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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. 63/605,896, filed December 4, 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:
4597 034PCO1_SequenceListing ST26.xml; Size: 203,648 bytes; and Date of Creation:

December 4, 2024) and is filed with the application is herein incorporated by reference in its

entirety.
TECHNICAL FIELD
[0003] The following relates to methods and compositions for the production 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). 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, making
circRNAs great candidates as therapeutics.

[0006] Nevertheless, the use of circRNAs as therapeutics has been hampered by technical
limitation in their synthesis. 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 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



WO 2025/122609 PCT/US2024/058456
-0

synthesis at a lower cost. However, the run-off nature of phage polymerases may result in
incomplete RNA. Additionally, the high immunogenicity of the synthesized circRNAs further
hinders the applicability of circRNAs as therapeutic molecules.

[0007] Given the strong therapeutic potential of circRNAs, there is an immediate need for
methods and composition for producing circRNAs with high efficiency, and for producing

circRNAs having low immunogenicity.

SUMMARY
[0008] Aspects of the present disclosure address the above-referenced problems and/or
others.
[0009] In some aspects, the disclosure provides a genetic construct comprising a formula
of:
[0010] 5'-H-A-E-B-H'-3',

wherein H comprises a 5' homology arm; A comprises a 3' intronic sequence that is optionally
derived from a Group II intron; E comprises an exonic sequence (i.e., one or more exons or
fragments thereof); B comprises a 5' intronic sequence that is optionally derived from a Group II
intron; and H' comprises a 3' homology arm; wherein at least one of the 3’ intronic sequence and
the 5’ intronic sequence is derived from a Group II intron and wherein the genetic construct is

capable of forming a circular RNA.

[0011] In some aspects, the disclosure provides a genetic construct comprising a formula
of:
[0012] 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 that is optionally derived from a Group II intron; 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 that is optionally derived from a
Group II intron; 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, and wherein at
least one of the 3’ intronic sequence and the 5’ intronic sequence is derived from a Group Il intron.
[0013] In some aspects, the 3’ intronic sequence and the 5’ intronic sequence are derived
from a Group II intron. In some aspects, the 3’ intronic sequence and the 5’ intronic sequence are

derived from the same Group Il intron. In some aspects, the 3’ intronic sequence and the 5’ intronic
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sequence are derived from different Group Il introns. In some aspects, the 3’ intronic sequence and
the 5’ intronic sequence together are less than the full intron.

[0014] In some aspects, the circular RNA has a reduced immunogenicity compared to a
circular RNA that contains an excision scar.

[0015] In some aspects, the 5’ intronic sequence and/or the 3’ intronic sequence are derived
from an intron of Pylaiella littoralis 1-2, Amoebidium parasiticum, Mesostigma viridae,
Lactococcus lactis, or Oceanobacillus iheyensis, or any combination thereof.

[0016] In some aspects, the 5 splice site comprises a site between two nucleotides
comprising A and N, where N is any nucleotide. In some aspects, the Nis A, T, U, G, or C, e.g,,
G.

[0017] In some aspects, the 3’ splice site comprises a site between two nucleotides
comprising T or U and N, wherein N is any nucleotide. In some aspects, the N is A or C.

[0018] In some aspects, the catalytic core comprises AGC, CGC, or both.

[0019] In some aspects, the circRNA formed by the genetic construct comprises an
excision scar. In some aspects, the circRNA formed by the genetic construct does not comprise an
excision scar.

[0020] 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 set forth in SEQ ID NOs: 17, 18, 19, or
20.

[0021] 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 set forth in SEQ ID NO: 21, 22, 23, or
24,

[0022] In some aspects, the genetic construct is an RNA genetic construct. In some aspects,
the genetic construct is a DNA genetic constructs.

[0023] In some aspects, the genetic construct further comprises a promoter. In some
aspects, the promoter comprises a T7 promoter, a T3 promoter, an SP6 promoter, or any

combination thereof.
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[0024] In some aspects, the genetic construct further comprises an internal ribosomal entry
site (“IRES”). In some aspects, the IRES 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 96%, at least about 97%, at least about 98%, at least about 99%, or about 100% sequence
identity to any sequence set for in SEQ ID NO: 44 to 67 if the genetic construct is DNA and to any
sequence set forth in SEQ ID NO: 68 to 91 if the genetic construct is RNA.

[0025] In some aspects, the exonic sequence further comprises a binding site for a polyA
binding protein at the 5° terminus.

[0026] In some aspects, the 5° homology arm 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 the sequence as set forth in SEQ ID NO: 27 or 29. In some aspects,
the 3” homology arm 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 the sequence as set forth in SEQ ID NO: 28 or 30.

[0027] In some aspects, the exonic sequence is linked to one or more untranslated regions
at the 3” and/or 5’ of the exonic sequence.

[0028] In some aspects, the genetic construct further comprises a polyA. In some aspects,
the polyA 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 96%, at least about 97%,
at least about 98%, at least about 99%, or about 100% sequence identity to the sequence as set forth
in SEQ ID NO: 42, 43, or any combination thereof.

[0029] In some aspects, the genetic construct further comprises 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 any
sequence as set forth in SEQ ID NO: 31, 32, 33, 34, or any combination thereof.

[0030] 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
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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-1I and -II (IGF-I and IGF-
I0), 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.

[0031] In some aspects, the disclosure provides a composition comprising the genetic
construct of the disclosure.

[0032] In some aspects, the disclosure provides a method of making a circular RNA,
comprising initiating the genetic construct of the disclosure to form a circular RNA.

[0033] In some aspects, the disclosure provides a circular RNA prepared by the method of
the disclosure.

[0034] 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 of the disclosure to the

subject.

BRIEF DESCRIPTION OF THE DRAWINGS
[0035] 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
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only for illustration purpose of preferred aspects of the present disclosure and are not to be
considered as limiting.
[0036] Features of various aspects of the present disclosure will be more readily understood
from the following detailed description taken in conjunction with the accompanying drawings.
[0037] Fig. 1 is a schematic representation of a genetic construct (DNA or RNA) having
the 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 (triad) (CC) that is derived
from a Group Il intron;
3S comprises a 3' splice site;
E comprises an exon;
58 comprises a 5' splice site;
B comprises a 5' intronic sequence comprising an intron-binding site (IBS) that is derived
from a Group II intron; 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.

[0038] Fig. 2 is a plasmid map of the genetic construct depicted in Fig. 1.

[0039] Fig. 3 is a schematic representation of a circularization mechanism.

[0040] Fig. 4 is an exemplary representation of a circularization mechanism.
DETAILED DESCRIPTION

[0041] The present disclosure generally relates to methods for synthesizing circular RNA

(circRNA). The present disclosure includes 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 pre-circRNAs, the circRNAs and/or DNA genetic constructs 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.
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[0042] Aspects of the present disclosure include synthesizing circRNA from a genetic

construct that includes group II introns.

L Definitions

[0043] 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.

[0044] 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.

[0045] 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).

[0046] It is understood that wherever aspects are described herein with the language
"comprising," otherwise analogous aspects described in terms of "consisting of" and/or
"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.

[0047] 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
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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.

[0048] 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).

[0049] "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
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
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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.

[0050] 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.

[0051] As used herein, the term "polypeptide" encompasses both peptides and proteins,
unless indicated otherwise.

[0052] 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.

[0053] 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 vifro 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.
[0054] As used herein, the term "pre-circular RNA" refers to a RNA (e.g., mRNA) that is
capable of directing its own circularization to form a circular RNA (also referred to herein as "pre-
circRNA").

[0055] As used herein, the term "circular RNA," or "circRNA" refers to a 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.

[0056] 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.

[0057] 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.

[0058] 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.

[0059] 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.

[0060] 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.
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[0061] 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
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).
[0062] 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.

[0063] 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.
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[0064] "Exons" 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 of eukaryotic genes exons are separated by
"introns," intervening non-coding sections of DNA. Therefore, introns are segments of nucleic
acid that are 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
molecule 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.

[0065] 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 it 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.

[0066] As used herein, the term "5' 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.

[0067] As used herein, the term “catalytic nucleotide” refers to a nucleotide that facilitates
the circularization of pre-circRNA by interacting with a catalytic core (triad) of an intronic

sequence.
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[0068] 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.

[0069] 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.

[0070] 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.

[0071] As used herein, the term "catalytic nucleotide" refers to a nucleotide that facilitates
the circularization of pre-circRNA by interacting with a catalytic core (triad) of an intronic
sequence.

[0072] "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.

[0073] "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 aspects, a T7- type RNA
polymerase can be used.

[0074] "Translation" means the formation of a polypeptide molecule by a ribosome based
upon an RNA template.

[0075] 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 (i.e., a tRNA or a rRNA).
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[0076] 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 aspects, spacers include duplex forming regions.

[0077] 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.

[0078] As used herein, an "intron-binding site" refers to a sequence that is recognized by
another portion of an intron (referred to as an “exon binding site”) to enable exon splicing.

[0079] As used herein, an "exon binding site" refers to a sequence that recognizes an exon
and aids in orientating secondary structure to enable exon splicing.

[0080] It is known to the skilled person that a sequence disclosed herein (e.g., a splice site)
can be both in a DNA or an RNA form. If a sequence (e.g., a splice site) is in a DNA form, it is
known to the skilled person to comprise a "T," and if a sequence (e.g., a splice site) is in an RNA

form, it is known to the skilled person to comprise a "U."

1L Pre-circular RNA and DNA Genetic Constructs

[0081] 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 pre-circRNAs can be transcribed. In some
aspects, the pre-circRNAs disclosed herein, or the pre-circRNAs 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).

[0082] In some aspects, the genetic constructs disclosed herein comprise one or more
intronic sequences (i.e., one or more introns or fragments thereof) that are derived from a Group II
intron and one or more exonic sequence (i.e., one or more exon or fragment thereof).

[0083] In some aspects, the genetic constructs disclosed herein are DNA genetic constructs
(e.g., comprised in a vector). In some aspects, the DNA genetic constructs disclosed herein are
transcribed into RNAs. In some aspects, the RNAs transcribed from the DNA genetic constructs

disclosed herein undergo a splicing reaction. In some aspects, the splicing reaction is an auto-
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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 RNAs transcribed from
the DNA genetic constructs disclosed herein. In some aspects, the splicing reaction completely
removes the one or more intronic sequence (7.e., one or more intron or fragment thereof) from the
RNAs transcribed from the DNA 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 RNAs transcribed from the DNA genetic constructs disclosed herein.

[0084] In some aspects, the genetic constructs disclosed herein are RNA genetic constructs
(e.g., pre-circRNAs). 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 (7.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.

[0085] 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 (i.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
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).

[0086] In some aspects, the pre-circRNAs are linear RNAs produced by in vivo
transcription of DNA genetic constructs disclosed herein. In some aspects, the pre-circRNAs are
linear RNAs produced by in vitro transcription of DNA genetic constructs disclosed herein. In
some aspects, the pre-circRNAs are linear RNAs produced by chemical synthesis. The pre-

circRNAs disclosed herein can be unmodified, partially modified or completely modified.
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[0087] 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 pre-circRNAs disclosed herein. In some aspects, the circRNAs disclosed herein consists
of an exonic sequence (i.e., one or more exons) comprised in the DNA genetic constructs or in the
pre-circRNAs disclosed herein. In some aspects, the circRNAs disclosed herein further comprise
one or more nucleotides comprised in the DNA genetic constructs or in the pre-circRNAs 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 pre-circRNAs 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
pre-circRNAs 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.

[0088] 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 sequences (i.e., one or more introns or fragments
thereof) that are derived from a Group II intron, and/or one or more exonic sequences (i.e., one or
more exons or fragments thereof). In some aspects, all intronic sequence are derived from a
nucleotide sequence of a Group II intron.

[0089] In some aspects, the DNA or RNA genetic constructs disclosed herein are
polynucleotides produced by any one of the molecular cloning techniques described in the
published literature. In some aspects, the DNA or RNA genetic constructs disclosed herein are
polynucleotides produced by chemical synthesis. In some aspects, the DNA or RNA genetic
constructs disclosed herein are comprised in a vector, for example, in a plasmid vector. The DNA
or RNA genetic constructs disclosed herein can be unmodified, partially modified or completely

modified.
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1IA.  Genetic Constructs
[0090] 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) comprising a formula of 5'-H-A-E-B-H'-3',
wherein:

H comprises a 5' homology arm;

A comprises a 3' intronic sequence that is optionally derived from a Group II intron;

E comprises an exonic sequence (i.e., one or more exons or fragments thereof);

B comprises a 5' intronic sequence that is optionally derived from a Group II intron; and

H' comprises a 3' homology arm, and
wherein at least one of the 3’ intronic sequence and the 5’ intronic sequence is derived from a
Group II intron. In some aspects, both the 3’ intronic sequence and the 5’ intronic sequence are
derived from a Group II intron. In some aspects, the 3’ intronic sequence and the 5’ intronic
sequence are derived from the same Group Il intron. In some aspects, the 3’ intronic sequence and
the 5’ intronic sequence are derived from different Group II introns.
[0091] 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 (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 compliments of one another.
[0092] 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 that is optionally derived from a Group II intron;

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 that is optionally derived from a Group II intron;
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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, and
wherein at least one of the 3’ intronic sequence and the 5’ intronic sequence is derived from a
Group II intron. In some aspects, both the 3’ intronic sequence and the 5’ intronic sequence are
derived from a Group II intron. In some aspects, the 3’ intronic sequence and the 5’ intronic
sequence are derived from the same Group II intron. In some aspects, the 3 intronic sequence and
the 5° intronic sequence are derived from different Group II introns.
[0093] In some aspects, the 5' and 3’ intronic sequences are reverse compliments 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); wherein at least one of the
37 intronic sequence and the 5’ intronic sequence is derived from a Group Il intron. In some aspects,
both the 3’ intronic sequence and the 5’ intronic sequence are derived from a Group II intron. In
some aspects, the 3’ intronic sequence and the 5’ intronic sequence are derived from the same
Group Il intron. In some aspects, the 3’ intronic sequence and the 5’ intronic sequence are derived
from different Group II introns.
[0094] The present disclosure is also directed to a method of producing a circular RNA
comprising initiating a genetic construct disclosed herein (e.g., DNA or RNA) to form a circular
RNA, wherein the genetic construct comprises 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 that is optionally derived from a Group II intron;

E comprises an exonic sequence (i.e., one or more exons or fragments thereof),

B comprises a 5' intronic sequence that is optionally derived from a Group II intron; and

H' comprises a 3' homology arm; wherein at least one of the 3’ intronic sequence and the

5’ intronic sequence is derived from a Group II intron,;
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;
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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;
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 that is optionally derived from a Group II intron;

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 that is optionally derived from a Group II intron;

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 and wherein at least one of the 3’ intronic sequence and the 5’
intronic sequence is derived from a Group II intron. 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
57 splice site (5S).
[0095] In some aspects, the disclosure comprises a circular RNA produced by the pre-

circRNA or the method disclosed herein.

IL.B. Components of Genetic Constructs

[0096] Various components of the genetic constructs disclosed herein can be derived from
a Group II intron. In some aspects, one or more components of the genetic constructs are derived
from the same Group II intron from which the 3’ intronic or 5’ intronic sequence is derived. In
some aspects, one or more components of the genetic constructs are derived from a Group I intron.

Non-limiting exemplary components for the genetic constructs are disclosed below.
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1IB.1 Splice Sites

[0097] 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, or a combination thereof.

[0098] 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
respect to the position of the same splice sites would they have been in a naturally occurring
configuration.

[0099] 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 nucleotide that
is located in the intronic sequence and a nucleotide that is located in the exonic sequence.

[0100] 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.

[0101] In some aspects, the 55(5") is a U, and the 5S(3') is a N, wherein N is any one of A,
C,G,orU.
[0102] In some aspects, the 5' splice site comprises a sequence of formula 5'-U-N-3',

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

[0103] In some aspects, the 55(5") is a A, and the 5S(3') is a N, wherein N is any one of A,
C, G, T or U. In some aspects, the 5S(5') is a A, and the 5S(3")is a G.

[0104] In some aspects, the 5' splice site comprises a sequence of formula 5'-A-N-3',
wherein the site of splice is between A and N, and wherein N is any one of A, C, G, T or U. In

some aspects, Nis a G.
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[0105] 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.

[0106] 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,orU.
[0107] 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, or U.

[0108] In some aspects, the 3S(5") is a T or U, and the 3S(3') is a N, wherein N is any one
of A,C,G, TorU.

[0109] In some aspects, the 3' splice site comprises a sequence of formula 5'-T(orU)-N-3',
wherein the site of splice is between T or U and N, and wherein N is any one of A, C, G, T or U.
In some aspects, N is a C. In some aspects, N is an A.

[0110] In some aspects, the 3' splice site comprises a nucleotide sequence of Atccaact*CA,
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 3' splice site consists of a nucleotide
sequence of Atccaact"CA, wherein N is A, U, C, or G, and wherein """ indicates the position of
the phosphodiester bond that is cleaved during a splicing reaction.

[0111] In some aspects, the 5' splice site comprises a nucleotide sequence of
Nttaaaaa"GTGCG, 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
Nttaaaaa"GTGCG, wherein N is A, U, C, or G, and wherein """ indicates the position of the
phosphodiester bond that is cleaved during a splicing reaction.

[0112] 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).

DESCRIPTION SEQUENCE

Pylaiellis littoralis 1-2 3' Splice site (S8EQ ID NG: 25) Atccaact”™CA

Pylaiellia littoralis 1-2 5! Splice site (SEQ ID NG: 26) Nttaaaaa”GTGCG
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Pviaielia littoralis 1-2 3¢ Splice site (SEQ ID KO: 104) | Auccaacu”CA
Pylzielia litteovalisg 1-2 5% dplice gite (SEQ ID KO: 107} Nuuaaaaa”GUGCG
IL.B.2. Introns
[0113] 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 II
introns can catalyze their own excision from their parent RNA molecules.

[0114] Group II introns are found in rRNA, tRNA, and mRNA of organelles (chloroplasts
and mitochondria) in fungi, plants, and protists, and also in mRNA in bacteria. These 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 II introns to
self-splice renders them capable of acting as ribozymes. In contrast to group I introns, intron
excision occurs in the absence of GTP and involves the formation of a lariat, with an A-residue
branchpoint.

[0115] As depicted in FIG. 4, the secondary structure of group Il introns is characterized
by six typical stem-loop structures, also called domains I to VI (DI to DVI, or D1 to D6). The
domains radiate from a central core that brings the 5' and 3' splice junctions into close proximity.
The proximal helix structures of the six domains are connected by a few nucleotides in the central
region (linker or joiner sequences). Due to its size, the domain I is divided further into subdomains
a, b, ¢, and d. Due to sequence differences, group II introns are further divided into subgroups IIA,
IIB, and IIC.

[0116] Group II introns possess only a few conserved nucleotides, and the catalytic
nucleotides are spread over the complete intron structure. The conserved primary sequences are
the consensus at the 5' and 3' splicing site (...|GUGYG&... and ...AY| ..., with the Y representing
a pyrimidine), some of the nucleotides of the central core (joiner sequences), nucleotides of DV,
and sequence stretches of DI. The unpaired adenosine in DVI (marked by an asterisk in Fig. 4 and
located 7 or 8 nt away from the 3' splicing site) is also conserved and plays a central role in the
splicing process. The catalytic triad is located within DV and is comprised by a conserved AGC or

CGC sequence, which help coordinate metal binding and catalysis. The 2' hydroxyl of the bulged



WO 2025/122609 PCT/US2024/058456
-23 -

adenosine attacks the 5' splice site, followed by nucleophilic attack on the 3' splice site by the 3'
OH of the upstream exon. This results in a branched intron lariat connected by a 2'5-
phosphodiester linkage at the DVI adenosine.

[0117] Protein machinery is required for splicing in vivo, and long-range intron-intron and
intron-exon interactions are important for splice site positioning, as well as a number of tertiary
contacts between motifs, including kissing-loop and tetraloop-receptor interactions. During
splicing of Group II introns, all reactants are preorganized before the initiation of splicing. The
branch site, both exons, the catalytically essential regions of DV and J2/3, and e—¢' are in close
proximity before the first step of splicing occurs. In addition to the bulge and AGC triad regions
of DV, the J2/3 linker region, the e—¢' nucleotides and the coordination loop in DI are crucial for
the architecture and function of the active-site.

[0118] 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.

[0119] 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.

[0120] 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 eukaryotic nuclear genome (e.g., from an
organellar or nuclear genome of animal, fungi, plants, protozoan, or algae), or from an RNA
transcribed therefrom.

[0121] In some aspects, the one or more intronic sequence (i.e., one or more intron or
fragment thereof) is derived from a multicellular algae (e.g., a brown algae) genome or from an
RNA transcribed therefrom. In some aspects, the intronic sequence is derived from a Pylaiella
littoralis genome, or from an RNA transcribed therefrom.

[0122] In some aspects, the one or more intronic sequence (i.e., one or more intron or
fragment thereof) is derived from a unicellular algae (e.g., a green algae) genome or from an RNA
transcribed therefrom. In some aspects, the intronic sequence is derived from a Mesostigma viridae

genome, or from an RNA transcribed therefrom.
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[0123] In some aspects, the one or more intronic sequence (i.e., one or more intron or
fragment thereof) is derived from a eukaryotic 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 (i.e., one or more intron or fragment thereof) is derived from an
Amoebidium parasiticum genome or from an RNA transcribed therefrom.

[0124] 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 Lactococcus lactis 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
Oceanobacillus iheyensis genome or from an RNA transcribed therefrom.

[0125] 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.

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 large ribosomal subunit (LSU) from Pylaiella littoralis, from an
intron of a cytochrome C oxidase subunit 1 (COX1) from Amoebidium parasiticum, from an
intron of a cytochrome C oxidase subunit 2 (COX2) from Mesostigma viridae; from an intron of
a putative relaxase (L#rB) from Lactococcus lactis; 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 database for Bacterial Group II introns
(http://webapps2.ucalgary.ca/~groupii/).

[0126] 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 large ribosomal subunit (LSU) from Pylaiella
littoralis.

[0127] 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 1 (COX7) from
Amoebidium parasiticum.

[0128] 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

Mesostigma viridae.
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[0129] 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 putative relaxase (L#rB) from Lactococcus lactis.

[0130] 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 to any one
of SEQ ID NOs: 1-5 or 6-10. 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: 1 or 6. 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 or 6-10. 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: 1 or 6.

[0131] Non-limiting examples of intron that are useful for the present genetic constructs

are shown in Table 2.

Table 2. Exemplary Introns

SEQ ID
NO

DESCRIPTION

SEQUENCE

1

Pylaisila
ittoralig 1-
Lointron

Pylaisila GTAACTGAACGATCAATATCTACCGGCGTAGACTGTGAGCCTAAAGGAAACGA
littoralis 1- | ATGAAAGTGTCCCTTCCTGGGAACTTGGTAAGCCCAATAGACTCCCTCTGGGA
2 Full dintron | AACCAGAGGAGGAGTAAGAGCAATCTTACTTATCGTCTAGTGGGTAAAAGACA
(RNA) s TAATAGGAAGCAAATGCTTGGTTGTAACGATCGAGATAGAATCTGTTGATTTA
depicted in AGCTGAAAGGCTGCAGACTTATTAAATGGGTGTTCTGCTGTATGGCGTTCGCG

SEQG ID NC: &

GTGCGACAAGAAGTTCAGGAAGGGATTGAGGTGAAAGTCCTCCTCCCGAATCG
TTCATGGGAGAGTCTATCCAGACTTGCGTAGCGAGTAATCGCTAGGTGAGAAG
CTCTGGAGACAATGTACCTGCCCTTCAATTGGAGGTGCCAGGGCTAGGCTTTG
TTCCTATGGCTAGCGAAAGCGAATACAGGTTATTAGGCGTCGTGAAAACAAAA
CTCTTTCGACATAAGGGAGAGGCTCGTAGATGAGTTACCCTCCTTTTTATGGG

CCTAAGCAGCAGAATGCGTGAGCCGTGTGCGATGAAAGTCGCAAGCACGGTTC
TGATGGGGGGAAAACGAGAGATCGTCTACCTATCCAACT

Amoebidium
parasiticum
Full intron
(DNA)

Amoebidium GAAAATGGAAACCCACGTATTGGATTCAAACAGGGTGAAGTAAACTTTCCTTT
parasiticum TTATGGCATGTGTATTTAGAACTTATATCTTTAACATCTAGTTTCCCTGGCAT
Full intron TCGACAATCAATAGTAAGAGGAAAGTCTCATAATTCACACTCTTTTGATACAA
(RNA) is AAAATCTCCAATGCTTAAATGAACTAAGCAATATTCTGTACACTAATATAAAT

depicted in
SEQ ID NO: 7

GTGCGCCATCTCACTATTAGCATTCGCGGGTACAAATACCCCACCACAGTCTT
CTCGTTCTTCTATTTATAAAGCAAGTCATATGCATGGACCATTTACTCCGACA
ACATGTACAGCGGTTGTATTATGAGAAGAACCCAGGGAATTACGTTTTAGATT
GAAATCTTTTACGACATCGAAACACCGAAATAGTATAAGATTAACACCTAGAC
TTAGAGATATCTTAGTAGGATTATTATTAACAGACGCATGAATGTCTTGGAAT

GGTAAAATGGTAAAATCTATTAAAGGAGAACTATTTGATTATTTAAACTACAG
AACATTAGCGTACATGATAATGGGAGATGGAGCGCGCAAAAATAAAGGGTTTG
TAATATGTCTCGAGAATTTCACACTTCAGGAAGTCGTTTTACTATTAAATATG
TTAGCAATCAAATTTAATTTGGAGGACCTAACTATTCAAACTGAAGACTCTAA
ACCGTCTCCTTTTAAAAAAGAAAAAGAGGAAATTAAGAAGATTTATAGAATCT
ACTTTGGAATAGAGGGAACCAAAACATTATTACCTTTCATTAAACCTTATTTA
CTAGACCATTTTGATTATCGCATATCGGGAATGACTAAAGCACAGTATGAACA
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ACGTGGTGTAAAGCATAAATCTTAGGTAGTAGGAGCCAATTCTACACTGACAA
CAGCATGATTTAAAAGGGGAATGAAAGCGTCCCCAAGCTAGAATCCTCATGGT
AAGGCAAACGAACTCAAAATTACTTTATAACTAATGTGAATTAAACAAGTAGC
GGGGTTTAATTATGAGAAGATCACATATAAAGTATGGAGTACCTAAAAGGATT
TAGAGAACAAGTATGTTACAATGTTCTCACCGAGTGCTAATAGGAATTTGGGA
TCACCTGAGATTCGGAAGAGTCGGAGGTGACGGAGTTCTCATAGTAAATGGGT
AATCAAATACTCTAGATTAGGGGAAACCTTAATTGACTGCTTGGGCAGATTGA
AGGGGAACAGGAGAGTGGGGATTGCAAGACCATTCTCTGGAGAGCCGTATGAT
GGGAAACTATCACGTACGGTTCGGGAAAGGGCTTTTAACTAATGGTCCGGTAA
AAGGACTGGGGTTAATCTTCTATTTCAC

