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CIRCULAR RNAS AND METHODS FOR MAKING THE SAME

This application claims priority from GB2308675.4 filed 09 June 2023, the contents and elements of

which are herein incorporated by reference for all purposes.

FIELD OF THE INVENTION

The invention relates to recombinant nucleic acid molecules for making circular RNAs, methods for

making circular RNAs, and circular RNAs which do not comprise exogenous exon sequences.

BACKGROUND

Circular RNAs (circRNAs) are covalently closed single-stranded RNA molecules. Over the last
decade, tens of thousands of circRNAs have been identified from viruses to humans. Within human
cells, they are mainly produced by a back splicing process. Due to their ubiquitous distribution, there is
an increasing interest in them. Although their natural function is not yet well determined, some
hypotheses are that they act as sponges for microRNAs and proteins, or as templates to produce
peptides or proteins. At the same time, circRNAs are now becoming the basis of next-generation

mMRNA therapeutics, mainly because of their high stability.

RNA in vitro circularization can be achieved by chemical or enzymatic ligation, but such strategies are
inefficient in producing long circRNAs and prone to forming intermolecular ligations (Petkovic, S. &
Muller, S. RNA circularization strategies in vivo and in vitro. Nucleic Acids Res 43, 2454-2465, (2015)).
An alternative method, the so-called permuted intron—exon method (PIE) is efficient in circularizing
long RNAs (Puttaraju, M. & Been, M. D. Group | permuted intron-exon (PIE) sequences self-splice to
produce circular exons. Nucleic Acids Res 20, 5357-5364 (1992); Wesselhoeft, R. A., Kowalski, P. S.
& Anderson, D. G. Engineering circular RNA for potent and stable translation in eukaryotic cells. Nat
Commun 9, 2629, doi:10.1038/s41467-018-05096-6 (2018); W0O2023/046153). The PIE method takes
advantage of the self-splicing property of the group | intron, a well-studied ribozyme that can join
flanking exons by a two-step transesterification reaction in the absence of any protein. The PIE
method moves the 5 half of the intron to the 3" end of the RNA and thereby connects flanking exons,

so that the splicing product is a circular form of the preconnected exons.

Although the PIE method is an attractive one-step method to produce circRNA, it has some
drawbacks. The key for PIE to work is the formation of the ribozyme core by the two intron halves that
are separated by the preconnected exon. The long preconnected exon has the potential to interact
with adjacent intron halves and could block the formation of the functional ribozyme core. Also,
circRNAs produced by PIE contain unwanted sequences which have been reported to induce immune
responses (Liu, C. X. ef al. Mol Cell 82, 420-434 €426 (2022)). Group | intron can also act as a trans

ribozyme to target a second molecule (Inoue T et al, Intermolecular exon ligation of the rRNA
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precursor of Tetrahymena: Oligonucleotides can function as 5' exons. Cell, vol 43(2) (1985); Been, MD
et al, One binding site determines sequence specificity of Tetrahymena pre-rRNA self-splicing trans-
splicing and RNA enzyme activity. Cell, vol. 47(2) (1986)). Many efforts have been spent in
engineering the trans ribozyme to deliver correct sequences to defective mRNAs in vivo (Sullenger BA
et al, Ribozyme-mediated repair of defective mRNA by targeted trans-splicing Nature, vol. 371(6498)
(1994); Lan, N., Howrey, R. P., Lee, S. W.,, Smith, C. A. & Sullenger, B. A. Ribozyme-mediated repair
of sickle beta-globin mRNAs in erythrocyte precursors. Science 280, 1593-1596 (1998). Jones JT et
al, Tagging ribozyme reaction sites to follow trans—splicing in mammalian cells Nat Med, vol. 2(6)
(1996). Kohler U et al, Trans-splicing Ribozymes for Targeted Gene Delivery, J Mol Biol vol. 285(5),
(1999)), but unfortunately the efficiency is low.

Various attempts have been made to provide circular RNAs which do not comprise unwanted
sequences, for example, which do not comprise spacer sequences or native exon sequences such as
those introduced with the PIE method. One such approach is described in W02022/191642, in which
the internal guide sequence (IGS) of the ribozyme is reverse complementary to a target site region in
the gene of interest, in order to self-splice and circularize. The IGS region and the target site region
flank the ribozyme and a gene of interest, respectively, and a guanine at the 5’ end of the IGS region
forms a wobble base pair with an uracil at the 3’ end of the target site region. However, such
approaches are limited by poor efficiency in converting precursor to circular RNAs and produce high

levels of nicking with low yield.

Accordingly, there is a need in the art for more efficient methods of RNA circularization which also

enable circular RNAs to be produced without unwanted sequences.

SUMMARY

In a first aspect, the invention provides a recombinant nucleic acid molecule for making a circular

RNA, comprising in the 5’ to 3’ direction:

a) an internal guide sequence (IGS),

b) a ribozyme,

c) a first portion of an extended anticodon arm (eACA) sequence,
d) a gene of interest, and

e) a second portion of the eACA sequence,

wherein a nucleotide in the second portion of the eACA sequence forms a wobble base pair with a
nucleotide in the IGS.

A gene of interest in a recombinant nucleic acid molecule of the first aspect may comprise a coding

sequence. The gene of interest may further comprise an internal ribosome entry site (IRES) sequence.
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In some embodiments, a recombinant nucleic acid molecule of the first aspect may be devoid of stop

codons in frame with the coding sequence.

In a second aspect, the invention provides the use of a recombinant nucleic acid molecule as

described herein in a method of making a circular RNA.
In a third aspect, the invention provides a method for producing a circular RNA, comprising:
a) providing a recombinant nucleic acid molecule as described herein, and

b) circularizing the recombinant nucleic acid molecule.

In a fourth aspect, the invention provides a method for producing a circular RNA, comprising:

a) providing a recombinant nucleic acid molecule as described herein,
b) transcribing the recombinant nucleic acid molecule to produce an RNA precursor, and
c) circularizing the recombinant nucleic acid molecule.

In a fifth aspect, the invention provides a method for producing a circular RNA, comprising:

a) identifying a gene of interest comprising a sequence capable of forming an eACA
stem-loop,
b) preparing a recombinant nucleic acid molecule comprising, in a 5’ to 3’ direction: an

internal guide sequence (IGS) — a ribozyme — a sequence encoding the gene of
interest, and

c) circularizing the recombinant nucleic acid molecule.

In a sixth aspect, the invention provides a method for producing a circular RNA, comprising:
a) providing a recombinant nucleic acid molecule as described herein, and
b) transcribing and circularizing the recombinant nucleic acid molecule,

wherein circularization occurs co-transcriptionally.

In a seventh aspect, the invention provides a circular RNA comprising a sequence encoding a gene of

interest, wherein the circular RNA does not comprise exogenous splicing sequences.

In an eighth aspect, the invention provides a circular RNA comprising a sequence encoding a gene of

interest, wherein the circular RNA does not comprise RNA from a circularization agent.

In a ninth aspect, the invention provides a circular RNA obtainable by the methods described herein,
wherein the circular RNA is less immunogenic compared to a circular RNA which comprises

exogenous exon sequences.

In a tenth aspect, the invention provides a circular RNA obtainable by the methods described herein,

wherein the circular RNA does not comprise exogenous exon sequences.
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A circular RNA of any of the seventh to the tenth aspects may be produced by a method of any of the

third to the sixth aspects.

In an eleventh aspect, the invention provides the use of a circular RNA as described herein in an in

vitro method of expressing a protein in a cell.

In a twelfth aspect, the invention provides a method for expressing a gene of interest in a cell, the
method comprising (a) circularizing a recombinant nucleic acid molecule as described herein to
provide a circular RNA comprising the gene of interest, and (b) administering the circular RNA to the

cell.

In a thirteenth aspect, the invention provides a method of treating a disease in a subject, the method
comprising (a) circularizing a recombinant nucleic acid molecule as described herein to provide a

circular RNA, and (b) administering the circular RNA to the subject.

In a fourteenth aspect, the invention provides a recombinant nucleic acid molecule as described

herein, for use as a medicament.

In a fifteenth aspect, the invention provides a recombinant nucleic acid molecule as described herein,

for use in a method of treating a disease in a subject.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Comparison of prior art approaches and trans ribozyme-based circularization (TRIC). (A)
Schematic depicting splicing by the group I intron from cyanobacterium Anabaena (Ana), resulting in a
linear molecule comprising joined exons. (B) Schematic depicting circularization of a gene of interest
by the permuted intron-exon (PIE) method. (C) Schematic depicting splicing by a group | intron acting
as a frans ribozyme, in which a target sequence is edited. (D) Schematic depicting circularization of a

gene of interest using the TRIC approach.

Figure 2: (A) Schematic of the Ana tRNA-intron. (B) Initial version of TRIC (V0). The tRNA sequence
of Ana has been retained (L15/R30). Insert: reaction steps of TRIC-V0. (C) (right of Figure) 12% and
6% denaturing PAGE to identify circular 3*Flag produced by TRIC-V0. (D) RT-PCR of in vitro

transcription product, band | product and band Il product. (E) Sanger sequencing of RT-PCR product.

Figure 3: (A) Schematic of TRIC-V1 (L15/R30) in which EGS and loop regions are present. (B) 6%
denaturing PAGE was run with product of in vitro transcription of V1 variants. (C) RNase R digestion

of the in vitro transcription product of TRIC-V1.
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Figure 4. (A) Relative lengths of long genes of interest. (B) 0.8% native agarose gel run with in vitro
transcription samples and circularized samples of TRIC-V1. Expected band positions for circular

products are labelled with black circles on the gel.

Figure 5. (A) Schematic of DNA template, RNA precursor and resultant circular RNA of the PIE-Ana
approach. Sequence of the linear precursor is shown on the right. (B) Schematic of DNA template,
RNA precursor and resultant circular RNA of the TRIC-V1 approach. Sequence of the linear precursor

is shown on the right.

Figure 6: (A) Results of in vitro transcription performed at varying concentrations of Mg2+. (B) Full
length precursors of the TRIC-V1 were subject to circularization for 10, 20, 40 min and separated in a
0.8% native agarose gel. (C) Circularization efficiency of TRIC-V1 for long GOls. (D) Comparison of
TRIC-V1 to the PIE-Ana method. Expected band positions for circular products are labelled with black

circles on the gels.

Figure 7: (A) Schematic of TRIC-V1 with a short GOI. (B) Upper panel and middle table show
sequence information for TRIC-V1. Lower table shows the right and left arm configurations of the
tRNA sequence in TRIC variants 1.30-1.39.

Figure 8: (A) Schematic of TRIC-V2. (B) 6% denaturing PAGE showing circularization with VV1.30-
V1.39 variants and with V2.0, 2.1 and 2.2 variants. L/R configurations are shown under the gel. (C)
The extended anticodon arm (eACA). As long as a stem loop structure can be found where the loop
contains a uracil in 3™ position and the stem is 25bp, a circularization site can be assembled. Thus,
circularization sites can be either placed in UTR or CDS. (D) Circularization of RNAs with the eACAs

in CDS. Expected band positions for circular products are labelled with black circles on the gels.

Figure 9: (A) Comparison between TRIC-V1 and TRIC-V2 on 2% native agarose gel, with varying
EGS and eACA stem lengths. (B, C) Comparison between PIE and TRIC-V2 on CVB3-EGFP, CVB3-
Spike-EGFP and CVB3-Cas9-EGFP. (D) Michaelis-Menten fitting of the TRIC-V2 and the PIE for
RNA circularization. Data presented as means + SDs; n = 3; **p < 0.01. (E) Comparison of efficiency,
yield and nicking between TRIC-V1, TRIC-V2 and PIE. Data presented as means + SDs; n= 3; **p <
0.01.

Figure 10: (A) Schematic overview of TRIC-V2 approach. (B) Legend for components of TRIC-V2.

Figure 11: (A) Schematic of circular RNAs produced by TRIC-V2, including position of siRNA
targeting sites (msiTS). Left: arrangement of the resultant circ GOls: eACA (UTR)-msiTS-IRES-start
codon-CDS-stop codon-PolyAC-eACA (UTR). The eACA is assembled in UTR of circ. GOls. Right:
arrangement of the resultant circ GOls: eACA (CDS)-stop codon-PolyAC-msiTS-IRES-start codon-
eACA (CDS). The eACA is assembled in CDS of circ. GOls. A multiple siRNA target site (msiTS) is
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introduced for siRNA targeting and to separate IRES from eACA. (B) Upper panel: HPLC profile of a
circularized RNA sample. Lower panel: HPLC fractions were resolved in a 0.8% native agarose gel.
(C) Two-step purified (HPLC and RNase R digestion) circular RNAs on a 6M-1.5% urea-agarose gel.
(D-F) Expression of INF-beta (D), IL6 (E) and CCLS5 (F) by A549 cells. Data presented as means +
SDs; n = 3; *p<0.05, **p < 0.01, ***p<0.001. (G) Expression of Nluc in HEK293 cells following
transfection with linear or circular constructs. Data presented as means + SDs; n = 3; *p<0.05, **p <
0.01. (H) Expression of Nluc following siRNA treatment. Data presented as means + SDs; n = 6; **p <
0.01.

Figure 12: Schematic depicting how a circular RNA can be provided from a gene of interest which

comprises an extended anticodon arm sequence.

Figure 13: Schematic showing the positioning of circularization site in either UTR or CDS. (A)
Overview for TRIC-V2, showing resulting circular constructs. (B) Exemplary sequences with eACA
placed in UTR (SEQ ID NO: 61) or placed in CDS (SEQ ID NO: 62).

Figure 14: Schematic showing the different recombinant nucleic acid constructs used in the

experiments described herein.

