequence identity with any one of SEQ ID NOs: 177 or 178. In
some aspects, the 3' intronic sequence consists of any one SEQ ID NOs: 177 or 178.

[0304] In some aspects, the 5' intronic sequence comprises a nucleotide sequence having
at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 175 or
176, and the 3' intronic sequence comprises a nucleotide sequence having at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%,
at least about 99%, or 100% sequence identity with any one of SEQ ID NOs: 177 or 178. In some
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aspects, the 5' intronic sequence consists of any one of SEQ ID NOs: 175 or 176, and the 3' intronic
sequence consists of any one of SEQ ID NOs: 177 or 178.

[0305] In some aspects, the 3' splice site comprises a sequence having at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%,
at least about 99%, or 100% sequence identity with SEQ ID NOs: 179 or 180. In some aspects, the
3' splice site consists of any one of SEQ ID NOs: 179 or 180.

[0306] In some aspects the 5' intronic sequence and the 3' intronic sequence together are
less than a full intron.

[0307] In some aspects, the 3' splice site is at the border between the 3' intronic sequence
and the exonic sequence. In some aspects, the intronic sequences are fully excised from the RNA
genetic constructs (i.e., pre-circRNAs). In some aspects, the resulting circRNAs do not comprise
any intronic sequence. In some aspects, the resulting circRNAs do not comprise one or more
intronic sequence residue. In some aspects, the resulting circRNAs do not comprise one or more
nucleotide sequences derived from the organism from which the 3’ intronic sequence is derived,
i.e., the resulting circRNAs does not comprise "excision scars."

[0308] In some aspects, the pre-circRNA is capable of forming a circular RNA. In some
aspects, the pre-circRNA is capable of forming a circular RNA in the presence of an exogenous G.
In some aspects, the pre-circRNA is capable of forming a circular RNA, wherein the circular RNA
does not comprise an excision scar.

[0309] In some aspects, the genetic constructs disclosed herein comprise a nucleotide
sequence having at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%,
at least 96%, at least 97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ
ID NOs: 113-122, wherein "N" represents any one of A, T (or U), C, or G; and wherein "n"
represents any integer. In some aspects, "(N)n" comprises a nucleotide sequence of an exonic
sequences. In some aspects, "(N)n" comprises a nucleotide sequence of an exonic sequences and a
nucleotide sequence of an IRES. Non-limiting examples of constructs of the present disclosure are

shown in Table 13.

SEQ DESCRIPT SEQUENCE FORMULA
ID NO ION
113 Anabaena CACTAATACGACTCACTATAGGGAGACCCTCGACCGTCGATTG 5'-P-H-A-3S-

PCC7120 TCCACTGGTCAACAATAGATGACTTACAACTAATCGGAAGGTG E-55-B-H'-3"'
CAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAA (construct A)
AGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGC
TGCAAGAGAATGAAAATCCGTTGACCTTAAACGGTCGTGTGGG
TTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGCCGAAA
AACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAANCAAAA
CACA (N) nAAAAAACAAAAAACAAAACGGCTATTATGCGTTAC
CGGCGAGACGCTACGGACTTAAATAATTGAGCCTTAAAGAAGA
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AATTCTTTAAGTGGATGCTCTCAAACTCAGGGAAACCTAAATC
TAGTTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAAT
TAGTAAGACCAGTGGACAATCGACGGATAACAGCATATCTAGA
TAAGAAGAGCATCCCATGGTCATAGCTGTTTCCTGGCAGCTCT
GGCCCGTGTCTCAAAATCTCTGATGTTACATTGCACAAGATAA
AAATATATCATCATGAACAATAAAACTGTCTGCTTACATAAAC
AGTAATACAAGGGGTGTTATGAGCCATATTCAACGGGAAACGT
CGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGG
GTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACA
ATCTATCGCTTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTC
TGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGA
GATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCG
ACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTAC
TCACCACTGCGATCCCCGGAAAAACAGCATTCCAGGTATTAGA
AGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCA
GTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTC
CTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATC
ACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGAC
GAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGC
ATAAACTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGG
TGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTA
ATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGAT
ACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTC
TCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGAT
AATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATG
AGTTTTTCTAATCAGAATTGGTTAATTGGTTGTAACACTGGCA
GAGCATTACGCTGACTTGACGGGACGGCGCAAGCTCATGACCA
AAATCCCTTAACGTGAGTTACGCGTCGTTCCACTGAGCGTCAG
ACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTT
TCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTA
CCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTT
TTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATAC
TGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAAC
TCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTAC
CAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTT
GGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGC
TGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGA
CCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAG
CGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTA
AGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAG
GGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCA
CCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGG
CGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGT
TCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGC
GTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAG
TGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCG
AGTCAGTGAGCGAGGAAGCGGAGGAGCGCCCAATACGCAAACC
GCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCAC
GACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAA
TTAATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCA
AAAAGGCCATCCGTCAGGATGGCCTTCTGCTTAGTTTGATGCC
TGGCAGTTTATGGCGGGCGTCCTGCCCGCCACCCTCCGGGCCG
TTGCTTCACAACGTTCAAATCCGCTCCCGGCGGATTTGTCCTA
CTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAAAGG
CCCAGTCTTCCGACTGAGCCTTTCGTTTTATTTGATGCCTGGC
AGTTCCCTACTCTCGCGTTAACGCTAGCATGGATGTTTTCCCA
GTCACGACGTTGTAAAACGACGGCCAGTCTTAAGCTCGGCTCT

TCG
114 Tetrahym CCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTC 5'-P-H-A-3S-
ena TGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACC E-58-B-H'-3"'

AGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTT (Construct A)
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thermoph CCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTG
ila TTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTC
TGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCA
GTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGG
ACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTG
AACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACC
TACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCG
CCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAG
CGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGG
GGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACC
TCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCG
GAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTC
CTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGT
TATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTG
AGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAG
TCAGTGAGCGAGGAAGCGGAGGAGCGCCCAATACGCAAACCGC
CTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGA
CAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATT
AATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAA
AAGGCCATCCGTCAGGATGGCCTTCTGCTTAGTTTGATGCCTG
GCAGTTTATGGCGGGCGTCCTGCCCGCCACCCTCCGGGCCGTT
GCTTCACAACGTTCAAATCCGCTCCCGGCGGATTTGTCCTACT
CAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAAAGGCC
CAGTCTTCCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCAG
TTCCCTACTCTCGCGTTAACGCTAGCATGGATGTTTTCCCAGT
CACGACGTTGTAAAACGACGGCCAGTCTTAAGCTCGGCTCTTC
GCACTAATACGACTCACTATAGGGAGtECCCTCGACCGTCGATT
GTCCACTGGTCATTTACCTTTGGAGGGAAAAGTTATCAGGCAT
GCACCTGGTAGCTAGTCTTTAAACCAATAGATTGCATCGGTTT
AAAAGGCAAGACCGTCAAATTGCGGGAAAGGGGTCAACAGCCG
TTCAGTACCAAGTCTCAGGGGAAACTTTGAGATGGCCTTGCAA
AGGGTATGGTAATAAGCTGACGGACATGGTCCTAACCACGCAG
CCAAGTCCTAAGTCAACAGATCTTCTGTTGATATGGATGCAGT
TCACAGACTAAATGTCGGTCGGGGAAGATGTATTCTTCTCATA
AGATATAGTCGGACCTCTCCTTAATGGGAGCTAGCGGATGAAG
TGATGCAACACTGGAGCCGCTGGGAACTAATTTGTATGCGAAA
GTATATTGATTAGTTTTGGAGTACTCGTAAGGTAAAAATCCGT
TGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCAC
GCCGGAAACGCAATAGCCGAAAAACAAAAAACAAAAAAANCAA
AAAAAAAACCAAAAAAACAAAACACA (N) nAAAAAACAAAAAA
CAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGACCCT
CTAAATAGCAATGACCAGTGGACAATCGACGGATAACAGCATA
TCTAGATAAGAAGAGCATCCCATGGTCATAGCTGTTTCCTGGC
AGCTCTGGCCCGTGTCTCAAAATCTCTGATGTTACATTGCACA
AGATAAAAATATATCATCATGAACAATAAAACTGTCTGCTTAC
ATAAACAGTAATACAAGGGGTGTTATGAGCCATATTCAACGGG
AAACGTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTT
ATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGT
GCGACAATCTATCGCTTGTATGGGAAGCCCGATGCGCCAGAGT
TGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTAC
AGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCT
CTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCAT
GGTTACTCACCACTGCGATCCCCGGAAAAACAGCATTCCAGGT
ATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCG
CTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTA
ATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGC
GCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTT
GATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAG
AAATGCATAAACTTTTGCCATTCTCACCGGATTCAGTCGTCAC
TCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGG
AAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAG
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ACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGA
GTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGT
ATTGATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGC
TCGATGAGTTTTTCTAATCAGAATTGGTTAATTGGTTGTAACA
CTGGCAGAGCATTACGCTGACTTGACGGGACGGCGCAAGCTCA
TGACCAAAATCCCTTAACGTGAGTTACGCGTCGTTCCACTGAG
CGTCAGAC

115 Azoarcus CCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTC 5'-P-H-A-3S-
TGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACC E-58-B-H'-3"
AGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTT (Construct A)
CCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTG
TTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTC
TGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCA
GTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGG
ACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTG
AACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACC
TACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCG
CCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAG
CGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGG
GGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACC
TCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCG
GAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTC
CTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGT
TATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTG
AGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAG
TCAGTGAGCGAGGAAGCGGAGGAGCGCCCAATACGCAAACCGC
CTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGA
CAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATT
AATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAA
AAGGCCATCCGTCAGGATGGCCTTCTGCTTAGTTTGATGCCTG
GCAGTTTATGGCGGGCGTCCTGCCCGCCACCCTCCGGGCCGTT
GCTTCACAACGTTCAAATCCGCTCCCGGCGGATTTGTCCTACT
CAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAAAGGCC
CAGTCTTCCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCAG
TTCCCTACTCTCGCGTTAACGCTAGCATGGATGTTTTCCCAGT
CACGACGTTGTAAAACGACGGCCAGTCTTAAGCTCGGCTCTTC
GCACTAATACGACTCACTATAGGGAGACCCTCGACCGTCGATT
GTCCACTGGTCtttGectCCTTGCGCCGGGAAACCACGCAAGGG
ATGGTGTCAAATTCGGCGAAACCTAAGCGCCCGCCCGGGCGTA
TGGCAACGCCGAGCCAAGCTTCGGCGCCTGCGCCGATGAAGGT
GTAGAGACTAGACGGCACCCACCTAAGGCAAACGCTATGGTGA
AGGCATAGTCCAGGGAGTGGCGAAAGTCACACAAACCGGAAAA
TCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACC
CCCACGCCGGAAACGCAATAGCCGAAAAACAAAANACAAAARA
AACAAAAAAAAANCCAAAAAAACAAAACACA (N) nAAAAAACA
AAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGG
AagTaaaGACCAGTGGACAATCGACGGATAACAGCATATCTAG
ATAAGAAGAGCATCCCATGGTCATAGCTGTTTCCTGGCAGCTC
TGGCCCGTGTCTCAAAATCTCTGATGTTACATTGCACAAGATA
AAAATATATCATCATGAACAATAAAACTGTCTGCTTACATAAA
CAGTAATACAAGGGGTGTTATGAGCCATATTCAACGGGAAACG
TCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATG
GGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGAC
AATCTATCGCTTGTATGGGAAGCCCGATGCGCCAGAGTTGTTT
CTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATG
AGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCC
GACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTA
CTCACCACTGCGATCCCCGGAAAAACAGCATTCCAGGTATTAG
AAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGC
AGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGT
CCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAAT
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CACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGA
CGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATG
CATAAACTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATG
GTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATT
AATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGA
TACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTT
CTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGA
TAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGAT
GAGTTTTTCTAATCAGAATTGGTTAATTGGTTGTAACACTGGC
AGAGCATTACGCTGACTTGACGGGACGGCGCAAGCTCATGACC
AAAATCCCTTAACGTGAGTTACGCGTCGTTCCACTGAGCGTCA
GAC

116 Anabaena CCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTC 5'-P-H-A-3S-
azollae TGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACC E-55-B-H'-3"'
AGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTT (Construct A)
CCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTG
TTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTC
TGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCA
GTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGG
ACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTG
AACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACC
TACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCG
CCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAG
CGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGG
GGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACC
TCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCG
GAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTC
CTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGT
TATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTG
AGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAG
TCAGTGAGCGAGGAAGCGGAGGAGCGCCCAATACGCAAACCGC
CTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGA
CAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATT
AATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAA
AAGGCCATCCGTCAGGATGGCCTTCTGCTTAGTTTGATGCCTG
GCAGTTTATGGCGGGCGTCCTGCCCGCCACCCTCCGGGCCGTT
GCTTCACAACGTTCAAATCCGCTCCCGGCGGATTTGTCCTACT
CAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAAAGGCC
CAGTCTTCCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCAG
TTCCCTACTCTCGCGTTAACGCTAGCATGGATGTTTTCCCAGT
CACGACGTTGTAAAACGACGGCCAGTCTTAAGCTCGGCTCTTC
GCACTAATACGACTCACTATAGGGAGACCCTCGACCGTCGATT
GTCCACTGGTCAACTCAAAATTTAAAATCCCAAATTCAAAATT
CCGGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTAAA
GCCGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCTGAAGTTG
CTGAAGCAACAAGGCAGTAGTGAAAGCTGCGAGAGAATGAAAA
TCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACC
CCCACGCCGGAAACGCAATAGCCGAAAAACAAAAAACAAAAAA
AACAAAAAAAAANACCAAAAAAACAAAACACA (N) nAAAAAACA
AAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGG
ACTTAGAAAACTGAGCCTTGATAGAGAAATCTTTTAAGTGGAA
GCTCTCAAATTCAGGGAAACCTAAATCTGTTTACAGATATGGC
AATCCTGAGCCAAGCCCAGAAAATTAGACTTGAGATTTGATTT
TGGAGTTAGACCAGTGGACAATCGACGGATAACAGCATATCTA
GATAAGAAGAGCATCCCATGGTCATAGCTGTTTCCTGGCAGCT
CTGGCCCGTGTCTCAAAATCTCTGATGTTACATTGCACAAGAT
AAAAATATATCATCATGAACAATAAAACTGTCTGCTTACATAA
ACAGTAATACAAGGGGTGTTATGAGCCATATTCAACGGGAAAC
GTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATAT
GGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGA
CAATCTATCGCTTGTATGGGAAGCCCGATGCGCCAGAGTTGTT
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TCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGAT
GAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTC
CGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTT
ACTCACCACTGCGATCCCCGGAAAAACAGCATTCCAGGTATTA
GAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGG
CAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTG
TCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAA
TCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATG
ACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAAT
GCATAAACTTTTGCCATTCTCACCGGATTCAGTCGTCACTCAT
GGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAAT
TAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCG
ATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTT
TCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTG
ATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGA
TGAGTTTTTCTAATCAGAATTGGTTAATTGGTTGTAACACTGG
CAGAGCATTACGCTGACTTGACGGGACGGCGCAAGCTCATGAC
CAAAATCCCTTAACGTGAGTTACGCGTCGTTCCACTGAGCGTC

AGAC
117 Bacterio CCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTC 5'-P-H-A-3S-
phage T4 TGCGCGTAATCTGCTGCTTGCAAACAAAAAANCCACCGCTACC E-55-B-H'-3"'
Tdl AGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTT (Construct A)

CCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTG
TTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTC
TGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCA
GTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGG
ACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTG
AACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACC
TACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCG
CCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAG
CGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGG
GGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACC
TCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCG
GAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTC
CTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGT
TATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTG
AGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAG
TCAGTGAGCGAGGAAGCGGAGGAGCGCCCAATACGCAAACCGC
CTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGA
CAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATT
AATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAA
AAGGCCATCCGTCAGGATGGCCTTCTGCTTAGTTTGATGCCTG
GCAGTTTATGGCGGGCGTCCTGCCCGCCACCCTCCGGGCCGTT
GCTTCACAACGTTCAAATCCGCTCCCGGCGGATTTGTCCTACT
CAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAAAGGCC
CAGTCTTCCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCAG
TTCCCTACTCTCGCGTTAACGCTAGCATGGATGTTTTCCCAGT
CACGACGTTGTAAAACGACGGCCAGTCTTAAGCTCGGCTCTTC
GCACTAATACGACTCACTATAGGGAGACCCTCGACCGTCGATT
GTCCACTGGTCGGGAGACCCTCGAATGGAATTGGTTCTACATA
AATGCCTAACGACTATCCCTTTGGGGAGTAGGGTCAAGTGACT
CGAAACGATAGACAACTTGCTTTAACAAGTTGGAGATATAGTC
TGCTCTGCATGGTGACATGCAGCTGGATATAATTCCGGGGTAA
GATTAACGACCTTATCTGAACATAATGCTAAAATCCGTTGACC
TTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGG
AAACGCAATAGCCGAAAAACAAAAAACAAAAAAAACAAAAAAA
AAACCAAAAAAACAAAACACA (N) nAAAAAACAAAAAACAAAA
CGGCTATTATGCGTTACCGGCGAGACGCTACGGAGGTTAATTG
AGGCCTGAGTATAAGGTGACTTATACTTGTAATCTATCTAAAC
GGGGAACCTCTCTAGTAGACAATCCCGTGCTAAATTGTAGGAC
TAATTCCATTTATCAGATTTCTAGGACCAGTGGACAATCGACG
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GATAACAGCATATCTAGATAAGAAGAGCATCCCATGGTCATAG
CTGTTTCCTGGCAGCTCTGGCCCGTGTCTCAAAATCTCTGATG
TTACATTGCACAAGATAAAAATATATCATCATGAACAATAAAA
CTGTCTGCTTACATAAACAGTAATACAAGGGGTGTTATGAGCC
ATATTCAACGGGAAACGTCGAGGCCGCGATTAAATTCCAACAT
GGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTC
GGGCAATCAGGTGCGACAATCTATCGCTTGTATGGGAAGCCCG
ATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGC
CAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACG
GAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTC
CTGATGATGCATGGTTACTCACCACTGCGATCCCCGGAAAAAC
AGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAAT
ATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGA
TTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCG
TCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGAT
GCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAAC
AAGTCTGGAAAGAAATGCATAAACTTTTGCCATTCTCACCGGA
TTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATT
TTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAG
TCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAA
CTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTT
CAAAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGT
TTCATTTGATGCTCGATGAGTTTTTCTAATCAGAATTGGTTAA
TTGGTTGTAACACTGGCAGAGCATTACGCTGACTTGACGGGAC
GGCGCAAGCTCATGACCAAAATCCCTTAACGTGAGTTACGCGT

CGTTCCACTGAGCGTCAGAC
118 Bacterio CCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTC 5'-P-H-A-3S-
phage T4 TGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACC X-E-X'-55-B-
Td2 AGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTT H'-3!

CCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTG (Construct B)
TTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTC
TGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCA
GTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGG
ACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTG
AACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACC
TACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCG
CCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAG
CGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGG
GGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACC
TCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCG
GAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTC
CTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGT
TATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTG
AGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAG
TCAGTGAGCGAGGAAGCGGAGGAGCGCCCAATACGCAAACCGC
CTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGA
CAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATT
AATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAA
AAGGCCATCCGTCAGGATGGCCTTCTGCTTAGTTTGATGCCTG
GCAGTTTATGGCGGGCGTCCTGCCCGCCACCCTCCGGGCCGTT
GCTTCACAACGTTCAAATCCGCTCCCGGCGGATTTGTCCTACT
CAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAAAGGCC
CAGTCTTCCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCAG
TTCCCTACTCTCGCGTTAACGCTAGCATGGATGTTTTCCCAGT
CACGACGTTGTAAAACGACGGCCAGTCTTAAGCTCGGCTCTTC
GCACTAATACGACTCACTATAGGGAGACCCTCGACCGTCGATT
GTCCACTGGTCGGGAGACCCTCGAATGGAATTGGTTCTACATA
AATGCCTAACGACTATCCCTTTGGGGAGTAGGGTCAAGTGACT
CGAAACGATAGACAACTTGCTTTAACAAGTTGGAGATATAGTC
TGCTCTGCATGGTGACATGCAGCTGGATATAATTCCGGGGTAA
GATTAACGACCTTATCTGAACATAATGCTACCGTTTAATATTG
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CGTCAGGTAGTAAACTACTAACTACAACCTGCTGAAGCA (N)n
CAGAGATGTTTTCTTGGGTTAATTGAGGCCTGAGTATAAGGTG
ACTTATACTTGTAATCTATCTAAACGGGGAACCTCTCTAGTAG
ACAATCCCGTGCTAAATTGTAGGACTAATTCCATTTATCAGAT
TTCTAGGACCAGTGGACAATCGACGGATAACAGCATATCTAGA
TAAGAAGAGCATCCCATGGTCATAGCTGTTTCCTGGCAGCTCT
GGCCCGTGTCTCAAAATCTCTGATGTTACATTGCACAAGATAA
AAATATATCATCATGAACAATAAAACTGTCTGCTTACATAAAC
AGTAATACAAGGGGTGTTATGAGCCATATTCAACGGGAAACGT
CGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGG
GTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACA
ATCTATCGCTTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTC
TGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGA
GATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCG
ACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTAC
TCACCACTGCGATCCCCGGAAAAACAGCATTCCAGGTATTAGA
AGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCA
GTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTC
CTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATC
ACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGAC
GAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGC
ATAAACTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGG
TGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTA
ATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGAT
ACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTC
TCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGAT
AATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATG
AGTTTTTCTAATCAGAATTGGTTAATTGGTTGTAACACTGGCA
GAGCATTACGCTGACTTGACGGGACGGCGCAAGCTCATGACCA
AAATCCCTTAACGTGAGTTACGCGTCGTTCCACTGAGCGTCAG

AC
119 Anabaena TAATACGACTCACTATAGGGAGACCCTCGACCGTCGATTGTCC 5'-P-A-3S-E-
PCC7120 ACTGGTCAACAATAGATGACTTACAACTAATCGGAAGGTGCAG 3!
2 AGACTCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGA (Construct C)

GAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGC
AAGAGAATGAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTC
AAGTCCCTCCACCCCCACGCCGGAAACGCAATAGCCGAAAAAC
AAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACAC
A (N) nAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGG

CGAGACGCTACGGACTT
120 Azoarcus TAATACGACTCACTATAGGGAGACCCTCGACCGTCGATTGTCC 5'-P-A-3S-E-
2 ACTGGTCtttGectCCTTGCGCCGGGAAACCACGCAAGGGATGG 3!

TGTCAAATTCGGCGAAACCTAAGCGCCCGCCCGGGCGTATGGC (Construct C)
AACGCCGAGCCAAGCTTCGGCGCCTGCGCCGATGAAGGTGTAG
AGACTAGACGGCACCCACCTAAGGCAAACGCTATGGTGAAGGC
ATAGTCCAGGGAGTGGCGAAAGTCACACAAACCGGAAAATCCG
TTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCA
CGCCGGAAACGCAATAGCCGAAAAACAAAAAACAAAAAAAACA
AAAAAAANACCAAAAAAACAAAACACA (N) nAAAAAACAAAAA
ACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGAagT

121 Anabaena TAATACGACTCACTATAGGGAGACCCTCGACCGTCGATTGTCC 5'-P-A-3S-E-
azollae ACTGGTCAACTCAAAATTTAAAATCCCAAATTCAAAATTCCGG 3!
2 GAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTAAAGCCG (Construct C)

AGGGTAAAGAGAGAGTCCAATTCTCAAAGCCTGAAGTTGCTGA
AGCAACAAGGCAGTAGTGAAAGCTGCGAGAGAATGAAAATCCG
TTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCA
CGCCGGAAACGCAATAGCCGAAAAACAAAAAACAAAAAAAACA
AAAAAAAAACCAAAAAAACAAAACACA (N) nAAAAAACAARARA
ACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGACTT
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122 Bacterio TAATACGACTCACTATAGGGAGACCCTCGACCGTCGATTGTCC 5'-P-A-38-E-
phage T4 ACTGGTCGGGAGACCCTCGAATGGAATTGGTTCTACATAAATG 3!
Td3 CCTAACGACTATCCCTTTGGGGAGTAGGGTCAAGTGACTCGAA (Construct C)

ACGATAGACAACTTGCTTTAACAAGTTGGAGATATAGTCTGCT
CTGCATGGTGACATGCAGCTGGATATAATTCCGGGGTAAGATT
AACGACCTTATCTGAACATAATGCTAAAATCCGTTGACCTTAA
ACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAAC
GCAATAGCCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAAC
CAAAAAAACAAAACACA (N) nAAAAAACAARAAAACAAAACGGC
TATTATGCGTTACCGGCGAGACGCTACGGAGGT

[0310] In some aspects, the genetic constructs disclosed herein comprise a nucleotide
sequence having at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%,
at least 96%, at least 97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ
ID NOs: 123-132, wherein "N" represents any one of A, T (or U), C, or G; and wherein "n"
represents any interger. In some aspects, "(N)n" comprises a nucleotide sequence of an exonic
sequences. In some aspects, "(N)n" comprises a nucleotide sequence of an exonic sequences and a
nucleotide sequence of an IRES.

[0311] In some aspects, an RNA transcript comprising a nucleotide sequence having at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, at least about 99%, or 100% sequence identity with SEQ ID NOs: 123-132,
wherein "N" represents any one of A, T (or U), C, or G; and wherein "n" represents any interger,
is transcribed from the DNA genetic constructs disclosed herein. In some aspects, "(N)n"
comprises a nucleotide sequence of an exonic sequences. In some aspects, "(N)n" comprises a
nucleotide sequence of an exonic sequences and a nucleotide sequence of an IRES.

[0312] Non-limiting examples of constructs of the present and of RNA trasncripts
transcribed from the DNA genetic constructs disclosed herein are shown in Table 14.

Table 14. Exemplary genetic constructs and exemplary RNA trasncripts transcribed from the

DNA genetic constructs disclosed herein ((N)n is a location for an exonic sequence)

SEQ DESCRIPT | SEQUENCE FORMULA
ID NO ION
123 Anabaena | GGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAAUAGAUGAC | 5'-P-H-A-

PCC7120 UUACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUA | 3S-E-5S-B-
ACGUCAAGACGAGGGUAAAGAGAGAGUCCAAUUCUCAAAGCCAAU | H'-3!
AGGCAGUAGCGAAAGCUGCAAGAGAAUGAAAAUCCGUUGACCUUA (Construct
AACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACG | A)
CAAUAGCCGAAAAACAAAAAACAAAAAAAACAAAAAAAANACCAA
AAAAACAAAACACA (N) nAAAAAACAAAAAACAAAACGGCUAUUA
UGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGCCUUAA
AGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUA
AAUCUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUA
AUUAGUAAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAGA
UA
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124

Tetrahym
ena
thermoph
ila

GGAGUCCCUCGACCGUCGAUUGUCCACUGGUCAUUUACCUUUGGA
GGGAAAAGUUAUCAGGCAUGCACCUGGUAGCUAGUCUUUAAACCA
AUAGAUUGCAUCGGUUUAAAAGGCAAGACCGUCAAAUUGCGGGAA
AGGGGUCAACAGCCGUUCAGUACCAAGUCUCAGGGGAAACUUUGA
GAUGGCCUUGCAAAGGGUAUGGUAAUAAGCUGACGGACAUGGUCC
UAACCACGCAGCCAAGUCCUAAGUCAACAGAUCUUCUGUUGAUAU
GGAUGCAGUUCACAGACUAAAUGUCGGUCGGGGAAGAUGUAUUCU
UCUCAUAAGAUAUAGUCGGACCUCUCCUUAAUGGGAGCUAGCGGA
UGAAGUGAUGCAACACUGGAGCCGCUGGGAACUAAUUUGUAUGCG
AAAGUAUAUUGAUUAGUUUUGGAGUACUCGUAAGGUAAAAAUCCG
UUGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACG
CCGGAAACGCAAUAGCCGAAAAACAAAAAACAAAAAAAACAAAAA
AAAAACCAAAAAAACAAAACACA (N) nAAAAAACAAARAAACARAA
CGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACCCUCUAAAUA
GCAAUGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAGAUA

51 -P-H-A-
3S-E-5S-B-
H'-3"
(Congtruct
A)

125

Azoarcus

GGAGACCCUCGACCGUCGAUUGUCCACUGGUCUUuUuGcuCCUUGCG
CCGGGAAACCACGCAAGGGAUGGUGUCAAAUUCGGCGAAACCUAA
GCGCCCGCCCGGGCGUAUGGCAACGCCGAGCCAAGCUUCGGLGLC
UGCGCCGAUGAAGGUGUAGAGACUAGACGGCACCCACCUAAGGCA
AACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGGCGAAAGUCACAC
AAACCGGAAAAUCCGUUGACCUUAAACGGUCGUGUGGGUUCAAGU
CCCUCCACCCCCACGCCGGAAACGCAAUAGCCGAAAAACAAAAAA
CAAAAAAAACAAAAAARAAAACCAAAAAAACAAAACACA (N) nAAA
AAACAAAAAACAAAACGGCUAUUAUGCGUUACCGGCGAGACGCUA
CGGAagUaaaGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUA
GAUA

5'-P-H-A-
3S-E-5S8-B-
Hl_3|

(Construct
A)

126

Anabaena
azollae

GGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACUCAAAAUUUA
AAAUCCCAAAUUCAAAAUUCCGGGAAGGUGCAGAGACUCGACGGG
AGCUACCCUAACGUAAAGCCGAGGGUAAAGAGAGAGUCCAAUUCU
CAAAGCCUGAAGUUGCUGAAGCAACAAGGCAGUAGUGAAAGCUGC
GAGAGAAUGAAAAUCCGUUGACCUUAAACGGUCGUGUGGGUUCAA
GUCCCUCCACCCCCACGCCGGAAACGCAAUAGCCGAAAAACAAAA
AACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACA (N)nA
AAAAACAAAAANCAAAACGGCUAUUAUGCGUUACCGGCGAGACGC
UACGGACUUAGAAAACUGAGCCUUGAUAGAGAAAUCUUUUAAGUG
GAAGCUCUCAAAUUCAGGGAAACCUAAAUCUGUUUACAGAUAUGG
CAAUCCUGAGCCAAGCCCAGAAAAUUAGACUUGAGAUUUGAUUUU
GGAGUUAGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAGAU
A

5'-P-H-A-
3S-E-5S8-B-
H'-3!

(Construct
A)

127

Bacterio
phage T4
Td1l

GGAGACCCUCGACCGUCGAUUGUCCACUGGUCGGGAGACCCUCGA
AUGGAAUUGGUUCUACAUAAAUGCCUAACGACUAUCCCUUUGGGG
AGUAGGGUCAAGUGACUCGAAACGAUAGACAACUUGCUUUAACAA
GUUGGAGAUAUAGUCUGCUCUGCAUGGUGACAUGCAGCUGGAUAU
AAUUCCGGGGUAAGAUUAACGACCUUAUCUGAACAUAAUGCUAAA
AUCCGUUGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCC
CCACGCCGGAAACGCAAUAGCCGAAAAACAAAAAACAAAAAAAAC
AAAAAAAAAACCAAAAAAACAAAACACA (N) nAAAAAACAAARNAA
CAAAACGGCUAUUAUGCGUUACCGGCGAGACGCUACGGAGGUUAA
UUGAGGCCUGAGUAUAAGGUGACUUAUACUUGUAAUCUAUCUAAA
CGGGGAACCUCUCUAGUAGACAAUCCCGUGCUAAAUUGUAGGACU
AAUUCCAUUUAUCAGAUUUCUAGGACCAGUGGACAAUCGACGGAU
AACAGCAUAUCUAGAUA

51 -P-H-A-
3S-E-5S-B-
HI_3I
(Construct
n)

128

Bacterio
phage T4
Td2

GGAGACCCUCGACCGUCGAUUGUCCACUGGUCGGGAGACCCUCGA
AUGGAAUUGGUUCUACAUAAAUGCCUAACGACUAUCCCUUUGGGG
AGUAGGGUCAAGUGACUCGAAACGAUAGACAACUUGCUUUAACAA
GUUGGAGAUAUAGUCUGCUCUGCAUGGUGACAUGCAGCUGGAUAU
AAUUCCGGGGUAAGAUUAACGACCUUAUCUGAACAUAAUGCUACC
GUUUAAUAUUGCGUCAGGUAGUAAACUACUAACUACAACCUGCUG
AAGCA (N) nCAGAGAUGUUUUCUUGGGUUAAUUGAGGCCUGAGUA
UAAGGUGACUUAUACUUGUAAUCUAUCUAAACGGGGAACCUCUCU

5!'-P-H-A-
38-X-E-X'-
55-B-H'-3"
(Construct
B)
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AGUAGACAAUCCCGUGCUAAAUUGUAGGACUAAUUCCAUUUAUCA
GAUUUCUAGGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

129

Anabaena
PCC7120
2

GGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAAUAGAUGAC
UUACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUA
ACGUCAAGACGAGGGUAAAGAGAGAGUCCAAUUCUCAAAGCCAAU
AGGCAGUAGCGAAAGCUGCAAGAGAAUGAAAAUCCGUUGACCUUA
AACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACG
CAAUAGCCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAA
AAAAACAAAACACA (N) nAAAAAACAAAAAACAAAACGGCUAUUA
UGCGUUACCGGCGAGACGCUACGGACUU

5!'-P-A-3S-
E-3"
(Construct
Q)

130

Azoarcus
2

GGAGACCCUCGACCGUCGAUUGUCCACUGGUCUUUGCUCCUUGCG
CCGGGAAACCACGCAAGGGAUGGUGUCAAAUUCGGCGAAACCUAA
GCGCCCGCCCGGECEUAUGGCAACGCCGAGCCAAGCUUCGGCGCC
UGCGCCGAUGAAGGUGUAGAGACUAGACGGCACCCACCUAAGGCA
AACGCUAUGGUGAAGGCAUAGUCCAGGGAGUGGCGAAAGUCACAC
AAACCGGAAAAUCCGUUGACCUUAAACGGUCGUGUGGGUUCAAGU
CCCUCCACCCCCACGCCGGAAACGCAAUAGCCGAAAAACAAAAAA
CAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACA (N) nAAA
AAACAAAAAACAAAACGGCUAUUAUGCGUUACCGGCGAGACGCUA
CGGRAagU

5'-P-A-3S-
E-3!
(Construct
Q)

131

Anabaena
azollae
2

GGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACUCAAAAUUUA
AAAUCCCAAAUUCAAAAUUCCGGGAAGGUGCAGAGACUCGACGGG
AGCUACCCUAACGUAAAGCCGAGGGUAAAGAGAGAGUCCAAUUCU
CAAAGCCUGAAGUUGCUGAAGCAACAAGGCAGUAGUGAAAGCUGC
GAGAGAAUGAAAAUCCGUUGACCUUAAACGGUCGUGUGGGUUCAA
GUCCCUCCACCCCCACGCCGGAAACGCAAUAGCCGAAAAACAAAA
AACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACA (N)nA
AAAANACAAAAANCAAAACGGCUAUUAUGCGUUACCGGCGAGACGC
UACGGACUU

5'-P-A-3S-
E-3"
(Construct
Q)

132

Bacterio
phage T4
Td3

GGAGACCCUCGACCGUCGAUUGUCCACUGGUCGGGAGACCCUCGA
AUGGAAUUGGUUCUACAUAAAUGCCUAACGACUAUCCCUUUGGGG
AGUAGGGUCAAGUGACUCGAAACGAUAGACAACUUGCUUUAACAA
GUUGGAGAUAUAGUCUGCUCUGCAUGGUGACAUGCAGCUGGAUAU
AAUUCCGGGGUAAGAUUAACGACCUUAUCUGAACAUAAUGCUAAA
AUCCGUUGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCC
CCACGCCGGAAACGCAAUAGCCGAAAAACAAAAAACAAAAAAAAC
AAAAAAAAAACCAAAAAAACAAAACACA (N) nAAAAAACAAAARA
CAAAACGGCUAUUAUGCGUUACCGGCGAGACGCUACGGAGGU

5'-P-A-3S-
E-3!
(Construct
C)

181

Genetic
Construc
t D

TAATACGACTCACTATAGAACAATAGATGACTTACAACTAATCGG
AAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAGG
GTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAA
GCTGCAAGAGAATGAAAATCCGTTGACCTTAAACGGTCGTGTGGG
TTCAAGTCCCTCCACCCCCANNNNNNNNNNNNNNNNNNNCGCCGG
AAACGCAATAGCCGAAAAACAAAAAACAAAAAAANCAAAAAANAA
ACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCCA
CCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTT
TGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGT
AACACACACCGATCAACAGTCAGCGTGGCACACCAGCCACGTTTT
GATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCT
CACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTC
GAAAAACCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCAG
CACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCA
CGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGA
AACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATT
GAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAA
CTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACG
GGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCA
TTTTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGT
TACCATATAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTA
TTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGG
TTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAatggt
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gagcaagggcgaggagcetgttecaceggggtggtgeccatectggt
cgagctggacggcegacgtaaacggccacaagttcagegtgteegg
cgagggcgagggcgatgecacctacggcaagetgaceectgaagtt
catctgecaccaccggcaagetgecegtgecctggeccaceetegt
gaccaccctgacctacggegtgecagtgettecagecgetaccecga
ccacatgaagcagcacgacttettecaagtecgecatgeecegaagg
ctacgteccaggagegcaccatettettecaaggacgacggcaacta
caagacccgcgecgaggtgaagttcgagggegacacectggtgaa
cegeategagetgaagggcategacttcaaggaggacggcaacat
cctggggecacaagetggagtacaactacaacagecacaacgteta
tatcatggccgacaagcagaagaacggcatcaaggtgaacttcaa
gatccgecacaacatcgaggacggcagegtgecagetegecgacca
ctaccagcagaacaccceccateggegacggeceegtgetgetgee
cgacaaccactacctgagcacccagtecegecctgagcaaagacce
caacgagaagcgcgatcacatggtcecctgetggagttegtgacege
cgecgggatcacteteggecatggacgagetgtacaagtaaAAAAA
ACAAAAAACAAAACNNNNNNNNNNNNNNNNNNNGGCTATTATGCG
TTACCGGCGAGACGCTACGGACTT