Mesostigma
viridae Full
intron (DNA)

Mesostigma
viridae Full
intron (RNA)
is depicted
in SEQ ID NO:
8

GTGTGCCATAAAAATATTTTTCTAATGTTTTCTTTTTGATTCCTGCCAGAAAA
GGAAAAGCTCAAAAAAAAACTAAAACTTTTTAGTAAAGAATTTATAAAAAGAG
AATTCCGTCAAGAAAAATATTTTTATGGAATTATTTGGATCCACTTTAGTAAA
GCTTTTTATTTAGTTTTTATAAAAATTTTAAAACCGGTCTTGAATAGTGGAAA
GGAAAAAGCATTATTGATACGGCAAAAACAAACATAAAAAGATCATTAAATAT
TGTTTATAAACCGCCTCGACTTTCTTACTGTCTGGAATGCGAAAACGAAAAAA
AAAGGTATCATATAGAAAAAATTGATGAAAATTTTAATACTTCTTTTTGGATA
AATAAGAGGAAAAATTTAATTCAATTTTTATCTTGGAAATTAAAAAATGCATC
ATATATATTTCATGGTCGTTTATTTAAGAGGAATCAAGGTCCATACAAAGAAA
TATTAGAAAAAGAATATTTCTTTTTTCGAGAAAATTGGATGCCGCGATTTTTT
TGCATAAGTGATCCACATTTTTCCCTAAATTCTTCTTTATTTCTTTCCGTGGT
CACTGCAATTTCTGCATTATCAGATCCTTTAGATATTTGGATAGAAAAATCGT
TCGGAAATGAAAAATTTTTTTATTCACGTTTTATGGATCAATGTATTGTAGCA
TGTTTTTCAGACGCTGATTTTTTAAATTCAAAATTTGAAAAAATATCACAAAA
ATCTTGTTGGAAATTTTCTAAATGTTTTTCCACTGTTCCTTTTTTGGGTGGCA
CGCTAATTCACTCTTCAACAAGGAAACCCATTGAATCTAATGAGCTAAAAAGT
ATTAATAATATTAACAGTTCTTGGAAATGGAAAATTTCATGGAATGTTCTTAT
AAGGTTTTGTCAAAATGAAAGATATTTTCATCAAAATTCTGCAAAACCTACGG
CTGTGCCCTACCTTGTTCCACGAACTCATGAAGAGATTTTGGCTCATTATAAA
AAATTAATTTTTCTTTTTTATCTTTATTACAATCCTATGCAAGATCACCAAGC
ATTCAATTGTTTAGTAGATGGTTTAAAGGAATCATGTATATTGACATTGGCCC
TTAAATATAAAATGAAAAGTAGAACTAAAATAATTCAAAAACTTTTTCCTCAA
AAGCTGTAGGAGTTTTTCTCACATACAGTTTTTTAGGGAAGTAAAAAAAAGAA
TTTTTTACTTACCCTCC

el

ISRV

W R b e e
NI

GTGCGCCCAGATAGGGTGTTAAGTCAAGTAGTTTAAGGTACTACTCTGTAAGA
TAACACAGAAAACAGCCAACCTAACCGAAAAGCGAAAGCTGATACGGGAACAG
AGCACGGTTGGAAAGCGATGAGTTACCTAAAGACAATCGGGTACGACTGAGTC
GCAATGTTAATCAGATATAAGGTATAAGTTGTGTTTACTGAACGCAAGTTTCT
AATTTCGGTTATGTGTCGATAGAGGAAAGTGTCTGAAACCTCTAGTACAAAGA
AAGGTAAGTTATGGTTGTGGACTTATCTGTTATCACCACATTTGTACAATCTG
TAGGAGAACCTATGGGAACGAAACGAAAGCGATGCCGAGAATCTGAATTTACC
AAGACTTAACACTAACTGGGGATACCCTAAACAAGAATGCCTAATAGAAAGGA
GGAAAAAGGCTATAGCACTAGAGCTTGAAAATCTTGCAAGGGTACGGAGTACT
CGTAGTAGTCTGAGAAGGGTAACGCCCTTTACATGGCAAAGGGGTACAGTTAT
TGTGTACTAAAATTAAAAATTGATTAGGGAGGAAAACCTCAAAATGAAACCAA
CAATGGCAATTTTAGAAAGAATCAGTAAAAATTCACAAGAAAATATAGACGAA
GTTTTTACAAGACTTTATCGTTATCTTTTACGTCCAGATATTTATTACGTGGC
GTATCAAAATTTATATTCCAATAAAGGAGCTTCCACAAAAGGAATATTAGATG
ATACAGCGGATGGCTTTAGTGAAGAAAAAATAAAAAAGATTATTCAATCTTTA
AAAGACGGAACTTACTATCCTCAACCTGTACGAAGAATGTATATTGCAAAAAA
GAATTCTAAAAAGATGAGACCTTTAGGAATTCCAACTTTCACAGATAAATTGA
TCCAAGAAGCTGTGAGAATAATTCTTGAATCTATCTATGAACCGGTATTCGAA
GATGTGTCTCACGGTTTTAGACCTCAACGAAGCTGTCACACAGCTTTGAAAAC
AATCAAAAGAGAGTTTGGCGGCGCAAGATGGTTTGTGGAGGGAGATATAAAAG
GCTGCTTCGATAATATAGACCACGTTACACTCATTGGACTCATCAATCTTAAA
ATCAAAGATATGAAAATGAGCCAATTGATTTATAAATTTCTAAAAGCAGGTTA
TCTGGAAAACTGGCAGTATCACAAAACTTACAGCGGAACACCTCAAGGTGGAA
TTCTATCTCCTCTTTTGGCCAACATCTATCTTCATGAATTGGATAAGTTTGTT
TTACAACTCAAAATGAAGTTTGACCGAGAAAGTCCAGAAAGAATAACACCTGA
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ATATCGGGAACTTCACAATGAGATAAAAAGAATTTCTCACCGTCTCAAGAAGT
TGGAGGGTGAAGAAAAAGCTAAAGTTCTTTTAGAATATCAAGAAAAACGTAAA
AGATTACCCACACTCCCCTGTACCTCACAGACAAATAAAGTATTGAAATACGT
CCGGTATGCGGACGACTTCATTATCTCTGTTAAAGGAAGCAAAGAGGACTGTC
AATGGATAAAAGAACAATTAAAACTTTTTATTCATAACAAGCTAAAAATGGAA
TTGAGTGAAGAAAAAACACTCATCACACATAGCAGTCAACCCGCTCGTTTTCT
GGGATATGATATACGAGTAAGGAGAAGTGGAACGATAAAACGATCTGGTAAAG
TCAAAAAGAGAACACTCAATGGGAGTGTAGAACTCCTTATTCCTCTTCAAGAC
AAAATTCGTCAATTTATTTTTGACAAGAAAATAGCTATCCAAAAGAAAGATAG
CTCATGGTTTCCAGTTCACAGGAAATATCTTATTCGTTCAACAGACTTAGAAA
TCATCACAATTTATAATTCTGAATTAAGAGGGATTTGTAATTACTACGGTCTA
GCAAGTAATTTTAACCAGCTCAATTATTTTGCTTATCTTATGGAATACAGCTG
TCTAAAAACGATAGCCTCCAAACATAAGGGAACACTTTCAAAAACCATTTCCA
TGTTTAAAGATGGAAGTGGTTCGTGGGGCATCCCGTATGAGATAAAGCAAGGT
AAGCAGCGCCGTTATTTTGCAAATTTTAGTGAATGTAAATCCCCTTATCAATT
TACGGATGAGATAAGTCAAGCTCCTGTATTGTATGGCTATGCCCGGAATACTC
TTGAAAACAGGTTAAAAGCTAAATGTTGTGAATTATGTGGAACATCTGATGAA
AATACTTCCTATGAAATTCACCATGTCAATAAGGTCAAAAATCTTAAAGGCAA
AGAAAAATGGGAAATGGCAATGATAGCGAAACAACGTAAAACTCTTGTTGTAT
GCTTTCATTGTCATCGTCACGTGATTCATAAACACAAGTGAATTTTTACGAAC
GAACAATAACAGAGCCGTATACTCCGAGAGGGGTACGTACGGTTCCCGAAGAG
GGTGGTGCAAACCAGTCACAGTAATGTGAACAAGGCGGTACCTCCCTACTTCA
C

Oceanobacillu
s ilheyensis
Full intron
(DNA)

Oceanobacillu
s iheyensis
Full intron
(RNA) 1is
depicted in
SEQ ID NO: 10

GTGTGCCCGGCATGGGTGCAGTCTATAGGGTGAGAGTCCCGAACTGTGAAGGC
AGAAGTAACAGTTAGCCTAACGCAAGGGTGTCCGTGGCGACATGGAATCTGAA
GGAAGCGGACGGCAAACCTTCGGTCTGAGGAACACGAACTTCATATGAGGCTA
GGTATCAATGGATGAGTTTGCATAACAAAACAAAGTCCTTTCTGCCAAAGTTG
GTACAGAGTAAATGAAGCAGATTGATGAAGGGAAAGACTGCATTCTTACCCGG
GGAGGTCTGGAAACAGAAGTCAGCAGAAGTCATAGTACCCTGTTCGCAGGGGA
AGGACGGAACAAGTATGGCGTTCGCGCCTAAGCTTGAACCGCCGTATACCGAA
CGGTACGTACGGTGGTGTGAGAGGAGTTCGCTCTACTCTAT

Pylaiella
littoralis 1-
2 Full intron
(RNA)
Wherein “T”
ig “u~”

GTGCGACAAGAAGTTCAGGAAGGGATTGAGGTGAAAGTCCTCCTCCCGAATCG
TTCATGGGAGAGTCTATCCAGACTTGCGTAGCGAGTAATCGCTAGGTGAGAAG
CTCTGGAGACAATGTACCTGCCCTTCAATTGGAGGTGCCAGGGCTAGGCTTTG
TTCCTATGGCTAGCGAAAGCGAATACAGGTTATTAGGCGTCGTGAAAACAAAA
CTCTTTCGACATAAGGGAGAGGCTCGTAGATGAGTTACCCTCCTTTTTATGGG
GTAACTGAACGATCAATATCTACCGGCGTAGACTGTGAGCCTAAAGGAAACGA
ATGAAAGTGTCCCTTCCTGGGAACTTGGTAAGCCCAATAGACTCCCTCTGGGA
AACCAGAGGAGGAGTAAGAGCAATCTTACTTATCGTCTAGTGGGTAAAAGACA
TAATAGGAAGCAAATGCTTGGTTGTAACGATCGAGATAGAATCTGTTGATTTA
AGCTGAAAGGCTGCAGACTTATTAAATGGGTGTTCTGCTGTATGGCGTTCGCG
CCTAAGCAGCAGAATGCGTGAGCCGTGTGCGATGAAAGTCGCAAGCACGGTTC
TGATGGGGGGAAAACGAGAGATCGTCTACCTATCCAACT

Amoebidium
parasiticum
Full intron
(RNA)
Wherein “T”
is “u”

GTGCGCCATCTCACTATTAGCATTCGCGGGTACAAATACCCCACCACAGTCTT
CTCGTTCTTCTATTTATAAAGCAAGTCATATGCATGGACCATTTACTCCGACA
ACATGTACAGCGGTTGTATTATGAGAAGAACCCAGGGAATTACGTTTTAGATT
GAAATCTTTTACGACATCGAAACACCGAAATAGTATAAGATTAACACCTAGAC
TTAGAGATATCTTAGTAGGATTATTATTAACAGACGCATGAATGTCTTGGAAT
GAAAATGGAAACCCACGTATTGGATTCAAACAGGGTGAAGTAAACTTTCCTTT
TTATGGCATGTGTATTTAGAACTTATATCTTTAACATCTAGTTTCCCTGGCAT
TCGACAATCAATAGTAAGAGGAAAGTCTCATAATTCACACTCTTTTGATACAA
AAAATCTCCAATGCTTAAATGAACTAAGCAATATTCTGTACACTAATATAAAT
GGTAAAATGGTAAAATCTATTAAAGGAGAACTATTTGATTATTTAAACTACAG
AACATTAGCGTACATGATAATGGGAGATGGAGCGCGCAAAAATAAAGGGTTTG
TAATATGTCTCGAGAATTTCACACTTCAGGAAGTCGTTTTACTATTAAATATG
TTAGCAATCAAATTTAATTTGGAGGACCTAACTATTCAAACTGAAGACTCTAA
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ACCGTCTCCTTTTAAAAAAGAAAAAGAGGAAATTAAGAAGATTTATAGAATCT
ACTTTGGAATAGAGGGAACCAAAACATTATTACCTTTCATTAAACCTTATTTA
CTAGACCATTTTGATTATCGCATATCGGGAATGACTAAAGCACAGTATGAACA
ACGTGGTGTAAAGCATAAATCTTAGGTAGTAGGAGCCAATTCTACACTGACAA
CAGCATGATTTAAAAGGGGAATGAAAGCGTCCCCAAGCTAGAATCCTCATGGT
AAGGCAAACGAACTCAAAATTACTTTATAACTAATGTGAATTAAACAAGTAGC
GGGGTTTAATTATGAGAAGATCACATATAAAGTATGGAGTACCTAAAAGGATT
TAGAGAACAAGTATGTTACAATGTTCTCACCGAGTGCTAATAGGAATTTGGGA
TCACCTGAGATTCGGAAGAGTCGGAGGTGACGGAGTTCTCATAGTAAATGGGT
AATCAAATACTCTAGATTAGGGGAAACCTTAATTGACTGCTTGGGCAGATTGA
AGGGGAACAGGAGAGTGGGGATTGCAAGACCATTCTCTGGAGAGCCGTATGAT
GGGAAACTATCACGTACGGTTCGGGAAAGGGCTTTTAACTAATGGTCCGGTAA
AAGGACTGGGGTTAATCTTCTATTTCAC

Mesostigma
viridae Full

GTGTGCCATAAAAATATTTTTCTAATGTTTTCTTTTTGATTCCTGCCAGAAAA
GGAAAAGCTCAAAAAAAAACTAAAACTTTTTAGTAAAGAATTTATAAAAAGAG
AATTCCGTCAAGAAAAATATTTTTATGGAATTATTTGGATCCACTTTAGTAAA
GCTTTTTATTTAGTTTTTATAAAAATTTTAAAACCGGTCTTGAATAGTGGAAA
GGAAAAAGCATTATTGATACGGCAAAAACAAACATAAAAAGATCATTAAATAT
TGTTTATAAACCGCCTCGACTTTCTTACTGTCTGGAATGCGAAAACGAAAAAA
AAAGGTATCATATAGAAAAAATTGATGAAAATTTTAATACTTCTTTTTGGATA
AATAAGAGGAAAAATTTAATTCAATTTTTATCTTGGAAATTAAAAAATGCATC
ATATATATTTCATGGTCGTTTATTTAAGAGGAATCAAGGTCCATACAAAGAAA
TATTAGAAAAAGAATATTTCTTTTTTCGAGAAAATTGGATGCCGCGATTTTTT
TGCATAAGTGATCCACATTTTTCCCTAAATTCTTCTTTATTTCTTTCCGTGGT
CACTGCAATTTCTGCATTATCAGATCCTTTAGATATTTGGATAGAAAAATCGT
TCGGAAATGAAAAATTTTTTTATTCACGTTTTATGGATCAATGTATTGTAGCA
TGTTTTTCAGACGCTGATTTTTTAAATTCAAAATTTGAAAAAATATCACAAAA
ATCTTGTTGGAAATTTTCTAAATGTTTTTCCACTGTTCCTTTTTTGGGTGGCA
CGCTAATTCACTCTTCAACAAGGAAACCCATTGAATCTAATGAGCTAAAAAGT
ATTAATAATATTAACAGTTCTTGGAAATGGAAAATTTCATGGAATGTTCTTAT
AAGGTTTTGTCAAAATGAAAGATATTTTCATCAAAATTCTGCAAAACCTACGG
CTGTGCCCTACCTTGTTCCACGAACTCATGAAGAGATTTTGGCTCATTATAAA
AAATTAATTTTTCTTTTTTATCTTTATTACAATCCTATGCAAGATCACCAAGC
ATTCAATTGTTTAGTAGATGGTTTAAAGGAATCATGTATATTGACATTGGCCC
TTAAATATAAAATGAAAAGTAGAACTAAAATAATTCAAAAACTTTTTCCTCAA
AAGCTGTAGGAGTTTTTCTCACATACAGTTTTTTAGGGAAGTAAAAAAAAGAA
TTTTTTACTTACCCTCC

intron (RNA)
Wherein “T”

i a “U"
Lactococcus
lactis Full
intron (RNA)
Wherein “T”

i S \\UII

GTGCGCCCAGATAGGGTGTTAAGTCAAGTAGTTTAAGGTACTACTCTGTAAGA
TAACACAGAAAACAGCCAACCTAACCGAAAAGCGAAAGCTGATACGGGAACAG
AGCACGGTTGGAAAGCGATGAGTTACCTAAAGACAATCGGGTACGACTGAGTC
GCAATGTTAATCAGATATAAGGTATAAGTTGTGTTTACTGAACGCAAGTTTCT
AATTTCGGTTATGTGTCGATAGAGGAAAGTGTCTGAAACCTCTAGTACAAAGA
AAGGTAAGTTATGGTTGTGGACTTATCTGTTATCACCACATTTGTACAATCTG
TAGGAGAACCTATGGGAACGAAACGAAAGCGATGCCGAGAATCTGAATTTACC
AAGACTTAACACTAACTGGGGATACCCTAAACAAGAATGCCTAATAGAAAGGA
GGAAAAAGGCTATAGCACTAGAGCTTGAAAATCTTGCAAGGGTACGGAGTACT
CGTAGTAGTCTGAGAAGGGTAACGCCCTTTACATGGCAAAGGGGTACAGTTAT
TGTGTACTAAAATTAAAAATTGATTAGGGAGGAAAACCTCAAAATGAAACCAA
CAATGGCAATTTTAGAAAGAATCAGTAAAAATTCACAAGAAAATATAGACGAA
GTTTTTACAAGACTTTATCGTTATCTTTTACGTCCAGATATTTATTACGTGGC
GTATCAAAATTTATATTCCAATAAAGGAGCTTCCACAAAAGGAATATTAGATG
ATACAGCGGATGGCTTTAGTGAAGAAAAAATAAAAAAGATTATTCAATCTTTA
AAAGACGGAACTTACTATCCTCAACCTGTACGAAGAATGTATATTGCAAAAAA
GAATTCTAAAAAGATGAGACCTTTAGGAATTCCAACTTTCACAGATAAATTGA
TCCAAGAAGCTGTGAGAATAATTCTTGAATCTATCTATGAACCGGTATTCGAA
GATGTGTCTCACGGTTTTAGACCTCAACGAAGCTGTCACACAGCTTTGAAAAC
AATCAAAAGAGAGTTTGGCGGCGCAAGATGGTTTGTGGAGGGAGATATAAAAG
GCTGCTTCGATAATATAGACCACGTTACACTCATTGGACTCATCAATCTTAAA
ATCAAAGATATGAAAATGAGCCAATTGATTTATAAATTTCTAAAAGCAGGTTA
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TCTGGAAAACTGGCAGTATCACAAAACTTACAGCGGAACACCTCAAGGTGGAA
TTCTATCTCCTCTTTTGGCCAACATCTATCTTCATGAATTGGATAAGTTTGTT
TTACAACTCAAAATGAAGTTTGACCGAGAAAGTCCAGAAAGAATAACACCTGA
ATATCGGGAACTTCACAATGAGATAAAAAGAATTTCTCACCGTCTCAAGAAGT
TGGAGGGTGAAGAAAAAGCTAAAGTTCTTTTAGAATATCAAGAAAAACGTAAA
AGATTACCCACACTCCCCTGTACCTCACAGACAAATAAAGTATTGAAATACGT
CCGGTATGCGGACGACTTCATTATCTCTGTTAAAGGAAGCAAAGAGGACTGTC
AATGGATAAAAGAACAATTAAAACTTTTTATTCATAACAAGCTAAAAATGGAA
TTGAGTGAAGAAAAAACACTCATCACACATAGCAGTCAACCCGCTCGTTTTCT
GGGATATGATATACGAGTAAGGAGAAGTGGAACGATAAAACGATCTGGTAAAG
TCAAAAAGAGAACACTCAATGGGAGTGTAGAACTCCTTATTCCTCTTCAAGAC
AAAATTCGTCAATTTATTTTTGACAAGAAAATAGCTATCCAAAAGAAAGATAG
CTCATGGTTTCCAGTTCACAGGAAATATCTTATTCGTTCAACAGACTTAGAAA
TCATCACAATTTATAATTCTGAATTAAGAGGGATTTGTAATTACTACGGTCTA
GCAAGTAATTTTAACCAGCTCAATTATTTTGCTTATCTTATGGAATACAGCTG
TCTAAAAACGATAGCCTCCAAACATAAGGGAACACTTTCAAAAACCATTTCCA
TGTTTAAAGATGGAAGTGGTTCGTGGGGCATCCCGTATGAGATAAAGCAAGGT
AAGCAGCGCCGTTATTTTGCAAATTTTAGTGAATGTAAATCCCCTTATCAATT
TACGGATGAGATAAGTCAAGCTCCTGTATTGTATGGCTATGCCCGGAATACTC
TTGAAAACAGGTTAAAAGCTAAATGTTGTGAATTATGTGGAACATCTGATGAA
AATACTTCCTATGAAATTCACCATGTCAATAAGGTCAAAAATCTTAAAGGCAA
AGAAAAATGGGAAATGGCAATGATAGCGAAACAACGTAAAACTCTTGTTGTAT
GCTTTCATTGTCATCGTCACGTGATTCATAAACACAAGTGAATTTTTACGAAC
GAACAATAACAGAGCCGTATACTCCGAGAGGGGTACGTACGGTTCCCGAAGAG
GGTGGTGCAAACCAGTCACAGTAATGTGAACAAGGCGGTACCTCCCTACTTCA

C
10 Oceanobacillu | GTGTGCCCGGCATGGGTGCAGTCTATAGGGTGAGAGTCCCGAACTGTGAAGGC
s iheyensis AGAAGTAACAGTTAGCCTAACGCAAGGGTGTCCGTGGCGACATGGAATCTGAA
Full intron GGAAGCGGACGGCAAACCTTCGGTCTGAGGAACACGAACTTCATATGAGGCTA
(RNA) GGTATCAATGGATGAGTTTGCATAACAAAACAAAGTCCTTTCTGCCAAAGTTG
GTACAGAGTAAATGAAGCAGATTGATGAAGGGAAAGACTGCATTCTTACCCGG
Wherein “T” GGAGGTCTGGAAACAGAAGTCAGCAGAAGTCATAGTACCCTGTTCGCAGGGGA
is “U” AGGACGGAACAAGTATGGCGTTCGCGCCTAAGCTTGAACCGCCGTATACCGAA

CGGTACGTACGGTGGTGTGAGAGGAGTTCGCTCTACTCTAT

[0132] 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.

[0133] 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.

[0134] In some aspects, the 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
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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.

[0135] In some aspects, the 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
to any one of SEQ ID NOs: 1-5 or 6-10. In some aspects, the 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: 1 or 6. In some aspects, the intronic
sequence consists of a nucleotide sequence of any one of SEQ ID NOs: 1-5 or 6-10. In some
aspects, the intronic sequence consists of a nucleotide sequence of SEQ ID NOs: 1 or 6.

[0136] 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.

[0137] 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."

[0138] 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, or
the catalytic core (triad)) are present in the intronic sequence. For example, an intronic sequence
comprised in a 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
nucleotide. 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
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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.

[0139] 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
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.

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 domain I-IV from a first intron, a catalytic core (triad) domain V from a
second intron, and domain VI from a third intron.

[0140] 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.
[0141] 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
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with any one of SEQ ID NOs: 17-18 or 19-20. In some aspects, the 3' intronic sequence consists
of a nucleotide sequence of any one of SEQ ID NOs: 17-18 or 19-20.

[0142] 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: 21-22 or 23-24. In some aspects, the 5' intronic sequence consists
of a nucleotide sequence of any one of SEQ ID NOs: 21-22 or 23-24.

[0143] 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: 17 or 19. In some aspects, the 3' intronic sequence consists of a nucleotide
sequence of SEQ ID NO: 17 or 19. 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: 21 or 23. In some aspects, the 5' intronic sequence consists of
anucleotide sequence of SEQ ID NO: 21 or 23. 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: 17 or 19, 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: 21 or 23. In some aspects, the 3'
intronic sequence consists of a nucleotide sequence of SEQ ID NO: 17 or 19, and the 5' intronic
sequence consists of a nucleotide sequence of SEQ ID NO: 21 or 23.

[0144] 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: 18 or 20. In some aspects, the 3' intronic consists of a nucleotide sequence of
SEQ ID NO: 18 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: 22 or 24. In some aspects, the 5' intronic sequence consists of a
nucleotide sequence of SEQ ID NO: 22 or 24. 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: 18 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: 22 or 24. In some aspects, the 3'
intronic sequence consists of a nucleotide sequence of SEQ ID NO: 18 or 20, and the 5' intronic

sequence consists of a nucleotide sequence of SEQ ID NO: 22 or 24.
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Non-limiting examples of 5’ intronic sequences and 3’ intronic sequences that are

useful for the present genetic constructs are shown in Table 3.

Table 3. Exemplary 5’ intronic sequences and 3’ intronic sequences.