Figure 15: (A) schematic illustrating that when circRNAs contain only a CDS but no stop codons,
ribosomes can translate such circRNA indefinitely and produce a polyprotein, a process known as the
rolling circle translation (RCT). (B) schematic illustrating that when a 2A sequence is present, such as
T2A or P2A, the polyprotein will be converted to protein monomers. (C) Secondary structure of the
373 nt CSFV IRES. Multiple stop codons are present in all possible frames: 4, 10, and 8 in frames 1-3,
respectively. Frame 1 was cleaned of stop codons by three mutations (U52C, A171G, and A191G),
and one deletion (d349U) to align with the CDS. (D) Equimolar amounts of circOR4F17-Nluc-RCT
(SEQ ID NO: 78), circCSFV-NIuc (SEQ ID NO: 74), circCSFV-NIuc-RCT (SEQ ID NO: 75), V2
circNluc, and N'W-modified linear Nluc were transfected into HEK 293F cells. 24 hours later, Nluc
expression was monitored. (E) Western blot analysis of Nluc expression from either single shot
translation or RCT using CSFV IRES. Actin was used as internal reference. Polyproteins were
observed. Data in (D) are mean = SD for 4 biological replicates. *p < 0.05, **p = 0.01 and ***p < 0.001,
unpaired two-tailed t-test

Figure 16: (A) schematic showing the original eACA that contains a 7 nt loop with a U (T) at the third
position and a stem structure (a-0) and new constructs with different Loop length and U positions (b-1
to m-12). (B) Precursor RNAs were diluted to 400 ng/ul, denature at 95 °C for 2 min and placed on ice
for at least 3 min. Then 1 ul of 10X splicing buffer was added to each tube contains 9 ul of refolded
RNA precursors. 1 or 3 min later, add 2 ul 100 mM EDTA to each tube to stop the reaction. Then ~500

ng of each RNA was loaded to a 1.5% native agarose gel and run at 25W for 30min.
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Figure 17: (A) Full length precursors of TRICv2 constructs with GU, or CA base pairs were
circularized for 1 to 20min and analysed on a 1.2% native agarose gel. (B) Circularization of TRICv2

(C®A) was confirmed by Urea-Agarose gel.

Figure 18: (A-B) Comparison between V2 using either Ana group | intron or Tetrahymena thermophila
group | intron (Tetra) and the Tetra-STS and the Tetra-Rzy constructs. CVB3 (coxsackievirus B3)-
EGFP was cloned to the best Tetra-STS (AU-rich no. 16) and Tetra-Rzy (CVB3IRES-GFP) constructs.

FL were circularized for designated time and analyzed on native agarose gels (a) or urea-agarose gels

(b).

DETAILED DESCRIPTION

The inventors have determined that if a 5’ end of an RNA molecule is connected to a 3’ end of a trans-
splicing ribozyme, the splicing product is a circular RNA. The approach described herein is named
“Trans Ribozyme-based Circularization”, or TRIC. TRIC uses an intact intron, joined upstream of the
sequence to be circularized. This approach better enables the folding of the catalytic structural core
compared to the PIE method, in which the intron is split in two. This in turn permits the circularization
of longer sequences or genes of interest because there is less chance of interference between the

gene of interest and the intron.

An important feature of the invention is the presence of an extended anticodon arm (eACA) sequence
provided in the recombinant nucleic acid molecule to be circularized. This sequence provides a
structure that is structurally similar to the anticodon arm found in Ana tRNA, comprising a stem and a
loop, and enables circularization with greater efficiency compared to existing PIE methods and
methods such as those described in W0O2022/191642. Because the advantages of the eACA are
dependent on structure, rather than specific nucleotide sequence, eACA sequences (that is,
sequences capable of forming a stem-loop structure as described herein) may be readily identified in
genes of interest so that they may be circularized without the need to add additional sequence or
perform extensive mutations. Consequently, the recombinant nucleic acid molecules described herein
may produce circular RNAs comprising only the gene of interest, without exogenous splicing
sequences or unwanted spacer sequences, and may do so in a highly efficient way by utilising the

propensity of the eACA sequence to form a stem-loop structure.

Abbreviations

ACA — anticodon arm

CDS - coding sequence

EGS - extended guide sequence

elGS - extended internal guide sequence
eACA - anticodon arm-like structure

GOI — gene of interest
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IGS — internal guide sequence

IVT — in vitro transcription

PIE — permuted intron-exon

RNA — ribonucleic acid

TRIC - trans ribozyme based circularization
tRNA — transfer RNA

UTR — untranslated region

RCT - rolling circle translation

Recombinant nucleic acid molecules are provided herein for making circular RNAs. The nucleic acid
molecules are generally linear prior to circularization. In general, the nucleic acid molecule for

circularization comprises the gene of interest (GOI), which is the gene to be circularized, a ribozyme,
capable of performing the circularization, and an extended anticodon arm (eACA) sequence, split into

two portions.

The ribozyme may be any ribozyme capable of acting as a trans-splicing ribozyme. In some cases,
the ribozyme is derived from oris a group | intron. Examples of suitable ribozymes are the
Tetrahymena ribosomal intron, T4 phage thymidylate synthase intron, Anabaena (Ana) pre-tRNA
intron, Azoarcus sp. BH72 lle tRNA intron, and Staphylococcus phage Twort ribonucleotide reductase
intron. Sequences of these ribozymes are shown below, with the internal guide sequence (IGS)

shown with underlined, shaded letters.

Ana group | intron:

AATAATTIGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACTCAGGGAAACCTAAATCT
AGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTT
ACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGA
GAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATG (SEQID NO: 1)

T4 phage group | intron:

AATTGAGGCE TGAGTATAAGGTGACTTATACTTGTAATCTATCTAAACGGGGAACCTCTCTAGTAG
ACAATCCCGTGCTAAATTGTAGGACTTGCCCTTTAATAAATACTTCTATATTTAAAGAGGTATTTAT
GAAAAGCGGAATTTATCAGATTAAAAATACTTTAAACAATAAAGTATATGTAGGAAGTGCTAAAGAT
TTTGAAAAGAGATGGAAGAGGCATTTTAAAGATTTAGAAAAAGGATGCCATTCTTCTATAAAACTT
CAGAGGTCTTTTAACAAACATGGTAATGTGTTTGAATGTTCTATTTTGGAAGAAATTCCATATGAGA
AAGATTTGATTATTGAACGAGAAAATTTTTGGATTAAAGAGCTTAATTCTAAAATTAATGGATACAA
TATTGCTGATGCAACGTTTGGTGATACATGTTCTACGCATCCATTAAAAGAAGAAATTATTAAGAAA
CGTTCTGAAACTGTTAAAGCTAAGATGCTTAAACTTGGACCTGATGGTCGGAAAGCTCTTTACAGT
AAACCCGGAAGTAAAAACGGGCGTTGGAATCCAGAAACCCATAAGTTTTGTAAGTGCGGTGTTCG
CATACAAACTTCTGCTTATACTTGTAGTAAATGCAGAAATCGTTCAGGTGAAAATAATTCATTCTTT
AATCATAAGCATTCAGACATAACTAAATCTAAAATATCAGAAAAGATGAAAGGTAAAAAGCCTAGT
AATATTAAAAAGATTTCATGTGATGGGGTTATTTTTGATTGTGCAGCAGATGCAGCTAGACATTTTA
AAATTTCGTCTGGATTAGTTACTTATCGTGTAAAATCTGATAAATGGAATTGGTTCTACATAAATGC
CTAACGACTATCCCTTTGGGGAGTAGGGTCAAGTGACTCGAAACGATAGACAACTTGCTTTAACA
AGTTGGAGATATAGTCTGCTCTGCATGGTGACATGCAGCTGGATATAATTCCGGGGTAAGATTAA
CGACCTTATCTGAACATAATG (SEQ ID NO: 2)

Tetrahymena ribosomal intron:



10

15

20

25

30

35

40

45

WO 2024/252011 PCT/EP2024/065837

AAATAGCAATATTIACCTTITGGAGGGAAAAGTTATCAGGCATGCACCTGGTAGCTAGTCTTTAAAC
CAATAGATTGCATCGGTTTAAAAGGCAAGACCGTCAAATTGCGGGAAAGGGGTCAACAGCCGTTC
AGTACCAAGTCTCAGGGGAAACTTTGAGATGGCCTTGCAAAGGGTATGGTAATAAGCTGACGGA
CATGGTCCTAACCACGCAGCCAAGTCCTAAGTCAACAGATCTTCTGTTGATATGGATGCAGTTCA
CAGACTAAATGTCGGTCGGGGAAGATGTATTCTTCTCATAAGATATAGTCGGACCTCTCCTTAATG
GGAGCTAGCGGATGAAGTGATGCAACACTGGAGCCGCTGGGAACTAATTTGTATGCGAAAGTAT
ATTGATTAGTTTTGGAGTACTCG (SEQ ID NO: 3)

Azoarcus sp. BH72 lle tRNA intron:

ATTTCGAIGIGCCTTGCGCCGGGAAACCACGCAAGGGATGGTGTCAAATTCGGCGAAACCTAAG

CGCCCGCCCGGGCGTATGGCAACGCCGAGCCAAGCTTCGGCGCCTGCGCCGATGAAGGTGTAG
AGACTAGACGGCACCCACCTAAGGCAAACGCTATGGTGAAGGCATAGTCCAGGGAGTGGCGAAA
GTCACACAAACCGG (SEQ ID NO: 4)

Staphylococcus phage Twort ribonucleotide reductase intron:

AAACAATICTGCCCCCTATATTAGTAATAGTGTAGGTTAAAAAACTTCCTTAATTCATGGGAAATCT
CCCTGACTTTTATTATAAATTTTGGTATAGTAAAATGAGAAGGAGATAATCATGAGCAAGATAACCA
ATAGCAAAGAAACCCAAAAAGTACCTAACGCTACTAAAAGTATTTACCACCATATAAAAAGTAAAA
GAAGGATGGAAGTCATTAAATCACTTAATGAATTGGTAATTATCTTGTGCAACGACTAGAGAAAAG
ATAGTTTATTGTTACAGGCAGTAAATGAAGACTGAGTATCGTACACACAAGTGAGTGGAAACAGG
AAGTATCCTAGAGTAACGACTAGGATAATGATATAGTCTGAACATTGTAGGTGACTACAAGAAGGT
AAGGAGTAACGAACCTTATCGTAACATAATTG (SEQ ID NO: 5)

Recombinant nucleic acid molecules described herein also generally comprise an internal guide
sequence (IGS). The IGS may be part of the ribozyme, such as part of the group | intron. Generally,
this enables the TRIC approach to use an intact intron. However, it is possible to use a truncated
ribozyme sequence in the TRIC method, with the native IGS removed and replaced by a different IGS

to that which would normally be present.

The function of the IGS is to base pair with the end regions of the gene of interest, in order to bring
them into proximity with each other so that circularization may occur. The IGS binds through
complementary base pairing to both first and second portions of the eACA sequence, which are

located at either end of the GOl to be circularised.

Extended anticodon arm (eACA) sequence

An extended anticodon arm (eACA) sequence is one which is capable of forming a stem-loop
structure (also known as a hairpin or hairpin loop). Stem-loop structures form when two regions of
single-stranded RNA which are generally complementary to each other (when read in opposite
directions) base-pair with each other. The base-pairing results in a double helix structure ending in an
unpaired loop. The natural propensity of eACA sequences to form stem-loop structures may be

utilised to enable circularization of a gene of interest, as shown in Figure 12.

Prior to circularization, the linear recombinant nucleic acid molecule comprises an eACA sequence in
two separate portions. A first portion of the eACA sequence is positioned at or near the 5’ end of the
gene of interest, and a second portion of the eACA sequence is positioned at or near the 3’ end of the

gene of interest, as shown in Figure 10A (top panel). During circularization, splicing by the trans-
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ribozyme causes the first and second portions of the eACA sequence to be covalently joined, in order
to create a circular version of the gene of interest. In the resulting circular molecule, the first and
second portions are joined to form the eACA sequence, which is generally capable of forming a stem-

loop structure as shown in Figure 8C, Figure 10A, and Figure 12.

The first portion of the eACA sequence may comprise a first eACA stem portion and a first eACA loop
portion. The second portion of the eACA sequence may comprise a second eACA stem portion and a
second eACA loop portion. By “stem portion” it is meant a part of the first (or second) portion of the
eACA sequence that is capable of forming the stem of a stem-loop structure. By “loop portion” it is
meant a part of the first (or second) portion of the eACA sequence that is capable of forming the loop
of a stem-loop structure. Figure 12 shows how a stem-loop forming structure can be identified in a
gene of interest, and subsequently used for circularizing the RNA. Thus, the stem and loop portions of
the eACA sequence are capable of forming a stem-loop structure in the recombinant nucleic acid

molecules described herein.

The specific nucleotide sequence of the eACA sequence is not important for TRIC and does not
determine whether circularization will occur. Rather, it is the structure as opposed to the sequence of
the eACA that is important. Consequently, the eACA may be of any nucleotide sequence, provided
that the last nucleotide in the second eACA loop portion is one which can form a wobble base pair with
a corresponding nucleotide in the internal guide sequence described herein. The last nucleotide in
the second eACA loop portion may be a uracil that forms a wobble base pair with a corresponding
guanine in the internal guide sequence. Alternatively, the last nucleotide in the second eACA loop
portion may be a cytosine that forms a wobble base pair with a corresponding adenine in the internal

guide sequence.

The first and second eACA stem portions may be complementary to each other, though this is not

necessary.

The first and second eACA stem portions are generally each at least 5 nucleotides in length but may
be a short as 1 nucleotide in length each. The stem portion lengths may be adapted depending on the
gene of interest to be circularized. For example, longer stem lengths (such as lengths greater than 15

nt) may be advantageous if circularizing long (>500 nt) genes of interest.

Thus, the first and second stem portions may each be at least 1, at least 2, at least 3, at least 4, at
least 5, at least 10, at least 15, at least 20, at least 25 or at least 30 nucleotides in length. In
particular, the first and second stem portions may each be at least 15 or at least 25 nucleotides in
length. For example, the first and second eACA stem portions may be 1 to 50 nucleotides in length, for

example 5 to 40 nucleotides.

10



10

15

20

25

30

35

40

WO 2024/252011 PCT/EP2024/065837

The first and second stem portions need not be the same length, for example one stem portion may

be one or two nucleotides shorter than the other, provided a stem-loop structure can still be formed.

The anticodon arm loop of the Ana tRNA group | intron is naturally 7 nucleotides in length.
Consequently, in the circular RNAs described herein, the loop of the stem-loop structure may be 7
nucleotides in length, particularly when the ribozyme used is, or is derived from, the Ana group |
intron. If other group | introns are used, the loop of the stem-loop structure may have a different
nucleotide length. The loop of the stem-loop structure may be between 3 to 40 nucleotides in length
and is generally between 3 and 10 nucleotides in length. In many cases, the loop of the stem-loop
structure is at least 3 nucleotides in length, at least 4 nucleotides in length or at least 5 nucleotides in
length, particularly if the ribozyme is or is derived from the Ana group | intron. In some embodiments,

the loop of the stem-loop structure is generally between 5 and 11 nucleotides in length.

Generally, if the loop of the stem-loop structure comprises 7 nucleotides, then the first eACA loop

portion comprises 4 nucleotides, and the second eACA loop portion comprises 3 nucleotides.