182 Genetic TAATACGACTCACTATAGGAGCCTTAAAGAAGAAATTCTTTAAGT
Construc | GGATGCTCTCAAACTCAGGGAAACCTAAATCTAGTTATAGACAAG
t E DNA GCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAAACAATAGAT
GACTTACAACTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACC
CTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCC
AATAGGCAGTAGCGAAAGCTGCAAGAGAATGAAAATCCGTTGACC
TTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAA
ACGCAATAGCCGAAAAACAAAAAACAAAAAAAACAAAAAAAAANC
CAAAAAANCAAAACACATTAAAACAGCCTGTGGGTTGATCCCACC
CACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTG
TGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAA
CACACACCGATCAACAGTCAGCGTGGCACACCAGCCACGTTTTGA
TCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCA
CGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGA
AAAACCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCAGCA
CTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACG
GGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAA
CCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGA
GCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACT
GCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGGG
CAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATT
TTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTA
CCATATAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATT
ATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTT
AAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAatggtga
gcaagggcgaggagcetgttecacecggggtggtgeccatectggteg
agctggacggcgacgtaaacggccacaagttecagegtgtecggeg
agggcgagggcgatgecacctacggcaagetgaccectgaagttea
tetgecaccacecggcaagetgecegtgecctggeccacectegtga
ccaccctgacctacggegtgecagtgettecagecgetacecccgace
acatgaagcagcacgacttcecttcaagteegecatgeccgaagget
acgtccaggagcgcaccatcettettcaaggacgacggcaactaca
agacccgcecgecgaggtgaagttcgagggegacacectggtgaace
gcatcgagctgaagggcatcgacttcaaggaggacggcaacatee
tggggcacaagctggagtacaactacaacagccacaacgtetata
tcatggeccgacaagcagaagaacggcatcaaggtgaacttcaaga
tecegecacaacatcgaggacggcagegtgecagetegeecgacceact
accagcagaacaccceccateggegacggeccegtgetgetgeeeg
acaaccactacctgagecacccagteecgecctgagecaaagaceccca
acgagaagcgcgatcacatggtcecetgetggagttegtgacegeeg
cecgggatecacteteggecatggacgagetgtacaagtaaAAAAAAC
AAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGA
CTT
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183 Genetic UAAUACGACUCACUAUAGGAGCCUUAAAGAAGAAAUUCUUUAAGU
Construc GGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUUAUAGACAAG
t E RNA GCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAAACAAUAGAU
GACUUACAACUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACC
CUAACGUCAAGACGAGGGUAAAGAGAGAGUCCAAUUCUCAAAGCC
AAUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAAAAUCCGUUGACC
UUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAA
ACGCAAUAGCCGAAAAACAAAAAACAAAAAAAACAAAAAAAANAC
CAAAAAAACAAAACACAUUAAAACAGCCUGUGGGUUGAUCCCACC
CACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCUUUG
UGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAA
CACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGA
UCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCA
CGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGA
AAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCA
CUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUCCCCACG
GGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAA
CCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGA
GCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCUAAUCCUAACU
GCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGG
CAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUU
UUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUA
CCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUU
AUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUU
AAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAaUggUga
gcaagggcgaggagcuguucaccgggguggugeccauccuggucyg
agcuggacggcgacguaaacggccacaaguucageguguceggeyg
agggcgagggcgaugccaccuacggcaagougacccugaaguuca
ucugcaccaccggcaagcugeccgugeccuggeccaccoucguga
ccacccugaccuacggogugcagugouucagocgouaccocgace
acaugaagcagcacgacuucuucaaguccgecaugeccgaaggou
acguccaggagcgcaccaucuucuucaaggacgacggcaacuaca
agacccgegecgaggugaaguucgagggoegacacecouggugaaca
gcaucgagcugaagggcaucgacuucaaggaggacggcaacauce
uggggcacaagcuggaguacaacuacaacagccacaacgucuaua
ucauggccgacaagcagaagaacggcaucaaggugaacuucaaga
uccgcecacaacaucgaggacggcagogugecagoucgecgaccacu
accagcagaacacccccaucggcegacggeoccgugcugougeccyg
acaaccacuaccugagcacccoaguccgeccugagcaaagacecca
acgagaagcgcgaucacaugguccugcuggaguucgugaccegecy
ccgggaucacucucggceauggacgagouguacaaguaaAAAAAAC
AAAAAACAAAACGGCUAUUAUGCGUUACCGGCGAGACGCUACGGA
Cuu

111 Vectors

[0313] In some aspects, the genetic DNA or RNA genetic constructs are comprised in a
vector. In some aspects, the vector is a DNA vector. In some aspects, the vector is a RNA vector.
In some aspects, the vector is a DNA/RNA hybrid vector. In some aspects, the vector is a plasmid.
[0314] In some aspects, the vector is produced by any of the method known in the art for
the production of vectors comprising genetic constructs. In some aspects, the vector is produced
by chemical synthesis. In some aspects, the vector is produced by molecular cloning. In some
aspects, the vector comprises naturally occurring nucleobases, naturally occurring sugar moieties,

naturally occurring phosphates groups, naturally occurring nucleic acids backbones, naturally
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occurring nucleosides, naturally occurring internucleoside linkages, naturally occurring
nucleotides, modified nucleobases, modified sugar moieties, modified phosphates groups,
modified nucleic acids backbones, modified nucleosides, modified internucleoside
linkages, modified nucleotides, or any combination thereof. In some aspects, the genetic construct
or the vector is suitable for in vivo transcription. In some aspects, the vector is suitable for in vitro
transcription. In some aspects, the vector is suitable for in vivo and in vitro transcription.

[0315] In some aspects, the genetic construct (e.g., comprised in a vector) described herein
comprises one or more additional components that aid in the function of the DNA genetic construct,
of the pre-circRNA, or of the circRNA produced as disclosed herein.

[0316] In some aspects, the genetic constructs of the present disclosure comprise one or
more additional components, wherein the one or more additional components, for example,
promotes the transcription of the pre-circRNAs from the DNA genetic constructs, promotes
circularization of the pre-circRNAs, enhances the expression of an encoded payload, increases the
stability of the payload sequence, or any combination thereof.

[0317] Non-limiting examples of additional components that are useful for the present
disclosure include: (1) an internal ribosome entry cite (IRES), (2) an untranslated region (UTR),
(3) a sequence encoding a signal peptide, (4) a translation initiation sequence, (5) a sequence
encoding a RNA binding protein, (6) a sequence encoding a 2A peptide, (7) a translation enhancer
element, or (8) any combination of (1) to (7).

[0318] In some aspects, the vectors disclosed herein further comprise additional genetic
elements. In some aspects, the additional genetic element is: a restriction enzymes recognition site,
a selectable marker, an antibiotic resistance conferring sequences (e.g., an ampicillin or a
kanamycin resistance element), a self-cleaving sites coding sequences (e.g., self-cleaving 2A
peptides: P2A, T2A, and F2A either with or without furin cleavage site), comprises a translational
enhancer element (TEE), origin of replication sites, and a promoter sequence (e.g., a T7, T3, or
Sp6 phage polymerase promoter).

[0319] In some aspects, the vectors disclosed herein comprise a translational enhancer
element (TEE). As used herein, the term "translational enhancer element" refers to cis-acting
sequences that increase the expression of a protein encoded by a nucleotide sequence. Non-limiting
examples of TEEs that can be used with the present disclosure are known in the art, see, e.g.,
US20130177581A, which is incorporated herein by reference in its entirety. When such a pre-

circRNA or circRNA produced as disclosed herein is introduced into a target cell, the expression
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of the payload is increased, e.g., as compared to a corresponding pre-circRNA or circRNA where
the payload sequence does not comprise the TEE.

[0320] In some aspects, the TEE is positioned between the transcription promoter and the
start codon of a sequence (e.g., payload sequence). In some aspects, a TEE useful for the present
disclosure has at least about 50%, at least about 55%, at least about 60%, at least about 65%, at
least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at
least about 95%, or at least about 99% sequence identity with any of the TEEs provided in U.S.
Publication Number US 20140147454, US20090226470, US20070048776, US20130177581,
US20110124100, WO1999024595, W02012009644, W02009075886, W02007025008, U.S.
Pat. No. 6,310,197, U.S. Pat. No. 6,849,405, U.S. Pat. No. 7,456,273, U.S. Pat. No. 7,183,395,
each of which is herein incorporated by reference in its entirety.

[0321] In some aspects, the vectors disclosed herein comprises multiple TEEs. For
example, in some aspects, a pre-circRNA or circRNA produced as disclosed herein comprises a
payload sequence, wherein the payload sequence comprises at least 1, 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 11, at least 12, at least 13,
at least 14, at least 15, at least 16, at least 17, at least 18 at least 19, at least 20, at least 21, at least
22, at least 23, at least 24, at least 25, at least 30, at least 35, at least 40, at least 45, at least 50, at
least 55, or more than 60 TEE sequences. In some aspects, the TEE sequences in the 5’'UTR of the
RNA (e.g., modified RNA) are the same or different TEE sequences. In some aspects, the TEE
sequences are in a pattern such as ABABAB or AABBAABBAABB or ABCABCABC or variants
thereof repeated once, twice, or more than three times. In these patterns, each letter, A, B, or C
represent a different TEE sequence at the nucleotide level.

[0322] In some aspects, the vectors disclosed herein comprise an antibiotic resistance
conferring sequence. In some aspects, the genetic constructs disclosed herein comprise an
antibiotic resistance conferring sequence at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identical to an antibiotic resistance conferring sequence of SEQ ID NO:
111. In some aspects, the genetic constructs (e.g., comprised in a vector), precursor RNAs, or
circular RNAs disclosed herein comprises an antibiotic resistance conferring sequence of SEQ ID
NO: 111.

[0323] In some aspects, the DNA genetic constructs (e.g., comprised in a vector), pre-
circRNAs, and circRNA disclosed herein are between 300 and 10000, 400 and 9000, 500 and 8000,
600 and 7000, 700 and 6000, 800 and 5000, 900 and 5000, 1000 and 5000, 1100 and 5000, 1200
and 5000, 1300 and 5000, 1400 and 5000, and/or 1500 and 5000 nucleotides in length. In some
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aspects, the DNA genetic constructs (e.g., comprised in a vector), pre-circRNAs, and circRNA
disclosed herein are at least 300 nt, 400 nt, 500 nt, 600 nt, 700 nt, 800 nt, 900 nt, 1000 nt, 1100 nt,
1200 nt, 1300 nt, 1400 nt, 1500 nt, 2000 nt, 2500 nt, 3000 nt, 3500 nt, 4000 nt, 4500 nt, or 5000 nt
in length. In some aspects, the DNA genetic constructs (e.g., comprised in a vector), pre-circRNAs,
and circRNA disclosed herein are no more than 3000 nt, 3500 nt, 4000 nt, 4500 nt, 5000 nt, 6000
nt, 7000 nt, 8000 nt, 9000 nt, or 10000 nt in length. In some embodiments, the length of a DNA,
linear RNA, and/or circular RNA polynucleotide provided herein is about 300 nt, 400 nt, 500 nt,
600 nt, 700 nt, 800 nt, 900 nt, 1000 nt, 1100 nt, 1200 nt, 1300 nt, 1400 nt, 1500 nt, 2000 nt, 2500
nt, 3000 nt, 3500 nt, 4000 nt, 4500 nt, 5000 nt, 6000 nt, 7000 nt, 8000 nt, 9000 nt, or 10000 nt.

1V.  Modified Nucleotides

[0324] In some aspects, the genetic constructs disclosed herein comprises one or more
modified nucleosides. In some aspects, the one or more modified nucleosides comprises 6-aza-
cytidine, 2-thio-cytidine, o-thio-cytidine, pseudo-iso-cytidine, 5-aminoallyl-uridine, 5-iodo-
uridine, N1-methyl-pseudouridine, 5,6-dihydrouridine, o-thio-uridine, 4-thio-uridine, 6-aza-
uridine, 5-hydroxy-uridine, deoxy-thymidine, pseudo-uridine, inosine, a-thio-guanosine, 8-oxo-
guanosine, O6-methyl-guanosine, 7-deaza-guanosine, N1-methyl adenosine, 2-amino-6-chloro-
purine, N6-methyl-2-amino-purine, 6-chloro-purine, N6-methyl-adenosine, a-thio-adenosine, 8-
azido-adenosine, 7-deaza-adenosine, pyrrolo-cytidine, S-methyl-cytidine, N4-acetyl-cytidine, 5-
methyl-uridine, 5-iodo-cytidine, and combinations thereof.

[0325] In some aspects, the genetic constructs disclosed herein comprises one or more
uridines which have been replaced by a modified nucleoside. In some aspects, the modified
nucleoside replacing uridine is pseudouridine (), N1-methyl-pseudouridine (m1y) or S-methyl-

uridine (m5U).

V. Circular RNAs

[0326] In some aspects, the circRNAs prepared by the pre-circRNA constructs or methods
described herein have greater stability than a linear RNA (e.g., an mRNA) comprising a same
sequence. In some aspects, circRNAs prepared by the pre-circRNA constructs or methods
described herein have a stability at least 0.5, 1, 2, 3, 4, 5, 6, 7, 8,9, 10, 15, 20, 25, 30, 35, 40, 45,
50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 150, 200, 300, 400, 500, 600, 700, 800, 900, 1000 folds
greater than that of a linear RNA (e.g., an mRNA) comprising a same sequence. In some aspects,

the circRNAs prepared by the pre-circRNA constructs or methods described herein have greater
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stability than a linear RNA (e.g., an mRNA) comprising a same sequence when administered to a
cell. In some aspects, the cell is comprised in an organism. In some aspects, the organism is a
human. In some aspects, the circRNAs prepared by the pre-circRNA constructs or methods
described herein have greater stability than a linear RNA (e.g., an mRNA) comprising a same
sequence, a same modification, a same optimized UTR, a cap, and/or a polyA tail, and encoding a
same payload. In some aspects, the circRNAs prepared by the pre-circRNA constructs or methods
described herein have a stability at least 0.5, 1, 2, 3,4, 5, 6,7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45,
50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 150, 200, 300, 400, 500, 600, 700, 800, 900, 1000 folds
greater than that of a linear RNA (e.g, an mRNA) comprising a same sequence, a same
modification, a same optimized UTR, a cap, and/or a polyA tail, and encoding a same payload. In
some aspects, the circRNAs prepared by the pre-circRNA constructs or methods described herein
has greater stability than a linear RNA (e.g., an mRNA) comprising a same sequence, a same
modification, a same optimized UTR, a cap, and/or a polyA tail, and encoding a same protein when
administered to a cell. In some aspects, the cell is comprised in an organism. In some aspects, the
organism is a human. In some aspects, the circRNAs prepared by the pre-circRNA constructs or
methods described herein have a stability greater than or equal to that of a pre-determined threshold
value. In some aspects, the pre-determined threshold value is a stability of a reference linear RNA
(e.g., an mRNA) comprising a same sequence as the circular RNA. In some aspects, the pre-
determined threshold value is the stability of a reference linear RNA (e.g., an mRNA) comprising
a same sequence, a same modification, a same optimized UTR, a cap, and/or a polyA tail, and
encoding a same payload. In some aspects, the circRNAs have a stability greater than or equal to
that of a pre-determined threshold value when administered to a cell. In some aspects, the cell is
comprised in an organism. In some aspects, the organism is a human.

[0327] In some aspects, the circRNAs prepared by the pre-circRNA constructs or methods
described herein has greater half-life or functional half-life than a linear RNA (e.g., an mRNA)
comprising a same sequence. In some aspects, the circRNAs prepared by the pre-circRNA
constructs or methods described herein have a half-life or functional half-life at least 0.5, 1, 2, 3,
4,5,6,7,8,9,10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 150, 200,
300, 400, 500, 600, 700, 800, 900, 1000 folds greater than that of a linear RNA (e.g., an mRNA)
comprising a same sequence. In some aspects, the circRNAs prepared by the pre-circRNA
constructs or methods described herein have greater half-life or functional half-life than a linear
RNA (e.g., an mRNA) comprising a same when administered to a cell. In some aspects, the cell is

comprised in an organism. In some aspects, the organism is a human. In some aspects, the
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circRNAs prepared by the pre-circRNA constructs or methods described herein have greater half-
life or functional half-life than a linear RNA (e.g., an mRNA) comprising a same sequence, a same
modification, a same optimized UTR, a cap, and/or a polyA tail, and encoding a same payload. In
some aspects, the circRNAs prepared by the pre-circRNA constructs or methods described herein
have a half-life or functional half-life at least 0.5, 1, 2, 3,4, 5,6, 7, 8,9, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 150, 200, 300, 400, 500, 600, 700, 800, 900, 1000
folds greater than that of a linear RNA (e.g., an mRNA) comprising a same sequence, a same
modification, a same optimized UTR, a cap, and/or a polyA tail, and encoding a same payload. In
some aspects, the circRNAs prepared by the pre-circRNA constructs or methods described herein
have greater half-life or functional half-life than a linear RNA (e.g., an mRNA) comprising a same
sequence, a same modifications, a same optimized UTR, a cap, and/or a polyA tail, and encoding
a same payload when administered to a cell. In some aspects, the cell is comprised in an organism.
In some aspects, the organism is a human. In some aspects, the circRNAs have a half-life or
functional half-life in a cell greater than or equal to that of a pre-determined threshold value. In
some aspects, the pre-determined threshold value is the half-life or functional half-life of a
reference linear RNA (e.g., an mRNA) comprising a same sequence as the circRNAs. In some
aspects, the pre-determined threshold value is a half-life or functional half-life of a reference linear
RNA (e.g., an mRNA) comprising a same sequence, a same modification, a same optimized UTR,
a cap, and/or a polyA tail, and encoding a same payload. In some aspects, the circRNAs have a
half-life or functional half-life greater than or equal to that of a pre-determined threshold value
when administered to a cell. In some aspects, the cell is comprised in an organism. In some aspects,
the organism is a human.

[0328] In some aspects, the circRNAs prepared by the pre-circRNA constructs or methods
described herein have a half-life or functional half-life of at least 5 hours, 10 hours, 15 hours, 20
hours, 30 hours, 40 hours, 50 hours, 60 hours, 70 hours or 80 hours. In some aspects, the circular
RNA provided herein has a half-life of 5-80, 10-70, 15-60, and/or 20-50 hours. In some aspects,
the circRNAs prepared by the pre-circRNA constructs or methods described herein have a half-
life or functional half-life of at least 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9
days, or 10 days. In some aspects, the half-life or functional half-life is determined by a nucleic
acid assay. In some aspects the functional half-life is determined by a functional protein assay. In
some aspects, the circular RNA comprises a nucleotide sequence encoding a reporter gene. In some
aspects, the functional half-life is determined by an in vitro luciferase assay measuring the

expression of the reporter gene. In some aspects, the functional half-life is determined by an in
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vitro luciferase assay, wherein the activity of Gaussia luciferase (GLuc) is measured in cells (e.g.
HepG2) expressing the circular RNA polynucleotide every 1, 2, 6, 12, or 24 hours over 1, 2, 3, 4,
5,6, 7, or 14 days. In some aspects, the functional half-life is determined by an in vitro fluorescence
assay, wherein fluorescence (e.g., from a GFP protein) is measured in cells (e.g. HepG2) expressing
the circular RNA every 1, 2, 6, 12, or 24 hours over 1, 2, 3, 4, 5, 6, 7, or 14 days. In other aspects,
the functional half-life is determined by an in vivo assay, wherein levels of a protein encoded by
the expression sequence of the circular RNA polynucleotide are measured in patient serum or tissue
samples every 1, 2, 6, 12, or 24 hours over 1, 2, 3, 4, 5, 6, 7, or 14 days.