SEQ ID
NO

DESCRIPTION

SEQUENCE

Intronic sequence

17

ondiy
depicted as
19.

gtececttectgggaacttggtaageccaatagacteectet
gggaaaccagaggaggagtaagagcaatcttacttategte
tagtgggtaaaagacataataggaagcaaatgcttggttgt
aacgatcgagatagaatctgttgatttaagctgaaaggetg
cagacttattaaatgggtgttetgetgtatggegttegege
ctaagcagcagaatgegtgagecgtgtgegatgaaagtage
aagcacggttctgatggggggaaaacgagagatcecgtctace
tAtccaact

18

resporuiing RNA
ence 1€ depicted as
T NCG: 20.

cgegectaageagecagaatgegtgageegtgtgegatgaaa

gtecgecaagecacggttcetgatggggggaaaacgagagategt
ctacctAtccaact

19

s

Gl e ey S [l 4 wrTe
Wherein ™7 ig 3¢

gtececttectgggaacttggtaageccaatagacteectet
gggaaaccagaggaggagtaagagcaatcttacttataegte
tagtgggtaaaagacataataggaagcaaatgcttggttgt
aacgatcgagatagaatctgttgatttaagectgaaaggetg
cagacttattaaatgggtgttetgetgtatggegttegege
ctaagcagcagaatgegtgageegtgtgegatgaaagtege
aagcacggttctgatggggggaaaacgagagatcegtctace
tAtccaact

20

a

Pylaiella littoralis 2
3¢ dintronic s
{ENA)

i
(3

cgcgectaagcagcagaatgegtgageegtgtgegatgaaa
gtcgecaagcacggttcectgatggggggaaaacgagagategt
ctacctAtccaact

intronis seqguends

21

0
b

Pylaieila 1itt 1
5 intronic se

(DNA)

rali
Uenc

a

(

or
ey
The corresgponding RNA
ence is deplicted as
ID NG: 23.

=

GTGCGACAAGAAGTTCAGGAAGGGATTGAGGTGAAAGTCCT
CCTCCCGAATCGTTCATGGGAGAGTCTATCCAGACTTGCGT
AGCGAGTAATCGCTAGGTGAGAAGCTCTGGAGACAATGTAC
CTGCCCTTCAATTGGAGGTGCCAGGGCTAGGCTTTGTTCCT
ATGGCTAGCGAAAGCGAATACAGGTTATTAGGCGTCGTGAA
AACAAAActctttegacataagggagaggctegtagatgag
ttaccctectttttatggggtaactgaacgatcaatatceta
ccggegtagactgtgagectaaaggaaacgaatgaaagt

22

Pyiaiella littoralis 2
5t dntronic i
{DNA)

The corresponding RNA
g ence is depicted as
SEQ ID NG: 24.

GTGCGACAAGAAGTTCAGGAAGGGATTGAGGTGAAAGTCCT
CCTCCCGAATCGTTCATGGGAGAGTCTATCCAGACTTGCGT
AGCGAGTAATCGCTAGGTGAGAAGCTCTGGAGACAATGTAC
CTGCCCTTCAATTGGAGGTGCCAGGGCTAGGCTTTGTTCCT
ATGGCTAGCGAAAGCGAATACAGGTTATTAGGCGTCGTGAA
AACAAAActctttcgacataagggagaggctecgtagatgag
ttaccctectttttatggggtaactgaacgatcaatatceta
ccggcegtagactgtgagectaaaggaaacgaatgaaagtgt
ceccttectgggaacttggtaageccaatagactecctetgy
gaaaccagaggaggagtaagagcaatcttacttategteta
gtgggtaaaagacataataggaagcaaatgcttggttgtaa
cgatcgagatagaatctgttgatttaagctgaaaggetgea
gacttattaaatgggtgttctgetgtatggegtt
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23 Pylaiella littoralis 1 GTGCGACAAGAAGTTCAGGAAGGGATTGAGGTGAAAGTCCT
%+ intronic segue CCTCCCGAATCGTTCATGGGAGAGTCTATCCAGACTTGCGT
{RNA) AGCGAGTAATCGCTAGGTGAGAAGCTCTGGAGACAATGTAC
CTGCCCTTCAATTGGAGGTGCCAGGGCTAGGCTTTGTTCCT
Wherein “P* ig »U» ATGGCTAGCGAAAGCGAATACAGGTTATTAGGCGTCGTGAA
AACAAAActctttegacataagggagaggctegtagatgag
ttaccctectttttatggggtaactgaacgatcaatatceta
ccggegtagactgtgagectaaaggaaacgaatgaaagt
2 GTGCGACAAGAAGTTCAGGAAGGGATTGAGGTGAAAGTCCT
: ieos fols CCTCCCGAATCGTTCATGGGAGAGTCTATCCAGACTTGCGT
{BENA) AGCGAGTAATCGCTAGGTGAGAAGCTCTGGAGACAATGTAC
CTGCCCTTCAATTGGAGGTGCCAGGGCTAGGCTTTGTTCCT
Wherein 0¥ ig “0~ ATGGCTAGCGAAAGCGAATACAGGTTATTAGGCGTCGTGAA
AACAAAActctttegacataagggagaggcectegtagatgag
ttaccctectttttatggggtaactgaacgatcaatatceta
ccggcegtagactgtgagectaaaggaaacgaatgaaagtgt
ceccttectgggaacttggtaageccaatagactecetetgy
gaaaccagaggaggagtaagagcaatcttacttategteta
gtgggtaaaagacataataggaagcaaatgcttggttgtaa
cgatcgagatagaatctgttgatttaagctgaaaggetgea
gacttattaaatgggtgttctgetgtatggegtt

=]
Q=
(R

24

[0146] In some aspects, the 5' intronic sequence comprises an intron-binding site. In some
aspects, the 5' intronic sequence consists of an intron-binding site 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.).

[0147] In some aspects, the 5' intronic sequence consists of an intron-binding site 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 intron-binding site.

[0148] As use herein, the term "intronic nucleotides" refers to nucleotides that are part of
the intron from which the intronic sequences are derived.

[0149] In some aspects, the 3' 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.
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[0150] In some aspects, the 3' intronic sequence comprises a catalytic core (triad) sequence.
In some aspects, the 3' intronic sequence consists of a catalytic core (triad) 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' intronic sequence
consists of a catalytic core (triad) 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/ any number of additional intronic nucleotides at the 3'
(eg,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 (triad)

sequence.
1I.B.3. Catalytic Core (Triad)
[0151] In some aspects, the intronic sequence comprises a catalytic core (triad). As used

herein, the term "catalytic core (triad)" refers to a nucleotide sequence comprising sequences and
structures indispensable for catalytic function. The catalytic core (triad) 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 a 5'-splice site and a 3' splice site or a combination thereof.

[0152] In some aspects, the catalytic core (triad) 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 (triad) 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 (triad) comprises a nucleotide sequence
of any one of AGC or CGC.

[0153] In some aspects, the catalytic core (triad) comprises a nucleotide sequence of any
one of AGC or CGC. In some aspects, the catalytic core (triad) consists of a nucleotide sequence
any one of AGC or CGC.

[0154] Non-limiting examples of catalytic core (triad) that are useful for the present genetic
constructs are shown in Table 4.

Table 4. Exemplary catalytic core (triad)

DESCRIPTION SEQUENCE

Group IIA and B introns (DNA or RNA) AGC
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‘Group IIC introns (DNA or RNA) CGC
11.B.4. Intron-Binding Site and Exon-Binding Site
[0155] In some aspects, the intronic sequence comprises an intron-binding site. As used

herein, the term "intron-binding site' or "IBS" 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 intron-binding site pairs with a nucleotide comprised in the exon. In some aspects, the
intron-binding site is fully or substantially complementary to a nucleotide sequence comprised in
the exon.

[0156] In some aspects, the intron-binding site comprises a nucleotide sequence of any one
of TAAAAA (or UAAAAA), TGTTT (or UGUUU), or C. In some aspects, the intron-binding site
consists of a nucleotide sequence of any one of TAAAAA (or UAAAAA), TGTTT (or UGUUU),
or C.

[0157] In some aspects, the exon-binding site comprises a nucleotide sequence of any one
of TTTTTA (or UUUUUA), AAAACAA, or G. In some aspects, the intron-binding site consists
of a nucleotide sequence of any one of TTTTTA (or UUUUUA), AAAACAA, or G.

[0158] Non-limiting examples of intron-binding site and exon-binding sites that are useful
for the present genetic constructs are shown in Table S.

Table 5. Exemplary intron- and exon-binding sites

DESCRIPTION SEQUENCE
IBRS1 (DNA) taaaaa
IBS2 (DNA) tgttt
IBS3 (DNA) C

EBS1 (DNA) ttttta
EBS2 (DNA) AAAACAA
EBS3 (DNA) g
Gamma/Gamma' (DNA) A/T
IBS1 (RNA) uaaaaa
IBS2 (RNA) uguuu
IBS3 (RNA) C

EBS1 (RNA) UuuuuvA
EBS2 (RNA) AAAACAA
EBS3 (RNA) g
Gamma/Gamma' (RNA) A/U




WO 2025/122609 PCT/US2024/058456
-37 -

1L.B.5. Homology Arms

[0159] 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.
[0160] 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 space 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.

[0161] 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.

[0162] 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: 27-28 or 29-30. In some aspects, the homology
arms consist of a nucleotide sequence of any one of SEQ ID NOs: 27-28 or 29-30.

[0163] Non-limiting examples of homology arms that are useful for the present genetic

constructs are shown in Table 6.
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Table 6. Exemplary homology arms

SEQ ID | DESCRIPTION SEQUENCE

NO

27 5' Homology (DNA) GGTTGTTGGAGATCTCTGGC

28 3' Homology (DNA) GCCAGAGATCTCCAACAACC

29 5' Homology (RNA) GGUUGUUGGAGAUCUCUGGC

30 3' Homology (RNA) GCCAGAGAUCUCCAACAACC
11.B.6. Exons
[0164] 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.

[0165] 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.

[0166] 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).

[0167] 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.
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In some aspects, 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 aspects, the immune modulatory ligand
comprises an interferon, cytokine, chemokine, or interleukin. In some aspects, the 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.

[0168] 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-o, IFN-B, IFNy, TGFbeta, or a functional fragment thereof.

[0169] 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
(TRITES), 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-1pB, 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 a4p7 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,
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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,
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-vfrm, 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,
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Rozanolixizumab, Cosibelimab, Concizumab, Elranatamab, Sugemalimab, Penpulimab,
Donanemab, Sintilimab, Tislelizumab, Retifanlimab, Narsoplimab, and Omburtamab.

[0170] In some aspects, the protein is a chimeric antigen receptors (CARs or CAR-Ts).
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
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-lIRa),
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 SIE2 (OR51E2), TCR
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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-
Acetyl glucosaminyl-transf erase V (NA17), paired box protein Pax-3 (PAX3), Androgen receptor,
Cyclin BIl, 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 (LILRA?2),
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 (FCRLS), MUC16, 5T4, 8H9, anbq integrin, anbo integrin, alphafetoprotein (AFP),
B7-H6, ca-125, CA9, CD44, CD44v7/8, CD52, 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 1B,
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
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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
(HMPYV) 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.

[0171] 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
and activator of transcription (STAT, e.g., STAT1, STAT2, STAT3, STAT4, STAT 5 (including
STATS A and STATSB), and STATE).

ILB.7. IRES

[0172] 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.

[0173] 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.

[0174] 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 (FMDV), 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 aspects, 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: 44-67 or 68-91.

Modifications of IRES and accessory sequences are disclosed herein to increase or reduce IRES
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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
7 (SEQ ID NOs: 44-67 or 68-91).
Table 7. Exemplary IRES

SEQ ID | DESCRIPTION SEQUENCE
NO
IRES (DNA)
44 CVB3 (DNA) TTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACT
CTGGTATCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTA
CVB3 (RNA) is | ACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACCAGCCACGTT
depicted as TTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCG
SEQ ID NO: GTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAA
68. CACCGTGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGG
TCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCG
GCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGA
GTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAAC
TGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGGGCAACTCT
GCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGG
CTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCA
TCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTA
GCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAA
45 EV71 (DNA) TTAAAACAGCTGTGGGTTGTCACCCACCCACAGGGTCCACTGGGCGCTAGTAC
ACTGGTATCTCGGTACCTTTGTACGCCTGTTTTATACCCCCTCCCTGATTTGC
EV71 (RNA) is | AACTTAGAAGCAACGCAAACCAGATCAATAGTAGGTGTGACATACCAGTCGCA
depicted as TCTTGATCAAGCACTTCTGTATCCCCGGACCGAGTATCAATAGACTGTGCACA
SEQ ID NO: CGGTTGAAGGAGAAAACGTCCGTTACCCGGCTAACTACTTCGAGAAGCCTAGT
69. AACGCCATTGAAGTTGCAGAGTGTTTCGCTCAGCACTCCCCCCGTGTAGATCA
GGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGG
CGGCCTGCCTATGGGGTAACCCATAGGACGCTCTAATACGGACATGGCGTGAA
GAGTCTATTGAGCTAGTTAGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTA
ACTGCGGAGCACATACCCTTAATCCAAAGGGCAGTGTGTCGTAACGGGCAACT
CTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCTTTTTATTCTTGTATT
GGCTGCTTATGGTGACAATTAAAGAATTGTTACCATATAGCTATTGGATTGGC
CATCCAGTGTCAAACAGAGCTATTGTATATCTCTTTGTTGGATTCACACCTCT
CACTCTTGAAACGTTACACACCCTCAATTACATTATACTGCTGAACACGAAGC
G
46 CVB5 (DNA) TTAAAACAGCCTGTGGGTTGTTCCCACCCGCAGGGCCCACTGGGCGCCAGCAC
TCTGGTATCACGGTACCTTTGTGCGCCTGTTTTAAAACCCTCTCCCCAATTTG
CVB5 (RNA) is | AAACTTAGAAGCAATACACCTCGATCAATAGTAGGCATGACACGCCAGCCATG
depicted as TCTTGATCAAGCACTTCTGTTTCCCCGGACTGAGTATCAATAAACTGCTTGCG
SEQ ID NO: CGGTCGAAGGAGAAAACGTCCGTTACCCGACTAACTACTTCGAGAAACCCAGT
70. AACACCATGGAAATTGCGGAGTGTTTCACTCAGCACATTCCCAGTGTAGATCA

GGTCGATGAGTCACCGCATTCCCCACGGGTGACCGTGGCGGTGGCTGCGCTGG
CGGCCTGCCCATGGGGCAACCCATGGGACGCTTCAATATGGACATGGTGTGAA
GAGTCTATTGAGCTAGTTAGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTA
ACTGCGGAGCACGTGCCTCCATTCCAGGGGGTGGCGTGTCGTAACGGGCAACT
CTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCTTTTAATTTTATACTG
GCTGCTTATGGTGACAATTGAAAGATTGTTGCCATATAGCTATTGGATTGGCC
ATCCGGTATCCAACAGAGCAATTGTGTACCTTTTTGTTGGATTTGTACCACTT
ACCAGAACAAGTTTTCATACACTGTGTTACATTATTAGACTAAACACAGAAAA
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47

EchoV11 (DNA)

EchoVll (RNA)
is depicted
as SEQ ID NO:
71.

TTAAAACAGCCTGTGGGTTGTACCCACCCACAGGGCCCACTGGGCGCTAGCAC
ACTGGTATCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTTCCCGCAACCG
CAAATTTAGAAGCAAAGCTAACCCGATCGATAGCGGATGCGCATGCCAGCCGC
ATTTTGATCAAGTACTTCTGTTTCCCCGGACCGAGTATCAATAGACTGCTCAC
GCGGTTGAAGGAGAAAACGTCCGTTACCCGACCAACTACTTCGAGAAACCTAG
TAACATCATGAATGTTGCAGGGCGTTTCGATCAGCACGACCCTGGTGTAGATC
AGGCTGATGAGTCACCGCATTCCCCACGGGTGACCGTGGCGGTGGCTGCGTTG
GCGGCCTGCCTATGGGGTGACCCATAGGACGCTCTAATACGGACATGGTGCGA
AGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGTTAATCCT
AACTGCGGACGACATACCCCTAATCCAAGGGGCAGTGTGTCGTAACGGGCAAC
TCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTATTTTTATAC
TGGCTGCTTATGGTGACAATCTCAGAGTTGTTACCATATAGCTATTGGATTGG
CCATCCGGTGAGCAACAGAGCTGTCATTTATCAGTTTGTTGGCTTTATACCTC
TAAATCACACGGTTTTTTTTTTTTGGAACGCTTGTATTCATCTTAACCCTCAA
TAAGGCAAA

48

EVB107 (DNA)

EVB107 (RNA)
is depicted
as SEQ ID NO:
72.

TTAAAACAGCCTGTGGGTTGTTCCCACCCGCAGGGCCCACTGGGCGCTAGCAC
ACTGGTATCCCGGTACCCTTGTGCGCCTGTTTTATATACCCTCCCCCTTATGT
AACTTAGAAGTATGATTCAAACGGTCGACAGGCGGCTCAGTGCACCAACTGAG
TCATGACCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAAGCTGTTCACA
CGGCTGAAGGAGAAAACGTTCGTTACCCGGCCAATTACTTCGAGAAACCTAGT
ACCACCATGAAGGTTGCGCAGTGTTTCGCTCCACACAACCCCAGTGTAGATCA
GGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGG
CGGCCTGCCCATGGGGCAACCCATGGGACGCTTCAATACTGACATGGTGTGAA
GAGTCTATTGAGCTAATTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCCA
ACTGTGGAGCAGATACTCACAAACCAGTGAGCGGTCTGTCGTAACGGGCAACT
CCGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCTTTTTATTCTTACATT
GGCTGCTTATGGTGACAATTGACAAATTGTTACCATATAGCTATTGGATTGGC
CATCCGGTGACAAACAGAGCTATTGTTTACTTGTTTGTTGGTTTCATACCATT
AAATTACAAGGTCTTAGAAACTCTCAACTTTATTTTGACACTCAATACAGCAA
A

49

PV3 (DNA)

PV3 (RNA) is
depicted as

TTAAAACAGCTCTGGGGTTGCTCCCACCCCAGAGGCCCACGTGGCGGCCAGTA
CTCTGGTATTGCGGTACCTTTGTACGCCTGTTTTATACTCCCTCCCCCCGTGC
AACTTTAGAAGAAATCCACAAAGTTCAATAGAGGGGGTGCAAACCAGCACCAC
CACGAACAAGCACTTCTGTTTCCCCGGTGATGTCGTATAAGCTGTACCCACGG
CTGAAGGCGACGGATCCGTTATCCGCTTGAGTACTTCGAGAAGCCTAGTATTA
CCTTGGAATCTTCGACGCGTTGCGCTCAGCACTCTACCCCGAGTGTAGCTTAG
GTCGATGAGTCTGGGCACGCCCCACCGGCGACGGTGGCCCAGGCTGCGTTGGC
GGCCTACCCATGGCTATCACCATGGGACGCTAGTTGTGAACAAGGTGTGAAGA
GCCTATTGAGCTACCCAAGAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAAC
CACGGAGCAAGTGTCCTCAACCCAGGGGATGGCTTGTCGTAACGCGAAAGTCT
GTGGCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTATTTTTATGTATG
GCTGCTTATGGTGACAATCAAAGGTTGTTACCATAAAGCAATTTGGATTGGCC
ATCCGGTGAGAATCAAACATATTATCTACCTGTTTGTTGGGTTTTCTTCTTTT
ACTTGAACAATACCTCTAATAATAACTGCTATATTGTCAATAAGACATTATCA
TCACA

50

SEQ ID NO:
73.
CVB1 (DNA)

CVB1 (RNA) is
depicted as
SEQ ID NO:
74 .

TTAAAACAGCCTGTGGGTTGTTCCCACCCACAGGCCCATTGGGCGCTAGCACT
CTGGTATCACGGTACCTTTGTGCGCCTGTTTTACATCCCCTCCCCAAATTGTA
ATTTAGAAGTTTCACACACCGATCATTAGCAAGCGTGGCACACCAGCCATGTT
TTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACCGCTAACGCG
GTTGAAGGAGAAAACGTTCGTTACCCGGCCAACTACTTCGAAAAACCTAGTAA
CACCATGGAAGTTGCGGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGG
TCGATGAGTCACCGCGTTCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCG
GCCTGCCTACGGGGAAACCCGTAGGACGCTCTAATACAGACATGGTGCGAAGA
GTCTATTGAGCTAGTTGGTAATCCTCCGGCCCCTGAATGCGGCTAATCCTAAC
TGCGGAGCACATACCCTCAAACCAGGGGGCAGTGTGTCGTAACGGGCAACTCT
GCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGG
CTGCTTATGGTGACAATTGACAGGTTGTTACCATATAGTTATTGGATTGGCCA
TCCGGTGACTAACAGAGCAATTATATATCTCTTTGTTGGGTTTATACCACTTA
GCTTGAAAGAGGTTAAAACACTACATCTCATCATTAAACTAAATACAACAAA
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51

EchoVE1l5
(DNA)

EchoVE15
(RNA) is
depicted as
SEQ ID NO:
75.

TTAAAACAGCCTGTGGGTTGTACCCACCCACAGGGCCCACTGGGCGCTAGCAC
TCTGGTATTACGGTACCCTTGTGCGCCTGTTTTATATACCCCGCCCCAAGCAA
ACGCTAGATGTAACGCACTTATGATCAATAGCAGGCGTGGCACTCCAGCCACG
TTATGATCAAGCACTTCTGTCTCCCCGGACCGAGTATCAATAGACTGCTCACG
CGGTCGAAGGAGAAAACGTTCGTTACCCGACCAGCTACTTCGAGAAACCTAGT
AACTCCATGGAGGTTGCAGAGTGTTTCGTTCAGCACTTCCCCCGTGTAGATCA
GGCTGATGAGTCACCGCGTTCCTCACGGGCGACCGTGGCGGTGGCTGCGTTGG
CGGCCTGCCTATGGGTATACCCATAGGACGCTCTAATACTGACATGGTGCGAA
GAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTA
ACTGCGGAGCACATACCCCCAACCCAGGGGGCAGTGTGTCGTAACGGGTAACT
CTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTATTCTTACATT
GGCTGCTTATGGTGACAATTGAGAGATTGTTACCATATAGCTATTGGATTGGC
CATCCAGTGACTAACAGAGCTATTATTTACCTTTTTGTTGGCTTCGTATCACT
TGGTTTAAAAGAGGTTAGTACTTTATATTGCATTATATTACTAAACACGAGAA
A

52

EchoVvl (DNA)

Echovl (RNA)
is depicted

as SEQ ID NO:

TTAAAACAGCCTGTGGGTTGTTCCCACCCACAGGGCCCACTGGGCGTTAGCAC
ACTGGTATCACGGTACCTTTGTGCGCCTGTTTTATACTCCCCCCCCTAAGGAA
ACTTTAGAAGCAAAGCAATTGTGATCAATAGTGGGTATGGCACACCAGTCATA
TCTTGATCAAGCACTTCTGTTCCCCCGGACTTAGTACCAATAGACTGCTCAAG
CGGTTGAAGGGGAAAACGTTCGTTATCCGGCCAACTACTTCGAGAAACCTAGT
AGCACCATGAAAGTTGCGGAGTGTTTCGCTCAGCACTTCCCCCGTGTAGATCA
GGCTGATGAGTCACCGTATTCCCCACGGGCGACCGTGACGGTGGCTGCGTTGG
CGGCCTGCCCATGGGGTAACCCATGGGACGCTCTAAAACAGACACGGTGCGAA
GAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCCAATCCTA
ACTGCGGAGCACATACTCCCAATCCAGGGAGCAGTGTGTCGTAATGGGTAACT
CTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTATTCTCACATT
GACTGCTTATGGTGACAATTGAAAGATTGTTACCATATAGCTATTGGATTGGT
CATCCGGTGAGCAATAGAGCTATTGTTTATCAATTTGTTGGATTTGTACCACT
CAACTTTTCTGTTTTGAGAACACTCAACTACATCTTACTGCTAAACACATCAA
A

53

76 .
EVD94 (DNA)
EVD94 (RNA)

is depicted

as SEQ ID NO:

77.

TTAAAACAGCCTGTGGGTTGTTCCCACCCCAGAGGCCCACGTGGCGGCCAGTA
CTCTGGTATCACGGTACCTTTGTACGCCTGTTTTATATCCCCTTCCCCCGCAA
CTTAGAAGAAAACAAATCAAGTTCACTAGGAGGGGGTACAAACCAGTACCACC
ACGAACAAGCACTTCTGTTTCCCCGGTGATGTCGTATAGACTGTAACCACGGT
TGAAAACGATTGATCCGTTATCCGCTCTTGTACTTCGAAAAGCCCAGTATCAC
CTTGGAATCTTCGATGCGTTGCGCTCAGCACTCAACCCCAGAGTGTAGCTTAG
GTCGATGAGTCTGGACACTCCTCACCGGCGACGGTGGTCCAGGCTGCGTTGGC
GGCCTACCTGTGGTCCAAAGCCACAGGACGCTAGTTGTGAACAAGGTGTGAAG
AGCCTATTGAGCTACAAGAGAATCCTCCGGCCCCTGAATGCGGCTAATCCTAA
CCACGGAGCAAGGGTACACAAACCAGTGTATATCTTGTCGTAACGCGCAAGTC
TGTGGCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTGTTTTTATCATG
GCTGCTTATGGTGACAATCTAAGATTGTTATCATATAGCTGTTGGATTGGCCA
TCCGGTAATTTATTGAGATTTGAGCATTTGCTTGTTTCTTCAACAATTTCACC
TATTCATTGCATTTCAGCAGTCAAA

54

PVl (DNA)

PVl (RNA) is
depicted as
SEQ ID NO:
78.