Accordingly, the first and second eACA stem portions may each be at least 15 nucleotides in length,
the first eACA loop portion may be 4 nucleotides in length, and the second eACA loop portion may be
3 nucleotides in length. In the resulting circular RNA molecule, this produces an eACA sequence
which is capable of forming a stem-loop structure, wherein the stem comprises at least 15 base pairs,

and the loop is 7 nucleotides in length.

In total, the first portion of the eACA sequence may comprise as few as 5 nucleotides (for example, 1
stem nucleotide and 4 loop nucleotides). The second portion of the eACA sequence may comprise as
few as 4 nucleotides (for example, 1 stem nucleotides and 3 loop nuclectides). Alternatively, the first
portion of the eACA sequence may comprise, for example, 19 nucleotides (e.g. 15 stem nucleotides
and 4 loop nucleotides), or 29 nucleotides (e.g. 25 stem nucleotides and 4 loop nuclectides). The
second portion of the eACA sequence may comprise, for example, 18 nucleotides (e.g. 15 stem
nucleotides and 3 loop nucleotides), or 28 nucleotides (e.g. 25 stem nucleotides and 3 loop

nucleotides).

An exemplary first portion of the eACA sequence comprising a 1 nucleotide stem and a 4 nucleotide
loop may comprise the nucleotide sequence 5-NNNNN-3’, wherein N is any nucleotide, and an
exemplary second portion of the eACA sequence comprising a 1 nucleotide stem and a 3 nucleotide
loop may comprise the nucleotide sequence 5’-NNNU-3’, wherein N is any nucleotide. As an
example, in the case of Nano Luciferase (NLuc), a possible ACA sequence is
GAICACCACTTTAAGGTGATC (SEQ ID NO: 58). For circularization, the NLuc GOl is rearranged
such that the ACA sequence is provided in two portions (a 5’ first portion and a 3’ second portion).
The first portion of the eACA sequence comprises the sequence TTAAGGTGATC (SEQ ID NO: 59).
The second portion of the eACA sequence comprises the sequence GATCACCACT (SEQ ID NO: 60).

11
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It will be realised that the provision of a thymine in a DNA precursor molecule will result in a uracil in

the translated RNA molecule for circularization.

The first and second eACA loop portions base pair with the internal guide sequence (IGS) to form the
P1 and P10 regions, which are critical for ribozyme activity. The first eACA loop portion, positioned
towards the 5’ end of the gene of interest, base pairs with the 1GS to form the P10 region. It is not
necessary for all the nucleotides in the first eACA loop portion to form the P10 region, and in some
cases only two nucleotides of the first eACA loop portion form the P10 region. The second eACA loop
portion, positioned towards the 3’ end of the gene of interest, base pairs with the 1GS to form the P1

region.

As described above, in order for circularization to occur, the last nucleotide of the second eACA loop
portion (i.e. the nucleotide at the 3’ end of the second eACA loop portion) may form a wobble base
pair with a corresponding nucleotide in the IGS. Generally, the wobble base pair is a GU wobble base
pair, with G in the IGS and U in the second eACA loop portion or an AC wobble base pair with A in the
IGS and C in the second eACA loop portion. The wobble base pair provides the circularization site,
such that once circularized, the nucleotide at the 3’ end of the second eACA loop portion forms the

third nucleotide in the loop of the eACA stem-loop structure. This is depicted in Figure 8C.

The P1 region may also be formed by base pairing of the IGS with a region adjacent to the second
eACA loop portion in the 3’ direction, known as the “P1 extension”. If present, the P1 extension
typically comprises between 2 and 4 nucleotides, which base pair with the IGS. The P1 region may
therefore be formed by the P1 extension and second eACA loop portion base pairing with the IGS, as
shown in Figure 10A. Consequently, in some embodiments, the second portion of the eACA
sequence and the P1 extension together are capable of forming a P1 region. If the P1 extension is
not present, the P1 region is formed by only the second eACA loop portion base pairing with the 1GS.
P1 extensions have been described in Olson & Muller (2012) RNA 18:581-589. The contents of which
are incorporated herein by reference. Generally, if an extended guide sequence (EGS) is used, the

P1 extension region will be present.

A particular advantage of the TRIC method is that it may utilise eACA sequences which are already
present in the gene of interest. For example, if a stem-loop forming eACA sequence can be found in a
gene of interest, this gene may be circularized efficiently without introducing any additional sequences.
This in turn means that the resulting circular RNA is far less likely to be immunogenic. This is depicted
in Figure 12, which shows first the identification of an eACA sequence (i.e. a stem-loop forming
structure) in a gene of interest. Subsequently, the gene of interest is rearranged such that the eACA
sequence is split into two portions, one at each end of the gene of interest. This rearranged gene is
then cloned into the TRIC construct for circularization. An example of this is the protein coding circular

RNA T2A Nano Luciferase. This circular RNA already comprises an eACA sequence in its natural
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sequence. This means a circularization site can be introduced using the naturally occurring eACA

sequence, without the need to perform mutations or introduce additional sequence.

If the natural coding sequence (CDS) does not contain an eACA sequence, it is possible to perform
selective mutations to create one. Codon redundancy means that mutations may be made to the
nucleotide sequence of the GOI without affecting the resulting peptide sequence. Consequently, an
eACA sequence may be provided in the GOl without requiring the introduction of additional
sequences. Instead, only selective mutation of the existing sequence is needed, following the rules of
codon redundancy. Examples of this are the T2A-EGFP and circZNF609 circular RNAs described in
Example 5, in which mutations are introduced based on codon redundancy to introduce the

circularization site.

If there is no eACA in a non-coding RNA, or if the circularization site is placed in an untranslated
region (UTR) of a protein-coding RNA, the circularization site may be created by introducing additional
nucleotides. For example, as shown in Figure 8C, 5 nucleotides (light grey nt) may be introduced to
create a stem portion of the eACA sequence, using the existing sequence (black nt) of the GOI to

provide the remainder of the eACA.

Accordingly, in the recombinant nucleic acids described herein, the first and/or second portions of the
eACA sequence may naturally occur in the gene of interest. In other words, they may be part of the
gene of interest and so are present without having to mutate the existing sequence or introduce

additional sequence.

Alternatively, in the recombinant nucleic acids described herein, all or part of the eACA sequence may
be derived from human ribosomal RNA (rRNA). The use of human rRNA has the potential to provide

circular RNAs which are less immunogenic.

The location of the first and second portions of the eACA sequence in the gene of interest has little
impact on circularization. One portion of the eACA sequence may be identified in or placed in a
coding sequence, whilst the other may be identified in or placed in an untranslated region. It is not
necessary for both portions to be in the coding sequence, for example, or for both portions to be in the

untranslated region.

Extended guide sequence (EGS)

The recombinant nucleic acids described herein may further comprise an extended guide sequence
(EGS), in particular a first EGS and a second EGS which are capable of complementary base pairing
to each other. The function of the EGS is to increase the length of the complementary base-pairing
region at the two ends of the recombinant nucleic acid molecule. In this way, the EGS may be

included to compensate for a shorter IGS, in particular when longer (>500 nt) GOls are circularized.
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The recombinant nucleic acids described herein may comprise a first EGS positioned 5’ of the IGS.
The recombinant nucleic acids described herein may comprise a second EGS positioned 3’ to the
second portion of the eACA sequence. Generally, there is a loop sequence situated between the first
EGS and the IGS, as described in more detail below. Similarly, there is also generally a loop

sequence situated between the second EGS and the second portion of the eACA sequence.

The first and second EGS may be partly or fully complementary to each other. Generally, mismatches
are tolerated well and do not materially affect circularization. In the recombinant nucleic acids
described herein, the first EGS may be at least 20%, at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, at least 90% or at least 100% complementary to the second EGS.

If present, the first and second EGS may each be between 1 and 500 nucleotides in length. For
example, the first and second EGS may each be between 10 and 50 nucleotides in length. The first

and second EGS may each be 20, 30, or 40 nuclectides in length.

An exemplary first EGS sequence is GGUCAAUCGGUUGGCUUCCG (SEQ ID NO: 56).
An exemplary second EGS sequence is CGGAAGCCAACCGAUUGACC (SEQ ID NO: 57).

Loops
Lengthening the base paired P1 region may have a deleterious effect on circularization. To avoid this,

the recombinant nucleic acids described herein may further comprise loop sequences, such as a first

loop sequence and a second loop sequence.

The first and second loops may act as spacers between, at the 5’ end, the internal guide sequence
(IGS) and the first extended guide sequence (EGS), and at the 3’ end, the P1 region and the second
EGS. The loop sequences are preferably not complementary to each other, such that there is little or
no base pair interaction between the first and second loop sequences. Because of the low or non-
complementarity between the two loop sequences, the base-paired P1 region remains at a fixed
length. The first loop may alternatively be described herein as “left loop”. The second loop may

alternatively be described herein as “right loop”.

The first and second loop sequences may each be between 1 and 10 nucleotides in length. Itis not
necessary for the first and second loop sequences to have the same number of nucleotides, and in
fact the TRIC method works well when the first and second loop sequences are different lengths. The
first loop sequence may be 1, 2, 3, 4, 5,6, 7, 8, 9 or 10 nucleotides in length. The second loop
sequence may be 1, 2, 3,4,5,6,7, 8, 9 or 10 nuclectides in length. A preferred combination is a 6
nucleotide first loop sequence and a 5 nucleotide second loop sequence. Another preferred

combination is a 3 nucleotide first loop sequence and a 2 nucleotide second loop sequence.
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The first loop sequence is positioned 3’ to the first EGS and 5’ to the IGS, in other words, in between
the first EGS and the IGS. The second loop sequence is positioned 3’ to the second portion of the
eACA sequence, and 5’ to the second EGS, in other words, between the second portion of the eACA
sequence and the second EGS. If the P1 extension region is present, the second loop sequence is 3’

to the P1 extension.

It is not always necessary to have two loop sequences. The recombinant nucleic acids described
herein may comprise only a first loop sequence, positioned in between the first EGS and the IGS,
without a second loop sequence. Alternatively, the recombinant nucleic acids described herein may
comprise only the loop sequence positioned between the second portion of the eACA sequence (or, if

present, P1 extension) and the second EGS.

An exemplary sequence for the first loop sequence is AAATAA (SEQ ID NO: 54).
An exemplary sequence for the second loop sequence is ACACC (SEQ ID NO: 55).

Gene of interest (GOI)

The gene of interest (GOI) refers to the sequence which is to be circularized. The GOl may comprise

a coding sequence, coding for a peptide or protein, or may be a noncoding sequence. The GOl may
also comprise a combination of coding and noncoding sequence. It will also be understood that, as
used herein, the term “gene of interest” encompasses sequences which include additional sequence
elements, for example, a translation initiation element, such as an internal ribosome entry site (IRES)
sequence, multiple siRNA target sites (msiTS), spacer sequences such as polyAC sequences, start
codons, stop codons, and any other sequence elements known to be useful in the art for producing
circular RNA. For example, where an eACA is located in a coding sequence to be circularized, the
GOIl may comprise, in the 5’ to 3’ direction: a stop codon, a polyAC sequence, multiple siRNA target
sites (msiTS), an IRES, a start codon, and the coding sequence including the eACA. Where an eACA
is placed in an untranslated region of a sequence to be circularized, the GOl may comprise, in the 5’
to 3’ direction: multiple siRNA target sites (msiTS), an IRES, a start codon, a coding sequence, a stop

codon, a polyAC sequence, and the eACA. See, for example, Figures 10A and 10B.

Suitable translation initiation elements include internal ribosome entry site (IRES) sequences. IRESs
for use in the invention may include viral IRESs, such as the Coxsackievirus B3 (CVB3), Cafeteria
roenbergensis Virus (CroV), or Classical Swine Fever Virus (CSFV) IRES, the DNA sequences of

which are set out below.

CVB3-IRES
TTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACG
GTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATC
AACAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATC
AATAGACTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCT
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AGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGA
GTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAA
CCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCG
GCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCG
TAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTG
GCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGACTA
ATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACATTACA
ATTCATTGTTAAGTTGAATACAGCAAA (SEQ ID NO: 71)

CroV-IRES:
GTATAAGAGACAGGTGTTTGCCTTGTCTTCGGACTGGCATCTTGGGACCAACCCCCCTTTTCCCC
AGCCATGGGTTAAATGGCAATAAAGGACGTAACAACTTTGTAACCATTAAGCTTTGTAATTTTGTA
ACCACTAAGCTTTGTGCACATAATGTAACCATCAAGCTTGTTAGTCCCAGCAGGAGGTTTGCATG
CTTGTAGCCGAAATGGGGCTCGACCCCCCATAGTAGGATACTTGATTTTGCATTCCATTGTGGAC
CTGCAAACTCTACACATAGAGGCTTTGTCTTGCATCTAAACACCTGAGTACAGTGTGTACCTAGAC
CCTATAGTACGGGAGGACCGTTTGTTTCCTCAATAACCCTACATAATAGGCTAGGTGGGCATGCC
CAATTTGCAAGATCCCAGACTGGGGGTCGGTCTGGGCAGGGTTAGATCCCTGTTAGCTACTGCC
TGATAGGGTGGTGCTCAACCATGTGTAGTTTAAATTGAGCTGTTCATATACC (SEQ ID NO: 72)

CSFV-IRES:
GTATACGAGGTTAGTTCATTCTCGTATACACGATTGGACAAATCAAAATTATAATTTGGTTCAGGG
CCTCCCTCCAGCGACGGCCGAACTGGGCTAGCCATGCCCATAGTAGGACTAGCAAACGGAGGG
ACTAGCCGTAGTGGCGAGCTCCCTGGGTGGTCTAAGTCCTGAGTACAGGACAGTCGTCAGTAGT
TCGACGTGAGCAGAAGCCCACCTCGAGATGCTACGTGGACGAGGGCATGCCCAAGACACACCTT
AACCCTAGCGGGGGTCGCTAGGGTGAAATCACACCACGTGATGGGAGTACGACCTGATAGGGC
GCTGCAGAGGCCCACTATTAGGCTAGTATAAAAATCTCTGCTGTACATGGCAC (SEQ ID NO: 73)

In some preferred embodiments, a viral IRES may be modified to remove stop codons in open reading
frames. Suitable modified viral IRESs include modified CSFV IRESs. A modified CSFV IRES may for
example comprise the DNA sequence of SEQ ID NO: 96; nucleotides 324 to 696 of SEQ ID NO: 75; or
nucleotides 596 to 968 of SEQ ID NO: 77. Modified IRESs may be useful in the rolling circle

translation of the circular RNA as described herein.