[0329] In some aspects, the circRNAs prepared by the pre-circRNA constructs or methods
described herein have greater magnitude of expression than a linear RNA (e.g., an mRNA)
comprising a same sequence. In some aspects, the circRNAs prepared by the pre-circRNA
constructs or methods described herein have a magnitude of expression at least 0.5, 1, 2,3, 4, 5, 6,
7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 150, 200, 300, 400,
500, 600, 700, 800, 900, 1000 folds greater than that of a linear RNA (e.g., an mRNA) comprising
a same sequence. In some aspects, the circRNAs prepared by the pre-circRNA constructs or
methods described herein have greater magnitude of expression than a linear RNA (e.g., an mRNA)
comprising a same sequence when administered to a cell. In some aspects, the cell is comprised in
an organism. In some aspects, the organism is a human. In some aspects, the circRNAs prepared
by the pre-circRNA constructs or methods described herein have greater magnitude of expression
than a linear RNA (e.g., an mRNA) comprising a same sequence, a same modification, a same
optimized UTR, a cap, and/or a polyA tail, and encoding a same payload. In some aspects, the
circRNAs prepared by the pre-circRNA constructs or methods described herein have a magnitude
of expression at least 0.5, 1,2, 3,4, 5,6,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90, 95, 100, 150, 200, 300, 400, 500, 600, 700, 800, 900, 1000 folds greater than that
of a linear RNA (e.g., an mRNA) comprising a same sequence, a same modification, a same
optimized UTR, a cap, and/or a polyA tail, and encoding a same payload. In some aspects, the
circRNAs prepared by the pre-circRNA constructs or methods described herein have greater
magnitude of expression than a linear RNA (e.g., an mRNA) comprising a same sequence, a same
modification, a same optimized UTR, a cap, and/or a polyA tail, and encoding a same payload
when administered to a cell. In some aspects, the cell is comprised in an organism. In some aspects,
the organism is a human. In some aspects, the circRNAs have a magnitude of expression greater
than or equal to that of a pre-determined threshold value. In some aspects, the pre-determined

threshold value is a magnitude of expression of a reference linear RNA (e.g., an mRNA)
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comprising a same sequence as the circRNAs. In some aspects, the pre-determined threshold value
is a magnitude of expression of a reference linear RNA (e.g., an mRNA) comprising a same
sequence, a same modification, a same optimized UTR, a cap, and/or a polyA tail, and encoding a
same payload. In some aspects, the circRNAs have a magnitude of expression greater than or equal
to that of a pre-determined threshold value when administered to a cell. In some aspects, the cell
is comprised in an organism. In some aspects, the organism is a human.

[0330] In some aspects, the circRNAs prepared by the pre-circRNA constructs or methods
described herein has less immunogenicity than a linear RNA (e.g., an mRNA) comprising a same
sequence. In some aspects, the circRNAs described herein have an immunogenicity at least 0.5, 1,
2,3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 150,
200, 300, 400, 500, 600, 700, 800, 900, 1000 folds lower than that of a linear RNA (e.g., an mRNA)
comprising a same sequence. In some aspects, the circular RNA described herein have less
immunogenicity than a linear RNA (e.g,, an mRNA) comprising a same sequence when
administered to a cell. In some aspects, the cell is comprised in an organism. In some aspects, the
organism is a human. In some aspects, the circRNAs provided herein have less immunogenicity
than a linear RNA (e.g., an mRNA) comprising a same sequence, a same modifications, a same
optimized UTR, a cap, and/or a polyA tail, and encoding a same payload. In some aspects, the
circRNAs provided herein have an immunogenicity at least 0.5, 1,2, 3,4, 5,6, 7, 8,9, 10, 15, 20,
25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 150, 200, 300, 400, 500, 600, 700,
800, 900, 1000 folds lower than that of a linear RNA (e.g., an mRNA) comprising a same sequence,
a same modification, a same optimized UTR, a cap, and/or a polyA tail, and encoding a same
payload. In some aspects, the circRNAs provided herein have less immunogenicity than a linear
RNA (e.g., an mRNA) comprising a same sequence, a same modification, a same optimized UTR,
a cap, and/or a polyA tail, and encoding a same payload when administered to a cell. In some
aspects, the cell is comprised in an organism. In some aspects, the organism is a human. In some
aspects, the circRNAs have an immunogenicity lower than or equal to that of a pre-determined
threshold value. In some aspects, the pre-determined threshold value is an immunogenicity of a
reference linear RNA (e.g., an mRNA) comprising a same sequence as the circRNAs. In some
aspects, the pre-determined threshold value is an immunogenicity of a reference linear RNA (e.g.,
an mRNA) comprising a same sequence, a same modification, a same optimized UTR, a cap,
and/or a polyA tail, and encoding a same payload. In some aspects, the circRNAs have an

immunogenicity lower than or equal to that of a pre-determined threshold value when administered
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to a cell. In some aspects, the cell is comprised in an organism. In some aspects, the organism is a
human.

[0331] In some aspects, the circular RNA described herein is less immunogenic than an
equivalent linear RNA (i.e., a linear RNA comprising a same sequence as the circular RNA, or a
linear RNA comprising a same sequence, a same modification, a same optimized UTR, a cap,
and/or a polyA tail, and encoding the same protein as the circular RNA (e.g., mRNA)) when
exposed to an immune system of an organism or a certain type of immune cell.

[0332] In some aspects, the circRNAs described herein do not comprise and excision scar
and have less immunogenicity than a same circRNA comprising an excision scar and comprising
a same sequence. In some aspects, the circRNAs provided herein have an immunogenicity at least
05,1,2,3,4,5,6,7.8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100,
150, 200, 300, 400, 500, 600, 700, 800, 900, 1000 folds lower than that of a same circRNA
comprising an excision scar and comprising a same sequence. In some aspects, the circRNAs
provided herein have less immunogenicity than a same circRNA comprising an excision scar and
comprising a same sequence when administered to a cell. In some aspects, the cell is comprised in
an organism. In some aspects, the organism is a human. In some aspects, the circRNAs provided
herein have less immunogenicity than a same circRNA comprising an excision scar and comprising
a same sequence, a same modification, a same optimized UTR, and encoding a same payload. In
some aspects, the circRNAs provided herein have an immunogenicity at least 0.5, 1, 2, 3, 4, 5, 6,
7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 150, 200, 300, 400,
500, 600, 700, 800, 900, 1000 folds lower than that of a same circRNA comprising an excision
scar and comprising a same sequence, a same modification, a same optimized UTR, and encoding
a same payload. In some aspects, the circRNAs provided herein have less immunogenicity than a
same circRNA comprising an excision scar and comprising a same sequence, a same modification,
a same optimized UTR, and encoding a same payload when administered to a cell. In some aspects,
the cell is comprised in an organism. In some aspects, the organism is a human. In some aspects,
the circRNAs have an immunogenicity lower than or equal to that of a pre-determined threshold
value. In some aspects, the pre-determined threshold value is an immunogenicity of a reference
circRNA comprising an excision scar and comprising a same sequence as the circRNAs. In some
aspects, the pre-determined threshold value is an immunogenicity of a reference circRNA
comprising an excision scar and comprising a same sequence, a same modification, a same
optimized UTR, and encoding a same payload. In some aspects, the circRNAs have an

immunogenicity lower than or equal to that of a pre-determined threshold value when administered
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to a cell. In some aspects, the cell is comprised in an organism. In some aspects, the organism is a
human.

[0333] In some aspects, the circular RNA described herein is less immunogenic than an
equivalent circRNA comprising an excision scar (i.e., a circRNA comprising an excision scar and
comprising a same sequence, a same modifications, an same optimized UTR, and encoding the
same payload) when exposed to an immune system of an organism or a certain type of immune
cell.

[0334] In some aspects, the circRNAs provided herein are associated with modulated
production of cytokines when exposed to an immune system of an organism or a certain type of
immune cell. In some aspects, the circRNAs provided herein are associated with reduced
production of IFN-B1, RIG-I, IL-2, IL-6, IFNy, and/or TNFo, when exposed to an immune system
of an organism or a certain type of immune cell as compared to an equivalent linear RNA (i.e., a
linear RNA comprising a same sequence as the circRNAs, or a linear RNA comprising a same
sequence, a same modification, a same optimized UTR, a cap, and/or a polyA tail, and encoding a
same payload as the circular RNA (e.g., mRNA)).

[0335] In some aspects, the circRNAs provided herein does not comprise and excision scar.
In some aspects, the circRNAs provided herein are associated with modulated production of
cytokines when exposed to an immune system of an organism or a certain type of immune cell. In
some aspects, the circRNAs provided herein are associated with reduced production of IFN-B1,
RIG-I, IL-2, IL-6, IFNy, and/or TNFo when exposed to an immune system of an organism or a
certain type of immune cell as compared to an equivalent circRNA comprising an excision scar
(i.e., a circRNA comprising a same sequence as the circRNA, and further comprising an excision
scar; or a circRNA comprising a same sequence, a same modification, a same optimized UTR, and
encoding a same payload as the circular RNA (e.g., mRNA), and further comprising an excision
scar).

[0336] In some aspects, the circular RNA provided herein is associated with less IFN-B1,
RIG-L, IL-2, IL-6, IFNy, and/or TNFa, transcript induction when exposed to an immune system of
an organism or a certain type of immune cell as compared to an equivalent linear RNA (i.e., a
linear RNA comprising the same expression sequence as the circular RNA, or a linear RNA
comprising the same expression sequence, the same modifications, an optimized UTR, a cap,
and/or a polyA tail, and encoding the same protein as the circular RNA (e.g., mRNA)).

[0337] In some aspects, the circular RNA provided herein is associated with less IFN-B1,
RIG-I, IL-2, IL-6, IFNy, and/or TNFa transcript induction when exposed to an immune system of

111



WO 2025/111280 PCT/US2024/056551

an organism or a certain type of immune cell as compared to an equivalent circRNA comprising
an excision scar (i.e., a circRNA comprising a same sequence as the circRNA, and further
comprising an excision scar; or a circRNA comprising a same sequence, a same modification, a
same optimized UTR, and encoding a same payload as the circular RNA (e.g., mRNA), and further
comprising an excision scar).

[0338] In some aspects, transcription of the pre-circRNAs from the DNA genetic
constructs (e.g., comprised in a vector), is in vitro. In some aspects, in vitro transcription of the
pre-circRNAs from the DNA genetic constructs (e.g., comprised in a vector), is in a cell. In some
aspects the cell is a prokaryotic cell. In some aspects the cell is a eukaryotic cell. In vitro
transcription of the precursor RNA from the genetic construct (e.g., comprised in a vector) in a cell
can be via added polymerases or polymerases encoded by nucleic acids transfected into the cell, or
via endogenous (e.g., RNA polymerase II). In some aspects, the pre-circRNAs are transcribed in
the cytoplasm of the cell. In some aspects, the pre-circRNAs are transcribed in the nucleus of the
cell. In some aspects, in vitro transcription of the pre-circRNAs from the DNA genetic construct
(e.g., comprised in a vector), is in a cell-free reaction. /n vitro transcription of the precursor RNA
from the genetic construct (e.g., comprised in a vector) in a cell free reaction can be by any RNA
polymerase. In some aspects, the RNA polymerase is a bacteriophage RNA polymerase (e.g., T7,
T3, or Spb).

[0339] In some aspects, circularization of the pre-circRNAs to produce the circRNAs, is in
vitro. In some aspects, in vitro circularization of the pre-circRNAs to produce the circRNAs, is in
a cell. In some aspects the cell is a prokaryotic cell. In some aspects the cell is a eukaryotic cell. In
some aspects, the circRNAs are produced in the cytoplasm of the cell. In some aspects, the
circRNAs are produced in the nucleus of the cell. In some aspects, circularization of the pre-
circRNAs to produce the circRNAs is in a cell-free reaction.

[0340] In some aspects, transcription of the pre-circRNAs from the DNA genetic
constructs (e.g., comprised in a vector), is in vivo. In some aspects, DNA genetic constructs (e.g.,
comprised in a vector) is administered to a cell comprised in a multicellular organism and the pre-
circRNAs are transcribed from the DNA genetic constructs (e.g., comprised in a vector) in the cell
comprised in the multicellular organism.

[0341] In some aspects, circularization of the pre-circRNAs to produce the circRNAs is in
vivo. In some aspects, DNA genetic constructs (e.g., comprised in a vector) are administered to a
cell comprised in a multicellular organism, the pre-circRNAs are transcribed from the DNA genetic

constructs (e.g., comprised in a vector) and the pre-circRNAs circularize in the cell comprised in
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the multicellular organism. In some aspects, pre-circRNAs are administered to a cell comprised in
amulticellular organism and the pre-circRNAs circularize in the cell comprised in the multicellular
organism.

[0342] In certain aspects, the circRNA provided herein is administered to a cell. In some
aspects the sequence encoding the payload comprised in the circular RNAs described herein is
expressed in a cell. In some aspects, the cell in comprised in and organism. In some aspects, the

organism is an animal. In some aspects, the animal is a human.

VI.  Pre-circRNA Circularization

[0343] In some aspects, the pre-circRNA comprises a 5' splice site and a 3' splice site. In
the aspects, circularization of the pre-circRNA takes place by a two-step transesterification reaction
with an exogenous GTP (aG) with its 3'-OH acting as an initiating nucleophile. Binding of the aG
in the G-binding site in P7 positions the 3’'-OH of GTP to attack the 5' splice site. During the first
transesterification step the oG is attached to the 5'-end of the intron RNA by a 3'-5' phosphodiester
bond. This step is followed by conformational changes allowing the upstream exon's terminal 3’
guanosine (mG) to trade position with the oG and occupy the G-binding site to initiate the second
transesterification reaction. The 3'-OH of the upstream exon attacks the 3’ splice site (an
interaction facilitated by the formation of P10) promoting the ligation of upstream and downstream
exons and the release of the intron RNA.

[0344] In some aspects, the pre-circRNA comprises a 3' splice site and a catalytic
nucleotide. In the aspects, circularization of the pre-circRNA takes place by a one-step
transesterification reaction with the upstream exon's terminal 3' guanosine (©G) trading position
with the aG and occupy the G-binding site to initiate the transesterification reaction. The 3'-OH
of the upstream exon attacks the 3’ splice site (an interaction facilitated by the formation of P10)

promoting the ligation of upstream and downstream exons and the release of the intron RNA.

VII.  Compositions Comprising the Genetic Constructs and Methods of Making circRNAs
[0345] In some aspects, provided herein are compositions comprising the genetic
constructs capable of forming circular RNAs disclosed herein (i.e., pre-circRNAs or DNA genetic
constructs from which pre-circRNAs can be transcribed) and one or more additional component.
[0346] In some aspects, the additional component is one or more metal ion. In some
aspects, the one or more metal ion can be used in compositions comprising the pre-circRNAs

disclosed herein to produce a circRNA. In some aspects the metal ion is a cation. In some aspects
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the cation is a monovalent cation. In some aspects, the monovalent cation is Na+, K+, NH4+, which
can be included in the form NaCl, KCl, NH4Cl, Ammonium acetate, and Ammonium sulfate. In
some aspects, the cation is a bivalent cation. In some aspects, the metal ion is Mg2+, Ca2+, Cu2+,
Mn2+, Zn2+, Pb2+, Co2+, Cd2+, Sn2+, Ni2+, Fe2+, Ba2+, or Sr2+. In some aspects, the cation
is a trivalent cation. In some aspects the metal ion is Ytterbium (Yb3+).

[0347] In some aspects, the additional component is a RNA polymerase. In some aspects,
the RNA polymerase can be used in compositions comprising the DNA genetic constructs
disclosed herein to produce the pre-circRNAs disclosed herein. In some aspects, the RNA
polymerase is a T7 RNA polymerase, a T3 RNA polymerase, a SP6 RNA polymerase, or any
combination thereof.

[0348] In some aspects, the additional component in a salt, a buffer, or any additional
component that may facilitate the transcription of the DNA genetic constructs disclosed herein into
the pre-circRNAs disclosed herein, and/or any additional component that may facilitate the
circularization of the pre-circRNAs disclosed herein to produce the circRNAs disclosed herein.
[0349] Any suitable method known in the published literature can be used to transcribe the
DNA genetic constructs disclosed herein into the pre-circRNAs disclosed herein, and/or to
circularize the pre-circRNAs disclosed herein to produce the circRNAs disclosed herein.

[0350] The DNA genetic constructs disclosed herein can be transcribed into the pre-
circRNAs disclosed herein in vitro, in vivo, or any combination thereof. Similarly, the pre-
circRNAs disclosed herein in vitro or in vivo can be circularized to produce the circRNAs disclosed
herein in vitro, in vivo, or any combination thereof.

[0351] The vectors comprising the DNA genetic constructs and the pre-circRNAs provided
herein can be made using standard techniques of molecular biology. For example, the various
elements of the vectors provided herein can be obtained by chemical synthesis or by recombinant
methods. For example, the genetic elements comprised in the genetic constructs can be derived
from cDNA derived from cells, or from a vector known to include the genetic element of interest.
Alternatively, the genetic elements of the genetic constructs provided herein can also be produced
synthetically, rather than cloned, based on the known sequences. The complete sequence can be
assembled from overlapping oligonucleotides prepared by standard methods and assembled into
the complete sequence. See, e.g., Edge, Nature (1981) 292:756; Nambair et al. , Science (1984)
223:1299; and Jay et al. , J. Biol. Chem. (1984) 259:631 1. Particular nucleotide sequences can be
obtained from vectors harboring the desired sequences or synthesized completely or in part using

various oligonucleotide synthesis techniques known in the art. Additionally, nucleotides sequences
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can be modified or amplified using any technique known in the art, such as site-directed
mutagenesis and polymerase chain reaction (PCR) techniques where appropriate. One method of
obtaining nucleotide sequences encoding the desired vector elements is by annealing
complementary sets of overlapping synthetic oligonucleotides produced in a conventional,
automated polynucleotide synthesizer, followed by ligation with an appropriate DNA ligase and
amplification of the ligated nucleotide sequence via PCR. See, e.g., Jayaraman et al., Proc. Natl.
Acad. Sci. USA (1991) 88:4084-4088. Additionally, oligonucleotide-directed synthesis (Jones et
al., Nature (1986) 54:75-82), oligonucleotide directed mutagenesis of preexisting nucleotide
regions (Riechmann et al., Nature (1988) 332:323-327 and Verhoeyen et al., Science (1988) 239:
1534-1536), and enzymatic filling-in of gapped oligonucleotides using T4 DNA polymerase
(Queen et al., Proc. Natl. Acad. Sci. USA (1989) 86: 10029-10033) can be used.

[0352] The pre-circRNAs provided herein can be generated by incubating a vector
provided herein under conditions permissive of transcription of the precursor RNA encoded by the
vector. In some aspects, a precursor RNA is synthesized by incubating a genetic construct (e.g.,
comprised in a vector) provided herein that comprises an RNA polymerase promoter with a
compatible RNA polymerase enzyme (e.g., a T7, T3, or Sp6 RNA polymerase) under conditions
permissive of in vitro transcription. In some aspects, a genetic construct (e.g., comprised in a
vector) is incubated inside of a cell and transcribed by a bacteriophage RNA polymerase or by a
RNA polymerase II.

[0353] In some aspects, provided herein is a method of generating pre-circRNA by
performing in vitro transcription using a DNA genetic construct (e.g., comprised in a vector)
provided herein as a template (e.g., a vector provided herein comprising a RNA polymerase
promoter). In some aspects, the resulting pre-circRNA can be used to generate circRNAs provided
herein by incubating it in the presence of magnesium and ammonium ions at a temperature at
which RNA circularization occurs (e.g., between 20 °C and 60 °C).