TTAAAACAGCTCTGGGGTTGTACCCACCCCAGAGGCCCACGTGGCGGCTAGTA
CTCCGGTATTGCGGTACCCTTGTACGCCTGTTTTATACTCCCTTCCCGTAACT
TAGACGCACAAAACCAAGTTCAATAGAAGGGGGTACAAACCAGTACCACCACG
AACAAGCACTTCTGTTTCCCCGGTGATGTCGTATAGACTGCTTGCGTGGTTGA
AAGCGACGGATCCGTTATCCGCTTATGTACTTCGAGAAGCCCAGTACCACCTC
GGAATCTTCGATGCGTTGCGCTCAGCACTCAACCCCAGAGTGTAGCTTAGGCT
GATGAGTCTGGACATCCCTCACCGGTGACGGTGGTCCAGGCTGCGTTGGCGGC
CTACCTATGGCTAACGCCATGGGACGCTAGTTGTGAACAAGGTGTGAAGAGCC
TATTGAGCTACATAAGAATCCTCCGGCCCCTGAATGCGGCTAATCCCAACCTC
GGAGCAGGTGGTCACAAACCAGTGATTGGCCTGTCGTAACGCGCAAGTCCGTG
GCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTATTTTATTGTGGCTGC
TTATGGTGACAATCACAGATTGTTATCATAAAGCGAATTGGATTGGCCATCCG
GTGAAAGTGAGACTCATTATCTATCTGTTTGCTGGATCCGCTCCATTGAGTGT
GTTTACTCTAAGTACAATTTCAACAGTTATTTCAATCAGACAATTGTATCACC
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55

PV2 (DNA)

PV2 (RNA) is
depicted as

TTAAAACAGCTCTGGGGTTGTTCCCACCCCAGAGGCCCACGTGGCGGCCAGTA
CACTGGTATCGCGGTACCTTTGTACGCCTGTTTTATACTCCCTTCCCCCGTAA
CTTAGAAGCACAACGTCCAAGTTCAATAGAAGGGGGTACAAACCAGTACCACC
ACGAACAAGCACTTCTGTTCCCCCGGTGAGGCTGTATAGGCTGTTTCCACGGC
TAAAAGCGGCTGATCCGTTATCCGCTCATGTACTTCGAGAAGCCTAGTATCAC
CTTGGAATCTTCGATGCGTTGCGCTCAACACTCAACCCCAGAGTGTAGCTTAG
GTCGATGAGTCTGGACGTTCCTCACCGGCGACGGTGGTCCAGGCTGCGTTGGC
GGCCTACCTGTGGCCCAAAGCCACAGGACGCTAGTTGTGAACAAGGTGTGAAG
AGCCTATTGAGCTACCTGAGAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAA
CCACGGAGCAGGCAGTGGCAATCCAGCGACCAGCCTGTCGTAACGCGCAAGTT
CGTGGCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTATTTTTACAATG
GCTGCTTATGGTGACAATTATTGATAGTTATCATAAAGCAAATTGGATTGGCC
ATCCGGTGAGAATTTGATTATTAAATTACTCTCTTGTTGGGATTGCTCCTTTG
AAATCCTGTGCACTCACACCTATTGGAATTACCTCATTGTTGAGATATTATTA
CCACT

56

SEQ ID NO:
79.

CVA24 (DNA)
CVA24 (RNA)

is depicted
as SEQ ID NO:
80.

ttaaaacagctctggggttgtteccacceccagaggeccacgtggeggecagta
cteceggtattgeggtacecttgtacgectgttttacacteccttecceggtaa
cttagaagtaaacaaaccaagttcaatagaagggggtacaaaccagtaccace
acgaacaagcacttetgtttececeggtgacgttgtatagactgtacccacggt
tgaaaacaactgatccgttatecegetettgtacttegagaageccagtateac
cttggaatcttcecgatgegttgegetcagecactecaaccccagagtgtagettag
gtecgatgagtctggacaatcectecaceggegacggtggtecaggetgegttgge
ggcctacctgtggeccaaagecacaggacgctagttgtgaacaaggtgtgaag
agcctattgagectacgagagagtectecggececctgaatgeggetaatcecccaa
ccacggagcaggtgatcacaagccagtgattagectgtegtaacgegecaagte
tgtggcggaaccgactactttgggtgtecegtgtttectttattttattatgge
tgcttatggtgacaatcacagattgttatcataaagegacttggattggecat
ccagtgaaaataaaacacatcatttacctgattgttggatttactecegetgac
tatctactcaccaggtcttattaaggttattetgttgattaggtcacaattte
aca

57

CVB6 (DNA)

CVB6 (RNA) is
depicted as

ttaaaacagcctgtgggttgtacccacccacagggeccactgggegectageac
tetggtattgeggtaccetttgtgegectgttttacecacecteccccaacgta
acttagaagcctgacatatacggtcacaagccageccagtacgecaactgggt
accgaccaagcacttcectgttaceceecggactgagtatcaataagetgecaaage
ggctgaaggagaaaacgttegttacceggecaattacttegagaaacccagta
acaccatgaaagttgcecgtagegtttecattecagecacaatcccagtgtagatcag
gtcgatgagtcaccgecattececcacaggegactgtggeggtggetgegttgge
ggcctgeccatggggcaaacccatgggacgettcaatactgacatggtgegaa
gagtctattgagctaattggtagtceteceggeccectgaatgeggetaatecta
actgcggagcaggcactcecgecagaccagegagcagettgtegtaatgggecaact
ccgcageggaaccgactactttgggtgtecgtgtttectatttectttacact
ggctgettatggtgacaattgagaaattgttaccatatagetattggagtgge
catccggtgactaacagagcaataatatatttgtttgttggetttgtgecact
taatttgaaggttgttaagacgctcaatctgatactacttcectaaataaagecaa
a

58

SEQ ID NO:
81.
EV89 (DNA)

EV89 (RNA) 1is
depicted as
SEQ ID NO:
82.

ttaaaacagcctcetgggttgecacccacccacagggeccactgggegetageac
actggtatcacggtacctttgtgegectgttttatacacccteccececttgta
acttagaagaaacaaacaaacgatcaatagtaggcttagcactcecagectaagt
ctecgatcaagecacttetgttacceceggaccgagtatcaataggetgtaccecac
ggctgaaagagaaaacgttegttacceggetatctacttegggaaacccagta
ccatcatgaagattgcaaagegtttegetecagecacaaccccagtgtagatecag
gtecgatgagtcactgecattecccacaggegactgtggecagtggetgegttgge
ggectgectatggggaaacccataggacgetttaatattgacatggtgegaag
agtctactgagctaggtagtagtectecggececctgaatgeggetaatcececcaa
ccacggagcaggcegctcacactecagtgagtagettgtegtaatgegaaagte
tgtggcggaaccgactactttgggtgtcegtgtttecttttatttttateatg
gctgettatggtgacaatctaagattgttatcatatagetattggattggeca
tceggtgaattctagagatattatttacttgtttgttggttttaccacattaa
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acattaccaattacagaactctectetacatectgttattgaataatagaaag
agaaa

59

EV91l (DNA)

EV9l (RNA) is
depicted as
SEQ ID NO:
83.

ttaaacagctctagggttgtteccaccctagaggceccacgtggeggetageac
tetggtatcacggtacctttgtgegectgttttatatecetttecccatgtaa
cttagaagttattaaacaaagttcaatagaagggggtacaaaccagtgcecace
acgaacaagcacttectgttteecececggtgaagetgtatagactgtetecacggt
tgaaaatggcagatccgttaccegetttggtacttecgagaaacctagtatcac
cttggaatcttcecgatgegttgegetcagecactecaaceccagagtgtagettag
gtecgatgagtcectggacgatcectecactggtgacagtggtecaggetgegttgge
ggcctacctgtggtgaaaaccacaggacgctagttgtgaacaaggtgtgaaga
gtctattgagctaccaaagagtectecggececctgaatgeggetaatectaac
cacggagcaagtgcecttcaaaccagtaggtagettgtegtaacgegecaagtet
gtggcggaaccgactactttgggtgtecgtgtttecttttattttatcatgge
tgcttatggtgacaatctaagattgttatcatatagetattggattggecate
cggtgactaacagagatctcatatacctttttgttggttttactaaattaaat
attaccacgttcaagacacttctceccttatcatacaactaaatagtgagaagag
aaa

60

EVJ108 (DNA)

EVJ108 (RNA)
is depicted
as SEQ ID NO:
84 .

ttaaaatagcctcagggttgtteccacecctgagggeccacgtggegtagtact
ctggtattacggtacctttgtacgectattttaccececttecccttgtaactt
agaagcaaagcaaaccagttcaatagtaagcaacacaacccagtgttgtgacg
aacaagtacttctgtttccecegggagggtetgacggtaagetgtacccacgge
tgaagtatgacctaccgttaaccggctacctacttegagaagtctagtaatac
cattgaagttttgttggegttacgetcaacacactacceegtgtgtagttttyg
gctgatgagtcacggcattecccacgggecgacegtggeegtggetgegttgeg
gccaaccaaggggcgcaagcetecttggacgtcacttaacagacatggtgtgaa
gaacctattgagctaggtagtagtectecggecectgaatgeggetaatecta
actccggagcacatcagtgcaacccagecatttggtgtgttgtaatacgecaagt
ctggagcggaaccgactactttgggtgteegtgtttectgttttacettattt
ggctgettatggtgacaatttgatattgttaccatatagetgttggattggee
atccggatttttgaaagagacccaaaactttettetectacttecagattcaagt
gcgaagttttecttttcatatattacttactaatttgaagtaccaaag

61

EV87 (DNA)

EV87 (RNA) is
depicted as
SEQ ID NO:
85.

ttaaaacagcctgtgggttgtteccacccacagggeccactgggegetageac
actggtatcacggtacccttgtgegectgttttatacaceccttecectactgt
gacttagaagcaaaacaatgatgaccaatagcaagcgcagcactccagetgtg
ttteggtcaagcacttetgtttecceggactgagtatcaataggecacteacyg
tggccgaaggagaaaacgtecegttaceceggecaattacttegagaaacccagt
aacaccatagaggttgegcagegtttegetcecaegecactaeccecagtgtagatcea
ggtecgatgagtcaccgegttececcacgggegacegtggeggtggetgegttgg
cggectgeccatggggtaacccatgggacgettcaatactgacatggtgegaa
gagtctattgagctaattggtagtceteceggeccetgaatgeggetaatecta
actgcggagcagatacccacgetceccagtgggcagtetgtegtaacgggtaact
ctgcagcggaaccgactactttgggtgteegtgtttecttttattettatatt
ggctgettatggtgacaattgaaagattgttaccatatagetattggattgge
catccggtgtctaatagagcaattatattectgtttgttggttttataccact
gaatatcacagtttacaagaccctcaattacatcctacgtttaaacaagacaa
a

62

EchoV31l (DNA)

EchoV31l (RNA)
is depicted
as SEQ ID NO:
86.

ttaaaacagcctgtgggttgtteccacccacagggeccatgggegetageaca
ctggtatcgtggtacctttgtgegectgttttatacacccteccecatttgtaa
cttagaagtaaagcaatattgatcaatagcaagcatggcacaccageegtgtt
cagatcaagcacttctgtaaccececggactgagtatcaataggetgecaaageg
gctgaaggagaaaacgttegttaaccggecaactacttecgagaageccagtat
caccatgaaagttgcagagegtttegetcagecacteccccegtgtagattagg
tegatgagtcaccgeateccecccacaggegactgtggeggtggetgegttggeg
gcctacctacggggcaaccegtaggacgetcectaatacagacatggtgagaaga
gcctattgagetagttggtagtecteeggececctgaatgeggataatcecctaac
tgeggagecatgtgcetegeaatecagegagaggcatgtegtaacgggecaactet
gcagcggaaccgactactttgggtgtecgtgtttecttttattecttgtttgg
ctgcttatggtgacaattgaaagattgttgeccatatagectattgggteggeca
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cctggtatctaacagagcaattatttacttgtttgttggttttgtaceccecttaa
atctcaaggttettgaaacccttaactacacattgaaactcaattcattgaa

63

EV68 (DNA)

EV68 (RNA) is
depicted as

ttaaaacagctctggggttgtteccactcaagggcecccacgtggeggetagtac
tectggtatcteggtacctttgtacgectgttttaattecectecccaacgtaac
ttagaagcttttaaaccaaagctcaataggtggagegcaaaccagegetetta
tgagcaagcacttcectgtetecceecggtgtggttgtatagactgtececcacggtt
gaaaacaacttatccgttaaccgctatagtacttegagaaacctagtattgece
tteggagtgttgatgegttgegetcagecacactaacecegtgtgtagettgggt
cgatgagtctggacgtaccccactggegacagtggtecaggetgegttggegyg
cctactcatggtgaaaaccatgagacgctagacatgaacaaggtgtgaagagt
ctattgagctgctatagagtectecggececctgaatgeggetaatectaacea
tggagcaagtgctcacaaaccagtgagttacttgtegtaacgegecaagteegt
ggcggaaccgactactttgggtgtecegtgtttcactttttacttttatgactg
ctaatggtgacaatttaatattgttaccatttggecttgtegaattgatcacat
aagatctatagttttgttcactgatttgetttgaaataatctcacctcaaaac
ctccagtacataacatttaaagagtttaaacttatttataaca

64

SEQ ID NO:
87.
EV92 (DNA)

EV92 (RNA) is
depicted as

tttaaaacagcctgtgggttgtacccacccacagggeccacgeggegttagta
ctectggtatcacggtacctttgtatgectgttttatetecettecceegtaac
gttagaagaatgaacaaaagacaattagcaaatccaccaacccaggtgggttt
tcgtcaagecacttetgttteceecggacctagtaccaataagetgtgeccacgg
ctgaaggggaaaacgttegttatccggectacctacttegagaagectagtace
accaatgattgtctcaagtgttacgetcagcacaaccccagtgtagttecaggt
cgatgagtcaccgaattecccacgggegacegtgtaeggtggetgegttggegy
cctgectgegagtttecactegeaggacgettgattecatgacatggtgegaaga
gcectattgagetaggcagtagtectecggececctgaatgeggetaatectaac
cacggagccatgegtcacaaaccagtggegtcatggtegtaacgagecaattet
gtggcggaaccgactactttgggtgtecgtgtttectgttttatttacettgg
ctgcttatggtgacaatctagagttgtcatcatatagegattggattggecat
ccggatattactttgtgtgatttatetettgetegtaagecaattttaaatagt
ttatagcatcatt

65

SEQ ID NO:
88.
EVG2 (DNA)

EVG2 (RNA) is
depicted as

ctaaaacagcctgegggttgtaccegecegecagggeccactgggegetagtac
tetggtacgectagtacactagcacgttagtgettttgtacgecagtacetttg
tacgcctgttttatttteccttecccacatgtaactttagaagtttagaaaca
aacaatgaccaataggagtccagcatccagttggattgeggtcaagtacttet
gtttececeggacctagtagtgataggetgtacccacggecgaagatgaaceeg
tecegttatceceggcetacctacttegggaagectagtaacattetgaagtetetg
aggcgtttegetcagecacgacceeggtgtagatecgggetgatgggteteaogea
taccccacgggtgacegtggeggaggecgegttggeggecegectatggegaa
agccataggacgcectcettagatgacagggtgtgaagagectactgagetgggt
agtagtcctceceggeccctgaatgeggetaataectaaccacggagegtecaceg
gcaaaccggtcgggagggegtegtaacgggtaactetgtggeggaaccgacta
ctttgggtgtcegtgtttecttttgatectattttggetgettatggtgacaa
cgataagttgttatcataaagettttgggttggeccacctggaaaaagttatea
gtgtttgatattgttcggetctcacgecttceccaacaaaacaggecttacttet
tttaattgcattttatccateggaggttattacagatttecatetgaagette
ttctcacagtagcagtaaa

66

SEQ ID NO:
89.
CvA2 (DNA)

CVA2 (RNA) is
depicted as
SEQ ID NO:
90.

ttaaaacagcctgtgggttgecacccacccacagggeccactgggegetageac
tctggtatcacgatacctttgtgegectgttttatatececcaccecgagtaaa
cgttagaagttacgcaacccegatcaatagtaggtgtagecactccagetgeat
cgagatcaagcacttetgtetecceggaccgagtatcaatagactgetaacge
ggttgaaggagaaaacgttegttacceggecaattacttecgagaageccagta
gtgcegtgaaagttgeggagtgtttegetcagecactteceecegtgtagatecag
gctgatgagtcacegegatecccacaggtgactgtggeggtggetgegttgge
ggcctgectatggggcaacccataggacgetctaatacagacatggtgegaag
agcctattgagcectaattggtagtcecctecggececectgaatgeggetaatcectaa
ctgeggagcacatgecectcaaaccagggggtggtgtgtegtaacgggtaacte
tgcagecggaaccgactactttgggtgtecgtgtttetttttattettataatyg
gctgettatggtgacaattaaagaattgttaccatatagectattggattggece




WO 2025/122609

PCT/US2024/058456
-50 -

atcecggtgactaacaaatcecgetcatataccagtttgttggttttgtteccetta
tcacatacagctcataacaccctettatatttactacaattgaatagcaagaa

67

CVA6 (DNA)

CVA6 (RNA) is
depicted as

ttaaaacagcctgtgggttgcacccactcacagggcccactgggegetageac
actgatttceceggaatcecttgtgegectgttttatatecectecececcatgege
aacttagaagcaatctacaccttegatcaatagcaggegtggegegecageca
tgtctagatcaagcacttcectgtttecececggactgagtatcaataaactgetea
cgcggttgaaggagaaaatgttegttacceggetaactacttecgagaaaccta
gtagcaccatgaaaattgcagagegtttegetcagegetteceecegegtagat
caggctgatgagtcactgeattcecectcacgggecgacegtggecagtggetgegtt
ggcggectgeccatggggtaacccatgggacgetetaatatggacatggtgtg
aagagtctattgagctagttagtagtecteeggecectgaatgeggetaatee
taactgcggagcacatacccccaaaccagggggeggtgtgtegtaacgggeaa
ctctgcageggaaccgactactttgggtgteegtgtttecttttattettata
ttggctgettatggtgacaattgaaagattgttaccatatagetattggattg
gccatceggtgaataacagagecttgatatacetttttgtagggtttataccea
cttactcttegegttgttgagactcectaaagtacattctaatcecttgaacactag
aaa

68

SEQ ID NO:
91.

IRES (RNA)
CVB3 (RNA)

Wherein “T”
i S \\U"

TTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACT
CTGGTATCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTA
ACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACCAGCCACGTT
TTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCG
GTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAA
CACCGTGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGG
TCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCG
GCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGA
GTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAAC
TGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGGGCAACTCT
GCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGG
CTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCA
TCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTA
GCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAA

69

EV71 (RNA)

Wherein “T”
i S \\U"

TTAAAACAGCTGTGGGTTGTCACCCACCCACAGGGTCCACTGGGCGCTAGTAC
ACTGGTATCTCGGTACCTTTGTACGCCTGTTTTATACCCCCTCCCTGATTTGC
AACTTAGAAGCAACGCAAACCAGATCAATAGTAGGTGTGACATACCAGTCGCA
TCTTGATCAAGCACTTCTGTATCCCCGGACCGAGTATCAATAGACTGTGCACA
CGGTTGAAGGAGAAAACGTCCGTTACCCGGCTAACTACTTCGAGAAGCCTAGT
AACGCCATTGAAGTTGCAGAGTGTTTCGCTCAGCACTCCCCCCGTGTAGATCA
GGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGG
CGGCCTGCCTATGGGGTAACCCATAGGACGCTCTAATACGGACATGGCGTGAA
GAGTCTATTGAGCTAGTTAGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTA
ACTGCGGAGCACATACCCTTAATCCAAAGGGCAGTGTGTCGTAACGGGCAACT
CTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCTTTTTATTCTTGTATT
GGCTGCTTATGGTGACAATTAAAGAATTGTTACCATATAGCTATTGGATTGGC
CATCCAGTGTCAAACAGAGCTATTGTATATCTCTTTGTTGGATTCACACCTCT
CACTCTTGAAACGTTACACACCCTCAATTACATTATACTGCTGAACACGAAGC
G

70

CVB5 (RNA)

Wherein “T”
i a “U"

TTAAAACAGCCTGTGGGTTGTTCCCACCCGCAGGGCCCACTGGGCGCCAGCAC
TCTGGTATCACGGTACCTTTGTGCGCCTGTTTTAAAACCCTCTCCCCAATTTG
AAACTTAGAAGCAATACACCTCGATCAATAGTAGGCATGACACGCCAGCCATG
TCTTGATCAAGCACTTCTGTTTCCCCGGACTGAGTATCAATAAACTGCTTGCG
CGGTCGAAGGAGAAAACGTCCGTTACCCGACTAACTACTTCGAGAAACCCAGT
AACACCATGGAAATTGCGGAGTGTTTCACTCAGCACATTCCCAGTGTAGATCA
GGTCGATGAGTCACCGCATTCCCCACGGGTGACCGTGGCGGTGGCTGCGCTGG
CGGCCTGCCCATGGGGCAACCCATGGGACGCTTCAATATGGACATGGTGTGAA
GAGTCTATTGAGCTAGTTAGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTA
ACTGCGGAGCACGTGCCTCCATTCCAGGGGGTGGCGTGTCGTAACGGGCAACT
CTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCTTTTAATTTTATACTG
GCTGCTTATGGTGACAATTGAAAGATTGTTGCCATATAGCTATTGGATTGGCC
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ATCCGGTATCCAACAGAGCAATTGTGTACCTTTTTGTTGGATTTGTACCACTT
ACCAGAACAAGTTTTCATACACTGTGTTACATTATTAGACTAAACACAGAAAA

71

EchoVll (RNA)

Wherein “T”
i S \\UII

TTAAAACAGCCTGTGGGTTGTACCCACCCACAGGGCCCACTGGGCGCTAGCAC
ACTGGTATCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTTCCCGCAACCG
CAAATTTAGAAGCAAAGCTAACCCGATCGATAGCGGATGCGCATGCCAGCCGC
ATTTTGATCAAGTACTTCTGTTTCCCCGGACCGAGTATCAATAGACTGCTCAC
GCGGTTGAAGGAGAAAACGTCCGTTACCCGACCAACTACTTCGAGAAACCTAG
TAACATCATGAATGTTGCAGGGCGTTTCGATCAGCACGACCCTGGTGTAGATC
AGGCTGATGAGTCACCGCATTCCCCACGGGTGACCGTGGCGGTGGCTGCGTTG
GCGGCCTGCCTATGGGGTGACCCATAGGACGCTCTAATACGGACATGGTGCGA
AGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGTTAATCCT
AACTGCGGACGACATACCCCTAATCCAAGGGGCAGTGTGTCGTAACGGGCAAC
TCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTATTTTTATAC
TGGCTGCTTATGGTGACAATCTCAGAGTTGTTACCATATAGCTATTGGATTGG
CCATCCGGTGAGCAACAGAGCTGTCATTTATCAGTTTGTTGGCTTTATACCTC
TAAATCACACGGTTTTTTTTTTTTGGAACGCTTGTATTCATCTTAACCCTCAA
TAAGGCAAA

72

EVB107 (RNA)

Wherein “T”
i a \\U"

TTAAAACAGCCTGTGGGTTGTTCCCACCCGCAGGGCCCACTGGGCGCTAGCAC
ACTGGTATCCCGGTACCCTTGTGCGCCTGTTTTATATACCCTCCCCCTTATGT
AACTTAGAAGTATGATTCAAACGGTCGACAGGCGGCTCAGTGCACCAACTGAG
TCATGACCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAAGCTGTTCACA
CGGCTGAAGGAGAAAACGTTCGTTACCCGGCCAATTACTTCGAGAAACCTAGT
ACCACCATGAAGGTTGCGCAGTGTTTCGCTCCACACAACCCCAGTGTAGATCA
GGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGG
CGGCCTGCCCATGGGGCAACCCATGGGACGCTTCAATACTGACATGGTGTGAA
GAGTCTATTGAGCTAATTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCCA
ACTGTGGAGCAGATACTCACAAACCAGTGAGCGGTCTGTCGTAACGGGCAACT
CCGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCTTTTTATTCTTACATT
GGCTGCTTATGGTGACAATTGACAAATTGTTACCATATAGCTATTGGATTGGC
CATCCGGTGACAAACAGAGCTATTGTTTACTTGTTTGTTGGTTTCATACCATT
AAATTACAAGGTCTTAGAAACTCTCAACTTTATTTTGACACTCAATACAGCAA
A

73

PV3 (RNA)

Wherein “T”
i a wgr

TTAAAACAGCTCTGGGGTTGCTCCCACCCCAGAGGCCCACGTGGCGGCCAGTA
CTCTGGTATTGCGGTACCTTTGTACGCCTGTTTTATACTCCCTCCCCCCGTGC
AACTTTAGAAGAAATCCACAAAGTTCAATAGAGGGGGTGCAAACCAGCACCAC
CACGAACAAGCACTTCTGTTTCCCCGGTGATGTCGTATAAGCTGTACCCACGG
CTGAAGGCGACGGATCCGTTATCCGCTTGAGTACTTCGAGAAGCCTAGTATTA
CCTTGGAATCTTCGACGCGTTGCGCTCAGCACTCTACCCCGAGTGTAGCTTAG
GTCGATGAGTCTGGGCACGCCCCACCGGCGACGGTGGCCCAGGCTGCGTTGGC
GGCCTACCCATGGCTATCACCATGGGACGCTAGTTGTGAACAAGGTGTGAAGA
GCCTATTGAGCTACCCAAGAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAAC
CACGGAGCAAGTGTCCTCAACCCAGGGGATGGCTTGTCGTAACGCGAAAGTCT
GTGGCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTATTTTTATGTATG
GCTGCTTATGGTGACAATCAAAGGTTGTTACCATAAAGCAATTTGGATTGGCC
ATCCGGTGAGAATCAAACATATTATCTACCTGTTTGTTGGGTTTTCTTCTTTT
ACTTGAACAATACCTCTAATAATAACTGCTATATTGTCAATAAGACATTATCA
TCACA

74

CVB1 (RNA)

Wherein “T”
i S \\UII

TTAAAACAGCCTGTGGGTTGTTCCCACCCACAGGCCCATTGGGCGCTAGCACT
CTGGTATCACGGTACCTTTGTGCGCCTGTTTTACATCCCCTCCCCAAATTGTA
ATTTAGAAGTTTCACACACCGATCATTAGCAAGCGTGGCACACCAGCCATGTT
TTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACCGCTAACGCG
GTTGAAGGAGAAAACGTTCGTTACCCGGCCAACTACTTCGAAAAACCTAGTAA
CACCATGGAAGTTGCGGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGG
TCGATGAGTCACCGCGTTCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCG
GCCTGCCTACGGGGAAACCCGTAGGACGCTCTAATACAGACATGGTGCGAAGA
GTCTATTGAGCTAGTTGGTAATCCTCCGGCCCCTGAATGCGGCTAATCCTAAC
TGCGGAGCACATACCCTCAAACCAGGGGGCAGTGTGTCGTAACGGGCAACTCT
GCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGG
CTGCTTATGGTGACAATTGACAGGTTGTTACCATATAGTTATTGGATTGGCCA
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TCCGGTGACTAACAGAGCAATTATATATCTCTTTGTTGGGTTTATACCACTTA
GCTTGAAAGAGGTTAAAACACTACATCTCATCATTAAACTAAATACAACAAA

75

EchoVE15 (RNA)