The TRIC method is suitable for genes of interest of any length. TRIC is particularly suitable for long
genes of interest. In this context, “long” is generally considered to mean a sequence of at least 500

nucleotides. Thus, the gene of interest may be at least 100, at least 250, at least 500, at least 1000,
at least 2000, at least 3000, at least 4000, at least 5000, at least 6000, at least 7000, or at least 8000

nucleotides in length.

16



10

15

20

25

30

35

40

WO 2024/252011 PCT/EP2024/065837

Thus, recombinant nucleic acid molecules for making a circular RNA as described herein may
comprise, in the 5’ to 3’ direction:

a) an internal guide sequence (IGS),

b) aribozyme,

c) afirst portion of an extended anticodon arm (eACA) sequence,

d) agene ofinterest, and

e) a second portion of the eACA sequence,
wherein a nucleotide in the second portion of the eACA sequence forms a wobble base pair with a
nucleotide in the IGS.

In some embodiments, recombinant nucleic acids described herein may comprise,ina 5’ to 3’
direction:

a) afirstEGS,

b) a first loop sequence,

¢) an internal guide sequence (IGS),

d) aribozyme,

e) a first portion of an extended anticodon arm (eACA) sequence,

f) agene ofinterest,

g) asecond portion of the eACA sequence,

h) a P1 extension,

i) asecond loop sequence, and

j) asecond EGS.

Where the gene of interest to be circularized is long (>500 nt), the first and second eACA stem
portions may be 15 or 25 base pairs and the loop of the resulting stem-loop structure may be 7

nucleotides.

Further components

The recombinant nucleic acids described herein may further comprises elements to facilitate the
transcription or circularization process. For example, the recombinant nucleic acids described herein
may further comprise a T7 high efficiency sequence, one or more restriction enzyme cleavage sites,
and/or a poly(A) tail. If the recombinant nucleic acid is a DNA template, it may further comprise a T7
promoter sequence. A recombinant nucleic acid may further comprise a nucleotide sequence
encoding a self-cleaving peptide to ensure the production of monomeric protein during rolling circle

amplification. Such additional elements are known in the art.
In other embodiments, the recombinant nucleic acids described herein may lack stop codons. For

example the recombinant nucleic acids may be engineered or modified to remove stop codons in open

reading frames. This may facilitate rolling circle ampilification.
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Methods for producing a circular RNA

Generally, methods for producing a circular RNA comprise the provision of a linear recombinant
nucleic acid molecule, such as those described herein, and the splicing of that molecule to generate a
circular RNA.

Thus, methods for producing a circular RNA may comprise:
a) providing a recombinant nucleic acid molecule as described herein, and

b) circularizing the recombinant nucleic acid molecule.

It will be appreciated that the term “recombinant nucleic acid molecule” may refer to either a DNA

template molecule or an RNA precursor.

Suitable protocols for circularization are known in the art, for example as described in Puttaraju &
Been (1992) Nucleic Acids Res 20, 5357-5364; and Wesselhoeft, Kowalski & Anderson (2018) Nat

Commun 9, 2629. The contents of which are incorporated herein by reference.

In some cases, the recombinant nucleic acid molecule is a linear DNA template molecule. In a first
part of the method, in vitro transcription is performed using the DNA template molecule to obtain a
linear RNA precursor molecule. Subsequently, a circularization/splicing step is performed with the

RNA precursor, to generate a circular RNA molecule.

Thus, methods for producing a circular RNA may comprise:
a) providing a recombinant nucleic acid molecule as described herein,
b) transcribing the recombinant nucleic acid molecule to produce an RNA precursor, and

¢) circularizing the RNA precursor.

In the above methods, some splicing (and consequently circularization) may occur during
transcription, known as co-transcriptional splicing. In some cases, it is preferable to suppress splicing
during the transcription step, so that splicing and circularization occurs only post-transcriptionally.
Thus, the methods described herein may additionally comprise the suppression of splicing (and

circularization) during step (b) (the transcription step).

Although magnesium ions are generally essential for in vitro transcription and splicing to occur, co-
transcriptional splicing/circularization can be suppressed by performing the transcribing step at low
concentrations of magnesium ions and with an excess of nucleoside triphosphates (NTPs). NTPs can
act to chelate Mg2+ during transcription. Thus, the methods described herein may comprise
performing step (b) in the presence of NTPs at a concentration of approximately 24 mM, and Mg2+ at
a concentration less than 18 mM, less than 16 mM, less than 14 mM, or less than 12 mM. In some

cases, the transcribing step is performed in the presence of nucleoside triphosphates (NTPs) at a
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concentration of approximately 24 mM and Mg2+ at a concentration of 16 mM or less. If the

concentration of NTPs is more or less than 24 mM, the concentration of Mg2+ may also vary.

Methods for producing a circular RNA may therefore comprise:
a) providing a recombinant nucleic acid molecule as described herein,
b) transcribing the recombinant nucleic acid molecule to produce an RNA precursor, and
¢) circularizing the RNA precursor;
wherein step (b) is performed in the presence of Mg2+ at a concentration of 16 mM or less and

NTPs at a concentration of approximately 24 mM.

In other cases, suppression of splicing during transcription is not necessary to produce circular RNAs.
Thus, described herein are methods for producing a circular RNA, comprising:

a) providing a recombinant nucleic acid molecule as described herein, and

b) transcribing and circularizing the recombinant nucleic acid molecule,

wherein splicing occurs co-transcriptionally.

As described above, an advantage of the TRIC method is that it can be used to circularise genes of
interest that naturally comprise a sequence that is capable of forming an eACA stem-loop. This
enables a circular RNA to be created that does not contain exogenous sequence material (such as
exon sequences), which are frequently immunogenic, and so provides clear benefits over existing

methods such as PIE.

Thus, methods for producing a circular RNA may comprise:
a) identifying a gene of interest comprising a sequence capable of forming an eACA stem-loop,
b) preparing a recombinant nucleic acid molecule comprising, in a 5’ to 3’ direction: an internal
guide sequence (IGS) — a ribozyme — a sequence encoding the gene of interest, and

¢) circularizing the recombinant nucleic acid molecule.

Step (b) above may comprise rearranging the gene of interest to place a first portion of the sequence
capable of forming an eACA stem-loop at the 5’ end, and a second portion of the sequence capable of

forming an eACA stem-loop at the 3’ end.
Suitable genes of interest comprising a sequence capable of forming an eACA stem-loop may be
identified by the skilled person using approaches known in the art, including the use of software such

as RNAFold (University of Vienna).

Also described herein is the use of any of the recombinant nucleic acid molecules described herein in

methods for producing a circular RNA.
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Methods for producing a circular RNA may also comprise the expression of the recombinant nucleic

acid molecule in a cell, with subsequent circularization being performed in the cell.

Circular RNAs

Circular RNAs can be generated using the recombinant nucleic acid molecules described herein. The
circular RNAs comprise a sequence encoding a gene of interest. One advantage of the described
circular RNAs is that in some cases, they do not comprise exogenous splicing sequences, such as the

circular RNAs obtained with the PIE method, which typically comprise exogenous exon sequences.

By “exogenous’, it is meant any sequence information that is not naturally present in the gene of
interest. Circular RNAs described herein may not comprise RNA from a circularization agent. For
example, circular RNAs described herein may not contain any RNA from a ribozyme, in particular from
a group | intron. In some cases, the circular RNAs described herein may comprise only the gene of
interest. This in turn reduces the immunogenicity of the circular RNAs compared to circular RNAs
generated using methods of the art (such as the PIE method). The circular RNAs described herein
may be less immunogenic compared to circular RNAs (e.g. those encoding the same GOI) which
comprise exogenous exon sequences. By less immunogenic, it is meant that transfection with the
circular RNA produces less of an immune response by the host cell, for example, reduced production
of cytokines, chemokines or other immune signalling molecules. Suitable methods for determining
immunogenicity are known in the art. For example, immunogenicity can be determined by measuring
the production of immune factors (cytokines, chemokines, etc) in transfected cells for a period of time

following transfection.

In the circular RNAs described herein, the sequence encoding the gene of interest may comprise a
sequence capable of forming an eACA stem-loop structure as described herein. For example, a
sequence capable of forming an eACA stem-loop structure with a stem of at least 5 base pairs, and a
loop of 7 nucleotides, wherein the third nucleotide of the loop in the 5’ to 3’ direction is uracil. The
sequence capable of forming an eACA stem-loop structure may be naturally occurring in the gene of

interest, or may have been introduced prior to circularization.

Also described herein are circular RNAs obtainable by the methods disclosed herein. For example,

described herein is a circular RNA obtainable by a method comprising:

a) providing a recombinant nucleic acid molecule as described herein,
b) transcribing the recombinant nucleic acid molecule to produce an RNA precursor, and
c) circularizing the RNA precursor.

Uses of circular RNAs/precursors

The recombinant nucleic acids described herein may be useful in therapeutic methods or as a
medicament. Circular RNAs obtained from the recombinant nucleic acids described herein may be
used in various ways to exert a therapeutic effect. For example, circular RNAs can act as a “sponge”

for micro RNAs (miRNA), in turn preventing or reducing the degradation of a target mRNA by the
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miRNA. Circular RNAs may also influence protein trafficking and subcellular protein localisation. The
specific therapeutic effect will be determined by the gene of interest, including whether the gene of

interest is a coding or noncoding sequence.

In addition, circular RNAs can also be used to drive expression of a gene of interest in vivo or in vitro.
Thus, described herein are methods for expressing a gene of interest in a cell, in which a recombinant
nucleic acid molecule as described herein is circularized to provide a circular RNA comprising the

gene of interest, and the circular RNA is administered to the cell.

Rolling Circle Translation

Circular RNAs obtained from the recombinant nucleic acid molecules as described herein may be
used to drive expression of a gene of interest through rolling circle amplification. Suitable circular
RNAs may lack in-frame stop codons. For example, a circular RNA may comprise a modified viral
IRES as described herein which lacks in frame stop codons. In some embodiments, the circular RNA
may be translated continuously multiple times by a ribosome to generate polyproteins. In other
embodiments, a suitable circular RNA may further comprise a DNA sequence encoding a self-cleaving
peptide. The self-cleaving peptide causes ribosomal skipping during translation of the circular RNA by
a ribosome to generate monomeric proteins. Suitable self-cleaving peptides are well-known in the art
and include 2A peptides, such as T2A, P2A, E2A and F2A.

Methods of Treatment

Described herein are methods for treating a disease in a subject, the methods comprising (a)
circularizing a recombinant nucleic acid molecule as described herein to provide a circular RNA, and

(b) administering the circular RNA to the subject.

Also described herein are recombinant nucleic acid molecules such as those described herein for use
as a medicament; recombinant nucleic acid molecules as described herein for use in a method of
treating a disease in a subject; circular RNA obtained from a recombinant nucleic acid molecule as
described herein for use as a medicament; and circular RNA obtained from a recombinant nucleic acid

molecule as described herein for use in a method of treating a disease in a subject

Also described herein are pharmaceutical compositions comprising a circular RNA or a or recombinant

nucleic acid molecule as described herein, and a pharmaceutically acceptable excipient.

The terms " comprising” or “comprises” may be substituted with the terms " consisting of", “consists

of’, “consisting essentially of’ or “consists essentially of’ and vice versa, wherever they occur herein.

It is to be understood that the application discloses all combinations of any of the above aspects and

embodiments described above with each other, unless the context demands otherwise. Similarly, the
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application discloses all combinations of the preferred and/or optional features either singly or together

with any of the other aspects, unless the context demands otherwise.

Modifications of the above embodiments, further embodiments and modifications thereof will be
apparent to the skilled person on reading this disclosure, and as such, these are within the scope of

the present invention.

All documents and sequence database entries mentioned in this specification are incorporated herein

by reference in their entirety for all purposes.

“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. For example, “A and/or B” is to be taken as specific
disclosure of each of (i) A, (ii) B and (iii) A and B, just as if each is set out individually herein.
EXAMPLES

The invention will now be described with reference to the following non-limiting examples.

Materials & Methods

In vitro transcription (IVT) protocol:

DNA templates were linearized and cleaned by phenol:chloroform:isoamyl alcohol extraction. IVT was
performed at 50 ng/ul of DNA template, 14 ug/ul of homemade T7 polymerase, 0.04 U/ul of RNase
inhibitor (Promega), 6 mM of each NTPs and 1X IVT buffer. For IVT where co-transcriptional splicing
is allowed, 1X IVT buffer contains 80 mM HEPES-K (pH7.5), 2 mM spermidine, 40 mM DTT and 24
mM MgClI2. When co-transcriptional splicing is to be suppressed, the concentration of MgCI2 in 1X
IVT buffer is 14 mM. IVT reactions were incubated at 37 °C for 3-5h and then digested by RNase-free
DNase | for 20min. Afterwards, 100 mM EDTA was added to a concentration of 25 mM to clear any
precipitation. Then equal volume of 7.5 M lithium chloride is added to precipitate RNAs for 30 min to
overnight at -20 °C. Then precipitations were spun down at 13000 rpm/min for at least 20min. RNA

pellets were washed by 75% alcohol, air dried and dissolved in DEPC treated H20O.

Circularization protocol:

3*Flag circular RNAs were circularized during IVT. For co-transcriptional circularization of EGFP, Fluci,
Spike, Cas9 and Factor 8, DNA template digested IVT reactions were supplied with extra GTP at 2
mM concentration and heated at 55 °C for 20min. For full-length precursors, 9 ul of RNAs were firstly
denatured at 95 °C for 2 min and then annealed on ice for 3 min. Then annealed RNAs were supplied
with 1ul of 10X circularization buffer (500 mM Tris-HCI, pH=7.4, 100 mM MgCI2, 10 mM DTT, 20 mM
GTP) and heated at 55 °C for designated time.
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Michaelis-Menten fitting:

Concentration of ribozyme was fixed at 1uM and concentration of GTP was varied from 1 uM to 2000
uM. At each concentration of GTP, time course of circularization of TRIC-V2 and PIE were monitored.
Then time for 50% circularization completeness (11/2) for each sample was calculated and used for
estimation of initial circularization speed of each construct at each GTP concentration (Vobs). Vobs was

then plotted against GTP concentration to calculate kinetics parameters of the TRIC-V2.

Calculation of circularization efficiency:.