[0354] In some aspects, a composition comprising circular RNA is purified. Circular RNA
may be purified by any known method known in the art, such as column chromatography, gel
filtration chromatography, and size exclusion chromatography. In some aspects, purification
comprises one or more of the following steps: phosphatase treatment, HPLC size exclusion
purification, and RNase R digestion. In some aspects, purification comprises the following steps
in order: RNase R digestion, phosphatase treatment, and HPLC size exclusion purification. In some
aspects, purification comprises reverse phase HPLC. In some aspects, a purified composition

contains less double stranded RNA, DNA splints, triphosphorylated RNA, phosphatase proteins,
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protein ligases, capping enzymes and/or nicked RNA than unpurified RNA. In some aspects, a
purified composition is less immunogenic than an unpurified composition. In some aspects,
immune cells exposed to a purified composition produce less IFN-f1, RIG-I, IL-2, IL-6, IFNy,

and/or TNFa than immune cells exposed to an unpurified composition.

VIII. Pharmaceutical Compositions

[0355] In some aspects, provided herein are pharmaceutical compositions comprising a
DNA genetic construct (e.g., comprised in a vector), a pre-circRNA, or a circRNA disclosed herein.
In some aspects, the DNA genetic constructs (e.g., comprised in a vector), the pre-circRNAs, or
the circRNAs disclosed her disclosed herein can be used as therapeutic agents. In some aspects,
the therapeutic agent is a DNA genetic construct (e.g., comprised in a vector) provided herein. In
some aspects, the therapeutic agent is a pre-circRNA provided herein. In some aspects, the
therapeutic agent is a circRNA provided herein. In some aspects the therapeutic agent is a vector
comprising a genetic construct provided herein. In some aspects, the therapeutic agent is a cell
comprising a genetic construct provided herein (e.g., a human cell, such as a human T cell). In
certain aspects, the composition further comprises a pharmaceutically acceptable carrier. In some
aspects, the pharmaceutical composition comprises pharmaceutically acceptable carriers, buffer
agents, excipients, salts, or stabilizers in the form of lyophilized formulations or aqueous solutions,
See, e.g., Remington: The Science and Practice of Pharmacy 20th Ed. (2000) Lippincott Williams
and Wilkoins, Ed. K. E. Hoover. "Acceptable", as used herein, means that the carrier must be
compatible with the active ingredient of the composition and not deleterious to the subject to be
treated. In some aspects, the carrier is capable of stabilizing the active ingredient.

[0356] In some aspects, the pharmaceutical composition can be formulated for
intratumoral, intrathecal, intramuscular, intravenous, subcutaneous, inhalation, intradermal,
intralymphatic, intraocular, intraperitoneal, intrapleural, intraspinal, intravascular, nasal,
percutaneous, sublingual, submucosal, transdermal, or transmucosal administration. In some
aspects of the disclosure, the pharmaceutical composition can be formulated for intratumoral
injection. Intratumoral injection, as used herein, refers to direct injections into the tumor. A high
concentration of composition can be achieved in situ, while using small amounts of drugs. Local
delivery of immunotherapies allows multiple combination therapies, while preventing significant
system exposure and off-target toxicities.

[0357] In some aspects, the pharmaceutical composition can be formulated for

intramuscular injection, intravenous injection, or subcutaneous injection.
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IX.  General Techniques

[0358] The practice of the present disclosure will employ, unless otherwise indicated,
conventional techniques of molecular biology (including recombinant techniques), microbiology,
cell biology, biochemistry and immunology, which are within the skill of the art. Molecular
Cloning: A Laboratory Manual, second edition (Sambrook, et al., 1989) Cold Spring Harbor Press;
Oligonucleotide Synthesis (M.J. Gait, ed., 1984); Methods in Molecular Biology, Humana Press;
Cell Biology: A Laboratory Notebook (J. E. Cellis, ed., 1998) Academic Press, Animal Cell
Culture (R. I. Freshney, ed. 1987); Introduction to Cell and Tissue Culture (J.P. Mather and P.E.
Roberts, 1998) Plenum Press; Cell and Tissue Culture: Laboratory Procedures (A. Doyle, J B.
Giffiths, and D.G. Newell, eds., 1993-8) J. Wiley and Sons; Method of Enzymology (Academic
Press, Inc.); Handbook of Experimental Immunology (D.M. Weir and C.C. Blackwell, eds.); Gene
Transfer Vectors for Mammalian Cells (J.M. Miller and M.P. Calos, eds., 1987); Current Protocols
in Molecular Biology (F.M. Ausubel, et al., eds., 1987): PCR: The Polymerase Chain Reaction,
(Mullis, et al., eds., 1994); Current Protocols in Immunology (J.E. Coligan et al., eds., 1991); Short
Protocols in Molecular Biology (Wiley and Sons, 1999); Immunobiology (C.A. Janeway and P.
Travers, 1997); Antibodies (P. Finch, 1997); Antibodies: a practical approach (D. Catty, ed., IRL
Press, 1988-1989); Monoclonal antibodies: a practical approach (P. Shepherd and C. Dean, eds.,
Oxford University Press, 2000); Using antibodies: a laboratory manual (E. Harlow and D. Lane,
Cold Spring Harbor Laboratory Press, 1999); The Antibodies (M. Zanette and J.D. Capra, eds.,
Harwood Academic Publishers, 1995). Without further elaboration, it is believed that one skilled
in the art can, based on the above description, utilize the present disclosure to its fullest extent. All
publications cited herein (including those listed above and elsewhere in the present disclosure) are
incorporated by reference in their entirety.

Table 15: Sequence Table (nnnnnnnnnn indicates an exemplary location for an exonic sequence;

mmmmmmmmmn indicates an exemplary location for an IRES).

SEQ ID | DESCRIPTION SEQUENCE
NO
42 Anabaena CACTAATACGACTCACTATAGGGAGACCCTCGACCGTCGATTGTCCACTGGTC

AACAATAGATGACTTACAACTAATCGGAAGGTGCAGAGACTCGACGGGAGCTA
CCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGG
CAGTAGCGAAAGCTGCAAGAGAATGAAAATCCGTTGACCTTAAACGGTCGTGT
GGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGCCGAAAAACAAAA
AACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACAMMMMMMMMMMNNN
nnnnNNNNAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGC
TACGGACTTAAATAATTGAGCCTTAAAGAAGAAATTCTTTAAGTGGATGCTCT
CAAACTCAGGGAAACCTAAATCTAGTTATAGACAAGGCAATCCTGAGCCAAGC
CGAAGTAGTAATTAGTAAGACCAGTGGACAATCGACGGATAACAGCATATCTA
GATAAGAAGAGCATCCCATGGTCATAGCTGTTTCCTGGCAGCTCTGGCCCGTG
TCTCAAAATCTCTGATGTTACATTGCACAAGATAAAAATATATCATCATGAAC

PCC7120
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AATAAAACTGTCTGCTTACATAAACAGTAATACAAGGGGTGTTATGAGCCATA
TTCAACGGGAAACGTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTA
TATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTA
TCGCTTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAG
GTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACG
GAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGC
ATGGTTACTCACCACTGCGATCCCCGGAAAAACAGCATTCCAGGTATTAGAAG
AATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGC
CGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATT
TCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTG
ATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATG
CATAAACTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTC
ACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTG
GACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGC
CTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTAT
TGATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTT
TCTAATCAGAATTGGTTAATTGGTTGTAACACTGGCAGAGCATTACGCTGACT
TGACGGGACGGCGCAAGCTCATGACCAAAATCCCTTAACGTGAGTTACGCGTC
GTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATC
CTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCA
GCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAAC
TGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGT
TAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTA
ATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTT
GGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGG
GTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATAC
CTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGA
CAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTC
CAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGA
CTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAA
CGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTC
ACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCC
TTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTC
AGTGAGCGAGGAAGCGGAGGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGC
GTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCG
GGCAGTGAGCGCAACGCAATTAATACGCGTACCGCTAGCCAGGAAGAGTTTGT
AGAAACGCAAAAAGGCCATCCGTCAGGATGGCCTTCTGCTTAGTTTGATGCCT
GGCAGTTTATGGCGGGCGTCCTGCCCGCCACCCTCCGGGCCGTTGCTTCACAA
CGTTCAAATCCGCTCCCGGCGGATTTGTCCTACTCAGGAGAGCGTTCACCGAC
AAACAACAGATAAAACGAAAGGCCCAGTCTTCCGACTGAGCCTTTCGTTTTAT
TTGATGCCTGGCAGTTCCCTACTCTCGCGTTAACGCTAGCATGGATGTTTTCC
CAGTCACGACGTTGTAAAACGACGGCCAGTCTTAAGCTCGGCTCTTCG

43

Tetrahymena

thermophila

CCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAAT
CTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGG
ATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAG
ATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAA
CTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTG
CTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAG
CTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAG
AAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGC
AGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTA
TCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGT
GATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTT
TTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTT
ATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCG
CTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAG
GAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATG
CAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAA
TTAATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAAAAGGCCAT
CCGTCAGGATGGCCTTCTGCTTAGTTTGATGCCTGGCAGTTTATGGCGGGCGT
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CCTGCCCGCCACCCTCCGGGCCGTTGCTTCACAACGTTCAAATCCGCTCCCGG
CGGATTTGTCCTACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAA
AGGCCCAGTCTTCCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCAGTTCCC
TACTCTCGCGTTAACGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAAAA
CGACGGCCAGTCTTAAGCTCGGCTCTTCGCACTAATACGACTCACTATAGGGA
Gt CCCTCGACCGTCGATTGTCCACTGGTCATTTACCTTTGGAGGGAAAAGTTA
TCAGGCATGCACCTGGTAGCTAGTCTTTAAACCAATAGATTGCATCGGTTTAA
AAGGCAAGACCGTCAAATTGCGGGAAAGGGGTCAACAGCCGTTCAGTACCAAG
TCTCAGGGGAAACTTTGAGATGGCCTTGCAAAGGGTATGGTAATAAGCTGACG
GACATGGTCCTAACCACGCAGCCAAGTCCTAAGTCAACAGATCTTCTGTTGAT
ATGGATGCAGTTCACAGACTAAATGTCGGTCGGGGAAGATGTATTCTTCTCAT
AAGATATAGTCGGACCTCTCCTTAATGGGAGCTAGCGGATGAAGTGATGCAAC
ACTGGAGCCGCTGGGAACTAATTTGTATGCGAAAGTATATTGATTAGTTTTGG
AGTACTCGTAAGGTAAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGT
CCCTCCACCCCCACGCCGGAAACGCAATAGCCGAAAAACAAAAAACAAAAAAA
ACAAAAAAAAAACCAAAAAAACAAAACACAMMMMMMMMMMNNNNNNNNNNAAA
AAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGACCCT
CTAAATAGCAATGACCAGTGGACAATCGACGGATAACAGCATATCTAGATAAG
AAGAGCATCCCATGGTCATAGCTGTTTCCTGGCAGCTCTGGCCCGTGTCTCAA
AATCTCTGATGTTACATTGCACAAGATAAAAATATATCATCATGAACAATAAA
ACTGTCTGCTTACATAAACAGTAATACAAGGGGTGTTATGAGCCATATTCAAC
GGGAAACGTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGG
TATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGCTT
GTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCG
TTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTT
ATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTT
ACTCACCACTGCGATCCCCGGAAAAACAGCATTCCAGGTATTAGAAGAATATC
CTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTG
CATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCT
CGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTG
ATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAA
CTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGA
TAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAG
TCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGT
GAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAA
TCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAT
CAGAATTGGTTAATTGGTTGTAACACTGGCAGAGCATTACGCTGACTTGACGG
GACGGCGCAAGCTCATGACCAAAATCCCTTAACGTGAGTTACGCGTCGTTCCA
CTGAGCGTCAGAC

44

Azoarcus

CCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAAT
CTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGG
ATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAG
ATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAA
CTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTG
CTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAG
CTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAG
AAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGC
AGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTA
TCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGT
GATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTT
TTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTT
ATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCG
CTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAG
GAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATG
CAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAA
TTAATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAAAAGGCCAT
CCGTCAGGATGGCCTTCTGCTTAGTTTGATGCCTGGCAGTTTATGGCGGGCGT
CCTGCCCGCCACCCTCCGGGCCGTTGCTTCACAACGTTCAAATCCGCTCCCGG
CGGATTTGTCCTACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAA
AGGCCCAGTCTTCCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCAGTTCCC
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TACTCTCGCGTTAACGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAAAA
CGACGGCCAGTCTTAAGCTCGGCTCTTCGCACTAATACGACTCACTATAGGGA
GACCCTCGACCGTCGATTGTCCACTGGTCLEEGct CCTTGCGCCGGGAAACCA
CGCAAGGGATGGTGTCAAATTCGGCGAAACCTAAGCGCCCGCCCGGGCGTATG
GCAACGCCGAGCCAAGCTTCGGCGCCTGCGCCGATGAAGGTGTAGAGACTAGA
CGGCACCCACCTAAGGCAAACGCTATGGTGAAGGCATAGTCCAGGGAGTGGCG
AAAGTCACACAAACCGGAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAA
GTCCCTCCACCCCCACGCCGGAAACGCAATAGCCGAAAAACAAAAAACAAAAA
AAACAAAAAAAAAACCAAAAAAACAAAACACAMMMMMMMMMMNNNNNNNNNNA
AAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGAaAg
TaaaGACCAGTGGACAATCGACGGATAACAGCATATCTAGATAAGAAGAGCAT
CCCATGGTCATAGCTGTTTCCTGGCAGCTCTGGCCCGTGTCTCAAAATCTCTG
ATGTTACATTGCACAAGATAAAAATATATCATCATGAACAATAAAACTGTCTG
CTTACATAAACAGTAATACAAGGGGTGTTATGAGCCATATTCAACGGGAAACG
TCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATG
GGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGCTTGTATGGGA
AGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAAT
GATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCT
TCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCA
CTGCGATCCCCGGAAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCA
GGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGAT
TCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGG
CGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAG
CGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTTTGCC
ATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTA
TTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATC
GCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTC
TCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATA
TGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAATCAGAATTG
GTTAATTGGTTGTAACACTGGCAGAGCATTACGCTGACTTGACGGGACGGCGC
AAGCTCATGACCAAAATCCCTTAACGTGAGTTACGCGTCGTTCCACTGAGCGT
CAGAC

45

Anabaena

azollae

CCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAAT
CTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGG
ATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAG
ATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAA
CTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTG
CTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAG
CTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAG
AAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGC
AGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTA
TCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGT
GATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTT
TTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTT
ATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCG
CTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAG
GAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATG
CAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAA
TTAATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAAAAGGCCAT
CCGTCAGGATGGCCTTCTGCTTAGTTTGATGCCTGGCAGTTTATGGCGGGCGT
CCTGCCCGCCACCCTCCGGGCCGTTGCTTCACAACGTTCAAATCCGCTCCCGG
CGGATTTGTCCTACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAA
AGGCCCAGTCTTCCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCAGTTCCC
TACTCTCGCGTTAACGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAAAA
CGACGGCCAGTCTTAAGCTCGGCTCTTCGCACTAATACGACTCACTATAGGGA
GACCCTCGACCGTCGATTGTCCACTGGTCAACTCAAAATTTAAAATCCCAAAT
TCAAAATTCCGGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTAAAGC
CGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCTGAAGTTGCTGAAGCAACAA
GGCAGTAGTGAAAGCTGCGAGAGAATGAAAATCCGTTGACCTTAAACGGTCGT
GTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGCCGAAAAACAA
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AAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACAMMMMMMMMMMN
nnnNNNNNNAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGAC
GCTACGGACTTAGAAAACTGAGCCTTGATAGAGAAATCTTTTAAGTGGAAGCT
CTCAAATTCAGGGAAACCTAAATCTGTTTACAGATATGGCAATCCTGAGCCAA
GCCCAGAAAATTAGACTTGAGATTTGATTTTGGAGTTAGACCAGTGGACAATC
GACGGATAACAGCATATCTAGATAAGAAGAGCATCCCATGGTCATAGCTGTTT
CCTGGCAGCTCTGGCCCGTGTCTCAAAATCTCTGATGTTACATTGCACAAGAT
AAAAATATATCATCATGAACAATAAAACTGTCTGCTTACATAAACAGTAATAC
AAGGGGTGTTATGAGCCATATTCAACGGGAAACGTCGAGGCCGCGATTAAATT
CCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGG
CAATCAGGTGCGACAATCTATCGCTTGTATGGGAAGCCCGATGCGCCAGAGTT
GTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGG
TCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTT
ATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGAAAAAC
AGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATG
CGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCT
TTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAA
CGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTG
AACAAGTCTGGAAAGAAATGCATAAACTTTTGCCATTCTCACCGGATTCAGTC
GTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATT
AATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATC
TTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGG
CTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCA
TTTGATGCTCGATGAGTTTTTCTAATCAGAATTGGTTAATTGGTTGTAACACT
GGCAGAGCATTACGCTGACTTGACGGGACGGCGCAAGCTCATGACCAAAATCC
CTTAACGTGAGTTACGCGTCGTTCCACTGAGCGTCAGAC

46

Bacteriophage

T4 Td

CCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAAT
CTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGG
ATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAG
ATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAA
CTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTG
CTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAG
CTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAG
AAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGC
AGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGETA
TCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGT
GATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTT
TTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTT
ATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCG
CTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAG
GAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATG
CAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAA
TTAATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAAAAGGCCAT
CCGTCAGGATGGCCTTCTGCTTAGTTTGATGCCTGGCAGTTTATGGCGGGCGT
CCTGCCCGCCACCCTCCGGGCCGTTGCTTCACAACGTTCAAATCCGCTCCCGG
CGGATTTGTCCTACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAA
AGGCCCAGTCTTCCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCAGTTCCC
TACTCTCGCGTTAACGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAAAA
CGACGGCCAGTCTTAAGCTCGGCTCTTCGCACTAATACGACTCACTATAGGGA
GACCCTCGACCGTCGATTGTCCACTGGTCGGGAGACCCTCGAATGGAATTGGT
TCTACATAAATGCCTAACGACTATCCCTTTGGGGAGTAGGGTCAAGTGACTCG
AAACGATAGACAACTTGCTTTAACAAGTTGGAGATATAGTCTGCTCTGCATGG
TGACATGCAGCTGGATATAATTCCGGGGTAAGATTAACGACCTTATCTGAACA
TAATGCTAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCAC
CCCCACGCCGGAAACGCAATAGCCGAAAAACAAAAAACAAAAAAAACAAAARNA
AAAACCAAAAAAACAAAACACAMMmMMMMMMMMNNNNNNNNNNAAAAAACAAAA
AACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGAGGTTAATTGAGG
CCTGAGTATAAGGTGACTTATACTTGTAATCTATCTAAACGGGGAACCTCTCT
AGTAGACAATCCCGTGCTAAATTGTAGGACTAATTCCATTTATCAGATTTCTA
GGACCAGTGGACAATCGACGGATAACAGCATATCTAGATAAGAAGAGCATCCC
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ATGGTCATAGCTGTTTCCTGGCAGCTCTGGCCCGTGTCTCAAAATCTCTGATG
TTACATTGCACAAGATAAAAATATATCATCATGAACAATAAAACTGTCTGCTT
ACATAAACAGTAATACAAGGGGTGTTATGAGCCATATTCAACGGGAAACGTCG
AGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGC
TCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGCTTGTATGGGAAGC
CCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGAT
GTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCC
GACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTG
CGATCCCCGGAAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGT
GAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCC
TGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGC
AATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGT
AATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTTTGCCATT
CTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTT
TTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCA
GACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCC
TTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGA
ATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAATCAGAATTGGTT
AATTGGTTGTAACACTGGCAGAGCATTACGCTGACTTGACGGGACGGCGCAAG
CTCATGACCAAAATCCCTTAACGTGAGTTACGCGTCGTTCCACTGAGCGTCAG
AC