Wherein “T”
i S \\UII

TTAAAACAGCCTGTGGGTTGTACCCACCCACAGGGCCCACTGGGCGCTAGCAC
TCTGGTATTACGGTACCCTTGTGCGCCTGTTTTATATACCCCGCCCCAAGCAA
ACGCTAGATGTAACGCACTTATGATCAATAGCAGGCGTGGCACTCCAGCCACG
TTATGATCAAGCACTTCTGTCTCCCCGGACCGAGTATCAATAGACTGCTCACG
CGGTCGAAGGAGAAAACGTTCGTTACCCGACCAGCTACTTCGAGAAACCTAGT
AACTCCATGGAGGTTGCAGAGTGTTTCGTTCAGCACTTCCCCCGTGTAGATCA
GGCTGATGAGTCACCGCGTTCCTCACGGGCGACCGTGGCGGTGGCTGCGTTGG
CGGCCTGCCTATGGGTATACCCATAGGACGCTCTAATACTGACATGGTGCGAA
GAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTA
ACTGCGGAGCACATACCCCCAACCCAGGGGGCAGTGTGTCGTAACGGGTAACT
CTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTATTCTTACATT
GGCTGCTTATGGTGACAATTGAGAGATTGTTACCATATAGCTATTGGATTGGC
CATCCAGTGACTAACAGAGCTATTATTTACCTTTTTGTTGGCTTCGTATCACT
TGGTTTAAAAGAGGTTAGTACTTTATATTGCATTATATTACTAAACACGAGAA
A

76

EchoVl (RNA)

Wherein “T”
i a \\U"

TTAAAACAGCCTGTGGGTTGTTCCCACCCACAGGGCCCACTGGGCGTTAGCAC
ACTGGTATCACGGTACCTTTGTGCGCCTGTTTTATACTCCCCCCCCTAAGGAA
ACTTTAGAAGCAAAGCAATTGTGATCAATAGTGGGTATGGCACACCAGTCATA
TCTTGATCAAGCACTTCTGTTCCCCCGGACTTAGTACCAATAGACTGCTCAAG
CGGTTGAAGGGGAAAACGTTCGTTATCCGGCCAACTACTTCGAGAAACCTAGT
AGCACCATGAAAGTTGCGGAGTGTTTCGCTCAGCACTTCCCCCGTGTAGATCA
GGCTGATGAGTCACCGTATTCCCCACGGGCGACCGTGACGGTGGCTGCGTTGG
CGGCCTGCCCATGGGGTAACCCATGGGACGCTCTAAAACAGACACGGTGCGAA
GAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCCAATCCTA
ACTGCGGAGCACATACTCCCAATCCAGGGAGCAGTGTGTCGTAATGGGTAACT
CTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTATTCTCACATT
GACTGCTTATGGTGACAATTGAAAGATTGTTACCATATAGCTATTGGATTGGT
CATCCGGTGAGCAATAGAGCTATTGTTTATCAATTTGTTGGATTTGTACCACT
CAACTTTTCTGTTTTGAGAACACTCAACTACATCTTACTGCTAAACACATCAA
A

77

EVD94 (RNA)

Wherein “T”
i a wgr

TTAAAACAGCCTGTGGGTTGTTCCCACCCCAGAGGCCCACGTGGCGGCCAGTA
CTCTGGTATCACGGTACCTTTGTACGCCTGTTTTATATCCCCTTCCCCCGCAA
CTTAGAAGAAAACAAATCAAGTTCACTAGGAGGGGGTACAAACCAGTACCACC
ACGAACAAGCACTTCTGTTTCCCCGGTGATGTCGTATAGACTGTAACCACGGT
TGAAAACGATTGATCCGTTATCCGCTCTTGTACTTCGAAAAGCCCAGTATCAC
CTTGGAATCTTCGATGCGTTGCGCTCAGCACTCAACCCCAGAGTGTAGCTTAG
GTCGATGAGTCTGGACACTCCTCACCGGCGACGGTGGTCCAGGCTGCGTTGGC
GGCCTACCTGTGGTCCAAAGCCACAGGACGCTAGTTGTGAACAAGGTGTGAAG
AGCCTATTGAGCTACAAGAGAATCCTCCGGCCCCTGAATGCGGCTAATCCTAA
CCACGGAGCAAGGGTACACAAACCAGTGTATATCTTGTCGTAACGCGCAAGTC
TGTGGCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTGTTTTTATCATG
GCTGCTTATGGTGACAATCTAAGATTGTTATCATATAGCTGTTGGATTGGCCA
TCCGGTAATTTATTGAGATTTGAGCATTTGCTTGTTTCTTCAACAATTTCACC
TATTCATTGCATTTCAGCAGTCAAA

78

PVl (RNA)

Wherein “T”
i a wgr

TTAAAACAGCTCTGGGGTTGTACCCACCCCAGAGGCCCACGTGGCGGCTAGTA
CTCCGGTATTGCGGTACCCTTGTACGCCTGTTTTATACTCCCTTCCCGTAACT
TAGACGCACAAAACCAAGTTCAATAGAAGGGGGTACAAACCAGTACCACCACG
AACAAGCACTTCTGTTTCCCCGGTGATGTCGTATAGACTGCTTGCGTGGTTGA
AAGCGACGGATCCGTTATCCGCTTATGTACTTCGAGAAGCCCAGTACCACCTC
GGAATCTTCGATGCGTTGCGCTCAGCACTCAACCCCAGAGTGTAGCTTAGGCT
GATGAGTCTGGACATCCCTCACCGGTGACGGTGGTCCAGGCTGCGTTGGCGGC
CTACCTATGGCTAACGCCATGGGACGCTAGTTGTGAACAAGGTGTGAAGAGCC
TATTGAGCTACATAAGAATCCTCCGGCCCCTGAATGCGGCTAATCCCAACCTC
GGAGCAGGTGGTCACAAACCAGTGATTGGCCTGTCGTAACGCGCAAGTCCGTG
GCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTATTTTATTGTGGCTGC
TTATGGTGACAATCACAGATTGTTATCATAAAGCGAATTGGATTGGCCATCCG
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GTGAAAGTGAGACTCATTATCTATCTGTTTGCTGGATCCGCTCCATTGAGTGT
GTTTACTCTAAGTACAATTTCAACAGTTATTTCAATCAGACAATTGTATCACC

79

PV2 (RNA)

Wherein “T”
i S \\UII

TTAAAACAGCTCTGGGGTTGTTCCCACCCCAGAGGCCCACGTGGCGGCCAGTA
CACTGGTATCGCGGTACCTTTGTACGCCTGTTTTATACTCCCTTCCCCCGTAA
CTTAGAAGCACAACGTCCAAGTTCAATAGAAGGGGGTACAAACCAGTACCACC
ACGAACAAGCACTTCTGTTCCCCCGGTGAGGCTGTATAGGCTGTTTCCACGGC
TAAAAGCGGCTGATCCGTTATCCGCTCATGTACTTCGAGAAGCCTAGTATCAC
CTTGGAATCTTCGATGCGTTGCGCTCAACACTCAACCCCAGAGTGTAGCTTAG
GTCGATGAGTCTGGACGTTCCTCACCGGCGACGGTGGTCCAGGCTGCGTTGGC
GGCCTACCTGTGGCCCAAAGCCACAGGACGCTAGTTGTGAACAAGGTGTGAAG
AGCCTATTGAGCTACCTGAGAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAA
CCACGGAGCAGGCAGTGGCAATCCAGCGACCAGCCTGTCGTAACGCGCAAGTT
CGTGGCGGAACCGACTACTTTGGGTGTCCGTGTTTCCTTTTATTTTTACAATG
GCTGCTTATGGTGACAATTATTGATAGTTATCATAAAGCAAATTGGATTGGCC
ATCCGGTGAGAATTTGATTATTAAATTACTCTCTTGTTGGGATTGCTCCTTTG
AAATCCTGTGCACTCACACCTATTGGAATTACCTCATTGTTGAGATATTATTA
CCACT

80

CVA24 (RNA)

Wherein “T”
i a \\U"

ttaaaacagctctggggttgtteccacceccagaggeccacgtggeggecagta
cteceggtattgeggtacecttgtacgectgttttacactecettecceggtaa
cttagaagtaaacaaaccaagttcaatagaagggggtacaaaccagtaccacc
acgaacaagcacttctgtttececeggtgacgttgtatagactgtacccacggt
tgaaaacaactgatcegttateegetettgtacttegagaageccagtatecac
cttggaatcttegatgegttgegetcagecactecaaccccagagtgtagettag
gtecgatgagtctggacaatcctecacecggegacggtggteccaggetgegttgge
ggcctacctgtggeccaaagecacaggacgctagttgtgaacaaggtgtgaag
agcctattgagectacgagagagtectecggecectgaatgeggetaateccaa
ccacggagcaggtgatcacaagccagtgattagectgtegtaacgegecaagte
tgtggcggaaccgactactttgggtgtecegtgtttectttattttattatgge
tgcttatggtgacaatcacagattgttatcataaagegacttggattggecat
ccagtgaaaataaaacacatcatttacctgattgttggatttactecegetgac
tatctactcaccaggtcttattaaggttattctgttgattaggtcacaattte
aca

81

CVB6 (RNA)

Wherein “T”
i a wgr

ttaaaacagcctgtgggttgtacccacccacagggeccactgggegetageac
tctggtattgeggtacetttgtgegectgttttaccecacecctececcaacgta
acttagaagcctgacatatacggtcacaagccageccagtacgecaactgggt
accgaccaagcacttcetgttacececeggactgagtatcaataagetgecaaage
ggctgaaggagaaaacgttegttaceeggecaattacttecgagaaacccagta
acaccatgaaagttgcgtagegtttecattcagcacaatecccagtgtagatcag
gtecgatgagtcaccgeattececcacaggegactgtggeggtggetgegttgge
ggectgcececcatggggcaaacccatgggacgcettcaatactgacatggtgegaa
gagtctattgagctaattggtagtcctecggececectgaatgeggetaatecta
actgeggagcaggcactcegecagaccagegagcagettgtegtaatgggecaact
ccgecageggaaccgactactttgggtgtecegtgtttectatttectttacact
ggctgecttatggtgacaattgagaaattgttaccatatagectattggagtgge
catcecggtgactaacagagcaataatatatttgtttgttggetttgtgecact
taatttgaaggttgttaagacgctcaatctgatactacttcectaaataaagecaa
a

82

EV89 (RNA)

Wherein “T”
i S \\UII

ttaaaacagcctcectgggttgecacccacccacagggcccactgggegetageac
actggtatcacggtacctttgtgegectgttttatacacectecccecttgta
acttagaagaaacaaacaaacgatcaatagtaggcttagcactecagetaagt
ctcgatcaagcacttetgttacceceggaccgagtatcaataggetgtacccac
ggctgaaagagaaaacgttegttacceggetatcectacttegggaaacccagta
ccatcatgaagattgcaaagegtttegetcagecacaaccccagtgtagateag
gtcgatgagtcactgcattecceccacaggegactgtggecagtggetgegttgge
ggcctgectatggggaaacccataggacgetttaatattgacatggtgegaag
agtctactgagctaggtagtagtectecggecectgaatgeggetaatecccaa
ccacggagcaggegcetcacactceccagtgagtagettgtaegtaatgegaaagte
tgtggcggaaccgactactttgggtgtcegtgtttecettttatttttatecatg
getgettatggtgacaatctaagattgttatcatatagetattggattggeca
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teceggtgaattctagagatattatttacttgtttgttggttttaccacattaa
acattaccaattacagaactctcectcectacatectgttattgaataatagaaag
agaaa

83

EV91 (RNA)

Wherein “T”
i S \\UII

ttaaacagctctagggttgtteccaccctagaggeccacgtggeggcectageac
tetggtatcacggtacctttgtgegectgttttatatecetttecccatgtaa
cttagaagttattaaacaaagttcaatagaagggggtacaaaccagtgccacc
acgaacaagcacttectgtttecececggtgaagetgtatagactgtetecacggt
tgaaaatggcagatcegttaccegetttggtacttegagaaacctagtatcac
cttggaatcttegatgegttgegetcagecactecaaccccagagtgtagettag
gtcgatgagtctggacgatectcactggtgacagtggtccaggetgegttgge
ggcctacctgtggtgaaaaccacaggacgctagttgtgaacaaggtgtgaaga
gtctattgagctaccaaagagtectecggeccctgaatgeggetaatectaac
cacggagcaagtgccttcaaaccagtaggtagettgtegtaacgegecaagtet
gtggcggaaccgactactttgggtgteegtgtttecttttattttatecatgge
tgecttatggtgacaatctaagattgttatcatatagetattggattggecate
cggtgactaacagagatctcatatacctttttgttggttttactaaattaaat
attaccacgttcaagacacttctecttatcatacaactaaatagtgagaagag
aaa

84

EVJ108 (RNA)

Wherein “T”
i a wgr

ttaaaatagcctcagggttgtteccacecctgagggeccacgtggegtagtact
ctggtattacggtacctttgtacgectattttacccecttececcttgtaactt
agaagcaaagcaaaccagttcaatagtaagcaacacaacccagtgttgtgacg
aacaagtacttctgtttcececeegggagggtetgacggtaagetgtacccacgge
tgaagtatgacctaccgttaaccggctacctacttegagaagtectagtaatac
cattgaagttttgttggegttacgctcaacacactacccegtgtgtagttttg
gctgatgagtcacggeattecccacgggegacegtggeegtggetgegttgeg
gccaaccaaggggcgcaagcetecttggacgtcacttaacagacatggtgtgaa
gaacctattgagctaggtagtagtccteecggececectgaatgeggetaatecta
actceggagcacatcagtgcaacccageatttggtgtgttgtaatacgecaagt
ctggagcggaaccgactactttgggtgteegtgtttectgttttacettattt
ggctgecttatggtgacaatttgatattgttaccatatagetgttggattggece
atcecggatttttgaaagagacccaaaactttcettetectacttecagattcaagt
gecgaagttttecttttcatatattacttactaatttgaagtaccaaag

85

EV87 (RNA)

Wherein “T”
i a wgr

ttaaaacagcctgtgggttgtteccacccacagggeccactgggegetageac
actggtatcacggtacccttgtgegectgttttatacacccttecectactgt
gacttagaagcaaaacaatgatgaccaatagcaagecgcagcactccagetgtyg
ttteggtcaagcacttetgtttececeggactgagtatcaataggecacteacyg
tggccgaaggagaaaacgtcecegttaceecggecaattacttecgagaaacccagt
aacaccatagaggttgcgcagegtttegetecegecacteccecagtgtagateca
ggtecgatgagtcacecgegttececcacgggegacegtggeggtggetgegttgg
cggectgeccatggggtaacecatgggacgettcaatactgacatggtgegaa
gagtctattgagctaattggtagtcctecggececectgaatgeggetaatecta
actgecggagcagatacccacgetecagtgggcagtetgtegtaacgggtaact
ctgcagecggaaccgactactttgggtgtecegtgtttecttttattettatatt
ggctgcttatggtgacaattgaaagattgttaccatatagectattggattgge
catcecggtgtctaatagagcaattatattecctgtttgttggttttataccact
gaatatcacagtttacaagaccctcaattacatcctacgtttaaacaagacaa
a

86

EchoV31l (RNA)

Wherein “T”
i S \\UII

ttaaaacagcctgtgggttgtteccacccacagggcccatgggegetageaca
ctggtatcgtggtacctttgtgegectgttttatacacecctecccatttgtaa
cttagaagtaaagcaatattgatcaatagcaagcatggcacaccageegtgtt
cagatcaagcacttctgtaaccceggactgagtatcaataggectgecaaageg
gctgaaggagaaaacgttegttaaceggecaactacttegagaageccagtat
caccatgaaagttgcagagegtttegetcagecacteccccegtgtagattagg
tcgatgagtcaccgecatcecccccacaggecgactgtggeggtggetgegttggeg
gcctacctacggggcaaccegtaggacgetctaatacagacatggtgagaaga
gcectattgagetagttggtagtectecggececctgaatgeggataatectaac
tgecggagcatgtgetegecaateccagecgagaggcatgtegtaacgggecaactet
gcagcggaaccgactactttgggtgtecgtgtttecttttattecttgtttgg
ctgcttatggtgacaattgaaagattgttgecatatagetattgggteggeca
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cctggtatctaacagagcaattatttacttgtttgttggttttgtaceccecttaa
atctcaaggttettgaaacccttaactacacattgaaactcaattcattgaa

87

EV68 (RNA)

Wherein “T”
i S \\UII

ttaaaacagctctggggttgtteccactcaagggcecccacgtggeggetagtac
tectggtatcteggtacctttgtacgectgttttaattecectecccaacgtaac
ttagaagcttttaaaccaaagctcaataggtggagegcaaaccagegetetta
tgagcaagcacttcectgtetecceecggtgtggttgtatagactgtececcacggtt
gaaaacaacttatccgttaaccgctatagtacttegagaaacctagtattgece
tteggagtgttgatgegttgegetcagecacactaacecegtgtgtagettgggt
cgatgagtctggacgtaccccactggegacagtggtecaggetgegttggegyg
cctactcatggtgaaaaccatgagacgctagacatgaacaaggtgtgaagagt
ctattgagctgctatagagtectecggececctgaatgeggetaatectaacea
tggagcaagtgctcacaaaccagtgagttacttgtegtaacgegecaagteegt
ggcggaaccgactactttgggtgtecegtgtttcactttttacttttatgactg
ctaatggtgacaatttaatattgttaccatttggecttgtegaattgatcacat
aagatctatagttttgttcactgatttgetttgaaataatctcacctcaaaac
ctccagtacataacatttaaagagtttaaacttatttataaca

88

EV92 (RNA)

Wherein “T”
i S \\UII

tttaaaacagcctgtgggttgtacccacccacagggeccacgeggegttagta
ctectggtatcacggtacctttgtatgectgttttatetecettecceegtaac
gttagaagaatgaacaaaagacaattagcaaatccaccaacccaggtgggttt
tcgtcaagecacttetgttteceecggacctagtaccaataagetgtgeccacgg
ctgaaggggaaaacgttegttatccggectacctacttegagaagectagtace
accaatgattgtctcaagtgttacgetcagcacaaccccagtgtagttecaggt
cgatgagtcaccgaattecccacgggegacegtgtaeggtggetgegttggegy
cctgectgegagtttecactegeaggacgettgattecatgacatggtgegaaga
gcectattgagetaggcagtagtectecggececctgaatgeggetaatectaac
cacggagccatgegtcacaaaccagtggegtcatggtegtaacgagecaattet
gtggcggaaccgactactttgggtgtecgtgtttectgttttatttacettgg
ctgcttatggtgacaatctagagttgtcatcatatagegattggattggecat
ccggatattactttgtgtgatttatetettgetegtaagecaattttaaatagt
ttatagcatcatt

89

EVG2 (RNA)

Wherein “T”
i S \\UII

ctaaaacagcctgegggttgtaccegecegecagggeccactgggegetagtac
tetggtacgectagtacactagcacgttagtgettttgtacgecagtacetttg
tacgcctgttttatttteccttecccacatgtaactttagaagtttagaaaca
aacaatgaccaataggagtccagcatccagttggattgeggtcaagtacttet
gtttececeggacctagtagtgataggetgtacccacggecgaagatgaaceeg
tecegttatceceggcetacctacttegggaagectagtaacattetgaagtetetg
aggcgtttegetcagecacgacceeggtgtagatecgggetgatgggteteaogea
taccccacgggtgacegtggeggaggecgegttggeggecegectatggegaa
agccataggacgcectcettagatgacagggtgtgaagagectactgagetgggt
agtagtcctceceggeccctgaatgeggetaataectaaccacggagegtecaceg
gcaaaccggtcgggagggegtegtaacgggtaactetgtggeggaaccgacta
ctttgggtgtcegtgtttecttttgatectattttggetgettatggtgacaa
cgataagttgttatcataaagettttgggttggeccacctggaaaaagttatea
gtgtttgatattgttcggetctcacgecttceccaacaaaacaggecttacttet
tttaattgcattttatccateggaggttattacagatttecatetgaagette
ttctcacagtagcagtaaa

90

CVA2 (RNA)

Wherein “T”
i a wgr

ttaaaacagcctgtgggttgecacccacccacagggeccactgggegetageac
tctggtatcacgatacctttgtgegectgttttatatececcaccecgagtaaa
cgttagaagttacgcaacccegatcaatagtaggtgtagecactccagetgeat
cgagatcaagcacttetgtetecceggaccgagtatcaatagactgetaacge
ggttgaaggagaaaacgttegttacceggecaattacttecgagaageccagta
gtgcegtgaaagttgeggagtgtttegetcagecactteceecegtgtagatecag
gctgatgagtcacegegatecccacaggtgactgtggeggtggetgegttgge
ggcctgectatggggcaacccataggacgetctaatacagacatggtgegaag
agcctattgagcectaattggtagtcecctecggececectgaatgeggetaatcectaa
ctgeggagcacatgecectcaaaccagggggtggtgtgtegtaacgggtaacte
tgcagecggaaccgactactttgggtgtecgtgtttetttttattettataatyg
gctgettatggtgacaattaaagaattgttaccatatagectattggattggece
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atcecggtgactaacaaatcecgetcatataccagtttgttggttttgtteccetta
tcacatacagctcataacaccctettatatttactacaattgaatagcaagaa

91 CVA6 (RNA) ttaaaacagcctgtgggttgecacccactcacagggeccactgggegctageac
actgatttcecggaatcecttgtgegeetgttttatatecececteeeccatgege

Wherein “T” aacttagaagcaatctacaccttegatcaatagcaggegtggegegecageca

is “U” tgtctagatcaagcacttetgttteccecggactgagtatcaataaactgetea

cgcggttgaaggagaaaatgttegttacceggetaactacttecgagaaaccta
gtagcaccatgaaaattgcagagegtttegetcagegetteceecegegtagat
caggctgatgagtcactgeattcecectcacgggecgacegtggecagtggetgegtt
ggcggectgeccatggggtaacccatgggacgetetaatatggacatggtgtg
aagagtctattgagctagttagtagtecteeggecectgaatgeggetaatee
taactgcggagcacatacccccaaaccagggggeggtgtgtegtaacgggeaa
ctctgcageggaaccgactactttgggtgteegtgtttecttttattettata
ttggctgettatggtgacaattgaaagattgttaccatatagetattggattg
gccatceggtgaataacagagecttgatatacetttttgtagggtttataccea
cttactcttegegttgttgagactcectaaagtacattctaatcecttgaacactag
aaa

[0175] 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.

[0176] 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
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paralysis virus, Hibiscus chlorotic ringspot virus, Classical swine fever virus, Human FGF2,
Human SFTPA1, Human AMLI1/RUNXI, Drosophila antennapedia, Human AQP4, Human
ATIR, Human BAG-1, Human BCL2, Human BiP, Human ¢-IAP1, Human c-myc, Human elF4G,
Mouse NDST4L, Human LEF1, Mouse HIF1 alpha, Human n.myc, Mouse Gtx, Human p27kipl,
Human PDGF2/c-sis, Human p53, Human Pim-1, Mouse Rbm3, Drosophila reaper, Canine
Scamper, Drosophila Ubx, Human UNR, Mouse UtrA, Human VEGF-A, Human XIAP,
Drosophila hairless, 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 HA16, 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 Picomna-
like Virus, CRPV, Salivirus A BNS5, Salivirus A BN2, Salivirus A 02394, Salivirus A GUT,
Salivirus A CH, Salivirus A SZ1, Salivirus FHB, CVB3, CVBI1, Echovirus 7, CVB5, EVAT7I1,
CVA3, CVAI12, EV24 or an aptamer to elF4G.

1L.B.S. UTRs and Kozak Sequence

[0177] 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.

[0178] 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
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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
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.

[0179] 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.

[0180] 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).

[0181] 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).

[0182] 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
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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.

[0183] 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
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.
[0184] 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.

[0185] In some aspects, the genetic constructs disclosed herein comprise a 3° UTR. In some
aspects, 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 TNFa, 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.
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[0186] In some aspects, the genetic constructs disclosed herein comprise a 5 UTR. In some
aspects, 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

1I.B.9. Spacers

[0187] 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: 31-32 or 33-34. In some aspects, the genetic constructs
disclosed herein comprise a spacer consisting of a nucleotide sequence of SEQ ID NOs: 31-32 or
33-34.

[0188] Non-limiting examples of spacer sequences that are useful for the present genetic
constructs are shown in Table 8.

Table 8. Exemplary spacers

SEQ ID | DESCRIPTION SEQUENCE
NO
31 5' spacer (all) | AGCTGAGACGGCGCCGATGGATAGCGGACTTTCGGTCAACCACAATTCCC
(DNA) CACGAGACAGCGTCCTGCCAT
32 3" spacer (all) | CTTCTCATGACTGAACTCGCGAGGGTCGTGATGTCGGTTCCTTCAAAGGT
(DNA) TAAAGAACAAAGGCTTACTG
33 5' spacer (all) | AGCUGAGACGGCGCCGAUGGAUAGCGGACUUUCGGUCAACCACAAUUCCC
(RNA) CACGAGACAGGUCCUGCCGU
34 3' spacer (all) | CUUCUCAUGACUGAACUCGCGAGGGUCGUGAUGUCGGUUCCUUCAAAGGU
(RNA) UAAAGAACAAAGGCUUACUG
[0189] In some aspects, the genetic constructs disclosed herein comprise a first (57) and/or

a second (37) 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
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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
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.9. Poly(A)

[0190] In some aspects, the genetic constructs disclosed herein further comprises 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
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(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 to SEQ ID NOs: 42 or 43. In some aspects, the polyA
region consists of SEQ ID NOs: 42 or 43.

[0191] Non-limiting examples of polyA region that are useful for the present genetic
constructs are shown in Table 9.

Table 9. Exemplary polyA regions

SEQ ID DESCRIPTION SEQUENCE
NO
42 51 PolyAC AAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAA
(DNA/RNA) CACA
43 3' PolyAC AAAAAACAAAAAACAAAAC
(DNA/RNA)
II.B.10. Excision Scars
[0192] 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.

IL.B.11. Promoter
[0193] 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
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aspects the promoter is T7, T3, or SP6. 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 to any one of SEQ ID NOs: 35-37 or 38-39. In some aspects, the promoter consists
of a nucleotide sequence of SEQ ID NOs: 35-37, or 38-39 or 40.

I1.C.  Exemplary Constructs

[0194] Exemplary aspects 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 timidine (T).

[0195] 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
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 compliments of one another.

[0196] In some aspects, the intronic sequence comprises a nucleotide sequence derived
from a group Il intron. In some aspects, the group Il 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.

[0197] In some aspects, the 5' intronic sequence comprises a nucleotide sequence derived
from a group II intron. In some aspects, the 5' intronic sequence comprises an intron-binding site
(IBS). In some aspects, the 5' intronic sequence consists of an intron-binding site (IBS). In some
aspects, the IBS comprises a nucleotide sequence of any one of TAAAAA (or UAAAAA), TGTTT
(or UGUUL, or C. In some aspects, the IBS consists of any one of TAAAAA (or UAAAAA),

TGTTT (or UGUUU, or C. In some aspects, the 5' intronic sequence comprises a nucleotide



WO 2025/122609 PCT/US2024/058456
-64 -

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: 21-22 or 23-24. In some aspects, the 5' intronic sequence consists of SEQ ID NOs: 21-22
or 23-24.