To measure efficiency, ratio of yield and nicking, samples were loaded to native agarose gels, and
intensity of full length, circular RNA and nicked RNAs were measured in image J. Efficiency equals the
percentage of full-length precursor that has been converted to circular RNAs. Yield is calculated by
dividing total RNA with circular RNA. Nicking rate equals the ratio between nicked RNA and circular
RNA.

RNase R digestion :

To do RNase R digestion, IVT of TRIC-V1.0 was precipitated by 7.5 M LiCl and dissolved in DEPC
treated water. Then Sug of RNA was digested with 10 U of RNase R (antibodies-online) at 37 °C for
15min. Digested RNAs were loaded to denaturing PAGE.

RT-PCR:

Reverse transcriptase and DNA polymerase used here are the SuperScrip IV Reverse Transcriptase
(Thermo Fisher) and the Q5 High-Fidelity DNA Polymerase (NEB). Manufacturer's manuals were
followed for reverse transcription and PCR. The IVT sample, RNA | and Il were used as templates for

reverse transcription and PCR using the using primers indicated in Figure 2B.

Circular RNA purification:

A two-step strategy was used to purify circular RNAs. First, circular RNA samples were injected into
an SRT-2000 SEC column (Sepax) operated on an AKTA pure system (Cytiva). The running buffer

contained 10 mM Tris-HCI (pH=6.5) and 1 mM EDTA. Then fractions containing circular RNAs were
pooled, digested by RNase R (antibodies-online, 0.5U/ug) at 37 °C for 1 hour and cleaned using the
RNA clean & concentrator kit (ZYMO RESEARCH).

Cell transfection, RT-qPCR, Nluc expression and siRNA knocking down:
A549 and HEK 293F cells were cultured in DMEM (with 10% FBS, High Glucose GlutaMAX, Life

Technologies Ltd) and Freestyle (Gibco) medias, respectively.

For immunogenicity studies, 200 ng of each RNA was transfected into 100,000 A549 cells in 24-well
plates using the MessengerMax transfection reagents (Invitrogen). 24 hours later, cells were
harvested, and total RNAs were extracted by TRIzol (Invitrogen) and the RNA clean & concentrator

kit. Then, 300 ng of each total RNA was reverse transcribed by the Superscript IV reverse
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transcriptase (Invitrogen) using random hexamer plus 20 mer oligo dT (Invitrogen). The reverse
transcription products were 20 times diluted and used as templates for gPCR, primers are listed in
Table 1 (ViiA 7, Thermo Fisher).

For Nluc expression and siRNA knocking down studies, 50 ng of circular Nluc and an equal molar
amount of linear mMRNA were transfected into 10,000 cells in 96-well plates using the MessengerMax
transfection reagent. For protein expression, Sul of cells were taken for luciferase assay using the
Nano-Glo® Luciferase Assay System (Promega). For siRNA knocking down, siRNAs were transfected
into cells using the RNAiIMax (Invitrogen) on day 3. 5 hours after siRNA transfection, expression of

Nluc was measured using the above kit.

Table 1 Primers used in gPCR

qGAPDH-F | AGCTCATTTCCTGGTATGACA SEQIDNO:6
qGAPDH-R | AGGGGAGATTCAGTGTGGTG SEQID NO:7
qlL6-F AGCCACTCACCTCTTCAGAAC SEQIDNO: 8
qlL6-R GCCTCTTTGCTGCTTTCACAC SEQID NO: 9
qCCL5-F CACAGGTACCATGAAGGTCTC SEQID NO: 10
qCCL5-R GGTGTCCGAGGAATATGGG SEQ D NO: 11
qIFNB-F TCTAGCACTGGCTGGAATGAG SEQID NO: 12
qlIFNB-F GTTTCGGAGGTAACCTGTAAG SEQID NO: 13

Statistical analysis
The t-Test-Two-Sample Assuming Unequal Variances model was used for statistical analysis. Details

can be found in Figure legends.

Example 1 - TRIC
The inventors selected the tRNALe intron from the cyanobacterium Anabaena (Ana) for the initial test
of the TRIC approach. This first construct was designated TRIC-VO0.

Ana is short (249 nt) but highly active. The Ana intron divides the leucine transfer RNA (tRNA) into a
34 nt left half and a 51 nt right half (L34/R51) in the anticodon arm (ACA) (Figure 2A-insert labelled
“RNA”). The inventors set out to determine whether using some of the leucine tRNA sequence would
enable circularization. Of the Leu tRNA anticodon arm, a L15/R30 portion was reserved and joined on
either side of a gene of interest (in this case a 3*Flag coding sequence) for circularization. The
construct is shown in Figure 2B (SEQ ID NO: 14).

In vitro transcription was performed, and the samples were loaded on a 12% denaturing
polyacrylamide gel (PAGE) as described in Puttaraju & Been (1992). The results of the gel are shown
in Figure 2C (left column labelled IVT).
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Consistent with the high activity of Ana, splicing occurs co-transcriptionally and multiple RNA species
could be seen in the 12% gel. Full-length precursor (403 nt) and the spliced linear intron (257 nt) were
identified, but not the circular gene of interest (3*Flag). The linear intron and two other major species
(I and Il) were electroeluted from the 12% gel and loaded onto a 6% PAGE (Figure 2C, right column
labelled IVT). Both the major species | and |l contained a fast-moving minor species, and both run
faster than themselves in the 12% PAGE, indicating that they are circular RNAs. Since the minor
bands in | and Il run at the same place as linear intron and nicking 3*Flag, respectively, the inventors
concluded that species | is circular intron and species Il is circular 3*Flag (the gene of interest). To
further confirm the circular identity of 3*Flag, the inventors performed reverse transcription followed by
PCR (RT-PCR) on the IVT sample and species | and Il (Figure 2D). As expected, a 109 bp DNA
product was produced from IVT and Il but not I. The inventors then cloned this PCR product to a
sequencing vector and performed Sanger sequencing. The sequencing result clearly shows that
circularization of the 3*Flag gene of interest happened as expected (Figure 2E). These results
demonstrate that even with a short IGS, TRIC-V0 is able to circularize gene of interest highly

efficiently during the IVT process (co-transcriptional circularization).

Example 2 - TRIC V1

The internal guide sequence (IGS) of the Ana group | intron is short (5 nucleotides), and the inventors
speculated that a short IGS might make it difficult to circularize long genes of interest. To compensate
for the short IGS, the inventors introduced an extended guide sequence (EGS) at the 5’ end of the
TRIC, which could form a 20 nucleotide base-paired structure with a corresponding region at the 3’
end (Figure 3A). This construct was designated TRIC-V1.

The sequence connecting the IGS and EGS constitutes an internal loop, which the inventors also
optimised in TRIC-V1. Three constructs were created, each containing a different loop configuration.
In TRIC-V1.0 (SEQ ID NO: 15), the 6 nt sequence upstream of the Ana IGS was retained in the loop
sequence, while for V1.1 (SEQ ID NO: 16) and V1.2 (SEQ ID NO: 17) the length of the loop was
reduced by introducing base pair interactions between 3 nt at the 3’ end of the construct and 3 nt at
the 5’ end of the loop. This effectively extended the EGS to 23 ntin length (Figure 3A), and reduced
the 5’ loop length to 3 nuclectides. The 3’ loop length was 3 nucleotides in V1.1 and V1.2, whilst the

3’ loop length was 5 nucleotides in V1.0.

In vitro transcription was performed for the three variants V1.0, V1.1 and V1.2, and the products were
loaded onto a 6% PAGE together with purified circular 3*Flag (the species Il from earlier experiments).
All three variants were found to circularize the gene of interest (3*Flag) highly efficiently (Figure 3B).
The inventors subsequently performed digestion of the in vitro transcription product from V1.0 by an
RNase R. As expected, only the circular gene of interest (3*Flag) is resistant to RNase R digestion,
while the linear intron is digested (Figure 3C). Compared to the TRIC-VO0 variant, the efficiency (that
is, the ratio of full-length precursor to circular GOI) of the three V1.1 variants was similar, since full

length precursors mostly converted to circular RNAs during in vitro transcription. One advantage of
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the V1 variants compared to VO is that the amount of circular intron is reduced. Reduction of circular
introns is beneficial because these circular introns cannot be removed by RNase R digestion. Of the
three V1 variants, V1.1 gave the highest ratio of circular 3*Flag to linear intron, so this variant was

taken forward for further investigation.

The 3*Flag sequence (SEQ ID NO: 18) is 141 nucleotides in length. The inventors also determined
the capacity of TRIC-V1 for circularization of long genes of interest. Five new constructs were created
with the aim of producing circular CVB3-EGFP (EGFP, 1638 nt) (SEQ ID NO: 19), CVB3-Firefly
luciferase (Fluc, 2601 nt) (SEQ ID NO: 20), CVB3-Spike protein of SARS-CoV 2-EGFP (Spike, 5469
nt) (SEQ ID NO: 21), CVB3-spCas9-EGFP (Cas9, 5757 nt) (SEQ ID NO: 22) and CVB3-Factor 8-
EGFP (Factor 8, 8706 nt) (SEQ ID NO: 23) (Figure 4A). Longer tRNA sequence (L15/R51), internal
homology arms (iHRs) and spacer sequences (polyAC) were used in the TRIC V1.0 construct to
produce an identical circular RNA as would be obtained with the PIE Ana construct (Figure 5A, 5B).

The sequences of each of the GOls are shown below.

3*Flag:
AAAATCCGTTGACCTTAAACGGTCGTGTGGTACACTCGATCTGGACTAAAGCTGCTCATGGATTACAAAGATCACGATGG
TGATTATAAAGATCACGACATCGATTACAAGGATGATGATGATAAGAGACGCTACGGACTT (SEQ ID NO: 18)

EGFP:
AAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGCCGAAAAACAA
AAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCA
TTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAA
CACACACCGATCAACAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAA
TAGACTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAG
TTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGG
CGGTGGCTGCCTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATTG
AGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGT
GTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTA
TGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTG
TTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAA
GGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCCAGCTCGGACGGCGACGTAAACGGCCACAAGTTCAGCG
TGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCC
GTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAG
CACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTAC
AAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGA
GGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAA
GAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCA
GAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCCACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAG
ACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAG
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CTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGACTT (SEQ ID NO:
24)

Firefly luciferase (Fluc):
AAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGCCGAAAAACAA
AAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCA
TTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAA
CACACACCGATCAACAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAA
TAGACTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAG
TTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGG
CGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATTG
AGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGT
GTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTA
TGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTG
TTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGGAAGATGC
CAAAAACATTAAGAAGGGCCCAGCGCCATTCTACCCACTCGAAGACGGTACCGCCGGCGAGCAGCTGCACAAAGCCAT
GAAGCGCTACGCCCTGGTGCCCGGCACCATCGCCTTTACCGACGCACATATCGAGGTGGACATTACCTACGCCGAGTA
CTTCGAGATGAGCGTTCGGCTGGCAGAAGCTATGAAGCGCTATGGGCTGAATACAAACCATCGGATCGTGGTGTGCAG
CGAGAATAGCTTGCAGTTCTTCATGCCCGTGTTGGGTGCCCTGTTCATCGGTGTGGCTGTGGCCCCAGCTAACGACATC
TACAACGAGCGCGAGCTGCTGAACAGCATGGGCATCAGCCAGCCCACCGTCGTATTCGTGAGCAAGAAAGGGCTGCAA
AAGATCCTCAACGTGCAAAAGAAGCTACCGATCATACAAAAGATCATCATCATGGATAGCAAGACCGACTACCAGGGCT
TCCAAAGCATGTACACCTTCGTGACTTCCCATTTGCCACCCGGCTTCAACGAGTACGACTTCGTGCCCGAGAGCTTCGA
CCGGGACAAAACCATCGCCCTGATCATGAACAGTAGTGGCAGTACCGGATTGCCCAAGGGCGTAGCCCTACCGCACCG
CACCGCTTGTGTCCGATTCAGTCATGCCCGCGACCCCATCTTCGGCAACCAGATCATCCCCGACACCGCTATCCTCAGC
GTGGTGCCATTTCACCACGGCTTCGGCATGTTCACCACGCTGGGCTACTTGATCTGCGGCTTTCGGGTCGTGCTCATGT
ACCGCTTCGAGGAGGAGCTATTCTTGCGCAGCTTGCAAGACTATAAGATTCAATCTGCCCTGCTGGTGCCCACACTATT
TAGCTTCTTCGCTAAGAGCACCCTCATTGATAAGTACGACCTAAGCAACTTGCACGAGATCGCCAGCGGCGGGGCGCC
GCTCAGCAAGGAGGTAGGTGAGGCCGTGGCTAAACGCTTCCACCTACCAGGCATCCGCCAGGGCTACGGCCTGACAG
AAACAACCAGCGCCATTCTGATCACCCCCGAAGGGGACGACAAGCCTGGCGCAGTAGGCAAGGTGGTGCCCTTCTTCG
AGGCTAAGGTGGTGGACTTGGACACCGGCAAGACACTGGGTGTGAACCAGCGCGGCGAGCTGTGCGTCCGTGGCCCC
ATGATCATGAGCGGCTACGTTAACAACCCCGAGGCTACAAACGCACTCATCGACAAGGACGGCTGGCTGCACAGCGGC
GACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTGGACCGGCTGAAGAGCCTGATCAAATACAAGGGCTAC
CAGGTAGCCCCAGCCGAACTGGAGAGCATCCTGCTGCAACACCCCAACATCTTCGACGCCGGGGTCGCCGGCCTGCC
CGACGACGATGCCGGCGAGCTGCCCGCCGCAGTCGTCGTGCTGGAACACGGTAAAACCATGACCGAGAAGGAGATCG
TGGACTATGTGGCCAGCCAGGTTACAACCGCCAAGAAGCTGCGCGGTGGTGTTGTGTTCGTGGACGAGGTGCCTAAAG
GACTGACCGGTAAGTTGGACGCCCGCAAGATCCGCGAGATTCTCATTAAGGCCAAGAAGGGCGGCAAGATCGCCGTGA
GCAGTGATTACAAGGATGATGATGATAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTA
CGGACTT (SEQ ID NO: 25)