47

Bacteriophage

T4 Td

CCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAAT
CTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGG
ATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAG
ATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAA
CTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTG
CTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTA
CCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAG
CTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAG
AAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGC
AGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTA
TCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGT
GATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGLCCTTT
TTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTT
ATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCG
CTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAG
GAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATG
CAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAA
TTAATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAAAAGGCCAT
CCGTCAGGATGGCCTTCTGCTTAGTTTGATGCCTGGCAGTTTATGGCGGGCGT
CCTGCCCGCCACCCTCCGGGCCGTTGCTTCACAACGTTCAAATCCGCTCCCGG
CGGATTTGTCCTACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAA
AGGCCCAGTCTTCCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCAGTTCCC
TACTCTCGCGTTAACGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAAAA
CGACGGCCAGTCTTAAGCTCGGCTCTTCGCACTAATACGACTCACTATAGGGA
GACCCTCGACCGTCGATTGTCCACTGGTCGGGAGACCCTCGAATGGAATTGGT
TCTACATAAATGCCTAACGACTATCCCTTTGGGGAGTAGGGTCAAGTGACTCG
AAACGATAGACAACTTGCTTTAACAAGTTGGAGATATAGTCTGCTCTGCATGG
TGACATGCAGCTGGATATAATTCCGGGGTAAGATTAACGACCTTATCTGAACA
TAATGCTACCGTTTAATATTGCGTCAGGTAGTAAACTACTAACTACAACCTGC
TGAAGCAmmmmmmmMmmMNNNNNNNNNNCAGAGATGTTTTCTTGGGTTAATTGA
GGCCTGAGTATAAGGTGACTTATACTTGTAATCTATCTAAACGGGGAACCTCT
CTAGTAGACAATCCCGTGCTAAATTGTAGGACTAATTCCATTTATCAGATTTC
TAGGACCAGTGGACAATCGACGGATAACAGCATATCTAGATAAGAAGAGCATC
CCATGGTCATAGCTGTTTCCTGGCAGCTCTGGCCCGTGTCTCAAAATCTCTGA
TGTTACATTGCACAAGATAAAAATATATCATCATGAACAATAAAACTGTCTGC
TTACATAAACAGTAATACAAGGGGTGTTATGAGCCATATTCAACGGGAAACGT
CGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGG
GCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGCTTGTATGGGAA
GCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATG
ATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTT
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CCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCAC
TGCGATCCCCGGAAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAG
GTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATT
CCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGC
GCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGC
GTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTTTGCCA
TTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTAT
TTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCG
CAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCT
CCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATAT
GAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAATCAGAATTGG
TTAATTGGTTGTAACACTGGCAGAGCATTACGCTGACTTGACGGGACGGCGCA
AGCTCATGACCAAAATCCCTTAACGTGAGTTACGCGTCGTTCCACTGAGCGTC
AGAC

48

Anabaena

PCC7120

TAATACGACTCACTATAGGGAGACCCTCGACCGTCGATTGTCCACTGGTCAAC
AATAGATGACTTACAACTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCC
TAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAG
TAGCGAAAGCTGCAAGAGAATGAAAATCCGTTGACCTTAAACGGTCGTGTGGG
TTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGCCGAAAAACAAAAAAC
AAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACAMMMMMMMMMMNNNNNN
NNNNAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTAC
GGACTT

49

Azoarcus

TAATACGACTCACTATAGGGAGACCCTCGACCGTCGATTGTCCACTGGTCLEL
Get CCTTGCGCCGGGAAACCACGCAAGGGATGGTGTCAAATTCGGCGAAALCCT
AAGCGCCCGCCCGGGCGTATGGCAACGCCGAGCCAAGCTTCGGCGCCTGCGLC
GATGAAGGTGTAGAGACTAGACGGCACCCACCTAAGGCAAACGCTATGGTGAA
GGCATAGTCCAGGGAGTGGCGAAAGTCACACAAACCGGAAAATCCGTTGACCT
TAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAG
CCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACA
mmmmmmmmmmnNNNNNNNNNAAAAAACAAAAAACAAAACGGCTATTATGCGTT
ACCGGCGAGACGCTACGGAagT

50

Anabaena

azollae

TAATACGACTCACTATAGGGAGACCCTCGACCGTCGATTGTCCACTGGTCAAC
TCAAAATTTAAAATCCCAAATTCAAAATTCCGGGAAGGTGCAGAGACTCGACG
GGAGCTACCCTAACGTAAAGCCGAGGGTAAAGAGAGAGTCCAATTCTCAAAGC
CTGAAGTTGCTGAAGCAACAAGGCAGTAGTGAAAGCTGCGAGAGAATGAAAAT
CCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGA
AACGCAATAGCCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAA
ACAAAACACAMMMMMMMMMMNNNNNNNNNNAAAAAACAAAAAACAAAACGGCT
ATTATGCGTTACCGGCGAGACGCTACGGACTT

51

Bacteriophage

T4 Td

TAATACGACTCACTATAGGGAGACCCTCGACCGTCGATTGTCCACTGGTCGGG
AGACCCTCGAATGGAATTGGTTCTACATAAATGCCTAACGACTATCCCTTTGG
GGAGTAGGGTCAAGTGACTCGAAACGATAGACAACTTGCTTTAACAAGTTGGA
GATATAGTCTGCTCTGCATGGTGACATGCAGCTGGATATAATTCCGGGGTAAG
ATTAACGACCTTATCTGAACATAATGCTAAAATCCGTTGACCTTAAACGGTCG
TGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGCCGAAAAACA
AAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACAMMMMMMMMMM
nnnnNNNNNNAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGA
CGCTACGGAGGT

52

Anabaena

PCC7120

GGAGACCCTCGACCGTCGATTGTCCACTGGTCAACAATAGATGACTTACAACT
AATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAGGGT
AAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCAAGAG
AATGAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCC
CACGCCGGAAACGCAATAGCCGAAAAACAAAAAACAAAAAAAACAAAAAALALAA
ACCAAAAAAACAAAACACAMmMmMmMmMmMMMMMNNNNNNNNNNAAAAAACAAAAAAC
AAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGACTTAAATAATTGAGC
CTTAAAGAAGAAATTCTTTAAGTGGATGCTCTCAAACTCAGGGAAACCTAAAT
CTAGTTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGAC
CAGTGGACAATCGACGGATAACAGCATATCTAGATA

53

Tetrahymena

thermophila

GGAGtECCCTCGACCGTCGATTGTCCACTGGTCATTTACCTTTGGAGGGAAAAG
TTATCAGGCATGCACCTGGTAGCTAGTCTTTAAACCAATAGATTGCATCGGTT
TAAAAGGCAAGACCGTCAAATTGCGGGAAAGGGGTCAACAGCCGTTCAGTACC
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AAGTCTCAGGGGAAACTTTGAGATGGCCTTGCAAAGGGTATGGTAATAAGCTG
ACGGACATGGTCCTAACCACGCAGCCAAGTCCTAAGTCAACAGATCTTCTGTT
GATATGGATGCAGTTCACAGACTAAATGTCGGTCGGGGAAGATGTATTCTTCT
CATAAGATATAGTCGGACCTCTCCTTAATGGGAGCTAGCGGATGAAGTGATGC
AACACTGGAGCCGCTGGGAACTAATTTGTATGCGAAAGTATATTGATTAGTTT
TGGAGTACTCGTAAGGTAAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCA
AGTCCCTCCACCCCCACGCCGGAAACGCAATAGCCGAAAAACAAARAAACARARLA
AAAACAAAAAAAAAACCAAAAAAACAAAACACAMMMMMMMMMMIINNNNNIINNI
AAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGAC
CCTCTAAATAGCAATGACCAGTGGACAATCGACGGATAACAGCATATCTAGAT
A

54

Azoarcus

GGAGACCCTCGACCGTCGATTGTCCACTGGTCLLtEGCctCCTTGCGCCGGGAAA
CCACGCAAGGGATGGTGTCAAATTCGGCGAAACCTAAGCGCCCGCCCGGGLGET
ATGGCAACGCCGAGCCAAGCTTCGGCGCCTGCGCCGATGAAGGTGTAGAGACT
AGACGGCACCCACCTAAGGCAAACGCTATGGTGAAGGCATAGTCCAGGGAGTG
GCGAAAGTCACACAAACCGGAAAATCCGTTGACCTTAAACGGTCGTGTGGGTT
CAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGCCGAAAAACAAAAANCAA
AAAAAACAAAAAAAAAACCAAAAAAACAAAACACAMMMMMMMMMMNNNNNNNT
NnAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGG
AagTaaaGACCAGTGGACAATCGACGGATAACAGCATATCTAGATA

55

Anabaena

azollae

GGAGACCCTCGACCGTCGATTGTCCACTGGTCAACTCAAAATTTAAAATCCCA
AATTCAAAATTCCGGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTAA
AGCCGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCTGAAGTTGCTGAAGCAA
CAAGGCAGTAGTGAAAGCTGCGAGAGAATGAAAATCCGTTGACCTTAAACGGT
CGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGCCGAAAAA
CAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACAMMMMMMMM
mmnNNNNNNNNNAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGA
GACGCTACGGACTTAGAAAACTGAGCCTTGATAGAGAAATCTTTTAAGTGGAA
GCTCTCAAATTCAGGGAAACCTAAATCTGTTTACAGATATGGCAATCCTGAGC
CAAGCCCAGAAAATTAGACTTGAGATTTGATTTTGGAGTTAGACCAGTGGACA
ATCGACGGATAACAGCATATCTAGATA

56

Bacteriophage

T4 Td

GGAGACCCTCGACCGTCGATTGTCCACTGGTCGGGAGACCCTCGAATGGAATT
GGTTCTACATAAATGCCTAACGACTATCCCTTTGGGGAGTAGGGTCAAGTGAC
TCGAAACGATAGACAACTTGCTTTAACAAGTTGGAGATATAGTCTGCTCTGCA
TGGTGACATGCAGCTGGATATAATTCCGGGGTAAGATTAACGACCTTATCTGA
ACATAATGCTAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTC
CACCCCCACGCCGGAAACGCAATAGCCGAAAAACAAAAAACAAAAAAAACAAA
AAAAAAACCAAAAAAACAAAACACAMMMMMMMMMMNNNNNNNNNNAAAAAACA
AAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGAGGTTAATTG
AGGCCTGAGTATAAGGTGACTTATACTTGTAATCTATCTAAACGGGGAACCTC
TCTAGTAGACAATCCCGTGCTAAATTGTAGGACTAATTCCATTTATCAGATTT
CTAGGACCAGTGGACAATCGACGGATAACAGCATATCTAGATA

57

Bacteriophage

T4 Td

GGAGACCCTCGACCGTCGATTGTCCACTGGTCGGGAGACCCTCGAATGGAATT
GGTTCTACATAAATGCCTAACGACTATCCCTTTGGGGAGTAGGGTCAAGTGAC
TCGAAACGATAGACAACTTGCTTTAACAAGTTGGAGATATAGTCTGCTCTGCA
TGGTGACATGCAGCTGGATATAATTCCGGGGTAAGATTAACGACCTTATCTGA
ACATAATGCTACCGTTTAATATTGCGTCAGGTAGTAAACTACTAACTACAACC
TGCTGAAGCAmMmmmmMMMMMMNNNNNNNNNNCAGAGATGTTTTCTTGGGTTAAT
TGAGGCCTGAGTATAAGGTGACTTATACTTGTAATCTATCTAAACGGGGAACC
TCTCTAGTAGACAATCCCGTGCTAAATTGTAGGACTAATTCCATTTATCAGAT
TTCTAGGACCAGTGGACAATCGACGGATAACAGCATATCTAG

58

Anabaena

PCC7120

GGAGACCCTCGACCGTCGATTGTCCACTGGTCAACAATAGATGACTTACAACT
AATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAGGGT
AAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCAAGAG
AATGAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCC
CACGCCGGAAACGCAATAGCCGAAAAACAAAAAACAAAAAAAACAAAAANARNA
ACCAAAAAAACAAAACACAMmMmMmMmMmMmMMMMNNNNNNNNNNAAAAAACAAAAAAC
AAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGACTT

59

Azoarcus

GGAGACCCTCGACCGTCGATTGTCCACTGGTCLttGet CCTTGCGCCGGGAAA
CCACGCAAGGGATGGTGTCAAATTCGGCGAAACCTAAGCGCCCGCCCGGGCGET
ATGGCAACGCCGAGCCAAGCTTCGGCGCCTGCGCCGATGAAGGTGTAGAGACT
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AGACGGCACCCACCTAAGGCAAACGCTATGGTGAAGGCATAGTCCAGGGAGTG
GCGAAAGTCACACAAACCGGAAAATCCGTTGACCTTAAACGGTCGTGTGGGTT
CAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGCCGAAAAACAAAARACAA
AAAAAACAAAAAAAAAACCAAAAAAACAAAACACANMMMMMMMMMANNANANA
nnAAAAAACAAAAAACAAAACGCCTATTATGCGTTACCGGCCAGACGCTACCE
AagT

60

Anabaena

azollae

GGAGACCCTCGACCGTCGATTGTCCACTGGTCAACTCAAAATTTAAAATCCCA
AATTCAAAATTCCGGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTAA
AGCCGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCTGAAGTTGCTGAAGCAA
CAAGGCAGTAGTGAAAGCTGCGAGAGAATGAAAATCCGTTGACCTTAAACGGT
CGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGCCGAAAAA
CAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACAMMMMMMMM
mmnNNNNNNNNNAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGA
GACGCTACGGACTT

61

Bacteriophage

T4 Td

GGAGACCCTCGACCGTCGATTGTCCACTGGTCGGGAGACCCTCGAATGGAATT
GGTTCTACATAAATGCCTAACGACTATCCCTTTGGGGAGTAGGGTCAAGTGAC
TCGAAACGATAGACAACTTGCTTTAACAAGTTGGAGATATAGTCTGCTCTGCA
TGGTGACATGCAGCTGGATATAATTCCGGGGTAAGATTAACGACCTTATCTGA
ACATAATGCTAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTC
CACCCCCACGCCGGAAACGCAATAGCCGAAAAACAAAAAACAAAAAAAACAAA
AAAAAAACCAAAAAAACAAAACACAMMMMMMMMMMNNNNNNNNNNAAAAAACA
AAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGAGGT

62

Anabaena

PCC7120

GGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAAUAGAUGACUUACAACU
AAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGU
AAAGAGAGAGUCCAAUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCAAGAG
AAUGAAAAUCCGUUGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCC
CACGCCGGAAACGCAAUAGCCGAAAAACAAAAAACAAAAAAAACAAAAAANAA
ACCAAAAAAACAAAACACAMMMMMMMMMMNNNNNNNNNNAAAAAACAAAAAAC
AAAACGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAAUAAUUGAGC
CUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAU
CUAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGAC
CAGUGGACAAUCGACGGAUAACAGCAUAUCUAGAUA

63

Tetrahymena

thermophila

GGAGUCCCUCGACCGUCGAUUGUCCACUGGUCAUUUACCUUUGGAGGGAAAAG
UUAUCAGGCAUGCACCUGGUAGCUAGUCUUUAAACCAAUAGAUUGCAUCGGUU
UAAAAGGCAAGACCGUCAAAUUGCGGGAAAGGGGUCAACAGCCGUUCAGUACC
AAGUCUCAGGGGAAACUUUGAGAUGGCCUUGCAAAGGGUAUGGUAAUAAGCUG
ACGGACAUGGUCCUAACCACGCAGCCAAGUCCUAAGUCAACAGAUCUUCUGUU
GAUAUGGAUGCAGUUCACAGACUAAAUGUCGGUCGGGGAAGAUGUAUUCUUCU
CAUAAGAUAUAGUCGGACCUCUCCUUAAUGGGAGCUAGCGGAUGAAGUGAUGC
AACACUGGAGCCGCUGGGAACUAAUUUGUAUGCGAAAGUAUAUUGAUUAGUUU
UGGAGUACUCGUAAGGUAAAAAUCCGUUGACCUUAAACGGUCGUGUGGGUUCA
AGUCCCUCCACCCCCACGCCGGAAACGCAAUAGCCGAAAAACAAAAAACAAAA
AAAACAAAAAAAAAACCAAAAAAACAAAACACAMMMMMMMMMMNNNNNNNANNT
AAAAAACAAAAAACAAAACGGCUAUUAUGCGUUACCGGCGAGACGCUACGGAC
CCUCUAAAUAGCAAUGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAGAU
A

64

Azoarcus

GGAGACCCUCGACCGUCGAUUGUCCACUGGUCUUuUGCcuCCUUGCGCCGGGAAA
CCACGCAAGGGAUGGUGUCAAAUUCGGCGAAACCUAAGCGCCCGCCCGGGLGU
AUGGCAACGCCGAGCCAAGCUUCGGCGCCUGCGCCGAUGAAGGUGUAGAGACU
AGACGGCACCCACCUAAGGCAAACGCUAUGGUGAAGGCAUAGUCCAGGGAGUG
GCGAAAGUCACACAAACCGGAAAAUCCGUUGACCUUAAACGGUCGUGUGGGUU
CAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGCCGAAAAACAAAAANCAA
AAAAAACAAAAAAAAAACCAAAAAAACAAAACACAMMMMMMMMMMANNNNNNN
NnAAAAAACAAAAAACAAAACGGCUAUUAUGCGUUACCGGCGAGACGCUACGG
AagUaaaGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAGAUA

65

Anabaena

azollae

GGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACUCAAAAUUUAAAAUCCCA
AAUUCAAAAUUCCGGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUAA
AGCCGAGGGUAAAGAGAGAGUCCAAUUCUCAAAGCCUGAAGUUGCUGAAGCAA
CAAGGCAGUAGUGAAAGCUGCGAGAGAAUGAAAAUCCGUUGACCUUAAACGGU
CGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGCCGAAAAA
CAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACAmMmMmMMMMMM
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mmnnnNNNNNNNNAAAAAACAAAAAACAAAACGGCUAUUAUGCGUUACCGGCGA
GACGCUACGGACUUAGAAAACUGAGCCUUGAUAGAGAAAUCUUUUAAGUGGAA
GCUCUCAAAUUCAGGGAAACCUAAAUCUGUUUACAGAUAUGGCAAUCCUGAGC
CAAGCCCAGAAAAUUAGACUUGAGAUUUGAUUUUGGAGUUAGACCAGUGGACA
AUCGACGGAUAACAGCAUAUCUAGAUA

66

Bacteriophage

T4 Td

GGAGACCCUCGACCGUCGAUUGUCCACUGGUCGGGAGACCCUCGAAUGGAAUU
GGUUCUACAUAAAUGCCUAACGACUAUCCCUUUGGGGAGUAGGGUCAAGUGAC
UCGAAACGAUAGACAACUUGCUUUAACAAGUUGGAGAUAUAGUCUGCUCUGCA
UGGUGACAUGCAGCUGGAUAUAAUUCCGGGGUAAGAUUAACGACCUUAUCUGA
ACAUAAUGCUAAAAUCCGUUGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUC
CACCCCCACGCCGGAAACGCAAUAGCCGAAAAACAAAAAACAAAAAANACAAA
AAAAAAACCAAAAAAACAAAACACAMMmMMmMMmMMMMNNNNNNNNNNAAAAAACA
AAAAACAAAACGGCUAUUAUGCGUUACCGGCGAGACGCUACGGAGGUUAAUUG
AGGCCUGAGUAUAAGGUGACUUAUACUUGUAAUCUAUCUAAACGGGGAACCUC
UCUAGUAGACAAUCCCGUGCUAAAUUGUAGGACUAAUUCCAUUUAUCAGAUUU
CUAGGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAGAUA

67

Bacteriophage

T4 Td

GGAGACCCUCGACCGUCGAUUGUCCACUGGUCGGGAGACCCUCGAAUGGAAUU
GGUUCUACAUAAAUGCCUAACGACUAUCCCUUUGGGGAGUAGGGUCAAGUGAC
UCGAAACGAUAGACAACUUGCUUUAACAAGUUGGAGAUAUAGUCUGCUCUGCA
UGGUGACAUGCAGCUGGAUAUAAUUCCGGGGUAAGAUUAACGACCUUAUCUGA
ACAUAAUGCUACCGUUUAAUAUUGCGUCAGGUAGUAAACUACUAACUACAACC
UGCUGAAGCAmmmmmmmmmmNNNNNNNNNNCAGAGAUGUUUUCUUGGGUUAAU
UGAGGCCUGAGUAUAAGGUGACUUAUACUUGUAAUCUAUCUAAACGGGGAACC
UCUCUAGUAGACAAUCCCGUGCUAAAUUGUAGGACUAAUUCCAUUUAUCAGAU
UUCUAGGACCAGUGGACAAUCGACGGAUAACAGCAUAUCUAG

68

Anabaena

PCC7120

GGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAAUAGAUGACUUACAACU
AAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGU
AAAGAGAGAGUCCAAUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCAAGAG
AAUGAAAAUCCGUUGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCC
CACGCCGGAAACGCAAUAGCCGAAAAACAAAAAACAAAAAAAACAAAAAANAA
ACCAAAAAAACAAAACACAmMMMMMMMMMMNNNNNNNNNNAAAAAACAAAAAAC
AAAACGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUU

69

Azoarcus

GGAGACCCUCGACCGUCGAUUGUCCACUGGUCUUUGcuCCUUGCGCCGGGAAA
CCACGCAAGGGAUGGUGUCAAAUUCGGCGAAACCUAAGCGCCCGCCCGGGCGU
AUGGCAACGCCGAGCCAAGCUUCGGCGCCUGCGCCGAUGAAGGUGUAGAGACU
AGACGGCACCCACCUAAGGCAAACGCUAUGGUGAAGGCAUAGUCCAGGGAGUG
GCGAAAGUCACACAAACCGGAAAAUCCGUUGACCUUAAACGGUCGUGUGGGUU
CAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGCCGAAAAACAAAAAACAA
AAAAAACAAAAAAAAAACCAAAAAAACAAAACACAMMMMMMMMMMNNNNNNNN
NnAAAAAACAAAAAACAAAACGGCUAUUAUGCGUUACCGGCGAGACGCUACGG
AagU

70

Anabaena

azollae

GGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACUCAAAAUUUAAAAUCCCA
AAUUCAAAAUUCCGGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUAA
AGCCGAGGGUAAAGAGAGAGUCCAAUUCUCAAAGCCUGAAGUUGCUGAAGCAA
CAAGGCAGUAGUGAAAGCUGCGAGAGAAUGAAAAUCCGUUGACCUUAAACGGU
CGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUAGCCGAAAAA
CAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACAMMMMMMMM
mmnnNNNNNNNNAAAAAACAAAAAACAAAACGGCUAUUAUGCGUUACCGGCGA
GACGCUACGGACUU

71

Bacteriophage

T4 Td

GGAGACCCUCGACCGUCGAUUGUCCACUGGUCGGGAGACCCUCGAAUGGAAUU
GGUUCUACAUAAAUGCCUAACGACUAUCCCUUUGGGGAGUAGGGUCAAGUGAC
UCGAAACGAUAGACAACUUGCUUUAACAAGUUGGAGAUAUAGUCUGCUCUGCA
UGGUGACAUGCAGCUGGAUAUAAUUCCGGGGUAAGAUUAACGACCUUAUCUGA
ACAUAAUGCUAAAAUCCGUUGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUC
CACCCCCACGCCGGAAACGCAAUAGCCGAAAAACAAAAAACAAAAAAAACAAA
AAAAAAACCAAAAAAACAAAACACAMMMMMMMMMMNNNNNNNNNNAAAAAACA
AAAAACAAAACGGCUAUUAUGCGUUACCGGCGAGACGCUACGGAGGU

84

GFP

atggtgagcaagggcgaggagctgttcaceggggtggtgeccatectggtega
gctggacggcecgacgtaaacggccacaagttcecagegtgtecggegagggegagyg
gcgatgeccacctacggcaagetgacectgaagttecatetgeaccaccggcaag
ctgececegtgecctggeccacectegtgaccaceectgacctacggegtgeagtyg
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cttecagecgetacceecgaccacatgaagcagcacgacttettecaagtecgececa
tgccecgaaggctacgtecaggagegecaccatettettecaaggacgacggcaac
tacaagacccgegcecgaggtgaagttegagggegacaccecectggtgaacegeat
cgagctgaagggcatcegacttecaaggaggacggcaacatectggggcacaage
tggagtacaactacaacagccacaacgtctatatcatggeccgacaagcagaag
aacggcatcaaggtgaacttcaagatcegecacaacatcgaggacggcagegt
gcagctegecgaccactaccagcagaacacccccateggegacggeceegtge
tgctgcececcgacaaccactacctgagcacccagtecgecctgagcaaagacccece
aacgagaagcgcgatcacatggtectgetggagttegtgacegeecgecgggat
cactcteggecatggacgagetgtacaagtaa

Examples
[0359] The following experiments (Examples 1-4) describe pre-circRNA constructs and
methods of making circRNAs using pre-circRNA constructs. The non-limiting examples of pre-

circRNA constructs include, but are not limited to: the constructs as exemplified in Fig. 1A — 1E.

Example 1: generation of the DNA genetic constructs

[0360] DNA genetic constructs comprising a 3' intronic sequence and a 5' intronic sequence
of SEQ ID NO 1-5 were chemically synthesized in the form of double-stranded DNA.

[0361] The genetic constructs were cloned in a DNA vector (pUC plasmid vector). The
genetic constructs comprise SEQ ID NOs: 42-51. The intron performs a catalytic splicing reaction
that removes the 3' intronic sequence and the 5' intronic sequence from the transcribed RNA
sequence and circularizes the exons sequence that is bookended by the introns.

[0362] The mechanism the circularization reaction is as follows:

1) a free exogenous guanosine (GTP) binds to the catalytic core in the permuted 3’ intron,

2) the guanosine performs a nucleophilic attack on the 5° splice site of the permuted 5’ intron,
cleaving the intron from the exonic sequence, and

3) the 3’-OH of the uracil located at the 5° splice site then performs a nucleophilic attack of the
phosphate between the intron and the omega guanosine — the terminal guanosine in the exonic
sequence — at the 3’ splice site, cleaving the 3’ intron from the sequence and ligating the exon ends
together into a circular RNA (Fig. 2).

[0363] The intron comprised in the generated genetic constructs are a group I introns. The
5" splice site, the 3' splice site, and the catalytic core are all involved in coordinating the sequential
cleavage-ligation reactions of group I introns. The exogenous G first binds the catalytic core, also
known as the G-site, in a base triple with the intron. Magnesium ions help coordinate the
nucleophilic attack on the phosphate backbone in the 5' splice site and later with the 3' splice site.
The 5' splice site is located in a region known as the P1 helix, or P1 domain. Intron and exonic

sequences base pair with each other in this region, which creates the specificity needed for proper
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cleavage at the 5' splice site. The intron component is known as the internal guide sequence (IGS)
— 5 bp of complementarity to the exonic sequence and a G across from the uracil at the 5' splice
site. The IGS sequence is the exonic sequence complementary to the IGS.

[0364] The group I introns comprised in the genetic constructs of the disclosure derive
from tRNAYW of Anabaena azollae (SEQ ID NO: 4), the tRNA"* of Azoarcus (SEQ ID NO: 3), or
modified Phage T4 td (SEQ ID NO: 5). Anabaena PCC7120 (SEQ ID NO: 1) were used as
controls.

[0365] The 3' and 5' intronic sequences of the group I introns were cloned in a plasmid
vector (FIGs. 3A-D), flanking an exonic sequence that contains a 5’ spacer sequence, a 5 polyA
sequence, an IRES, a GFPencoding nucleotide sequence, a 3’ polyA sequence, and a 3’ spacer

sequence.

Example 2: Efficiency of Circularization

[0366] The efficiency of circularization was assayed by gel electrophoresis. Given their
different spatial conformation and different molecular weight, linear and circularized RNA can be
identified as distinct bands on the electrophoresis gel. The transcribed RNAs were assayed pre-
and post- circularization in the presence of GTP. Genetic constructs comprising intronic sequences
derived from Anabaena azollae, Azoarcus, or modified Phage T4 td introns showed a higher
circularization efficiency compared to genetic constructs comprising intronic sequences derived
from Anabaena PCC7120. Additionally, Genetic constructs comprising intronic sequences derived
from Anabaena azollae, Azoarcus, or modified Phage T4 td introns showed a reduced formation

of concatemers compared to constructs comprising intronic sequences derived from Anabaena

PCC7120 permuted introns (Table 16, and FIGs. 4, SA-D).

Table 16. Efficiency of Circularization
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Example 3: Expression Efficiency of the Circularized RNAs

[0367] To assess the expression efficiency of the generated circularized RNAs, HEK293T
cells were transfected with circularized RNAs synthesized using genetic constructs comprising
intronic sequences derived from Azoarcus, Anabaena azollae, modified T4 phage Td, and
Anabaena PCC7120. GFP expression was evaluated by flow cytometry. Circularized RNAs
derived from genetic constructs comprising intronic sequences derived from Azoarcus, Anabaena
azollae, modified T4 phage Td, and Anabaena PCC7120 all showed comparable GFP expression
levels (FIG. 6).

[0368] These data demonstrated the feasibility of synthesizing circularized RNAs with
intronic sequences derived from Azoarcus, Anabaena azollae, T4 phage Td, previously not used
for this scope. Additionally, the intronic sequences derived from Azoarcus, Anabaena azollae, T4
phage Td showed advantages compared to intronic sequences derived from the known Anabaena
PCC7120. Intronic sequences derived from Azoarcus, Anabaena azollae, T4 phage Td permutated
introns showed increased transcription and circularization efficiency, and a reduced concatemers
formation.

[0369] It is to be appreciated that the Detailed Description section, and not the Summary
and Abstract sections, is intended to be used to interpret the claims. The Summary and Abstract
sections can set forth one or more but not all exemplary aspects of the present disclosure as
contemplated by the inventor(s), and thus, are not intended to limit the present disclosure and the
appended claims in any way.

[0370] The present disclosure has been described above with the aid of functional building

blocks illustrating the implementation of specified functions and relationships thereof. The
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boundaries of these functional building blocks have been arbitrarily defined herein for the
convenience of the description. Alternate boundaries can be defined so long as the specified
functions and relationships thereof are appropriately performed.

[0371] The foregoing description of the specific aspects will so fully reveal the general
nature of the disclosure that others can, by applying knowledge within the skill of the art, readily
modify and/or adapt for various applications such specific aspects, without undue experimentation,
without departing from the general concept of the present disclosure. Therefore, such adaptations
and modifications are intended to be within the meaning and range of equivalents of the disclosed
aspects, based on the teaching and guidance presented herein. It is to be understood that the
phraseology or terminology herein is for the purpose of description and not of limitation, such that
the terminology or phraseology of the present specification is to be interpreted by the skilled artisan
in light of the teachings and guidance

[0372] The breadth and scope of the present disclosure should not be limited by any of the
above-described exemplary aspects, but should be defined only in accordance with the following

claims and their equivalents.
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What is claimed is:

1. A genetic construct comprising a formula of:

5’-H-A-E-B-H’-3’,

wherein H comprise a 5” homology arm, A comprises a3’ intronic sequence, E comprises an exonic
sequence, B comprises a 5’ intronic sequence comprising an internal guide sequence (IGS), and
H’ comprises a 3’ homology arm, wherein the 3’ intronic sequence comprises a catalytic core,
wherein the 3’ terminus of A and the 5’ terminus of E form a 3’ splice site and the 3’ terminus of
E and 5’ terminus of B form a 5’ splice site, and wherein the genetic construct is capable of forming
a circular RNA that does not contain any exonic sequence from the genome from which the 5’

intronic sequence and the 3’ intronic sequence are derived (“excision scar”).

2. The genetic construct of claim 1, wherein the 5’ intronic sequence and/or the 3’ intronic

sequence are derived from a group I intron.

3. The genetic construct of claim 1 or 2, wherein the 3’ intronic sequence and the 5 intronic

sequence together are less than the full intron.

4. The genetic construct of any one of claims 1 to 3, wherein the 5’ intronic sequence and/or
the 3’ intronic sequence are derived from an intron of thymidylate synthase (td) from T4

bacteriophage; of pre-tRNAMY

of the cyanobacteria Anabaena azollae, Anabaena PCC7120,
Aphanizomenon flos-aquae strain NIVA-CYA 142, or of Synechococcus; of pre-tRNA'F of the
nitrogen-fixing bacteria Azoarcus; of 26S ribosomal RNA from Tetrahymena thermophila, of

COX2 gene from Trimorphomyces papilionaceus; or any combination thereof.

S. The genetic construct of any one of claims 1 to 4, wherein the 5’ intronic sequence and/or
the 3’ intronic sequence are derived from an intron of thymidylate synthase (td) from T4

bacteriophage.

6. The genetic construct of any one of claims 1 to 5, wherein the 5’ splice site comprises a site

between two nucleotides comprising U and N, where N is any nucleotide.
7. The genetic construct of claim 6, wherein the Nis A, T, G, or C.
8. The genetic construct of any one of claims 1 to 7, wherein the 3’ splice site comprises a site

between two nucleotides comprising G and N, wherein N is any nucleotide.
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9. The genetic construct of claim 8, wherein the N is C.

10.  The genetic construct of any one of claims 5 to 9, wherein the catalytic core comprises

ACG, CU, or both.

11.  The genetic construct of any one of claims 1 to 10, wherein the excision scar comprises

SEQ ID NO: 80 or SEQ ID NO: 82.

12.  The genetic construct of any one of claims 1 to 10, wherein the excision scar comprises

SEQ ID NO: 81 or SEQ ID NO: 83.

13.  The genetic construct of any one of claims 1 to 11, wherein the excision scar comprises

SEQ ID NO: 80 and SEQ ID NO: 82.

14. The genetic construct of any one of claims 1 to 10, and 12, wherein the excision scar

comprises SEQ ID NO: 81 and SEQ ID NO: 83.

15.  The genetic construct of any one of claims 1 to 14, wherein the 3’ intronic sequence
comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%, at least about 96%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with a 3’ intronic sequence

selected from Table 4 (SEQ ID NOs: 11 — 22).

16.  The genetic construct of any one of claims 1 to 4 and 15, wherein the 5° intronic sequence
comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with a 5’ intronic sequence

selected from Table 4 (SEQ ID NOs: 23-30).

17. The genetic construct of any one of claims 1 to 4, wherein the 5’ intronic sequence and/or
the 3’ intronic sequence are derived from an intron of tRNAY of the cyanobacteria Anabaena

azollae.

18. The genetic construct of claim 17, wherein the 5’ splice site comprises a site between two

nucleotides comprising U and N, wherein N is any nucleotide.

19. The genetic construct of claim 18, wherein the N is A.
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20.  The genetic construct of any one of claims 17 to 19, wherein the 3’ splice site comprises a

site between two nucleotides comprising G and N, wherein N is any nucleotide.
21. The genetic construct of claim 20, wherein the N is C.

22.  The genetic construct of any one of claims 17 to 21, wherein the catalytic core comprises

GAG, CC, or both.

23.  The genetic construct of any one of claims 17 to 22, wherein the 3’ intronic sequence
comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with a 3” intronic sequence

in Table 4, for example, SEQ ID NO: 14 or 20.

24.  The genetic construct of any one of claims 17 to 23, wherein the 5’ intronic sequence
comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with a 5’ intronic sequence

in Table 4, for example, SEQ ID NO: 25 or 29.

25.  The genetic construct of any one of claims 1 to 4, wherein the 5’ intronic sequence and the

3” intronic sequence are derived from an intron of ZRNA"*Y of Azoarcus.

26.  The genetic construct of claim 25, wherein the 5° splice site comprises a site between two

nucleotides comprising U and N, wherein the N is any nucleotide.
217. The genetic construct of claim 26, wherein the N is A.

28.  The genetic construct of any one of claims 25 to 27, wherein the 3’ splice site comprises a

site between two nucleotides comprising G and N, wherein N is any nucleotide.

29.  The genetic construct of claim 28, wherein the N is G.

30.  The genetic construct of any one of claims 25 to 29, wherein the catalytic core comprises
GAG, CC, or both.

31.  The genetic construct of any one of claims 25 to 30, wherein the 3’ intronic sequence

comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
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at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with a 3’ intronic sequence

in Table 4, for example, SEQ ID NO: 13 or 19.

32.  The genetic construct of any one of claims 25 to 31, wherein the 5’ intronic sequence
comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with a 5° intronic sequence

in Table 4, for example, nucleotide sequence AAA.

33.  The genetic construct of any one of claims 1 to 4, wherein the 5’ intronic sequence and the
3’ intronic sequence are derived from an intron of 26S ribosomal RNA from 7etrahymena

thermophila.

34.  The genetic construct of claim 33, wherein the 5’ splice site comprises a site between two

nucleotides comprising U and N, wherein N is any nucleotide.
35.  The genetic construct of claim 34, wherein the N is A.

36. The genetic construct of any one of claims 33 to 35, wherein the 3° splice site comprises a

site between two nucleotides comprising G and N, wherein the N is any nucleotide.
37. The genetic construct of claim 36, wherein the N is U.

38.  The genetic construct of any one of claims 33 to 37, wherein the catalytic core comprises a

catalytic core selected from Table 5.

39. The genetic construct of any one of claims 33 to 38, wherein the 3’ intronic sequence
comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with a 3” intronic sequence

in Table 4, for example, SEQ ID NO: 12 or 18.

40.  The genetic construct of any one of claims 33 to 39, wherein the 5’ intronic sequence
comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,

at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
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at least about 98%, at least about 99%, or about 100% sequence identity with a 5’ intronic sequence

in Table 4, for example, SEQ ID NO: 24 or 28.
41. A genetic construct comprising a formula of:

5’-H-A-E-B-II’-3’,

wherein H comprise a 5” homology arm, A comprises a 3’ intronic sequence, E comprises an exonic
sequence, B comprises a 5’ intronic sequence comprising an internal guide sequence (IGS), and
H’ comprises a 3’ homology arm, wherein the 3’ intronic sequence comprises a catalytic core,
wherein the 3’ terminus of A and the 5’ terminus of E form a 3’ splice site and the 3’ terminus of
E and 5’ terminus of B form a 5’ splice site, wherein the genetic construct is capable of forming a
circular RNA that does not contain any exonic sequence from the genome from which the 5’
intronic sequence and the 3’ intronic sequence are derived (“excision scar”), and wherein the
genetic construct comprises a nucleotide sequence having at least about 70%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 95%,
at least about 97%, at least about 98%, at least about 99%, or about 100% sequence identity with
SEQ ID NO: 113 or 123.