[0198] In some aspects, the 3' intronic sequence comprises a nucleotide sequence derived
from a group Il intron. In some aspects, the 3' intronic sequence comprises a catalytic core (triad).
In some aspects, the catalytic core (triad) comprises a sequence of AGC or CGC. In some aspects,
the catalytic core (triad) consists of a sequence of AGC or CGC. 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 to SEQ ID NO: 17-18 or 19-20. In some aspects, the 3' intronic sequence
consists of SEQ ID NO: 17-18 or 19-20.

[0199] In some aspects, the 5' intronic sequence and the 3' intronic sequence together are
less than a full intron.

[0200] 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: 21 or
23. 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: 17 or 19. 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: 21 or 23, 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: 17 or 19.

[0201] 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: 18 or
20. 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: 22 or 24. In some
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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: 18 or 20, 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: 22 or 24.

[0202] 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".

[0203] 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 T or U, 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, N is A. In some aspects, the 3' splice site comprises a sequence of formula 5'-T(or U)-N-
3', wherein the site of splice is between T or U 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'-T-C-3'. In some aspects,
the 3' splice site comprises a sequence of formula 5'-T-A-3'.

[0204] 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-N-3', wherein the site of
splice is between U 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-A-3".

[0205] 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 A, 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 G. In some
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aspects, the 5' splice site comprises a sequence of formula 5'-A-N-3', wherein the site of splice is
between A 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'-A-G-3'.

[0206] In some aspects, the 3' splice site comprises a nucleotide sequence of Atccaact"CA.
In some aspects, the 5' splice site comprises a nucleotide sequence of Nttaaaaa"GTGCG. In some
aspects, the 3' splice site comprises a nucleotide sequence of Atccaact*CA, and the 5' splice site
comprises a nucleotide sequence of Nttaaaaa"GTGCG.

[0207] n 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: 27 or 29. 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: 28 or 30.

[0208] 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."
[0209] 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 any sequence derived from the organism from which the 5’ intronic sequence
and the 3’ intronic sequence are derived (“excision scar”).

[0210] 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 intron-binding site (IBS), a 5° splice site, and H” comprises a 3’ homology
arm, wherein the 3’ intronic sequence comprises a catalytic core (triad), 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
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scar”’).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:

102 or 103, 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 10.

Table 10. Exemplary constructs

a3

i

Plasmid
{DNAY

SEQ | DESCRIPYT SEQUENCE

ID ION

NO

102 | Pylai=ll CCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGC

TTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCA
ACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTA
GTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCT
CTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTG
GACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGC
ACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTA
TGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGG
GTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGT
CCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGG
CGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGG
CCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACC
GCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTG
AGCGAGGAAGCGGAGGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATT
CATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCA
ATTAATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAAAAGGCCATCCGTCA
GGATGGCCTTCTGCTTAGTTTGATGCCTGGCAGTTTATGGCGGGCGTCCTGCCCGCCACC
CTCCGGGCCGTTGCTTCACAACGTTCAAATCCGCTCCCGGCGGATTTGTCCTACTCAGGA
GAGCGTTCACCGACAAACAACAGATAAAACGAAAGGCCCAGTCTTCCGACTGAGCCTTTC
GTTTTATTTGATGCCTGGCAGTTCCCTACTCTCGCGTTAACGCTAGCATGGATGTTTTCC
CAGTCACGACGTTGTAAAACGACGGCCAGTCTTAAGCTCGGCTCTTCGCACTAATACGAC
TCACTATAGggAGACCCTCGGGTTGTTGGAGATCTCTGGCgtceccttectgggaacttgyg
taagcccaatagactcectetgggaaaccagaggaggagtaagagcaatcecttacttateg
tctagtgggtaaaagacataataggaagcaaatgecttggttgtaacgatcgagatagaat
ctgttgatttaagectgaaaggctgcagacttattaaatgggtgttetgetgtatggegtt
cgcgectaagcagcagaatgegtgageegtgtgegatgaaagtegecaagecacggttetga
tggggggaaaacgagagatcegtctacctAtccaactCacaAGCTGAGACGGCGCCGATGG
ATAGCGGACTTTCGGTCAACCACAATTCCCCACGAGACAGGTCCTGCCGTAAAAACAAAA
AACAAAAAAAACAAAAAAAAAACCAAARAAAACAAAACACA (N) nAAAAAACAAAAAACAA
AACCTTCTCATGACTGAACTCGCGAGGGTCGTGATGTCGGTTCCTTCAAAGGTTAAAGAA
CAAAGGCTTACTGactgtttattaaaaaGTGCGACAAGAAGTTCAGGAAGGGATTGAGGT
GAAAGTCCTCCTCCCGAATCGTTCATGGGAGAGTCTATCCAGACTTGCGTAGCGAGTAAT
CGCTAGGTGAGAAGCTCTGGAGACAATGTACCTGCCCTTCAATTGGAGGTGCCAGGGCTA
GGCTTTGTTCCTATGGCTAGCGAAAGCGAATACAGGTTATTAGGCGTCGTGAAAACAAAA
ctetttegacataagggagaggctegtagatgagttacectectttttatggggtaactyg
aacgatcaatatctaccggegtagactgtgagectaaaggaaacgaatgaaagtGCCAGA
GATCTCCAACAACCATAAGAAGAGCATCCCATGGTCATAGCTGTTTCCTGGCAGCTCTGG
CCCGTGTCTCAAAATCTCTGATGTTACATTGCACAAGATAAAAATATATCATCATGAACA
ATAAAACTGTCTGCTTACATAAACAGTAATACAAGGGGTGTTATGAGCCATATTCAACGG
GAAACGTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGG
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GCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGCTTGTATGGGAAGCCCGAT
GCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAG
ATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATC
CGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGAAAAACAGCATTCCAG
GTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTG
CGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGT
CTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGAC
GAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTTTGCCATTC
TCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAG
GGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGAT
CTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTT
CAAAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGAT
GAGTTTTTCTAATCAGAATTGGTTAATTGGTTGTAACACTGGCAGAGCATTACGCTGACT
TGACGGGACGGCGCAAGCTCATGACCAAAATCCCTTAACGTGAGTTACGCGTCGTTCCAC
TGAGCGTCAGAC

103

Pylaiell

I3

Plasmid
(DMNA}

CCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGC
TTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCA
ACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTA
GTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCT
CTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTG
GACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGC
ACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTA
TGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGG
GTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGT
CCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGG
CGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGG
CCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACC
GCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTG
AGCGAGGAAGCGGAGGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATT
CATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCA
ATTAATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAAAAGGCCATCCGTCA
GGATGGCCTTCTGCTTAGTTTGATGCCTGGCAGTTTATGGCGGGCGTCCTGCCCGCCACC
CTCCGGGCCGTTGCTTCACAACGTTCAAATCCGCTCCCGGCGGATTTGTCCTACTCAGGA
GAGCGTTCACCGACAAACAACAGATAAAACGAAAGGCCCAGTCTTCCGACTGAGCCTTTC
GTTTTATTTGATGCCTGGCAGTTCCCTACTCTCGCGTTAACGCTAGCATGGATGTTTTCC
CAGTCACGACGTTGTAAAACGACGGCCAGTCTTAAGCTCGGCTCTTCGCACTAATACGAC
TCACTATAGggAGACCCTCGGGTTGTTGGAGATCTCTGGCegegectaagecagecagaaty
cgtgagceccgtgtgegatgaaagtegecaagecacggttetgatggggggaaaacgagagate
gtctacctAteccaactCacaAGCTGAGACGGCGCCGATGGATAGCGGACTTTCGGTCAAC
CACAATTCCCCACGAGACAGGTCCTGCCGTAAAAACAAAAAACAAAAAAAACAAAAANNA
AACCAAAAAAACAAAACACA (N) nAAAAAACAAAAAACAAAACCTTCTCATGACTGAACT
CGCGAGGGTCGTGATGTCGGTTCCTTCAAAGGTTAAAGAACAAAGGCTTACTGactgttt
attaaaaaGTGCGACAAGAAGTTCAGGAAGGGATTGAGGTGAAAGTCCTCCTCCCGAATC
GTTCATGGGAGAGTCTATCCAGACTTGCGTAGCGAGTAATCGCTAGGTGAGAAGCTCTGG
AGACAATGTACCTGCCCTTCAATTGGAGGTGCCAGGGCTAGGCTTTGTTCCTATGGCTAG
CGAAAGCGAATACAGGTTATTAGGCGTCGTGAAAACAAAACtctttcgacataagggaga
ggctegtagatgagttaccecctectttttatggggtaactgaacgatcaatatctacegge
gtagactgtgagcctaaaggaaacgaatgaaagtgtcoeccettectgggaacttggtaagee
caatagactccctetgggaaaccagaggaggagtaagagcaatcttacttategtetagt
gggtaaaagacataataggaagcaaatgcettggttgtaacgatcgagatagaatcectgttyg
atttaagctgaaaggctgcagacttattaaatgggtgttetgetgtatggegttGCCAGA
GATCTCCAACAACCATAAGAAGAGCATCCCATGGTCATAGCTGTTTCCTGGCAGCTCTGG
CCCGTGTCTCAAAATCTCTGATGTTACATTGCACAAGATAAAAATATATCATCATGAACA
ATAAAACTGTCTGCTTACATAAACAGTAATACAAGGGGTGTTATGAGCCATATTCAACGG
GAAACGTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGG
GCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGCTTGTATGGGAAGCCCGAT
GCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAG
ATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATC
CGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGAAAAACAGCATTCCAG
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GTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTG
CGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGT
CTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGAC
GAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTTTGCCATTC
TCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAG
GGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGAT
CTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTT
CAAAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGAT
GAGTTTTTCTAATCAGAATTGGTTAATTGGTTGTAACACTGGCAGAGCATTACGCTGACT
TGACGGGACGGCGCAAGCTCATGACCAAAATCCCTTAACGTGAGTTACGCGTCGTTCCAC
TGAGCGTCAGAC

[0211] 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: 104 or 105, 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.

[0212] 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: 104 or 105,
wherein "N" represents any one of A, T (or U), C, or G; and wherein "n" represents any integer, 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.

[0213] Non-limiting examples of constructs of the present and of RNA transcripts
transcribed from the DNA genetic constructs disclosed herein are shown in Table 11.

Table 11. Exemplary genetic constructs and exemplary RNA transcripts transcribed from the DNA

genetic constructs disclosed herein.

SEQ DEECRIPTIO | SEQUENCE

ID N

NO

104 GgAGACCCUCGGGUUGUUGGAGAUCUCUGGCgUCccuuccugggaacuugguaageca

aauagacucccucugggaaaccagaggaggaguaagagcaaucuuacuuaucgucuag

1 RNA of uggguaaaagacauaauaggaagcaaaugcuugguuguaacgaucgagauagaaucug
trangcribe | uugauuuaagcugaaaggcugcagacuuauluaaauggguguucugcuguauggeguuc
d region gcgecuaagcagcagaaugegugagoogugugoegaugaaagucgeaagecacgguucug

auggggggaaaacgagagaucgucuaccuAuccaacuCacaAGCUGAGACGGCGCCGA
UGGAUAGCGGACUUUCGGUCAACCACAAUUCCCCACGAGACAGGUCCUGCCGUAAAAA
CAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACA (N) nAAAAAACAA
AAAACAAAACCUUCUCAUGACUGAACUCGCGAGGGUCGUGAUGUCGGUUCCUUCAAAG
GUUAAAGAACAAAGGCUUACUGacuguuuauuaaaaaGUGCGACAAGAAGUUCAGGAA
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GGGAUUGAGGUGAAAGUCCUCCUCCCGAAUCGUUCAUGGGAGAGUCUAUCCAGACUUG
CGUAGCGAGUAAUCGCUAGGUGAGAAGCUCUGGAGACAAUGUACCUGCCCUUCAAUUG
GAGGUGCCAGGGCUAGGCUUUGUUCCUAUGGCUAGCGAAAGCGAAUACAGGUUAUUAG
GCGUCGUGAAAACAAAACUCUUUCGAaCAaUaagggagaggcucguagaugaguuacccu
ccuuuuuaugggguaacugaacgaucaauaucuaccggocguagacugugagecuaaag
gaaacgaaugaaaguGCCAGAGAUCUCCAACAACC

GgAGACCCUCGGGUUGUUGGAGAUCUCUGGCegegccuaagcagcagaaugcgugage
cgugugcgaugaaagucgcaagcacgguucugauggggggaaaacgagagaucgucua
ccuAuccaacuCacaAGCUGAGACGGCGCCGAUGGAUAGCGGACUUUCGGUCAACCAC
AAUUCCCCACGAGACAGGUCCUGCCGUAAAAACAAAAAACAAANAAANCAAAAAANNA
ACCAAAAAAACAAAACACA (N) nAAAAAACAAAAAACAAAACCUUCUCAUGACUGAAC
UCGCGAGGGUCGUGAUGUCGGUUCCUUCAAAGGUUAAAGAACAAAGGCUUACUGacug
uuuauuaaaaaGUGCGACAAGAAGUUCAGGAAGGGAUUGAGGUGAAAGUCCUCCUCCC
GAAUCGUUCAUGGGAGAGUCUAUCCAGACUUGCGUAGCGAGUAAUCGCUAGGUGAGAA
GCUCUGGAGACAAUGUACCUGCCCUUCAAUUGGAGGUGCCAGGGCUAGGCUUUGUUCC
UAUGGCUAGCGAAAGCGAAUACAGGUUAUUAGGCGUCGUGAAAACAAAACUCUUUCTA
cauaagggagaggcucguagaugaguuacccuccuuuuuaugggguaacugaacgauc
aauaucuaccggcguagacugugagccuaaaggaaacgaaugaaagugucccuuccug
ggaacuugguaagcccaauagacucccucugggaaaccagaggaggaguaagagcaau
cuuacuuaucgucuaguggguaaaagacauaauaggaagcaaaugcuugguuguaacg
aucgagauagaaucuguugauuuaagcugaaaggcugcagacuuauuaaauggguguu
cugcuguauggceguuGCCAGAGAUCUCCAACAACC

105

111 Vectors

[0214] 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.
[0215] 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
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 vifro and transcription.
[0216] 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.
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[0217] 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.

[0218] 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).

[0219] 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).

[0220] In some aspects, the vectors disclosed herein as disclosed herein comprises 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 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.

[0221] 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, W0O2009075886, W02007025008, U.S.
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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.

[0222] 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.

[0223] 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:
92 or 93. 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: 92 or 93.

[0224] 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
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 aspects, the length of a DNA, linear
RNA, and/or circular RNA polynucleotide provided herein is about 300 nt, 400 nt, 500 nt, 600 nt,
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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

[0225] 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, a-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.

[0226] 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

[0227] 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
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,
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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.

[0228] 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
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
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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.

[0229] 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
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,
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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.

[0230] 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)
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
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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.

[0231] 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
to a cell. In some aspects, the cell is comprised in an organism. In some aspects, the organism is a
human.

[0232] 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
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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.

[0233] 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
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. 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
to a cell. In some aspects, the cell is comprised in an organism. In some aspects, the organism is a

human.
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[0234] 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.

[0235] 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)).

[0236] 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-p1,
RIG-I, IL-2, IL-6, IFNy, and/or TNFa 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).

[0237] 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
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)).

[0238] 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 circRNA comprising
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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).

[0239] 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 Sp6).

[0240] 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 circRNAgs, 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.

[0241] 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.

[0242] 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
a multicellular organism and the pre-circRNAs circularize in the cell comprised in the multicellular
organism.

[0243] 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

[0244] In some aspects, the pre-circRNA comprises a complete 5' splice site and a complete
3' splice site. In the aspects, circularization of the pre-circRNA takes place by a two-step
transesterification reaction with an endogenous bulged adenosine located in domain VI with its 2'—
OH acting as an initiating nucleophile. Binding of the bulged adenosine in the catalytic core in
domain V positions the 2'-“OH of adenosine to attack the 5' splice site. During the first
transesterification step the adenosine is attached to the 5'-end of the intron RNA by a 2'-5'
phosphodiester bond, creating a branched lariat between the 3’ intron and the 5’ intron. This step
is facilitated by the binding of Intron Binding Site 1 (IBS1) to Exon Binding Site 1 (EBS1) - and
the IBS2 with EBS2 in group IIA and IIB introns - which position the adenosine and 5 splice site
in the catalytic core (triad). This step is followed by conformational changes aided by tertiary
interactions — delta-delta' or IBS3-EBS3 for group IIA or B and C, respectively — that allow the 3’
splice site to trade positions with the adenosine and occupy the catalytic core (triad) to initiate the
second transesterification reaction. The 3'-OH of the exon attacks the 3' splice site promoting the
ligation and therefore circularization of the exon and the release of the branched intron RNA.
[0245] In some aspects, the pre-circRNA comprises a complete 3' splice site and a free 3’-
OH between the most 3” of the exon and 5° of the conserved GUGYG site. In the aspects,
circularization of the pre-circRNA takes place by a one-step transesterification reaction where the
exon's Y within the AY conserved region (3 splice site) occupies the catalytic core (triad) to
initiate the transesterification reaction. The 3'-OH of the exon attacks the 3’ splice site (an
interaction facilitated by delta-delta’ or IBS3-EBS3 for group IIA or B and C, respectively)

promoting the ligation and circularization of the exon and the release of the intron RNA.
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VIII. Compositions Comprising the Genetic Constructs and Methods of Making circRNAs
[0246] 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.
[0247] In some aspects, the additional component is additional protein machinery (e.g.,
spliceosomal machinery including U1 snRNP, U2AF, U2 snRNP, and U4, U5, and U6 snRNPs).
In some aspects, the protein machinery can be used in compositions comprising the pre-circRNAs
disclosed herein to produce a circRNA.

[0248] 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
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+).

[0249] 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.

[0250] 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.
[0251] 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.

[0252] 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.
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[0253] 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 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.

[0254] 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.
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[0255] 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).

[0256] In some aspects, provided herein is a method of making circular RNA. In some
aspects, the method comprises synthesizing pre-circRNAs by transcription (e.g., run-off
transcription) using a vector provided herein as a template, and incubating the resulting precursor
RNA in the presence of divalent cations (e.g., magnesium ions) such that it circularizes to form
circRNAs. Alternatively, the pre-circRNAs can be chemically synthesized and then incubated in
the presence of divalent cations (e.g., magnesium ions) such that it circularizes to form circRNAs.
In some aspects, pre-circRNAs disclosed herein is capable of circularizing in the absence of
magnesium ions and GTP and/or without the step of incubation with magnesium ions and GTP.
Without wishing to be bound to any theory, circRNAs has reduced immunogenicity relative to a
corresponding mRNA, at least partially because the mRNA contains an immunogenic 5’ cap. When
transcribing a DNA vector from certain promoters (e.g., a T7 promoter) to produce a precursor
RNA, the 5’ end of the precursor RNA is generally GTP. To reduce the immunogenicity of a
circular RNA composition that contains a low level of contaminant linear mRNA, an excess of
GMP relative to GTP can be provided during transcription such that most transcripts contain a 5’
GMP, which cannot be capped. Therefore, in some aspects, transcription is carried out in the
presence of an excess of GMP. In some aspects, transcription is carried out where the ratio of GMP
concentration to GTP concentration is within the range of about 3:1 to about 15:1, for example,
about 3:1 to about 10:1, about 3:1 to about 5:1, about 3:1, about 4:1, or about 5:1.

[0257] 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 TNFo than immune cells exposed to an unpurified composition.

IX.  Pharmaceutical Compositions

[0258] 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.

[0259] Acceptable carriers and excipients, or stabilizers are nontoxic to recipients at the
dosages and concentrations used, and comprises buffers such as phosphate, citrate, and other
organic acids; antioxidants including ascorbic acid and methionine; preservatives (such as
octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium chloride,
benzethonium chloride; phenol, butyl, or benzyl alcohol; alkyl parabens such as methyl or propyl
paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less
than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone, amino acids such as
glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides, and
other carbohydrates including glucose, mannose, or dextrans; chelating agents such as EDTA;

sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium;
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metal complexes (e.g., Zn-protein complexes); and/or non-ionic surfactants such as TWEEN™,
PLURONICS™ or polyethylene glycol (PEG).

[0260] In some aspects, the compositions provided herein comprise a therapeutic agent
provided herein in combination with other pharmaceutically active agents or drugs, such as anti-
inflammatory drugs or antibodies.

[0261] With respect to pharmaceutical compositions, the pharmaceutically acceptable
carrier can be any of those conventionally used and is limited only by chemico-physical
considerations, such as solubility and lack of reactivity with the active agent(s), and by the route
of administration. The pharmaceutically acceptable carriers described herein, for example,
vehicles, adjuvants, excipients, and diluents, are well-known to those skilled in the art and are
readily available to the public. The pharmaceutically acceptable carrier be one which is chemically
inert to the therapeutic agent(s) and one which has no detrimental side effects or toxicity under the
conditions of use.

[0262] The choice of carrier will be determined in part by the particular therapeutic agent,
as well as by the particular method used to administer the therapeutic agent. Accordingly, there are
a variety of suitable formulations of the pharmaceutical compositions provided herein.

[0263] In some aspects, the pharmaceutical composition comprises a preservative. Suitable
preservatives may include, for example, methylparaben, propylparaben, sodium benzoate, and
benzalkonium chloride. Optionally, a mixture of two or more preservatives may be used. The
preservative or mixtures thereof are typically present in an amount of about 0.0001% to about 2%
by weight of the total composition. In some aspects, the pharmaceutical composition comprises a
buffering agent. Suitable buffering agents may include, for example, citric acid, sodium citrate,
phosphoric acid, potassium phosphate, and various other acids and salts. A mixture of two or more
buffering agents optionally may be used. The buffering agent or mixtures thereof are typically
present in an amount of about 0.001% to about 4% by weight of the total composition.

[0264] In some aspects, the concentration of therapeutic agent in the pharmaceutical
composition can vary, e.g. , less than about 1%, or at least about 1%, 2%, 3%, 4%, 5%, 6%, 7%,
8%, 9% 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, or about 50% or more by weight, and can
be selected primarily by fluid volumes, and viscosities, in accordance with the particular mode of
administration selected.

[0265] In some aspects, the therapeutic agents are formulated in time-released, delayed

release, or sustained release delivery systems such that the delivery of the composition occurs prior
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to, and with sufficient time to cause, sensitization of the site to be treated. Such systems can avoid
repeated administrations of the therapeutic agent, thereby increasing convenience to the subject
and the physician, and may be particularly suitable for certain composition aspects provided herein.
In some aspects, the compositions of the invention are formulated such that they are suitable for
extended-release of the circRNA contained therein. Such extended-release compositions may be
conveniently administered to a subject at extended dosing intervals. In some aspects, the
compositions of the present invention are administered to a subject twice day, daily or every other
day. In some aspects, the compositions of the present invention are administered to a subject twice
a week, once a week, every ten days, every two weeks, every three weeks, every four weeks, once
a month, every six weeks, every eight weeks, every three months, every four months, every six
months, every eight months, every nine months or annually.

[0266] In some aspects, a product (e.g., a protein) encoded by a circRNA disclosed herein,
is produced by a target cell for sustained amounts of time. For example, the product (e.g., a protein)
may be produced for more than one hour, more than four, more than six, more than 12, more than
24, more than 48 hours, or more than 72 hours after administration. In some aspects, the product
(e.g., a protein) is expressed at a peak level about six hours after administration. In some aspects,
the expression of the product (e.g., a protein) is sustained at least at a therapeutic level. In some
aspects, the product (e.g., a protein) is expressed at least at a therapeutic level for more than one,
more than four, more than six, more than 12, more than 24, more than 48, or more than 72 hours
after administration. In some aspects, the product (e.g., a protein) is detectable at a therapeutic level
in patient serum or tissue. In some aspects, the level of detectable product (e.g., a protein) is from
continuous expression from the circRNA composition over periods of time of more than one, more
than four, more than six, more than 12, more than 24, more than 48, or more than 72 hours after
administration.

[0267] Suitable examples of sustained-release preparations include semipermeable
matrices of solid hydrophobic polymers containing the nanoparticles which matrices are in the
form of shaped articles, e.g., films or microcapsules. Examples of sustained-release matrices
include, but are not limited to, polyesters, hydrogels (for example, poly(2-hydroxyethyl-
methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), copolymers of L-
glutamic acid and 7 ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic

acid-glycolic acid copolymers such as the LUPROM DEPOT™ (injectable microspheres
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composed of lactic acid-glycolic acid copolymer and leuprolide acetate), sucrose acetate
isobutyrate, and poly-D-(-)-3-hydroxybutyric acid.

[0268] In some aspects, suitable surface-active agents include, but are not limited to, non-
ionic agents, such as polyoxyethylenesorbitans (e.g., TWEEN™ 20, 40, 60, 80 or 85) and other
sorbitans (e.g., SPAN™ 20, 30, 60, 80, or 85). In some aspects, compositions with a surface-active
agent comprise between 0.05 and 5% surface-active agent. In some aspects the composition
comprises 0.1 and 2.5%. It will be appreciated that other ingredients can be added, for example
mannitol or other pharmaceutically acceptable vehicles, if necessary.

[0269] In some aspects, a product (e.g., a protein) encoded by a circRNA disclosed herein
is produced at levels above normal physiological levels. The level of the product (e.g., a protein)
may be increased as compared to a control. In some aspects, the control is the baseline
physiological level of the protein in a normal individual or in a population of normal individuals.
In some aspects, the control is the baseline physiological level of the protein in an individual having
a deficiency in the relevant protein or in a population of individuals having a deficiency in the
relevant protein. In some aspects, the control can be the normal level of the relevant protein in the
individual to whom the composition is administered. In some aspects, the control is the expression
level of the protein upon other therapeutic intervention, e.g., upon direct injection of the
corresponding protein, at one or more comparable time points.

[0270] In some aspects, the levels of a product (e.g., a protein) encoded by a circRNA
disclosed herein are detectable at 3 days, 4 days, 5 days, or 1 week or more after administration.
Increased levels of secreted protein may be observed in the serum and/or in a tissue (e.g., liver or
lung).

[0271] In some aspects, the method yields a sustained circulation half-life a product (e.g.,
a protein) encoded by a circRNA disclosed herein. For example, the product (e.g., a protein) may
be detected for hours or days longer than the half-life observed via subcutaneous injection of the
protein or mRNA encoding the protein. In some aspects, the half-life of the product (e.g., a protein)
is 1 day, 2 days, 3 days, 4 days, 5 days, or 1 week or more.