Spike protein of SARS-CoV 2-EGFP
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AAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGCCGAAAAACAA
AAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCA
TTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAA
CACACACCGATCAACAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAA
TAGACTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAG
TTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGG
CGGTGGCTGCCTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATTG
AGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGT
GTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTA
TGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTG
TTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGGGGATTCT
GCCTAGCCCCGGCATGCCCGCCCTCCTGAGCCTGGTGAGCCTGCTGAGCCTCCTGTTGATGGGGTGCGTGGCCGAGA
CCGGCACACAGTGCGTGAACCTGACAACTAGAACACAGCTGCCCCCAGCCTACACCAACAGCTTTACTAGGGGAGTGT
ACTACCCTGATAAGTGCTTCAGGAGCAGTGTGCTGCACAGCACCCAGGACCTCTTTTTGCCCTTTTTCAGTAACGTGAC
CTGGTTCCACGCTATCCACGTGAGCGGCACAAACGGCACAAAACGGTTCGATAACCCAGTGCTGCCCTTCAACGACGG
CGTCTACTTCGCCAGCACTGAGAAGTCCAACATTATCAGGGGGTGGATCTTCGGGACAACCCTGGACAGCAAGACACA
GAGCCTCCTGATTGTGAACAACGCCACCAACGTGGTCATTAAGGTCTGCGAGTTCCAGTTCTGCAACGACCCCTTTCTG
GGGGTGTACTACCACAAGAACAACAAGTCCTGGATGGAGTCCGAGTTTCGGGTGTACTCCAGCGCCAACAACTGCACA
TTTGAGTACGTGAGCCAGCCCTTCTTGATGGATCTGGAGGGCAAGCAGGGGAACTTTAAGAACCTTCGGGAGTTCGTCT
TTAAGAACATCGACGGGTACTTTAAGATCTACAGCAAGCACACCCCTATTAACCTGGTCCGCGATCTGCCCCAGGGCTT
CAGCGCCCTGGAGCCACTGGTGGACCTCCCCATCGGGATCAACATTACTAGGTTCCAGACACTCCTGGCCCTGCACCG
GAGCTACCTGACTCCCGGCGATAGCTCCAGCGGGTGGACTGCCGGGGCCGCCGCCTACTACGTCGGCTACCTGCAGC
CCAGGACATTCCTGCTCAAGTACAACGAGAACGGCACCATCACTGATGCCGTGGACTGCGCTCTCGATCCCCTGAGCG
AGACAAAGTGCACCCTGAAGTCCTTCACCGTGGAGAAGGGGATCTACCAGACATCTAACTTCAGGGTGCAGCCCACTG
AGTCCATTGTGAGATTTCCTAACATCACCAACCTGTGCCCCTTCGGCGAGGTCTTTAACGCCACACGGTTCGCCAGCGT
CTACGCTTGGAACAGGAAGCGGATCTCCAACTGCGTGGCCCACTACAGCGTGCTGTACAACAGCGCCTCCTTCAGCAC
CTTTAAGTGCTACGGCGTGAGCCCCACTAAGCTGAACGACCTGTGCTTCACTAACGTGTACGCTGATAGCTTCGTGATT
AGGGGCGATGAGGTCCGGCAGATTGCCCCCGGCCAGACAGGGAAGATCGCTGACTACAACTATAAGCTGCCCGATGA
CTTCACAGGGTGTGTGATCGCCTGGAACAGCAACAACCTGGATAGCAAGGTCGGGGGGAACTACAACTACCTGTACAG
GCTGTTCAGAAAGTCCAACCTGAAGCCCTTCGAGCGGGATATCAGCACTGAGATCTACCAGGCCGGGAGCACCCCCTG
CAACGGCGTCGAGGGCTTTAACTGCTACTTTCCCCTCCAGAGCTACGGCTTCCAACCCACCAACGGCGTGGGGTACCA
GCCCTACCGGGTCGTGGTGCTTAGCTTCGAGCTCCTGCACGCCCCTGCAACCCTGTGCGGCCCCAAGAAGAGCACAAA
CCTCGTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGGCTGACCGGCACCGGCGTGCTGACTGAGAGTAACAAGAA
GTTTCTCCCCTTCCAGCAGTGCGGGAGGGATATTGCCGACACTACTGATGCCGTGCGCGACCCTCAGACCCTTGAGAT
TCTGGACATCACTCCCTGCTCCTTCGGCGGAGTGTCCGTGATCACACCAGGGACCAACACTAGCAACCAGGTCGCCGT
CTTGTACCAGGACGTGAACTGCACCGAGGTGCCCGTGGCCATCCACGCCGATCAGCTGACCCCAACTTGGCGGGTGTA
CTCCACCGGGAGCAACGTGTTTCAGACACGGGCCGGGTGCCTGATCGGGGCTGAGCATGTCAACAACAGCTACGAGT
GCGATATTCCTATCGGCGCCGGGATTTGCGCCAGCTACCAGACACAGACAAACAGCCCTGGCTCGGCCAGCTCCGTCG
CCAGCCAGAGCATCATCGCCTACACAATGTCCTTGGGGGCCGAGAACAGCGTCGCCTACAGCAACAACAGCATTGCCA
TCCCCACCAACTTCACAATCAGCGTCACAACCGAGATCCTGCCCGTGAGCATGACTAAGACATCCGTGGATTGCACAAT
GTACATCTGCGGCGACTCCACAGAGTGCAGTAACCTGCTGCTCCAGTACGGGTCCTTTTGTACCCAGCTGAACAGAGC
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CTTGACCGGCATTGCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTTGCCCAGGTGAAGCAGATCTACAAGACACC
CCCCATAAAGGACTTCGGGGGCTTTAACTTCTCCCAGATCTTGCCCGACCCCAGCAAGCCCTCCAAGCGGTCATTCATT
GAGGACCTGCTGTTTAACAAGGTGACCCTCGCTGATGCAGGGTTTATCAAGCAGTACGGCGATTGCCTGGGGGACATT
GCCGCTAGGGACTTGATCTGCGCCCAGAAGTTCAACGGCCTGACCGTGCTCCCCCCCCTGTTGACAGACGAGATGATC
GCCCAGTACACTAGCGCTCTGCTGGCCGGCACTATCACCAGCGGCTGGACCTTTGGGGCCGGCGCCGCCCTCCAGAT
TCCATTCGCCATGCAGATGGCCTACCGCTTCAACGGCATCGGCGTGACTCAGAACGTGCTGTACGAGAACCAGAAGCT
GATTGCCAACCAGTTCAACTCCGCCATCGGCAAGATCCAGGACAGCCTGTCCAGCACAGCATCCGCCCTGGGGAAGTT
GCAGGATGTGGTGAACCAGAACGCCCAGGCCCTGAACACACTGGTGAAGCAGCTGAGCAGCAACTTTGGCGCCATCAG
TAGCGTCCTGAACGACATCCTGTCACGGCTTGATCCACCAGAGGCCGAGGTCCAGATCGATCGGCTGATTACAGGCCG
GCTGCAGAGTCTCCAGACCTACGTCACCCAGCAGCTGATCCGGGCTGCCGAGATTAGAGCCTCCGCCAATCTCGCCGC
CACAAAGATGAGTGAATGCGTCCTGGGCCAGAGCAAAAGGGTCGACTTTTGCGGGAAGGGGTACCACCTGATGTCCTT
TCCCCAGTCCGCCCCTCACGGAGTGGTGTTCCTCCATGTCACATACGTGCCTGCCCAGGAGAAGAACTTCACTACAGC
CCCCGCCATTTGCCACGATGGGAAGGCCCATTTCCCTAGAGAGGGCGTGTTCGTGTCCAACGGGACCCACTGGTTCGT
GACTCAGCGGAACTTTTATGAACCCCAGATTATCACAACCGATAACACATTTGTCTCCGGCAACTGTGATGTGGTCATCG
GCATCGTGAACAACACCGTGTACGACCCACTGCAGCCTGAGCTTGACAGCTTTAAGGAGGAGCTGGACAAGTACTTTAA
GAACCACACCAGCCCTGATGTGGACCTTGGCGACATCAGCGGCATTAACGCCAGCGTGGTGAACATTCAGAAGGAGAT
CGATAGACTGAACGAGGTGGCCAAGAACTTGAACGAGTCACTGATTGACCTGCAGGAGCTGGGGAAGTACGAGCAGTA
CATTAAGGGGTCCGGGAGGGAGAACCTGTACTTTCAGGGGGGGGGGGGGTCCGGCTACATTCCCGAGGCCCCAAGG
GATGGCCAGGCCTACGTGAGGAAGGATGGGGAGTGGGTGCTGCTGAGCACCTTCTTGGGCAGCGGCAGCAGTATGGT
GAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGCACCTAAACGGCCACAAGT
TCAGCGTGTCCGGCCAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAG
CTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATG
AAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGC
AACTACAAGACCCGCGCCGCAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTT
CAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAA
GCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCCAGGACGGCAGCGTGCAGCTCGCCGACCACTA
CCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGA
GCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATG
GACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGACTT (SEQ
ID NO: 26)

spCas9-EGFP
AAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGCCGAAAAACAA
AAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCA
TTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAA
CACACACCGATCAACAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAA
TAGACTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAG
TTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGG
CGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATTG
AGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGT
GTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTA
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TGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTG
TTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGGATAAGAA
ATACTCAATAGGCTTAGATATCGGCACAAATAGCGTCGGATGGGCGGTGATCACTGATGAATATAAGGTTCCGTCTAAAA
AGTTCAAGGTTCTGGGAAATACAGACCGCCACAGTATCAAAAAAAATCTTATAGGGGCTCTTTTATTTGACAGTGGAGAG
ACAGCGGAAGCGACTCGTCTCAAACGGACAGCTCGTAGAAGGTATACACGTCGGAAGAATCGTATTTGTTATCTACAGG
AGATTTTTTCAAATGAGATGGCGAAAGTAGATGATAGTTTCTTTCATCGACTTGAAGAGTCTTTTTTGGTGGAAGAAGACA
AGAAGCATGAACGTCATCCTATTTTTGGAAATATAGTAGATGAAGTTGCTTATCATGAGAAATATCCAACTATCTATCATC
TGCGAAAAAAATTGGTAGATTCTACTGATAAAGCGGATTTGCGCTTAATCTATTTGGCCTTAGCGCATATGATTAAGTTTC
GTGGTCATTTTTTGATTGAGGGAGATTTAAATCCTGATAATAGTGATGTGGACAAACTATTTATCCAGTTGGTACAAACCT
ACAATCAATTATTTGAAGAAAACCCTATTAACGCAAGTGGAGTAGATGCTAAAGCGATTCTTTCTGCACGATTGAGTAAAT
CAAGACGATTAGAAAATCTCATTGCTCAGCTCCCCGGTGAGAAGAAAAATGGCTTATTTGGGAATCTCATTGCTTTGTCA
TTGGGTTTGACCCCTAATTTTAAATCAAATTTTGATTTGGCAGAAGATGCTAAATTACAGCTTTCAAAAGATACTTACGATG
ATGATTTAGATAATTTATTGGCGCAAATTGGAGATCAATATGCTGATTTGTTTTTGGCAGCTAAGAATTTATCAGATGCTAT
TTTACTTTCAGATATCCTAAGAGTAAATACTGAAATAACTAAGGCTCCCCTATCAGCTTCAATGATTAAACGCTACGATGA
ACATCATCAAGACTTGACTCTTTTAAAAGCTTTAGTTCGACAACAACTTCCAGAAAAGTATAAAGAAATCTTTTTTGATCAA
TCAAAAAACGGATATGCAGGTTATATTGATGGGGGAGCTAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAA
AAAATGGATGGTACTGAGGAATTATTGGTGAAACTAAATCGTGAAGATTTGCTGCGCAAGCAACGGACCTTTGACAACG
GCTCTATTCCCCATCAAATTCACTTGGGTGAGCTGCATGCTATTTTGAGAAGACAAGAAGACTTTTATCCATTTTTAAAAG
ACAATCGTGAGAAGATTGAAAAAATCTTGACTTTTCGAATTCCTTATTATGTTGGTCCATTGGCGCGTGGCAATAGTCGTT
TTGCATGGATGACTCGGAAGTCTGAAGAAACAATTACCCCATGGAATTTTGAAGAAGTTGTCGATAAAGGTGCTTCAGCT
CAATCATTTATTGAACGCATGACAAACTTTGATAAAAATCTTCCAAATGAAAAAGTACTACCAAAACATAGTTTGCTTTATG
AGTATTTTACGGTTTATAACGAATTGACAAAGGTCAAATATGTTACTGAAGGAATGCGAAAACCAGCATTTCTTTCAGGTG
AACAGAAGAAAGCCATTGTTGATTTACTCTTCAAAACAAATCGAAAAGTAACCGTTAAGCAATTAAAAGAAGATTATTTCA
AAAAAATAGAATGTTTTGATAGTGTTGAAATTTCAGGAGTTGAAGATAGATTTAATGCTTCATTAGGTACCTACCATGATTT
GCTAAAAATTATTAAAGATAAAGATTTTTTGGATAATGAAGAAAATGAAGATATCTTAGAGGATATTGTTTTAACATTGACC
TTATTTGAAGATAGGGAGATGATTGAGGAAAGACTTAAAACATATGCTCACCTCTTTGATGATAAGGTGATGAAACAGCTT
AAACGTCGCCGTTATACTGGTTGGGGACGTTTGTCTCGAAAATTGATTAATGGTATTAGGGATAAGCAATCTGGCAAAAC
AATATTAGATTTTTTGAAATCAGATGGTTTTGCCAATCGCAATTTTATGCAGCTGATCCATGATGATAGTTTGACATTTAAA
GAAGACATTCAAAAAGCACAAGTGTCTGGACAAGGCGATAGTTTACATGAACATATTGCAAATTTAGCTGGTAGCCCTGC
TATTAAAAAAGGTATTTTACAGACTGTAAAAGTTGTTGATGAATTGGTCAAAGTAATGGGGCGGCATAAGCCAGAAAATAT
CGTTATTGAAATGGCACGTGAAAATCAGACAACTCAAAAGGGCCAGAAAAATTCGCGAGAGCGTATGAAACGAATCGAA
GAAGGTATCAAAGAATTAGGAAGTCAGATTCTTAAAGAGCATCCTGTTGAAAATACTCAATTGCAAAATGAAAAGCTCTAT
CTCTATTATCTCCAAAATGGAAGAGACATGTATGTGGACCAAGAATTAGATATTAATCGTTTAAGTGATTATGATGTCGAT
CACATTGTTCCACAAAGTTTCCTTAAAGACGATTCAATAGACAATAAGGTCTTAACGCGTTCTGATAAAAATCGTGGTAAA
TCGGATAACGTTCCAAGTGAAGAAGTAGTCAAAAAGATGAAAAACTATTGGAGACAACTTCTAAACGCCAAGTTAATCAC
TCAACGTAAGTTTGATAATTTAACGAAAGCTGAACGTGGAGGTTTGAGTGAACTTGATAAAGCTGGTTTTATCAAACGCC
AATTGGTTGAAACTCGCCAAATCACTAAGCATGTGGCACAAATTTTGGATAGTCGCATGAATACTAAATACGATGAAAAT
GATAAACTTATTCGAGAGGTTAAAGTGATTACCTTAAAATCTAAATTAGTTTCTGACTTCCGAAAAGATTTCCAATTCTATA
AAGTACGTGAGATTAACAATTACCATCATGCCCATGATGCGTATCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAAT
ATCCAAAACTTGAATCGGAGTTTGTCTATGGTGATTATAAAGTTTATGATGTTCGTAAAATGATTGCTAAGTCTGAGCAAG
AAATAGGCAAAGCAACCGCAAAATATTTCTTTTACTCTAATATCATGAACTTCTTCAAAACAGAAATTACACTTGCAAATGG
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AGAGATTCGCAAACGCCCTCTAATCGAAACTAATGGGGAAACTGGAGAAATTGTCTGGGATAAAGGGCGAGATTTTGCC
ACAGTGCGCAAAGTATTGTCCATGCCCCAAGTCAATATTGTCAAGAAAACAGAAGTACAGACAGGCGGATTCTCCAAGG
AGTCAATTTTACCAAAAAGAAATTCGGACAAGCTTATTGCTCGTAAAAAAGACTGGGATCCAAAAAAATATGGTGGTTTTG
ATAGTCCAACGGTAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGGAAAAAGGGAAATCGAAGAAGTTAAAATCCGTTAAA
GAGTTACTAGGGATCACAATTATGGAAAGAAGTTCCTTTGAAAAAAATCCGATTGACTTTTTAGAAGCTAAAGGATATAAG
GAAGTTAAAAAAGACTTAATCATTAAACTACCTAAATATAGTCTTTTTGAGTTAGAAAACGGTCGTAAACGGATGCTGGCT
AGTGCCGGAGAATTACAAAAAGGAAATGAGCTGGCTCTGCCAAGCAAATATGTGAATTTTTTATATTTAGCTAGTCATTAT
GAAAAGTTGAAGGGTAGTCCAGAAGATAACGAACAAAAACAATTGTTTGTGGAGCAGCATAAGCATTATTTAGATGAGAT
TATTGAGCAAATCAGTGAATTTTCTAAGCGTGTTATTTTAGCAGATGCCAATTTAGATAAAGTTCTTAGTGCATATAACAAA
CATAGAGACAAACCAATACGTGAACAAGCAGAAAATATTATTCATTTATTTACGTTGACGAATCTTGGAGCTCCCGCTGCT
TTTAAATATTTTGATACAACAATTGATCGTAAACGATATACGTCTACAAAAGAAGTTTTAGATGCCACTCTTATCCATCAAT
CCATCACTGGTCTTTATGAAACACGCATTGATTTGAGTCAGCTAGGAGGTGACGGCAGCGGCAGCAGTATGGTGAGCAA
GGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCG
TGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCC
GTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAG
CACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTAC
AAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGA
GGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAA
GAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCA
GAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAG
ACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAG
CTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGACTT (SEQ ID NO:
27)