42. A genetic construct comprising a formula of:

5’-H-A-E-B-II’-3’,

wherein H comprise a 5” homology arm, A comprises a 3’ intronic sequence, E comprises an exonic
sequence, B comprises a 5’ intronic sequence comprising an internal guide sequence (IGS), and
H’ comprises a 3’ homology arm, wherein the 3’ intronic sequence comprises a catalytic core,
wherein the 3’ terminus of A and the 5’ terminus of E form a 3’ splice site and the 3’ terminus of
E and 5’ terminus of B form a 5’ splice site, wherein the genetic construct is capable of forming a
circular RNA that does not contain any exonic sequence from the genome from which the 5’
intronic sequence and the 3’ intronic sequence are derived (“excision scar”), and wherein the
genetic construct comprises a nucleotide sequence having at least about 70%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 95%,
at least about 97%, at least about 98%, at least about 99%, or about 100% sequence identity with
SEQ ID NO: 114 or 124.

43. A genetic construct comprising a formula of:
5’-H-A-E-B-H’-3’,
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wherein H comprise a 5” homology arm, A comprises a3’ intronic sequence, E comprises an exonic
sequence, B comprises a 5’ intronic sequence comprising an internal guide sequence (IGS), and
H’ comprises a 3’ homology arm, wherein the 3’ intronic sequence comprises a catalytic core,
wherein the 3’ terminus of A and the 5’ terminus of E form a 3’ splice site and the 3’ terminus of
E and 5’ terminus of B form a 5’ splice site, wherein the genetic construct is capable of forming a
circular RNA that does not contain any exonic sequence from the genome from which the 5’
intronic sequence and the 3’ intronic sequence are derived (“excision scar”), and wherein the
genetic construct comprises a nucleotide sequence having at least about 70%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 95%,
at least about 97%, at least about 98%, at least about 99%, or about 100% sequence identity with
SEQ ID NO: 115 or 125.

44. A genetic construct comprising a formula of:

5’_H-A-E-B-H’-3’,

wherein H comprise a 5” homology arm, A comprises a3’ intronic sequence, E comprises an exonic
sequence, B comprises a 5’ intronic sequence comprising an internal guide sequence (IGS), and
H’ comprises a 3’ homology arm, wherein the 3’ intronic sequence comprises a catalytic core,
wherein the 3’ terminus of A and the 5’ terminus of E form a 3’ splice site and the 3’ terminus of
E and 5 terminus of B form a 5° splice site, wherein the RNA construct is capable of forming a
circular RNA that does not contain any exonic sequence from the genome from which the 5’
intronic sequence and the 3’ intronic sequence are derived (“excision scar”), and wherein the
genetic construct comprises a nucleotide sequence having at least about 70%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 95%,
at least about 97%, at least about 98%, at least about 99%, or about 100% sequence identity with
SEQ ID NO: 116 or 126.

45. A genetic construct comprising a formula of:

5’_H-A-E-B-II’-3’,

wherein H comprise a 5” homology arm, A comprises a3’ intronic sequence, E comprises an exonic
sequence, B comprises a 5’ intronic sequence comprising an internal guide sequence (IGS), and
H’ comprises a 3° homology arm, wherein the 3’ intronic sequence comprises a catalytic core,
wherein the 3’ terminus of A and the 5’ terminus of E form a 3’ splice site and the 3’ terminus of

E and 5’ terminus of B form a 5’ splice site, wherein the genetic construct is capable of forming a
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circular RNA that does not contain any exonic sequence from the genome from which the 5’
intronic sequence and the 3’ intronic sequence are derived (“excision scar”), and wherein the
genetic construct comprises a nucleotide sequence having at least about 70%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 95%,
at least about 97%, at least about 98%, at least about 99%, or about 100% sequence identity with
SEQ ID NO: 117 or 127.

46. A genetic construct comprising a formula of

5’_H-A-E-B-H’-3’,

wherein H comprises a 3’ homology arm, A comprises a 3° homology arm, a 3’ intronic sequence,
E comprise an exonic sequence, B comprises a 5’ intronic sequence comprising an internal guide
sequence, and H’ comprising a 5 homology arm, wherein the 3’ intronic sequence comprises a
catalytic core, wherein the 3’ terminus of A and the 5° terminus of E form a 3’ splice site and the
3’ terminus of E and 5’ terminus of B form a 5’ splice site, and wherein the 5’ intronic sequence
and/or the 3’ intronic sequence are derived from pre-tRNAV of the cyanobacteria Anabaena
azollae, cyanobacteria Azoarcus, or Synechococcus or from 268 ribosomal RNA of Tetrahymena
thermophila, or and are capable of forming a circular RNA.

47.  The genetic construct of any one of claims 1 and 41 to 46, wherein the 5’ intronic sequence

ALEU

and/or the 3’ intronic sequences are derived from tRN of the cyanobacteria Anabaena azollae.

48.  The genetic construct of claim 47, wherein the 5° splice site comprises a site between two

nucleotides comprising U and any nucleotide (N), optionally A.

49.  The genetic construct of claim 47 or 48, wherein the 3’ splice site comprises a site between

two nucleotides comprising G and any nucleotide (N), optionally C.

50.  The genetic construct of any one of claim 47 to 49, wherein the catalytic core comprises

GAG, CC, or both.

51. The genetic construct of any one of claims 47 to 50, wherein the 5’ intronic sequence
comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with SEQ ID NO: 25 or
29.
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52.  The genetic construct of any one of claims 47 to 51, wherein the 3’ intronic sequence
comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with SEQ ID NO: 14 or
20.

53.  The genetic construct of any one of claims 1 and 41 to 46, wherein the 5’ intronic sequence

and/or the 3’ intronic sequences are derived from tRNAY of the cyanobacteria Azoarcus.

54. The genetic construct of claim 53, wherein the 5’ splice site comprises a site between two

nucleotides comprising U and any nucleotide, optionally A.

55. The genetic construct of claim 53 or 54, wherein the 3’ splice site comprises a site between

two nucleotides comprising G and any nucleotide, optionally C.

56.  The genetic construct of any one of claim 53 to 55, wherein the catalytic core comprises
GAG, CC, or both.

57.  The genetic construct of any one of claims 53 to 56, wherein the 5’ intronic sequence

comprises a nucleotide sequence of AAA.

58.  The genetic construct of any one of claims 53 to 57, wherein the 3’ intronic sequence
comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with SEQ ID NO: 13 or
19.

59.  The genetic construct of any one of claims 1 and 41 to 46, wherein the 5’ intronic sequence

and the 3’ intronic sequences are derived from tRNAY of Synechococcus.

60.  The genetic construct of claim 59, wherein the 5’ splice site comprises a site between two

nucleotides comprising U and any nucleotide (N), optionally A.

61. The genetic construct of claim 59 or 60, wherein the 3’ splice site comprises a site between

two nucleotides comprising G and any nucleotide (N), optionally C.

62.  The genetic construct of any one of claim 59 to 61, wherein the catalytic core comprises
GAG, CC, or both.
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63.  The genetic construct of any one of claims 59 to 62, wherein the 5’ intronic sequence
comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with a 5’ intronic sequence

derived from Synechococcus intron as set forth in SEQ ID NO: 140 or 143.

64.  The genetic construct of any one of claims 59 to 63, wherein the 3’ intronic sequence
comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with a 5’ intronic sequence

derived from Synechococcus intron as set forth in SEQ ID NO: 140 or 143.

65.  The genetic construct of any one of claims 1 and 41 to 46, wherein the 5’ intronic sequence

and the 3 intronic sequences are derived from 26S ribosomal RNA of Tetrahymena thermophila.

66. The genetic construct of claim 65, wherein the 5’ splice site comprises a site between two

nucleotides comprising U and any nucleotide (N), optionally A.

67. The genetic construct of claim 65 or 66, wherein the 3 splice site comprises a site between

two nucleotides comprising G and any nucleotide (N), optionally C.

68.  The genetic construct of any one of claim 65 to 67, wherein the catalytic core comprises
GAG, CC, or both.

69.  The genetic construct of any one of claims 65 to 68, wherein the 5’ intronic sequence
comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with SEQ ID NO: 24 or
28.

70.  The genetic construct of any one of claims 65 to 69, wherein the 3’ intronic sequence
comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with SEQ ID NO: 12 or
18.
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71.  The genetic construct of any one of claims 46 to 70, wherein the circular RNA does not

comprise an excision scar.

72. The genetic construct of any one of claims 1 to 71, wherein the circular RNA has a reduced
immunogenicity.
73. The genetic construct of claim72 wherein the circular RNA has a reduced immunogenicity

compared to a circular RNA that contains the excision scar.
74. A genetic construct comprising a formula of

5’_H-A-E-B-II’-3’,

wherein H comprises a 3’ homology arm, A comprises a 3° homology arm, a 3’ intronic sequence,
E comprise an exonic sequence, B comprises a 57 intronic sequence comprising an internal guide
sequence, and H’ comprising a 5> homology arm, wherein the 3’ intronic sequence comprises a
catalytic core, wherein the 3’ terminus of A and the 5° terminus of E form a 3’ splice site and the
3’ terminus of E and 5’ terminus of B form a 5 splice site, and wherein the 5’ intronic sequence
and/or the 3’ intronic sequence are derived from pre-tRNAV of the cyanobacteria Anabaena
azollae, cyanobacteria Azoarcus, or Synechococcus or from 268 ribosomal RNA of Tetrahymena
thermophila and are capable of forming a circular RNA and wherein the genetic construct
comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with SEQ ID NO: 118 or
128.

75. A genetic construct comprising a formula of:

5’-A-E-3’,

wherein A comprises a 3° intronic sequence, E comprises an exonic sequence, wherein the 3’
intronic sequence comprises a catalytic core, wherein the 3’ terminus of A and the 5’ terminus of

E form a 3’ splice site, and wherein the genetic construct is capable of forming a circular RNA.

76. A genetic construct comprising a formula of:

5’-A-E-3’,

wherein A comprises a 3 intronic sequence, E comprises an exonic sequence, wherein the 3’

intronic sequence comprises a catalytic core, wherein the 3’ terminus of A and the 5’ terminus of
140



WO 2025/111280 PCT/US2024/056551

E form a 3’ splice site, wherein the 3’ terminus of A and the 5” terminus of E form a 3’ splice site,
wherein the genetic construct comprises a nucleotide sequence having at least about 70%, at least
about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least
about 95%, at least about 97%, at least about 98%, at least about 99%, or about 100% sequence
identity with SEQ ID NO: 119 or 129, and wherein the genetic construct is capable of forming a
circular RNA.

77. A genetic construct comprising a formula of

5°_A-E-3’,

wherein A comprises a 3’ intronic sequence comprising a catalytic core (CC), and E comprises an
exonic sequence comprising a first portion of the exonic sequence (E"); a first homology arm (HI');
a second portion of the exonic sequence (E"); a second homology arm (HI"); and a third exonic
sequence (E") comprising a catalytic nucleotide (CN); wherein the 3’ terminus of A and the 5’
terminus of E form a 3’ splice site, wherein the genetic construct comprises a nucleotide sequence
having at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about
90%, at least about 95%, at least about 95%, at least about 97%, at least about 98%, at least about
99%, or about 100% sequence identity with SEQ ID NO: 120 or 130, and wherein the genetic

construct is capable of forming a circular RNA.

78. A genetic construct comprising a formula of

5’-A-E-3’,

wherein A comprises a 3’ intronic sequence comprising a catalytic core (CC), and E comprises an
exonic sequence comprising a first portion of the exonic sequence (E'); a first homology arm (HI');
a second portion of the exonic sequence (E"); a second homology arm (HI"); and a third exonic
sequence (E"') comprising a catalytic nucleotide (CN); wherein the 3’ terminus of A and the 5’
terminus of E form a 3’ splice site, wherein the genetic construct comprises a nucleotide sequence
having at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about
90%, at least about 95%, at least about 95%, at least about 97%, at least about 98%, at least about
99%, or about 100% sequence identity with SEQ ID NO: 121 or 131, and wherein the genetic

construct is capable of forming a circular RNA.

79. A genetic construct comprising a formula of
5’-A-E-3’,
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wherein H comprises a 3’ homology arm, A comprises a 3’ intronic sequence comprising a catalytic
core (CC), and E comprises an exonic sequence comprising a first portion of the exonic sequence
(E"); a first homology arm (HI'); a second portion of the exonic sequence (E"); a second homology
arm (HI"); and a third exonic sequence (E"') comprising a catalytic nucleotide (CN); wherein the
3’ terminus of A and the 5 terminus of E form a 3’ splice site, wherein the genetic construct
comprises a nucleotide sequence having at least about 70%, at least about 75%, at least about 80%,
at least about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity with SEQ ID NO: 122 or

132, and wherein the genetic construct is capable of forming a circular RNA.

80. A genetic construct comprising a formula of

5°_A-E-3’,

wherein A comprises a 3’ intronic sequence comprising a catalytic core (CC), and E comprises an
exonic sequence comprising a first portion of the exonic sequence (E'); a first homology arm (HI');
a second portion of the exonic sequence (E"); a second homology arm (HI"); and a third exonic
sequence (E") comprising a catalytic nucleotide (CN); wherein the genetic construct comprises a
nucleotide sequence having at least about 70%, at least about 75%, at least about 80%, at least
about 85%, at least about 90%, at least about 95%, at least about 95%, at least about 97%, at least
about 98%, at least about 99%, or about 100% sequence identity with SEQ ID NO: 181 and wherein

the genetic construct is capable of forming a circular RNA.

81. A genetic construct comprising a formula of

5’-B-A-E-3’,

wherein A comprises a 3’ intronic sequence, 3S comprises a 3’ splice site, E comprises an exonic
sequence, B comprises a 5’ intronic sequence, and 5S comprises a 5’ splice site, wherein the 3’
intronic sequence comprises a catalytic core, wherein B-A comprise the full intron, wherein the
genetic construct comprises a nucleotide sequence having at least about 70%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 95%,
at least about 97%, at least about 98%, at least about 99%, or about 100% sequence identity with

SEQ ID NO: 182 or 183, and wherein the genetic construct is capable of forming a circular RNA.

82.  The genetic construct of any one of claims 1 to 81, which is RNA.

83. The genetic construct of any one of claims 1 to 82, which is DNA.
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84.  The genetic construct of claim 83, which further comprises a promoter.

85.  The genetic construct of claim 84, wherein the promoter comprises a T7 promoter, a T3

promoter, or a Sp6 promoter.
86.  The genetic construct of claim any one of claims 1-85, which further comprises an IRES.

87. The genetic construct of any one of claims 1 to 86, wherein the exonic sequence further

comprises a binding site for a poly A binding protein at the 5’ terminus.

88.  The genetic construct of any one of claims 1 to 87, wherein the 5’ homology arm comprises
a nucleotide sequence at least about 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or
100% identical to SEQ ID NO: 72 (CCGTCGATTGTCCACTGGT).

89. The genetic construct of any one of claims 1 to 88, wherein the 3° homology arm comprises
a nucleotide sequence at least about 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or
100% identical to SEQ ID NO: 73 (ACCAGTGGACAATCGACGG).

90.  The genetic construct of any one of claims 1 to 89, wherein the exonic sequence is linked

to one or more untranslated regions at the 3” and/or 5’ of the exonic sequence.

91. The genetic construct of claim 90, wherein the one or more untranslated regions comprise

IRES.

92. The genetic construct of claim 91, wherein the IRES comprises a sequence having at least
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity with any one
of SEQ ID NO: 87-110 and 145-168.

93. The genetic construct of claim 92 wherein the IRES is linked to a polyA.

94.  The genetic construct of any one of claims 90-93, wherein the one or more untranslated

regions comprise a polyA.
95.  The genetic construct of claim 94, wherein the exonic sequence is linked to a polyA.

96.  The genetic construct of any one of claims 93-95, wherein the polyA comprises a sequence
having at least about 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity
with SEQ ID NO: 85 or 86.
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97.  The genetic construct of any one of claims 90-96, wherein the one or more untranslated

regions further comprise a spacer sequence.

98. The genetic construct of claim 97, wherein the spacer comprises a sequence having at least
about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 95%, at least about 97%, at least about 98%, at least about 99%, or about
100% sequence identity with any one of SEQ ID NO: 74-75 and 78-79.

99.  The genetic construct of any one of claims 1 to 98, wherein the exonic sequence encodes a

protein.

100. The genetic construct of claim 99, wherein the circular RNA exhibits an increased
expression of the protein, a prolonged expression of the protein in vitro and/or in vivo, a reduced
activation of an immune signaling pathway, an increased immune activation, or any combination

thereof.

101. The genetic construct of claim 99 or 100, wherein the protein comprises a therapeutic

protein.

102.  The genetic construct of any one of claims 99 to 101, wherein the protein comprises a
cytokine, a receptor, a ligand, an immunomodulatory, a growth factor, an antigen, an RNA binding

domain, or any combination thereof.

103. The genetic construct of any one of claims 99 to 102, wherein the protein comprises an

antibody, a fusion protein, or any combination thereof.

104. The genetic construct of any one of claims 99 to 103, wherein the protein comprises CD3,
CD4, CDS, CD19, CD20, CD22, CD30, CD34, HER2, HER3, HER4, LFA-I, Mol, pl50, 95, VLA-
4, ICAM-I, VCAM, alpha v/beta 3 integrin, human macrophage inflammatory protein (MIP-1 -
alpha), erythropoietin (EPO), NGF-beta, platelet-derived growth factor (PDGF), fibroblast growth
factors, epidermal growth factor (EGF), transforming growth factors (TGF), insulin-like growth
factors-I and -II (IGF-I and IGF-II), des(1-3)-IGF-I (brain IGF-1), factor VIII, tissue factor, von
Willebrands factor, protein C, alpha-1-antitrypsin, plasminogen activators, such as urokinase and
tissue plasminogen activator ("t-PA"), bombazine, thrombin, thrombopoietin, M-CSF, GM-CSF,
G-CSF, flk2/flt3 receptor, obesity (OB) receptor, LDL receptor, growth hormone receptors,

thrombopoietin receptors ("TPO-R," "c-mpl"), glucagon receptors, interleukin receptors, interferon

144



WO 2025/111280 PCT/US2024/056551

receptors, T-cell receptors, stem cell factor receptors, OX40L, bone-derived neurotrophic factor
(BDNF), neurotrophin-3, -4, -5, or -6 (NT-3, NT-4, NT-5, or NT-6), relaxin A-chain, relaxin B-
chain, prorelaxin, interleukins and interleukin receptors, including IL-I to IL-33 and IL-I to IL-33
receptors, such as the IL-8 receptor, viral antigens, lipoproteins, calcitonin, glucagon, atrial
natriuretic factor, lung surfactant, tumor necrosis factor-alpha and -beta, enkephalinase, RANTES
(regulated on activation normally T-cell expressed and secreted), mouse gonadotropin-associated

peptide, DNAse, inhibin, activin, PUF domain, Cas protein, or any combination thereof.
105. A composition comprising the genetic construct of any one of claims 1 to 104 and a GTP.

106. The composition of claim 105, wherein the GTP is in a sufficient amount to cleave the 5’

intron and the 3’ intronic sequences from the genetic construct.

107. A method of making a circular RNA, comprising contacting a GTP and the genetic

construct of any one of claims 1 to 104.
108. A circular RNA prepared by the method of claim 107.

109. A method of treating a disease or condition in a subject in need thereof, comprising

administering the circular RNA of claim 108 to the subject.
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