[0272] In some aspects, the pharmaceutical composition is in unit dosage forms such as
tablets, pills, capsules, powders, granules, solutions or suspensions, or suppositories, for oral,
parenteral, or rectal administration, or administration by inhalation or insufflation.

[0273] For preparing solid compositions such as tablets, the principal active ingredient can

be mixed with a pharmaceutical carrier, e.g., conventional tableting ingredients such as corn starch,
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lactose, sucrose, sorbitol, talc, stearic acid, magnesium stearate, dicalcium phosphate or gums, and
other pharmaceutical diluents, e.g., water, to form a solid preformulation composition containing
a homogenous mixture of a compound of the present disclosure, or a non-toxic pharmaceutically
acceptable salt thereof. When referring to these preformulation compositions as homogeneous, it
is meant that the active ingredient is dispersed evenly throughout the composition so that the
composition can be readily subdivided into equally effective unit dosage forms such as tablets,
pills, and capsules. This solid preformulation composition is then subdivided into unit dosage
forms of the type described above containing from about 0.1 to about 500 mg of the active
ingredient of the present disclosure. The tablets or pills of the novel composition can be coated or
otherwise compounded to provide a dosage form affording the advantage of prolonged action. For
example, the tablet or pill can comprise an inner dosage and an outer dosage component, the latter
being in the form of an envelope over the former. The two components can be separated by an
enteric layer that serves to resist disintegration in the stomach and permits the inner component to
pass intact into the duodenum or to be delayed in release. A variety of materials can be used for
such enteric layers or coatings, such materials include a number of polymeric acids and mixtures
of polymeric acids with such materials as shellac, cetyl alcohol, and cellulose acetate.

[0274] Suitable emulsions can be prepared using commercially available fat emulsions,
such as INTRALIPID™, LIPOSYN™ INFONUTROL™, LIPOFUNDIN™  and
LIPIPHYSAN™. The active ingredient can be either dissolved in a pre-mixed emulsion
composition or alternatively it can be dissolved in an oil (e.g., soybean oil, safflower oil, cottonseed
oil, sesame oil, corn oil, or almond oil) and an emulsion formed upon mixing with a phospholipid
(e.g., egg phospholipids, soybean phospholipids, or soybean lecithin) and water. It will be
appreciated that other ingredients can be added, for example glycerol or glucose, to adjust tonicity
of the emulsion. Suitable emulsions will typically contain up to about 20% oil, for example,
between about 5 and about 20%. The fat emulsion can comprise fat droplets having a suitable size
and can have a pH in the range of about 5.5 to about 8.0.

[0275] Pharmaceutical compositions for inhalation or insufflation include solutions and
suspensions in pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and
powders. The liquid or solid compositions can contain suitable pharmaceutically acceptable
excipients as set out above. In some aspects, the composition is administered by the oral or nasal

respiratory route for local or systemic effect.
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[0276] Compositions in pharmaceutically acceptable solvents can be nebulized by use of
gases. Nebulized solutions can be breathed directly from the nebulizing device or the nebulizing
device can be attached to a face mask, tent or intermittent positive pressure breathing machine.
Solution, suspension, or powder compositions can be administered from devices which deliver the
formulation in an appropriate manner.

[0277] The pharmaceutical compositions to be used for in vivo administration must be
sterile. This is readily accomplished by, for example, filtration through sterile filtration
membranes. The nanoparticles can be placed into a container having a sterile access port, for
example, an intravenous solution bag or vial having a stopper pierceable by a hypodermic injection
needle.

[0278] 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.

[0279] In some aspects, the pharmaceutical composition can be formulated for

intramuscular injection, intravenous injection, or subcutaneous injection.

X Therapeutic Applications

[0280] In some aspects of the disclosure, the DNA genetic construct from which a pre-
circRNA can be transcribed, a pre-circRNA, or a circRNA, and/or pharmaceutical compositions
described herein (also collectively referred to herein as "therapeutic compositions") are used to
treat a disease or disorder. As is apparent from the present disclosure, any of the therapeutic
compositions provided herein can be used to treat a wide range of diseases or disorders. Any
suitable disease or disorder whether in a therapeutic agent can be encoded by the payload sequence
of a genetic construct or circRNA provided herein. Accordingly, some aspects of the present
disclosure relates to a method of treating a disease or disorder in a subject in need thereof,
comprising administering to the subject any of the therapeutic compositions provided herein (e.g.,

circRNA).
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[0281] In some aspects, any of the therapeutic compositions described herein is
administered to a subject in need thereof via a suitable route, such as intratumoral administration,
intravenous administration (e.g., as a bolus or by continuous infusion over a period of time), by
intramuscular, intraperitoneal, intracerebospinal, subcutaneous, intra-articular, intrasynovial,
intrathecal, oral, inhalation, or topical routes. Commercially available nebulizers for liquid
formulations, including jet nebulizers and ultrasonic nebulizers are useful for administration.
Liquid formulations can be nebulized and lyophilized powder can be nebulized after reconstitution.
In some aspects, the pharmaceutical composition described herein is aerolized using a fluorocarbon
formulation and a metered dose inhaler, or inhaled as a lyophilized and milled powder. In some
aspects, the pharmaceutical composition described herein is formulated for intratumoral injection.
In some aspects, the pharmaceutical composition described herein is administered to a subject via
a local route, for example, injected to a local site such as a tumor site or an infectious site. In some
aspects, the subject is a human.

[0282] As will be apparent from the present disclosure, in some aspects, the therapeutic
compositions described herein are administered to a subject in an effective amount to confer a
therapeutic effect, either alone or in combination with one or more other active agents. In some
aspects, the therapeutic compositions are administered to a subject suffering from a cancer, and the
therapeutic effect comprises reduced tumor burden, reduction of cancer cells, increased immune
activity, or combinations thereof. Whether the administered therapeutic composition (e.g., a
nanoparticle, such as a LNP or LLN) achieved the therapeutic effect can be determined using any
suitable methods known in the art (e.g., measuring tumor volume and/or T cell activity). Effective
amounts vary, as recognized by those skilled in the art, depending on the particular condition being
treated, the severity of the condition, the individual patient parameters including age, physical
condition, size, gender and weight, the duration of the treatment, the nature of the concurrent
therapy (if any), the specific route of administration and like factors within the knowledge of
expertise of the health practitioner.

[0283] Empirical considerations, such as the half-life, generally will contribute to the
determination of the dosage. Frequency of administration can be determined and adjusted over the
course of therapy, and is generally, but not necessarily, based on treatment and/or suppression
and/or amelioration and/or delay of a target disease/disorder. Alternatively, sustained continuous
release formulations of a therapeutic composition described herein (e.g., circRNA) can be

appropriate. Various formulations and devices for achieving sustained release are known in the art.
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[0284] In some aspects of the disclosure, the treatment is a single injection of the
therapeutic composition disclosed herein. In some aspects, the single injection is administered
intratumorally to the subject in need thereof.

[0285] In some aspects of the disclosure, dosages for a therapeutic composition described
herein can be determined empirically in individuals who have been given one or more
administration(s) of the therapeutic composition (e.g., circRNA). In some aspects, the individuals
are given incremental dosages of the therapeutic composition described herein. To assess efficacy
of the therapeutic composition herein, an indicator of disease/disorder can be followed. For
repeated administrations over several days or longer, depending on the condition, in some aspects,
the treatment is sustained until a desired suppression of symptoms occurs or until sufficient
therapeutic levels are achieved to alleviate a target disease or disorder, or symptom thereof.
[0286] In some aspects of the disclosure, the method comprises administering to a subject
in need thereof one or multiple doses of a therapeutic composition described herein.

[0287] In some aspects, the therapeutic composition described herein is co-administered
with at least one additional suitable therapeutic agent. In some aspects, the therapeutic composition
described herein and the at least one additional therapeutic agent are administered to the subject in
a sequential manner, i.e., each therapeutic agent is administered at a different time. In some aspects,
the therapeutic composition described herein and the at least one additional therapeutic agent are
administered to the subject in a substantially simultaneous manner.

[0288] In some aspects, a therapeutic application described herein comprises producing the
encoded payload in a target cell. Accordingly, in some aspects, the present disclosure relates to a
method of selectively producing a payload in a target cell. In some aspects, the method comprises
contacting a target cell with any of the genetic constructs, circRNAs, or compositions described
herein (e.g., circRNA) under conditions suitable for producing the encoded payload. In some
aspects, the contacting occurs in vivo (e.g., by administering the circRNA to a subject). In some
aspects, the contacting occurs ex vivo (e.g., by culturing cells with the circRNA in vitro). Cells
(e.g., host cells) comprising the genetic constructs, the circRNA, or any of the compositions
described herein are encompassed herein. Non-limiting examples of cells that can be used include
immortal hybridoma cell, NS/0 myeloma cell, 293 cell, Chinese hamster ovary (CHO) cell, HeLa

cell, human amniotic fluid-derived cell (CapT cell), COS cell, or combinations thereof.



WO 2025/122609 PCT/US2024/058456
-03 -

XI.  Kits for Use in Therapy

[0289] The present disclosure also provides kits for use in therapy. In some aspects, the kit
includes one or more containers comprising a composition described herein.

[0290] In some aspects, the kit comprises instructions for use in accordance with any of the
methods described herein. For example, the included instructions can comprise a description of
administration of the pharmaceutical composition described herein to treat, delay the onset, or
alleviate a target disease. In some aspects, the instructions comprise a description of administering
the composition described herein to a subject at risk of a target disease.

[0291] In some aspects, the instructions comprise dosage information, dosing schedule,
and route of administration. In some aspects, the containers are unit doses, bulk packages (e.g.,
multi-dose packages) or sub-unit doses. In some aspects, the instructions are written instructions
on a label or package insert (e.g., a paper sheet included in the kit). In some aspects, the instructions
are machine-readable instructions (e.g., instructions carried on a magnetic or optical storage disk).
[0292] In some aspects, the kits described herein are in suitable packaging. In some aspects,
suitable packing comprises vials, bottles, jars, flexible packaging (e.g., seal Mylar or plastic bags),
or combinations thereof. In some aspects, the packaging comprises packages for use in
combination with a specific device such as an inhaler, nasal administration device (e.g., an
atomizer), or an infusion device such as a minipump. In some aspects, the kit comprises a sterile
access port (for example the container can be an intravenous solution bag or a vial having a stopper
pierceable by a hypodermic injection needle). In some aspects, the container can also have a sterile
access port (for example the container can be an intravenous solution bag or a vial having a stopper
pierceable by a hypodermic injection needle). In some aspects, at least one active agent is a
composition as described herein.

[0293] In some aspects, the kits further comprise additional components such as buffers
and interpretive information. In some aspects, the kit comprises a container and a label or package
insert(s) on or associated with the container. In some aspects, the disclosure provides articles of

manufacture comprising the contents of the kits described herein.

XII.  General Techniques

[0294] 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;
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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 12: Sequence Table (N indicates any nucleotide (A, T, U, C, or G); "n: indicates any integer;

"A"indicates the location of the phosphodiester bond that is cleaved during splicing).

SEQ ID | DESCRIPTION SEQUENCE

NO

11 Pylaiella CCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTA
litteralis 1 ATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTG
Piasmid {(DN&) CCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGA

GCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCAC
TTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTA
CCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCA
AGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCG
TGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTA
CAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGAC
AGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTT
CCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTC
TGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGG
AAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCT
TTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGT
ATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAG
CGCAGCGAGTCAGTGAGCGAGGAAGCGGAGGAGCGCCCAATACGCAAACCG
CCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTT
CCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATACGCGTACCGCT
AGCCAGGAAGAGTTTGTAGAAACGCAAAAAGGCCATCCGTCAGGATGGCCT
TCTGCTTAGTTTGATGCCTGGCAGTTTATGGCGGGCGTCCTGCCCGCCACC
CTCCGGGCCGTTGCTTCACAACGTTCAAATCCGCTCCCGGCGGATTTGTCC
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TACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAAAGGCCCAGT
CTTCCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCAGTTCCCTACTCTC
GCGTTAACGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAAAACGACG
GCCAGTCTTAAGCTCGGCTCTTCGCACTAATACGACTCACTATAGgYAGAC
CCTCGGGTTGTTGGAGATCTCTGGCgteecttectgggaacttggtaagee
caatagactcccectetgggaaaccagaggaggagtaagagcaatcttactta
tegtectagtgggtaaaagacataataggaagcaaatgettggttgtaacga
tecgagatagaatctgttgatttaagetgaaaggcetgecagacttattaaatyg
ggtgttetgetgtatggegttegegectaagecagecagaatgegtgageegt
gtgcgatgaaagtegecaagcacggttcetgatggggggaaaacgagagateg
tctacctAtccaactCacaAGCTGAGACGGCGCCGATGGATAGCGGACTTT
CGGTCAACCACAATTCCCCACGAGACAGGTCCTGCCGTAAAAACAAAAAAC
AAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGT
GGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGG
TACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGT
AACACACACCGATCAACAGTCAGCGTGGCACACCAGCCACGTTTTGATCAA
GCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCGGTTGAA
GGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACC
GTGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTC
GATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCG
GCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAA
GAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCC
TAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGGGC
AACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCC
TATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATT
GGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGT
TTATACCACTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGT
TGAATACAGCAAAatggtgagcaagggcgaggagctgttcaceggggtggt
gcccatcectggtegagetggacggecgacgtaaacggecacaagttecagegt
gteceggegagggecgagggegatgecacctacggecaagetgacectgaagtt
catctgecaccaccecggeaagetgeecegtgeeectggeccacectegtgacecac
cctgacctacggegtgecagtgettcageecgetaceceecgaccacatgaagea
gcacgacttcettecaagtecgecatgecegaaggetacgteccaggagegeac
catcttettcaaggacgacggcaactacaagaccegegecgaggtgaagtt
cgagggcgacaccctggtgaaccgecatecgagetgaagggcategacttcaa
ggaggacggcaacatcctggggcacaagcetggagtacaactacaacageca
caacgtctatatcatggececgacaagcagaagaacggcatcaaggtgaactt
caagatccgccacaacatcgaggacggcagegtgecagetegecgaccacta
ccagcagaacacccccateggegacggececegtgetgetgeccgacaaccea
ctacctgagcacccagteegecctgagcaaagaccccaacgagaagegega
tcacatggtcctgetggagttegtgaccgeecgecgggatcacteteggeat
ggacgagctgtacaagtaaAAAAAACAAAAAACAAAACCTTCTCATGACTG
AACTCGCGAGGGTCGTGATGTCGGTTCCTTCAAAGGTTAAAGAACAAAGGC
TTACTGactgtttattaaaaaGTGCGACAAGAAGTTCAGGAAGGGATTGAG
GTGAAAGTCCTCCTCCCGAATCGTTCATGGGAGAGTCTATCCAGACTTGCG
TAGCGAGTAATCGCTAGGTGAGAAGCTCTGGAGACAATGTACCTGCCCTTC
AATTGGAGGTGCCAGGGCTAGGCTTTGTTCCTATGGCTAGCGAAAGCGAAT
ACAGGTTATTAGGCGTCGTGAAAACAAAActctttcgacataagggagagyg
ctegtagatgagttaccectectttttatggggtaactgaacgatcaatate
tacecggegtagactgtgagectaaaggaaacgaatgaaagt GCCAGAGATC
TCCAACAACCATAAGAAGAGCATCCCATGGTCATAGCTGTTTCCTGGCAGC
TCTGGCCCGTGTCTCAAAATCTCTGATGTTACATTGCACAAGATAAAAATA
TATCATCATGAACAATAAAACTGTCTGCTTACATAAACAGTAATACAAGGG
GTGTTATGAGCCATATTCAACGGGAAACGTCGAGGCCGCGATTAAATTCCA
ACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGC
AATCAGGTGCGACAATCTATCGCTTGTATGGGAAGCCCGATGCGCCAGAGT
TGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGA
TGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGC
ATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCG
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GAAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATA
TTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTT
GTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAAT
CACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTA
ATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTTTGCCAT
TCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTA
TTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAA
TCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGT
TTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATC
CTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAT
CAGAATTGGTTAATTGGTTGTAACACTGGCAGAGCATTACGCTGACTTGAC
GGGACGGCGCAAGCTCATGACCAAAATCCCTTAACGTGAGTTACGCGTCGT
TCCACTGAGCGTCAGAC

12

Pylaiella
Livtoralis 2
Filaosmid (DNA)

CCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTA
ATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTG
CCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGA
GCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCAC
TTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTA
CCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCA
AGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCG
TGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTA
CAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGAC
AGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTT
CCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTC
TGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGG
AAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCT
TTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGT
ATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAG
CGCAGCGAGTCAGTGAGCGAGGAAGCGGAGGAGCGCCCAATACGCAAACCG
CCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTT
CCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATACGCGTACCGCT
AGCCAGGAAGAGTTTGTAGAAACGCAAAAAGGCCATCCGTCAGGATGGCCT
TCTGCTTAGTTTGATGCCTGGCAGTTTATGGCGGGCGTCCTGCCCGCCACC
CTCCGGGCCGTTGCTTCACAACGTTCAAATCCGCTCCCGGCGGATTTGTCC
TACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAAAGGCCCAGT
CTTCCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCAGTTCCCTACTCTC
GCGTTAACGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAAAACGACG
GCCAGTCTTAAGCTCGGCTCTTCGCACTAATACGACTCACTATAGgYAGAC
CCTCGGGTTGTTGGAGATCTCTGGCcgecgcctaagecagecagaatgegtgayg
cegtgtgegatgaaagtegecaagecacggttetgatggggggaaaacgagayg
atcgtctacctAtccaactCacaAGCTGAGACGGCGCCGATGGATAGCGGA
CTTTCGGTCAACCACAATTCCCCACGAGACAGGTCCTGCCGTAAAAACAAA
AAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGC
CTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATC
ACGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAG
AAGTAACACACACCGATCAACAGTCAGCGTGGCACACCAGCCACGTTTTGA
TCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCGGT
TGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAA
CACCGTGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCA
GGTCGATGAGTCACCGCATTCCCCACGGGCGACCGETGGCGGTGGCTGCGTT
GGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTG
CGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTA
ATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAAC
GGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTA
TTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGC
TATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTGTT
GGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTGTT
AAGTTGAATACAGCAAAatggtgagcaagggcgaggagctgttcacegggg
tggtgcccatcctggtegagetggacggcgacgtaaacggecacaagttca
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gegtgtecggegagggegagggegatgecacctacggcaagetgaceetga
agttcatctgecaccaccggecaagetgecegtgecctggeccaceectaegtga
ccaccctgacctacggegtgecagtgettcagecgetaccecgaccacatga
agcagcacgacttcettcaagteegecatgeccgaaggetacgtecaggage
gcaccatcttettecaaggacgacggcaactacaagaceccgegecgaggtga
agttcgagggcgacaccctggtgaacecgecatcgagectgaagggcategact
tcaaggaggacggcaacatcctggggcacaagctggagtacaactacaaca
gccacaacgtctatatecatggeccgacaagcagaagaacggcatcaaggtga
acttcaagatcecgcecacaacatcgaggacggcagegtgecagetegecgace
actaccagcagaacacccccateggegacggececegtgetgetgeecegaca
accactacctgagcacccagteegecctgagcaaagaccccaacgagaage
gcgatcacatggtcecctgetggagttegtgacegecgecgggatcacteteg
gcatggacgagctgtacaagtaaAAAAAACAAAAAACAAAACCTTCTCATG
ACTGAACTCGCGAGGGTCGTGATGTCGGTTCCTTCAAAGGTTAAAGAACAA
AGGCTTACTGactgtttattaaaaaGTGCGACAAGAAGTTCAGGAAGGGAT
TGAGGTGAAAGTCCTCCTCCCGAATCGTTCATGGGAGAGTCTATCCAGACT
TGCGTAGCGAGTAATCGCTAGGTGAGAAGCTCTGGAGACAATGTACCTGCC
CTTCAATTGGAGGTGCCAGGGCTAGGCTTTGTTCCTATGGCTAGCGAAAGC
GAATACAGGTTATTAGGCGTCGTGAAAACAAAActctttcgacataaggga
gaggctcecgtagatgagttaccctectttttatggggtaactgaacgatcaa
tatctaccggegtagactgtgagectaaaggaaacgaatgaaagtgteect
tcctgggaacttggtaageccaatagacteecctetgggaaaccagaggagg
agtaagagcaatcttacttatcecgtctagtgggtaaaagacataataggaag
caaatgcttggttgtaacgatecgagatagaatctgttgatttaagetgaaa
ggctgcagacttattaaatgggtgttcectgetgtatggegt tGCCAGAGATC
TCCAACAACCATAAGAAGAGCATCCCATGGTCATAGCTGTTTCCTGGCAGC
TCTGGCCCGTGTCTCAAAATCTCTGATGTTACATTGCACAAGATAAAAATA
TATCATCATGAACAATAAAACTGTCTGCTTACATAAACAGTAATACAAGGG
GTGTTATGAGCCATATTCAACGGGAAACGTCGAGGCCGCGATTAAATTCCA
ACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGC
AATCAGGTGCGACAATCTATCGCTTGTATGGGAAGCCCGATGCGCCAGAGT
TGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGA
TGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGC
ATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCG
GAAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATA
TTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTT
GTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAAT
CACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTA
ATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTTTGCCAT
TCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTA
TTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAA
TCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGT
TTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATC
CTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAAT
CAGAATTGGTTAATTGGTTGTAACACTGGCAGAGCATTACGCTGACTTGAC
GGGACGGCGCAAGCTCATGACCAAAATCCCTTAACGTGAGTTACGCGTCGT
TCCACTGAGCGTCAGAC

13

ggAGACCCTCGGGTTGTTGGAGATCTCTGGCgtcecttectgggaacttgg
taagcccaatagactccectetgggaaaccagaggaggagtaagagcaatcet
tacttatcgtctagtgggtaaaagacataataggaagcaaatgettggtty
taacgatcgagatagaatctgttgatttaagetgaaaggetgecagacttat
taaatgggtgttctgetgtatggegttegegectaagecagcagaatgegtg
agccegtgtgegatgaaagtegecaagecacggttetgatggggggaaaacgag
agatcgtctacctAtccaactCacaAGCTGAGACGGCGCCGATGGATAGCG
GACTTTCGGTCAACCACAATTCCCCACGAGACAGGTCCTGCCGTAAAAACA
AAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACA
GCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTA
TCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTT
AGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACCAGCCACGTTTT
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GATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCG
GTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGT
AACACCGTGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGAT
CAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCG
TTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGG
TGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGC
TAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTA
ACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTT
TATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATA
GCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTG
TTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTG
TTAAGTTGAATACAGCAAAatggtgagcaagggcgaggagctgttecacegyg
ggtggtgceccatectggtegagetggacggegacgtaaacggecacaagtt
cagegtgteecggegagggegagggegatgecacctacggecaagetgacecet
gaagttcatctgcaccaccggcaagectgecegtgecctggeccacecectegt
gaccaccctgacctacggegtgcagtgettecagecgetacceccgaccacat
gaagcagcacgacttettcaagtcecegecatgececgaaggectacgtecagga
gcocgecaccatettettecaaggacgacggcaactacaagacecegegeacgaggt
gaagttcgagggcgacaccctggtgaaccgecatecgagetgaagggecatcecga
cttecaaggaggacggcaacatectggggcacaagetggagtacaactacaa
cagccacaacgtcectatatecatggecgacaagcagaagaacggcatcaaggt
gaacttcaagatccgeccacaacatcgaggacggcagegtgecagetegecga
ccactaccagcagaacacccccateggegacggeceegtgetgetgeececga
caaccactacctgagcacccagteegecctgagcaaagaccccaacgagaa
gcgcegatcacatggtectgetggagttegtgacegeecgeecgggatcactet
cggcatggacgagctgtacaagtaaAAAAAACAAAAAACAAAACCTTCTCA
TGACTGAACTCGCGAGGGTCGTGATGTCGGTTCCTTCAAAGGTTAAAGAAC
AAAGGCTTACTGactgtttattaaaaaGTGCGACAAGAAGTTCAGGAAGGG
ATTGAGGTGAAAGTCCTCCTCCCGAATCGTTCATGGGAGAGTCTATCCAGA
CTTGCGTAGCGAGTAATCGCTAGGTGAGAAGCTCTGGAGACAATGTACCTG
CCCTTCAATTGGAGGTGCCAGGGCTAGGCTTTGTTCCTATGGCTAGCGAAA
GCGAATACAGGTTATTAGGCGTCGTGAAAACAAAActctttcgacataagyg
gagaggctcegtagatgagttaccctectttttatggggtaactgaacgate
aatatctacecggegtagactgtgagectaaaggaaacgaatgaaagtGCCA
GAGATCTCCAACAACC

14

DNA of
transcribe

region

ggAGACCCTCGGGTTGTTGGAGATCTCTGGCegegectaagcagcagaatyg
cgtgagecgtgtgegatgaaagtegcaagecacggttetgatggggggaaaa
cgagagatcgtctacctAteccaactCacaAGCTGAGACGGCGCCGATGGAT
AGCGGACTTTCGGTCAACCACAATTCCCCACGAGACAGGTCCTGCCGTAAA
AACAAAAAACAAAAAAAACAAAAAAAAANACCAAAAAAACAAAACACATTAA
AACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCT
GGTATCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTA
ACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACCAGCCACG
TTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCA
CGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACC
TAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGT
AGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGETGGCGGTGGC
TGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGAC
ATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATG
CGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGT
CGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTC
ATTTTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCA
TATAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCC
TTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACATTACAATTC
ATTGTTAAGTTGAATACAGCAAAatggtgagcaagggcgaggagctgttcea
ceggggtggtgeccatectggtegagetggacggegacgtaaacggecaca
agttcagegtgtecggegagggegagggegatgecacctacggecaagetga
ccctgaagttecateotgecaccaccggcaagetgecegtgeecctggeccaccea
tegtgaccaccctgacctacggegtgcagtgettecageecgetacecececgace
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acatgaagcagcacgacttcttecaagtecgecatgeccgaaggetacgtee
aggagcgcaccatcecttettecaaggacgacggcaactacaagaceegaegeag
aggtgaagttcgagggcgacaccctggtgaaccgcatcgagetgaagggea
tecgacttcaaggaggacggcaacatcctggggcacaagetggagtacaact
acaacagccacaacgtcectatatcatggcecgacaagcagaagaacggecatca
aggtgaacttcaagatccgceccacaacatcgaggacggcagegtgecageteg
ccgaccactaccagcagaacaccceccateggegacggeceegtgetgetge
ccgacaaccactacctgagecacccagtecgecctgagcaaagaccccaacy
agaagcgcgatcacatggtectgetggagttegtgacecgeecgecgggatea
cteteggecatggacgagetgtacaagtaaAAAAAACAAAAAACAAAACCTT
CTCATGACTGAACTCGCGAGGGTCGTGATGTCGGTTCCTTCAAAGGTTAAA
GAACAAAGGCTTACTGactgtttattaaaaaGTGCGACAAGAAGTTCAGGA
AGGGATTGAGGTGAAAGTCCTCCTCCCGAATCGTTCATGGGAGAGTCTATC
CAGACTTGCGTAGCGAGTAATCGCTAGGTGAGAAGCTCTGGAGACAATGTA
CCTGCCCTTCAATTGGAGGTGCCAGGGCTAGGCTTTGTTCCTATGGCTAGC
GAAAGCGAATACAGGTTATTAGGCGTCGTGAAAACAAAACtctttecgacat
aagggagaggctegtagatgagttaccctectttttatggggtaactgaac
gatcaatatctaccggegtagactgtgagcectaaaggaaacgaatgaaagt
gtcccttectgggaacttggtaageccaatagactcecectetgggaaaccag
aggaggagtaagagcaatcttacttategtectagtgggtaaaagacataat
aggaagcaaatgcecttggttgtaacgatcgagatagaatetgttgatttaag
ctgaaaggctgcagacttattaaatgggtgttctgetgtatggegttGCCA
GAGATCTCCAACAACC

15

aiella
oralis
sy of

ggAGACCCUCGGGUUGUUGGAGAUCUCUGGCgUCcccuuccugggaacuugg
uaagcccaauagacucccucugggaaaccagaggaggaguaagagcaaucu
uacuuaucgucuaguggguaaaagacauaauvaggaagcaaaugcuugguug
uaacgaucgagauagaaucuguugauuuaagcugaaaggcugcagacuuau
uaaauggguguucugcuguauggeguucgaegecuaagecagcagaaugegug
agccgugugcgaugaaagucgcaagcacgguucugauggggggaaaacgag
agaucgucuaccuAuccaacuCacaAGCUGAGACGGCGCCGAUGGAUAGCG
GACUUUCGGUCAACCACAAUUCCCCACGAGACAGGUCCUGCCGUAAAAACA
AAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACAUUAAAACA
GCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUA
UCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUU
AGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUU
GAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCG
GUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGU
AACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAU
CAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCG
UUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGG
UGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGC
UAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUA
ACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUU
UAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUA
GCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUG
UUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUG
UUAAGUUGAAUACAGCAAAauUggUgagcaagggcgaggagcuguucacegyg
gguggugcccauccuggucgagcuggacggcegacguaaacggecacaaguu
cagcguguccggegagggegagggcgaugecaccuacggecaagcugacacu
gaaguucaucugcaccaccggcaagecugeccgugeccuggeccacacucgu
gaccacccugaccuacggegugcagugceuucageegaouaceeacgaccacau
gaagcagcacgacuucuucaaguccgccaugeccgaaggocuacguccagga
gcgeaccaucuucuucaaggacgacggcaacuacaagaccegegecgaggu
gaaguucgagggcgacaccouggugaaccgeaucgagecugaagggeaucga
cuucaaggaggacggcaacauccuggggcacaagcuggaguacaacuacaa
cagccacaacgucuauaucauggccgacaagcagaagaacggcaucaaggu
gaacuucaagauccgccacaacaucgaggacggcagegugcagacucgecga
ccacuaccagcagaacacccccaucggegacggeccegugeugeugeccga
caaccacuaccugagcacccaguccgeccugagcaaagaceccaacgagaa
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gcgcgaucacaugguccugcuggaguucgugaccgecgecgggaucacucu
cggcauggacgagcuguacaaguaaAAAAAACAAAAAACAAAACCUUCUCA
UGACUGAACUCGCGAGGGUCGUGAUGUCGGUUCCUUCAAAGGUUAAAGAAC
AAAGGCUUACUGacuguuuauuaaaaaGUGCGACAAGAAGUUCAGGAAGGG
AUUGAGGUGAAAGUCCUCCUCCCGAAUCGUUCAUGGGAGAGUCUAUCCAGA
CUUGCGUAGCGAGUAAUCGCUAGGUGAGAAGCUCUGGAGACAAUGUACCUG
CCCUUCAAUUGGAGGUGCCAGGGCUAGGCUUUGUUCCUAUGGCUAGCGAAA
GCGAAUACAGGUUAUUAGGCGUCGUGAAAACAAAACUCUUUCgacauaagy
gagaggcucguagaugaguuacccuccuuuuuaugggguaacugaacgauc
aauaucuaccggcguagacugugagccuaaaggaaacgaaugaaaguGCCA
GAGAUCUCCAACAACC

16

ggAGACCCUCGGGUUGUUGGAGAUCUCUGGCecgecgeccuaagcagcagaaug
cgugagccgugugcgaugaaagucgcaagcacgguucugauggggggaaaa
cgagagaucgucuaccuAuccaacuCacaAGCUGAGACGGCGCCGAUGGAU
AGCGGACUUUCGGUCAACCACAAUUCCCCACGAGACAGGUCCUGCCGUAAA
AACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACAUUAA
AACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCU
GGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUA
ACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACG
UUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCA
CGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACC
UAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGU
AGAUCAGGUCGAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGL
UGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGAC
AUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUG
CGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGU
CGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUC
AUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCA
UAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCC
UUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUC
AUUGUUAAGUUGAAUACAGCAARAaUggUgagcaagggcgaggagcuguuca
ccgggguggugcccauccuggucgagocuggacggecgacguaaacggecaca
aguucagcguguccggcgagggcgagggcgaugccaccuacggcaagcuga
cccugaaguucaucugcaccaccggcaagcugecegugeeccuggeccacce
ucgugaccacccugaccuacggcgugcagugcuucagecgecuaceecgacae
acaugaagcagcacgacuucuucaaguccgccaugcccgaaggcuacgucce
aggagcgcaccaucuucuucaaggacgacggcaacuacaagaceegegecyg
aggugaaguucgagggcgacacccuggugaaccgcaucgagcugaagggea
ucgacuucaaggaggacggcaacauccuggggcacaagcuggaguacaacu
acaacagccacaacgucuauaucauggccgacaagcagaagaacggcauca
aggugaacuucaagauccgccacaacaucgaggacggcagegugcageucyg
ccgaccacuaccagcagaacacccccaucggcgacggeccegugeugeuge
ccgacaaccacuaccugagcacccaguccgeccugagcaaagaccccaacyg
agaagcgcgaucacaugguccugcuggaguucgugaccgecgeecgggauca
cucucggcauggacgagcuguacaaguaaAAAAAACAAAAAACAAAACCUU
CUCAUGACUGAACUCGCGAGGGUCGUGAUGUCGGUUCCUUCAAAGGUUAAA
GAACAAAGGCUUACUGacuguuuauuaaaaaGUGCGACAAGAAGUUCAGGA
AGGGAUUGAGGUGAAAGUCCUCCUCCCGAAUCGUUCAUGGGAGAGUCUAUC
CAGACUUGCGUAGCGAGUAAUCGCUAGGUGAGAAGCUCUGGAGACAAUGUA
CCUGCCCUUCAAUUGGAGGUGCCAGGGCUAGGCUUUGUUCCUAUGGCUAGC
GAAAGCGAAUACAGGUUAUUAGGCGUCGUGAAAACAAAACUCUUUCgACAU
aagggagaggcucguagaugaguuacccuccuuuuuaugggguaacugaac
gaucaauaucuaccggcguagacugugagccuaaaggaaacgaaugaaagu
gucccuuccugggaacuugguaagcccaauagacuceccucugggaaacecag
aggaggaguaagagcaaucuuacuuaucgucuaguggguaaaagacauaau
aggaagcaaaugcuugguuguaacgaucgagauagaaucuguugauuuaag
cugaaaggcugcagacuuauuaaauggguguucugcuguauggcguuGCCA
GAGAUCUCCAACAACC

35

TAATACGACTCACTATAG
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36

SP6 RNAP (DNA)

CGACRTTATAG

37

SP3 RNAP (DNA)

IR TN D YT A TR B B Y
AATTAACCOTCACTARAG

38

T7 RNAP (RNA)

UAAUACGACUCACUAUAG

39

SP6 RNAP (RNA)

AUUUAGGUGACACUAUAG

40

SP3 RNAP (RNA)

AAUUAACCCUCACUAAAG

41

Enhanced green
fluorescent
protein (eGFP)

atggtgagcaagggcgaggagetgttecaceggggtggtgeccatectggte
gagctggacggcegacgtaaacggcecacaagttcagegtgtecggegaggge
gagggcgatgccacctacggcaagctgaccctgaagttecatectgeaccace
ggcaagctgecegtgecctggeccacectegtgaccacectgacctacgge
gtgcagtgcettecagecgetaccececgaccacatgaagecagecacgacttette
aagtccgccatgecccgaaggcectacgteccaggagegecaccatettettecaag
gacgacggcaactacaagacccgegecgaggtgaagttegagggegacace
ctggtgaaccgcatcecgagetgaagggcatecgacttcaaggaggacggcaac
atcctggggcacaagctggagtacaactacaacagccacaacgtctatate
atggccgacaagcagaagaacggcatcaaggtgaacttcaagatecegecac
aacatcgaggacggcagcegtgecagetegecgaccactaccagecagaacace
cccateggegacggeccegtgetgetgececgacaaccactacetgageace
cagtcecgecctgagcaaagaccccaacgagaagegegatcacatggtectyg
ctggagttegtgaccgeecgeegggatcacteteggecatggacgagetgtac
aagtaa

92

ATGAGCCATATTCAACGGGAAACGTCGAGGCCGCGATTAAATTCCAACATG
GATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCA
GGTGCGACAATCTATCGCTTGTATGGGAAGCCCGATGCGCCAGAGTTGTTT
CTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTC
AGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTT
ATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGAAAA
ACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTT
GATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAAT
TGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGA
ATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGC
TGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTTTGCCATTCTCA
CCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTT
GACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCA
GACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCT
CCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGAT
ATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAA

93

AUGAGCCAUAUUCAACGGGAAACGUCGAGGCCGCGAUUAAAUUCCAACAUG
GAUGCUGAUUUAUAUGGGUAUAAAUGGGCUCGCGAUAAUGUCGGGCAAUCA
GGUGCGACAAUCUAUCGCUUGUAUGGGAAGCCCGAUGCGCCAGAGUUGUUU
CUGAAACAUGGCAAAGGUAGCGUUGCCAAUGAUGUUACAGAUGAGAUGGUC
AGACUAAACUGGCUGACGGAAUUUAUGCCUCUUCCGACCAUCAAGCAUUUU
AUCCGUACUCCUGAUGAUGCAUGGUUACUCACCACUGCGAUCCCCGGAAAA
ACAGCAUUCCAGGUAUUAGAAGAAUAUCCUGAUUCAGGUGAAAAUAUUGUU
GAUGCGCUGGCAGUGUUCCUGCGCCGGUUGCAUUCGAUUCCUGUUUGUAAU
UGUCCUUUUAACAGCGAUCGCGUAUUUCGUCUCGCUCAGGCGCAAUCACGA
AUGAAUAACGGUUUGGUUGAUGCGAGUGAUUUUGAUGACGAGCGUAAUGGC
UGGCCUGUUGAACAAGUCUGGAAAGAAAUGCAUAAACUUUUGCCAUUCUCA
CCGGAUUCAGUCGUCACUCAUGGUGAUUUCUCACUUGAUAACCUUAUUUUU
GACGAGGGGAAAUUAAUAGGUUGUAUUGAUGUUGGACGAGUCGGAAUCGCA
GACCGAUACCAGGAUCUUGCCAUCCUAUGGAACUGCCUCGGUGAGUUUUCU
CCUUCAUUACAGAAACGGCUUUUUCAAAAAUAUGGUAUUGAUAAUCCUGAU
AUGAAUAAAUUGCAGUUUCAUUUGAUGCUCGAUGAGUUUUUCUAA

94

Bacterial
origin of
replication
for plasmid

CCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTA
ATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTG
CCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGA
GCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCAC
TTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTA
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maintenance
(pUC ORI)

CCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCA
AGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCG
TGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTA
CAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGAC
AGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTT
CCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTC
TGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGG
AAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCT
TTTGCTCACAT

95

Ul snRNP

AUACUUACCUGGCAGGGGAGAUACCAUGAUCACGAAGGUGGUUUUCCCAGG
GCGAGGCUUAUCCAUUGCACUCCGGAUGUGCUGACCCCUGCGAUUUCCCCA
AAUGUGGGAAACUCGACUGCAUAAUUUGUGGUAGUGGGGGACUGCGUUCGC
GCUUUCCCCUG

96

U2AF2

TCGGAGCAAGTCCGTGGAAGAAGCCAAAGACTGGGACGGATTGAATTGTTG
GAAGAACCCGAACTCGCAGAGGGGACTGGGCGCAGTGGCACACGAGGACAC
ACGGAAACCTCCGAACGTTGAGGAGATAATCTCGGAAAAGTTACGGAAACC
TGGGAAGTCGGCGAAACCCTACGTTCGGGTGTTTTCGGAAGCAGCCGAAGC
GGCCGCCTGCTTCGCCTTCGTCCAGTATCCGGAGATAGCCGAGGCGCTTCG
GAGCCAGGCTCGGGGGGAGGGGCAAGCTCGCGGGCGGGCGGGCGGGTGAGG
GGGCGGAGCCCGGGCGGGGCGGGGAGGGCTGCCGGAGGCTTGATTAGGTAG
GAGGTGGCGAAGCGCCGGCGGCGGCCGGAAGTAGCCGAAGCCAGCGGCGGA
AGTAGCCGAAGCGGCTGGAGCGGGCGGCAAGGCGAGGCGAAAGCTGCACAG
GGCCCTACGCGGCCGCCTCAGCATGTCGGACTTCGACGAGTTCGAGCGGCA
GCTCAACGAGAATAAACAAGGTGAGGGCACCGGGGTCGCGGGGCGGAGGTG
TGGGCGGCTCCTCGCGTCGCTCTTTGCCCCCCCGCCATTTTCTCCCTCGCT
TCCCCCCACTTCACGGCCGCGCGGCGCCCCCCAACCCTGGTTCCGTGGCGC
GCGCCTCGTTCACGTGACGTCCCCAGCGTTCCGCCGCGCGCTAGGCGAGGG
GAAGGGGGCGGCGGGGCGCGGGCCCGTGACGCATGCGCACGGCGGCTGTCC
CTGCGCCCCACGTGGTCCTGGCGGAGGTGGCGCGGGGGACGCGGCACGAGC
GCGCCAGATGCCTCGACGTGAACTTTTGTTTTTTAAAATCTTTTTGGTTTC
TCTGAAAAGGAGATTATGTTAGTCCCCGTAATCTCTTTTCTCCCGCTGCCT
TGGCACTTCCGCTTCCGGTCGGGCCCACGGCAGCGTCTCCACGCCCCCTTT
GTTTCCAAAATGGCGGTTGTGAGAACTTGGTGGGGGGGCCCCTTTCCTTCC
TTCACGTGGATGAGGGCAGAGCCGTTTCGGCGGATGCTTGGAGGCCACGGG
CCCCTCGCGTACCCCTTTTCCTTTTTGCTGATTTGCTCTGATCTCTCCCGC
CAGGTGGTTTCTGCCCCGTCTGTTGGTAGTGGGGCGCCTCATATTAACGTG
TTTGGCACATGTTGCCTAAAAGCATCTGCATTCTTTGAGTGTCCGCACGCA
CACATCCTGCATATGCGGGGCTTTTGGCGGTCCCGAGAATCGCGATATGGA
GTGTTTGAGACAAACCTCAAATCATTTACAATCCCAATCTCAGGGCACCTG
ATAATACTCAGTCTCAGATCTCAATATAGAGATAAG

97

U2 SnRNP

AUCGCUUCUCGGCCUUUUGGCUAAGAUCAAGUGUAGUAUCUGUUCUUAUCA
GUUUAAUAUCUGAUACGUCCUCUAUCCGAGGACAAUAUAUUAAAUGGAUUU
UUGGAGCAGGGAGAUGGAAUAGGAGCUUGCUCCGUCCACUCCACGCAUCGA
CCUGGUAUUGCAGUACCUCCAGGAACGGUGCACCC

98

U4

AGCUUUGCACAGUGGCAGUAUCAAACCCAGUGAGGUUUAUCUGUGGCAUGA
UUAUUGCUAAUUGAUACUUCCCUCUACAGGAAUUUAAACUUUCCUCUUCAG
GAAUGAAAGAUUGGGGUGGUGGGGAACUUCUCAAUACCCUGCCGGGAUGAU
UUGUAACACAGUUGGCAUUGGCAAUUUUUGACAGUCUCUAUAGAGA

99

U5

UUACUCUAGUUUCUCUUCAUAUCGCAUAAAUCUUUCGCCUUUUACUAAAGA
UUUCCGUGGAGAGGAAUAAUUCUGAGUUUUAAACCAAUUUUUUAGAGGUCU
UGCAUUUUUUAGCAAGGC

100

U6

GUUCUGCACUUGUAUCCCAGAACUUGAAAUAAAUUUUUUAAAAAAAGAAUA
UUAAAAAAAAAAAGUACUCACUUGGGCAGGUCACAUACUGAAAUUGGAGUU
AGCACGGCCCCUGUGCAAGGAUGCCAAGCAAAUCUGUGAAGCGUUUCGUAU
Uuuu

101

U2AF2

MSDFDEFERQLNENKQERDKENRHRKRSHSRSRSRDRKRRSRSRDRRNRDQ
RSASRDRRRRSKPLTRGAKEEHGGLIRSPRHEKKKKVRKYWDVPPPGFEHI
TPMQYKAMQAAGQIPATALLPTMTPDGLAVTPTPVPVVGSQMTRQARRLYV
GNIPFGITEEAMMDFFNAQMRLGGLTQAPGNPVLAVQINQDKNFAFLEFRS
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VDETTQAMAFDGIIFQGQSLKIRRPHDYQPLPGMSENPSVYVPGVVSTVVP
DSAHKLFIGGLPNYLNDDQVKELLTSFGPLKAFNLVKDSATGLSKGYAFCE
YVDINVTDQATAGLNGMQLGDKKLLVQRASVGAKNATLSTINQTPVTLQVP
GLMSSQVOMGGHPTEVLCLMNMVLPEELLDDEEYEEIVEDVRDECSKYGLV
KSIEIPRPVDGVEVPGCGKIFVEFTSVFDCQKAMQGLTGRKFANRVVVTKY
CDPDSYHRRDFW

Ul snRNP >URS000032B6B6 snRNA from 96 species

U2AF2 >ref|NC_OOOOl9.lO|:55654624—55655985 Homo sapiens
chromosome 19, GRCh38.pl4 Primary Assembly
U2 SnRNP >URS00003EE995 snRNA from 3 species

U4 >URS000067B062 snRNA from 2 species
Us >URS0000631BD4 snRNA from 2 species
U6 >URS00006767A8 snRNA from 2

species

Examples
[0295] 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.
[0296] The genetic constructs were cloned in a DNA vector (pUC plasmid vector). The
genetic constructs comprise SEQ ID NOs: 11-12. 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.
[0297] With respect to the genetic construct depicted in Fig. 1, the mechanism the
circularization reaction is as follows:
1) an unpaired adenosine located within the group II intron binds to the catalytic core (triad) in the
permuted 3’ intron,
2) the adenosine performs a nucleophilic attack using it’s 2°-OH on the 5’ splice site of the
permuted 5’ intron, cleaving the intron from the exonic sequence, forming a branched lariat
between the permuted 3’ and 5’ introns, and
3) the resulting 3°-OH of the exonic sequence then performs a nucleophilic attack of the phosphate
between the permuted 3’ intron and 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).
[0298] The intron comprised in the generated genetic constructs are a group Il introns. The
5' splice site, the 3' splice site, and the catalytic core (triad) are all involved in coordinating the
sequential cleavage-ligation reactions of group II introns. The endogenous A first binds the
catalytic core (triad) in a base triple with the intron. Magnesium ions help coordinate the
nucleophilic attack of the 2-OH of adenosine 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 Domain I. Intronic and
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exonic sequences base pair with each other in this region, which creates the specificity needed for
proper cleavage at the 5' splice site. The intron component is known as the exon binding site (EBS)
— ~6 bp of complementarity to the intron binding site (IBS). The IBS sequence is the exonic
sequence complementary to the EBS.

[0299] 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.

[0300] The present disclosure has been described above with the aid of functional building
blocks illustrating the implementation of specified functions and relationships thereof. The
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.

[0301] 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.

[0302] 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 comprises a 5' homology arm;
A comprises a 3' intronic sequence that is optionally derived from a Group II intron;
E comprises an exonic sequence (i.e., one or more exons or fragments thereof),
B comprises a 5' intronic sequence that is optionally derived from a Group II intron; and
H' comprises a 3' homology arm;
wherein at least one of the 3’ intronic sequence and the 5 intronic sequence is derived from a

Group II intron and wherein the genetic construct is capable of forming a circular RNA.

2. A genetic construct comprising 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 that is optionally derived from a Group II intron;
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 that is optionally derived from a Group II intron;
H' comprises a 3' homology arm;
wherein the promoter (P) is to be understood to be comprised in a DNA genetic construct, but not
in a RNA genetic construct, and
wherein at least one of the 3’ intronic sequence and the 5’ intronic sequence is derived from a

Group II intron.

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

sequence are derived from a Group II intron.

4. The genetic construct of any one of claims 1-3, wherein the 3’ intronic sequence and the 5’

intronic sequence are derived from a same Group II intron.



WO 2025/122609 PCT/US2024/058456
- 106 -

5. The genetic construct of any one of claims 1-3 wherein the 3’ intronic sequence and the 5’

intronic sequence are derived from different Group II introns.

6. The genetic construct of any one of claims 1 to 5, wherein the 3’ intronic sequence and the

5’ intronic sequence together are less than the full intron.

7. The genetic construct of any one of claims 1 to 6, wherein the circular RNA has a reduced

immunogenicity compared to a circular RNA that contains an excision scar.

8. The genetic construct of any one of claims 1 to 7, wherein the 5’ intronic sequence and/or
the 3’ intronic sequence are derived from an intron of Pylaiella littoralis 1-2, Amoebidium
parasiticum, Mesostigma viridae, Lactococcus lactis, or Oceanobacillus iheyensis, or any

combination thereof.

9. The genetic construct of any one of claims 1 to 8, wherein the 5’ splice site comprises a site

between two nucleotides comprising A and N, where N is any nucleotide.
10. The genetic construct of claim 9, whereinthe Nis A, T, U, G, or C, e.g., G.

11.  The genetic construct of any one of claims 1 to 10, wherein the 3’ splice site comprises a

site between two nucleotides comprising T or U and N, wherein N is any nucleotide.
12.  The genetic construct of claim 11, wherein the N is A or C.

13.  The genetic construct of any one of claims 1 to 12, wherein the catalytic core comprises

AGC, CGC, or both.

14.  The genetic construct of any one of claims 1 to 13, wherein the circRNA formed by the

genetic construct comprises an excision scar.

15.  The genetic construct of any one of claims 1 to 13, wherein the circRNA formed by the
genetic construct does not comprise an excision scar.

16.  The genetic construct of any one of claims 1 to 15, 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 to a 3’ intronic sequence
set forth in SEQ ID NOs: 17, 18, 19, or 20.
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17.  The genetic construct of any one of claims 1 to 16, 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 to a 5’ intronic sequence

set forth in SEQ ID NO: 21, 22, 23, or 24.

18.  The genetic construct of any one of claims 1 to 17, which is RNA.

19. The genetic construct of any one of claims 1 to 17, which is DNA.

20.  The genetic construct of any one of claims 1 to 19, which further comprises a promoter.

21.  The genetic construct of any one of claims 1 to 20, wherein the promoter comprises a T7

promoter, a T3 promoter, an SP6 promoter, or any combination thereof.

22.  The genetic construct of any one of claims 1 to 21, which further comprises an internal

ribosomal entry site (“IRES”).

23.  The genetic construct of claim 22, wherein the IRES 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 96%, at least about 97%, at least about 98%, at least about 99%, or about
100% sequence identity to any sequence set for in SEQ ID NO: 44 to 67 if the genetic construct is
DNA and to any sequence set forth in SEQ ID NO: 68 to 91 if the genetic construct is RNA.

24.  The genetic construct of any one of claims 1 to 23, wherein the exonic sequence further

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

25.  The genetic construct of any one of claims 1 to 24, wherein the 5” homology arm 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 the sequence as set forth in

SEQ ID NO: 27 or 29.

26.  The genetic construct of any one of claims 1 to 25, wherein the 3” homology arm 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
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about 98%, at least about 99%, or about 100% sequence identity to the sequence as set forth in

SEQ ID NO: 28 or 30.

27.  The genetic construct of any one of claims 1 to 26, wherein the exonic sequence is linked

to one or more untranslated regions at the 3” and/or 5’ of the exonic sequence.
28. The genetic construct of any one of claims 1 to 27, which further comprises a polyA.

29.  The genetic construct of claim 28, wherein the polyA 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 96%, at least about 97%, at least about 98%, at least about 99%, or about
100% sequence identity to the sequence as set forth in SEQ ID NO: 42, 43, or any combination

thereof.

30.  The genetic construct of any one of claims 1 to 29, which further comprise a spacer

sequence.

31.  The genetic construct of claim 30, 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 to any sequence as set forth in SEQ ID NO: 31, 32, 33, 34, or any

combination thereof.

32.  The genetic construct of any one of claims 1 to 31, wherein the exonic sequence encodes a
protein.
33.  The genetic construct of any one of claims 1 to 32, 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.

34. The genetic construct of claim 32 or 33, wherein the protein comprises a therapeutic

protein.
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35.  The genetic construct of any one of claims 32 to 34, 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.

36.  The genetic construct of any one of claims 32 to 35, wherein the protein comprises an

antibody, a fusion protein, or any combination thereof.

37.  The genetic construct of any one of claims 32 to 36, 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/fl1t3 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-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.
38. A composition comprising the genetic construct of any one of claims 1 to 37.

39. A method of making a circular RNA, comprising initiating the genetic construct of any one

of claims 1 to 37 to form a circular RNA.
40. A circular RNA prepared by the method of claim 39.

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

administering the circular RNA of claim 40 to the subject.