Factor 8-EGFP
AAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGCCGAAAAACAA
AAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCA
TTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAA
CACACACCGATCAACAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAA
TAGACTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAG
TTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGG
CGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATTG
AGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGT
GTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTA
TGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTG
TTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGCAAATAGA
GCTCTCCACCTGCTTCTTTCTGTGCCTTTTGCGATTCTGCTTTAGTGCCACCAGAAGATACTACCTGGGTGCAGTGGAAC
TGTCATGGGACTATATGCAAAGTGATCTCGGTGAGCTGCCTGTGGACGCAAGATTTCCTCCTAGAGTGCCAAAATCTTTT
CCATTCAACACCTCAGTCGTGTACAAAAAGACTCTGTTTGTAGAATTCACGGATCACCTTTTCAACATCGCTAAGCCAAG
GCCACCCTGGATGGGTCTGCTAGGTCCTACCATCCAGGCTGAGGTTTATGATACAGTGGTCATTACACTTAAGAACATG
GCTTCCCATCCTGTCAGTCTTCATGCTGTTGGTGTATCCTACTGGAAAGCTTCTGAGGGAGCTGAATATGATGATCAGAC
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CAGTCAAAGGGAGAAAGAAGATGATAAAGTCTTCCCTGGTGGAAGCCATACATATGTCTGGCAGGTCCTGAAAGAGAAT
GGTCCAATGGCCTCTGACCCACTGTGCCTTACCTACTCATATCTTTCTCATGTGGACCTGGTAAAAGACTTGAATTCAGG
CCTCATTGGAGCCCTACTAGTATGTAGAGAAGGGAGTCTGGCCAAGGAAAAGACACAGACCTTGCACAAATTTATACTA
CTTTTTGCTGTATTTGATGAAGGGAAAAGTTGGCACTCAGAAACAAAGAACTCCTTGATGCAGGATAGGGATGCTGCATC
TGCTCGGGCCTGGCCTAAAATGCACACAGTCAATGGTTATGTAAACAGGTCTCTGCCAGGTCTGATTGGATGCCACAGG
AAATCAGTCTATTGGCATGTGATTGGAATGGGCACCACTCCTGAAGTGCACTCAATATTCCTCGAAGGTCACACATTTCT
TGTGAGGAACCATCGCCAGGCGTCCTTGGAAATCTCGCCAATAACTTTCCTTACTGCTCAAACACTCTTGATGGACCTTG
GACAGTTTCTACTGTTTTGTCATATCTCTTCCCACCAACATGATGGCATGGAAGCTTATGTCAAAGTAGACAGCTGTCCA
GAGGAACCCCAACTACGAATGAAAAATAATGAAGAAGCGGAAGACTATGATGATGATCTTACTGATTCTGAAATGGATGT
GGTCAGGTTTGATGATGACAACTCTCCTTCCTTTATCCAAATTCGCTCAGTTGCCAAGAAGCATCCTAAAACTTGGGTAC
ATTACATTGCTGCTGAAGAGGAGGACTGGGACTATGCTCCCTTAGTCCTCGCCCCCGATGACAGAAGTTATAAAAGTCA
ATATTTGAACAATGGCCCTCAGCGGATTGGTAGGAAGTACAAAAAAGTCCGATTTATGGCATACACAGATGAAACCTTTA
AGACTCGTGAAGCTATTCAGCATGAATCAGGAATCTTGGGACCTTTACTTTATGGGGAAGTTGGAGACACACTGTTGATT
ATATTTAAGAATCAAGCAAGCAGACCATATAACATCTACCCTCACGGAATCACTGATGTCCGTCCTTTGTATTCAAGGAG
ATTACCAAAAGGTGTAAAACATTTGAAGGATTTTCCAATTCTGCCAGGAGAAATATTCAAATATAAATGGACAGTGACTGT
AGAAGATGGGCCAACTAAATCAGATCCTCGGTGCCTGACCCGCTATTACTCTAGTTTCGTTAATATGGAGAGAGATCTAG
CTTCAGGACTCATTGGCCCTCTCCTCATCTGCTACAAAGAATCTGTAGATCAAAGAGGAAACCAGATAATGTCAGACAAG
AGGAATGTCATCCTGTTTTCTGTATTTGATGAGAACCGAAGCTGGTACCTCACAGAGAATATACAACGCTTTCTCCCCAA
TCCAGCTGGAGTGCAGCTTGAGGATCCAGAGTTCCAAGCCTCCAACATCATGCACAGCATCAATGGCTATGTTTTTGATA
GTTTGCAGTTGTCAGTTTGTTTGCATGAGGTGGCATACTGGTACATTCTAAGCATTGGAGCACAGACTGACTTCCTTTCT
GTCTTCTTCTCTGGATATACCTTCAAACACAAAATGGTCTATGAAGACACACTCACCCTATTCCCATTCTCAGGAGAAACT
GTCTTCATGTCGATGGAAAACCCAGGTCTATGGATTCTGGGGTGCCACAACTCAGACTTTCGGAACAGAGGCATGACCG
CCTTACTGAAGGTTTCTAGTTGTGACAAGAACACTGGTGATTATTACGAGGACAGTTATGAAGATATTTCAGCATACTTGC
TGAGTAAAAACAATGCCATTGAACCAAGAAGCTTCTCCCAGAATTCAAGACACCCTAGCACTAGGCAAAAGCAATTTAAT
GCCACCACAATTCCAGAAAATGACATAGAGAAGACTGACCCTTGGTTTGCACACAGAACACCTATGCCTAAAATACAAAA
TGTCTCCTCTAGTGATTTGTTGATGCTCTTGCGACAGAGTCCTACTCCACATGGGCTATCCTTATCTGATCTCCAAGAAG
CCAAATATGAGACTTTTTCTGATGATCCATCACCTGGAGCAATAGACAGTAATAACAGCCTGTCTGAAATGACACACTTC
AGGCCACAGCTCCATCACAGTGGGGACATGGTATTTACCCCTGAGTCAGGCCTCCAATTAAGATTAAATGAGAAACTGG
GGACAACTGCAGCAACAGAGTTGAAGAAACTTGATTTCAAAGTTTCTAGTACATCAAATAATCTGATTTCAACAATTCCAT
CAGACAATTTGGCAGCAGGTACTGATAATACAAGTTCCTTAGGACCCCCAAGTATGCCAGTTCATTATGATAGTCAATTA
GATACCACTCTATTTGGCAAAAAGTCATCTCCCCTTACTGAGTCTGGTGGACCTCTGAGCTTGAGTGAAGAAAATAATGA
TTCAAAGTTGTTAGAATCAGGTTTAATGAATAGCCAAGAAAGTTCATGGGGAAAAAATGTATCGTCAACAGAGAGTGGTA
GGTTATTTAAAGGGAAAAGAGCTCATGGACCTGCTTTGTTGACTAAAGATAATGCCTTATTCAAAGTTAGCATCTCTTTGT
TAAAGACAAACAAAACTTCCAATAATTCAGCAACTAATAGAAAGACTCACATTGATGGCCCATCATTATTAATTGAGAATA
GTCCATCAGTCTGGCAAAATATATTAGAAAGTGACACTGAGTTTAAAAAAGTGACACCTTTGATTCATGACAGAATGCTTA
TGGACAAAAATGCTACAGCTTTGAGGCTAAATCATATGTCAAATAAAACTACTTCATCAAAAAACATGGAAATGGTCCAAC
AGAAAAAAGAGGGCCCCATTCCACCAGATGCACAAAATCCAGATATGTCGTTCTTTAAGATGCTATTCTTGCCAGAATCA
GCAAGGTGGATACAAAGGACTCATGGAAAGAACTCTCTGAACTCTGGGCAAGGCCCCAGTCCAAAGCAATTAGTATCCT
TAGGACCAGAAAAATCTGTGGAAGGTCAGAATTTCTTGTCTGAGAAAAACAAAGTGCTAGTAGGAAAGGGTGAATTTACA
AAGGACGTAGGACTCAAAGAGATGGTTTTTCCAAGCAGCAGAAACCTATTTCTTACTAACTTGGATAATTTACATGAAAAT
AATACACACAATCAAGAAAAAAAAATTCAGGAAGAAATAGAAAAGAAGGAAACATTAATCCAAGAGAATGTAGTTTTGCCT
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CAGATACATACAGTGACTGGCACTAAGAATTTCATGAAGAACCTTTTCTTACTGAGCACTAGGCAAAATGTAGAAGGTTC
ATATGACGGGGCATATGCTCCAGTACTTCAAGATTTTAGGTCATTAAATGATTCAACAAATAGAACAAAGAAACACACAG
CTCATTTCTCAAAAAAAGGGGAGGAAGAAAACTTGGAAGGCTTGGGAAATCAAACCAAGCAAATTGTAGAGAAATATGCA
TGCACCACAAGGATATCTCCTAATACAAGCCAGCAGAATTTTGTCACGCAACGTAGTAAGAGAGCTTTGAAACAATTCAG
ACTCCCACTAGAAGAAACAGAACTTGAAAAAAGGATAATTGTGGATGACACCTCAACCCAGTGGTCCAAAAACATGAAAC
ATTTGACCCCGAGCACCCTCACACAGATAGACTACAATGAGAAGGAGAAAGGGGCCATTACTCAGTCTCCCTTATCAGA
TTGCCTTACGAGGAGTCATAGCATCCCTCAAGCAAATAGATCTCCATTACCCATTGCAAAGGTATCATCATTTCCATCTAT
TAGACCTATATATCTGACCAGGGTCCTATTCCAAGACAACTCTTCTCATCTTCCAGCAGCATCTTATAGAAAGAAAGATTC
TGGGGTCCAAGAAAGCAGTCATTTCTTACAAGGAGCCAAAAAAAATAACCTTTCTTTAGCCATTCTAACCTTGGAGATGA
CTGGTGATCAAAGAGAGGTTGGCTCCCTGGGGACAAGTGCCACAAATTCAGTCACATACAAGAAAGTTGAGAACACTGT
TCTCCCGAAACCAGACTTGCCCAAAACATCTGGCAAAGTTGAATTGCTTCCAAAAGTTCACATTTATCAGAAGGACCTAT
TCCCTACGGAAACTAGCAATGGGTCTCCTGGCCATCTGGATCTCGTGGAAGGGAGCCTTCTTCAGGGAACAGAGGGAG
CGATTAAGTGGAATGAAGCAAACAGACCTGGAAAAGTTCCCTTTCTGAGAGTAGCAACAGAAAGCTCTGCAAAGACTCC
CTCCAAGCTATTGGATCCTCTTGCTTGGGATAACCACTATGGTACTCAGATACCAAAAGAAGAGTGGAAATCCCAAGAGA
AGTCACCAGAAAAAACAGCTTTTAAGAAAAAGGATACCATTTTGTCCCTGAACGCTTGTGAAAGCAATCATGCAATAGCA
GCAATAAATGAGGGACAAAATAAGCCCGAAATAGAAGTCACCTGGGCAAAGCAAGGTAGGACTGAAAGGCTGTGCTCTC
AAAACCCACCAGTCTTGAAACGCCATCAACGGGAAATAACTCGTACTACTCTTCAGTCAGATCAAGAGGAAATTGACTAT
GATGATACCATATCAGTTGAAATGAAGAAGGAAGATTTTGACATTTATGATGAGGATGAAAATCAGAGCCCCCGCAGCTT
TCAAAAGAAAACACGACACTATTTTATTGCTGCAGTGGAGAGGCTCTGGGATTATGGGATGAGTAGCTCCCCACATGTTC
TAAGAAACAGGGCTCAGAGTGGCAGTGTCCCTCAGTTCAAGAAAGTTGTTTTCCAGGAATTTACTGATGGCTCCTTTACT
CAGCCCTTATACCGTGGAGAACTAAATGAACATTTGGGACTCCTGGGGCCATATATAAGAGCAGAAGTTGAAGATAATAT
CATGGTAACTTTCAGAAATCAGGCCTCTCGTCCCTATTCCTTCTATTCTAGCCTTATTTCTTATGAGGAAGATCAGAGGCA
AGGAGCAGAACCTAGAAAAAACTTTGTCAAGCCTAATGAAACCAAAACTTACTTTTGGAAAGTGCAACATCATATGGCAC
CCACTAAAGATGAGTTTGACTGCAAAGCCTGGGCTTATTTCTCTGATGTTGACCTGGAAAAAGATGTGCACTCAGGCCTG
ATTGGACCCCTTCTGGTCTGCCACACTAACACACTGAACCCTGCTCATGGGAGACAAGTGACAGTACAGGAATTTGCTC
TGTTTTTCACCATCTTTGATGAGACCAAAAGCTGGTACTTCACTGAAAATATGGAAAGAAACTGCAGGGCTCCCTGCAAT
ATCCAGATGGAAGATCCCACTTTTAAAGAGAATTATCGCTTCCATGCAATCAATGGCTACATAATGGATACACTACCTGG
CTTAGTAATGGCTCAGGATCAAAGGATTCGATGGTATCTGCTCAGCATGGGCAGCAATGAAAACATCCATTCTATTCATT
TCAGTGGACATGTGTTCACTGTACGAAAAAAAGAGGAGTATAAAATGGCACTGTACAATCTCTATCCAGGTGTTTTTGAG
ACAGTGGAAATGTTACCATCCAAAGCTGGAATTTGGCGGGTGGAATGCCTTATTGGCGAGCATCTACATGCTGGGATGA
GCACACTTTTTCTGGTGTACAGCAATAAGTGTCAGACTCCCCTGGGAATGGCTTCTGCACACATTAGAGATTTTCAGATT
ACAGCTTCAGGACAATATGGACAGTGGGCCCCAAAGCTGGCCAGACTTCATTATTCCGGATCAATCAATGCCTGGAGCA
CCAAGGAGCCCTTTTCTTGGATCAAGGTGGATCTGTTGGCACCAATGATTATTCACGGCATCAAGACCCAGGGTGCCCG
TCAGAAGTTCTCCAGCCTCTACATCTCTCAGTTTATCATCATGTATAGTCTTGATGGGAAGAAGTGGCAGACTTATCGAG
GAAATTCCACTGGAACCTTAATGGTCTTCTTTGGCAATGTGGATTCATCTGGGATAAAACACAATATTTTTAACCCTCCAA
TTATTGCTCGATACATCCGTTTGCACCCAACTCATTATAGCATTCGCAGCACTCTTCGCATGGAGTTGATGGGCTGTGAT
TTAAATAGTTGCAGCATGCCATTGGGAATGGAGAGTAAAGCAATATCAGATGCACAGATTACTGCTTCATCCTACTTTAC
CAATATGTTTGCCACCTGGTCTCCTTCAAAAGCTCGACTTCACCTCCAAGGGAGGAGTAATGCCTGGAGACCTCAGGTG
AATAATCCAAAAGAGTGGCTGCAAGTGGACTTCCAGAAGACAATGAAAGTCACAGGAGTAACTACTCAGGGAGTAAAAT
CTCTGCTTACCAGCATGTATGTGAAGGAGTTCCTCATCTCCAGCAGTCAAGATGGCCATCAGTGGACTCTCTTTTTTCAG
AATGGCAAAGTAAAGGTTTTTCAGGGAAATCAAGACTCCTTCACACCTGTGGTGAACTCTCTAGACCCACCGTTACTGAC
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TCGCTACCTTCGAATTCACCCCCAGAGTTGGGTGCACCAGATTGCCCTCGAGGATGCGAGGTTCTGGGCTGCGAGGCACA
GGACCTCTACGGCAGCGGCAGCAGTATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCG
AGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTG
ACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTG
CAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAG

GAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCCAGGTGAAGTTCGAGGGCGACACCCTGGT

GAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAA
CAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAG
GACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAA
CCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGT
GACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTT
ACCGGCGAGACGCTACGGACTT (SEQ ID NO: 28)

After in vitro transcription, some samples were subject to an additional 20 minute post-transcriptional
circularization protocol. Extra GTP was supplied to each reaction mixture at a final concentration of 2
mM. The reaction mixtures were heated at 55 °C for 20 minutes to initiate circularization as previously
described (Wesselhoeft, R. A., Kowalski, P. S. & Anderson, D. G. Nat Commun 9, 2629, (2018)). All
the samples were loaded onto a 0.8% agarose gel and run for 1 hour 45 minutes. Results are shown

in Figure 4B, with expected band positions for circular products labelled with black circles.

TRIC V1 can circularize long genes of interest co-transcriptionally, as indicated by the multiple RNA
species observed for each construct in Figure 4B, without the post-transcriptional circularization
protocol. During in vitro transcription, TRIC-V1 produces more splicing products than the PIE
approach for all the genes of interest, suggesting that the co-transcriptional circularization efficiency of
TRIC-V1 is higher than PIE. However, co-transcriptionally produced circular RNAs are heavily nicked,
since circular RNAs for EGFP and Fluci are nicked at over 50% and circular RNAs for Spike, Cas9
and Factor 8 were difficult to detect. The additional 20 minute post-transcriptional circularization did
increase the amount of splicing product, but mainly by increasing the amount of nicking. Co-
transcriptional nicking for the short GOI 3*Flag, but fatal for the long GOls used in this experiment.

Thus, the inventors sought to identify a protocol that could be used to produce long circular GOls.

Example 3 - Post-transcriptional circularization

Mg2+ is believed to be the major source of circular RNA nicking (Wesselhoeft et al. (2018)). Since
Mg2+ is essential for both in vitro transcription and circularization, the inventors speculated that
reasonable ways to reduce nicking of the circular RNAs would be to suppress co-transcriptional

circularization and to increase the speed of post-transcriptional circularization.
The inventors tested whether an excess of nucleoside triphosphates (NTPs) could be used to chelate

Mg2+ during transcription in order to suppress co-transcriptional splicing. The concentration of NTPs

was fixed at 24 mM and the concentration of Mg2+ was varied from 6 mM to 24 mM. As shown in
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Figure 6A, when the concentration of Mg2+ was lower than 16 mM, the in vitro transcription products
were mainly full length precursors, suggesting that co-transcriptional circularization was indeed

suppressed. Consequently, for subsequent studies in vitro transcription was performed using 24 mM
NTPs and 14 mM Mg2+. Following transcription, full length precursors were subject to circularization

for 0, 10, 20 or 40 minutes, and the reaction products analysed in a 0.8% agarose gel.

As shown in Figure 6B, using the post-transcriptional circularization protocol circular RNAs were now
obtained for Spike, Cas9 and Factor 8 (as well as for EGFP and Fluci), and the splicing products were
much less complex. Longer circularization times did increase the conversion from full length precursor
to circular/nicked GOls, but didn’t always increase the amount of circular RNA, particularly for over 20
minutes of circularization. Consequently, the 20 minute circularization protocol was chosen to
measure the efficiency of TRIC-V1 constructs. As shown in Figure 6C, the efficiency of TRIC-V1 was
higher than 80% for the long GOls, demonstrating that TRIC-V1 can efficiently circularize GOls as
long as >8000 nt. In addition, the efficiency of TRIC-V1 was at least as high as that observed for the
PIE Ana approach (Figure 6D).

Example 4 - TRIC-V2

Both the TRIC-V1 and the PIE rely on native exon sequences, namely the tRNA sequence in the case

of the Ana, to work. These native exon sequences will unavoidably be part of resulting circular GOls
(as shown in Figures 5A and 5B), although their inclusion is associated with certain drawbacks.
Firstly, the native exon sequences are immunogenic (Liu, C. X. et al. Mol Cell 82, 420-434 €426
(2022)), which hinders the biomedical applications of circular RNAs produced by group | intron-based
methods such as PIE. Secondly, the inclusion of the native exon sequences means that
circularization sites must be positioned at untranslated regions (UTRs) of protein coding circular
RNAs. Since UTRs are normally highly structured internal ribosome entry sites (IRESs), extra
unwanted spacer sequences are needed to ensure the group | intron and remaining exons are
separated from the IRESs. Finally, tens of thousands of natural circular RNAs exist whose functions
are waiting to be deciphered, but group | intron-based methods are not favourable for this field
because of the unwanted spacer and native exon sequences. To overcome these limitations, the

inventors sought to provide an improved version of TRIC.

To reduce the dependence of circularization on tRNA sequences, length of left arm and right arm of
Ana tRNA of the TRIC-V1.0 was systematically tested (Figure 7). The inventors first reduced the tRNA
sequence of TRIC to just 5 nucleotides — 3 in the left arm and 2 in the right (L3/R2). This construct
was designated TRIC-V1.30 (SEQ ID NO: 29) (see Figure 7B for an overview of the L/R configuration
of the constructs used in this experiment). The aim of reducing the tRNA sequence to such a short
length was to only allow the formation of the P1 and P10 structures. Following in vitro transcription,
the reaction product was loaded to a 6% denaturing PAGE. The intron band was strongly detected
but the circular 3*Flag band was very wealk, indicating that circularization was not the major reaction

(Figure 8B). Since the function of the native tRNA exon sequences are to bring RNA sequences into
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proximity around the circularization site, the inventors sought to provide an interaction between the
sequence 3’ of P10 and the EGS (V1.31, SEQ ID NO: 30). The circular 3*Flag band was clearly
detected with V1.31, but the circularization efficiency was not comparable with TRIC V1.0 (Figure 8B).

To improve the circularization efficiency, the inventors restored the left arm (L15/R2 - V1.32 (SEQ ID
NO: 31)) or the right arm (L3/R30 - V1.33 (SEQ ID NO: 32)) of the tRNA sequence. Restoration of the
right arm (V1.33) restored most of the circularization efficiency. Starting from this L3/R30
configuration in V1.33, the length of the right arm was reduced gradually in constructs V1.34 (L3/R25)
(SEQ ID NO: 33), V1.35 (L3/R16) (SEQ ID NO: 34) and V1.36 (L3/R9) (SEQ ID NO: 35). The
minimum length for the right arm was identified as 9 nucleotides (V1.36, L3/R9). Subsequently, the
right arm was fixed at 9 nucleotides and an 8 nt left arm was tested (V1.39, L8/R9 (SEQ ID NO: 38)).
The L8/R9 construct fully restored circularization efficiency to the V1.0 level. The requirement of the
tRNA sequence in V1.39 has therefore been reduced to a 17-nucleotide structure which mimics the
anticodon arm (ACA) found in the Ana tRNA.

The inventors sought to determine whether the group | intron activity could be replicated based on
structure, rather than specific nucleotide sequences. To that end, the inventors reversed the
sequence of the ACA stem, whilst keeping the sequence of the ACA loop the same (construct
designated V2.0 (SEQ ID NO: 39)) and found the circularization efficiency is at least as high as V1.0
and V1.39. With V2.0, the requirement on tRNA sequence is reduced to 5nt (L-CTT/R-AA). A5 nt
sequence cannot be specific to any species, therefore TRIC-V2 doesn’t rely on the original bacterial

tRNA sequence.

Subsequently, the inventors also identified that the stem length could be increased to 15 base pairs
(V2.1 (SEQ ID NO: 40)) without abolishing circularization efficiency. In this construct, the only tRNA
sequence present is the L-CTT/R-AA sequence, and the remaining base pairs were not derived from
the tRNA sequence. The longer stem is advantageous since it may enable better circularization of

longer GOls.

The inventors subsequently reversed the sequence of the P1 and P10 regions (from L-CTT/R-AA to L-
GAT/R-TT), except for the uracil which forms a wobble base pair with the internal guide sequence
(construct designated V2.2 (SEQ ID NO: 41). Again, circularization efficiency was found to be
unaffected. In this way, the inventors have shown that the IGS requires only a GU wobble base pair

for circularization and is not otherwise dependent on sequence.

Based on the above, the inventors have determined that if an anticodon arm-like structure (eACA)
which consists of a 7 nt loop with a uracil as the third nuclecotide and a =5 base pair stem can be found
in a gene of interest, this gene of interest can be circularized efficiently without introducing any
unwanted sequence (Figure 8). If the circularization site is placed in a coding sequence, the site of

choice can be extended because of codon redundancy. Potentially, only a few nt mutations would
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need to be made without affecting the peptide sequence. If the circularization site is placed in a
noncoding RNA or UTR of a protein coding circular RNA, the circularization site can be assembled by

introducing as few as 5 extra nucleotides to create an eACA.

Example 5 - TRIC-V2 and long GOls

The TRIC-V2 construct was then tested on three protein coding circular RNAs, including circular T2A-
EGFP, T2A-Nano Luciferase, and circular Znf609. The circularization site was positioned at the CDS.
For all the circular RNAs tested, multiple circularization sites in the CDS were found. Full-length
precursors of those three RNAs were produced and circularized for 20 minutes as already described
and shown in Figure 12. The sequences of the full length precursors for T2A-EGFP, T2A-Nano
Luciferase and Znf609 are set forth in SEQ ID NOs: 42, 43 and 44 respectively. As shown in Figure
8D (urea-agarose gel), these long circular RNAs were all produced efficiently with TRIC-V2.

The results of this experiment suggested that longer e ACA stems resulted in better circularization
efficiency. To investigate this further, the CVB3-EGFP was cloned to the TRIC-V2 construct and two
stem lengths were tested: 15 nt (SEQ ID NO: 45) and 25 nt (SEQ ID NO: 46). Separately, the effect of
increasing the length of the extended guide sequence (EGS) was determined by providing a TRIC-V1
construct (that is, one having L15/R51 of the tRNA sequence) with a 40 nt EGS (SEQ ID NO: 47). Full
length precursors of all these constructs were produced and circularization was performed for 4

minutes.

As shown in Figure 9A, with 4 minutes of circularization, TRIC-V1.0 converts ~50% of full length
precursor to circular RNA. Increasing the EGS from 20 to 40 did not substantially increase

circularization efficiency.

On the other hand, increasing the stem length to either 15 or 25 ntin TRIC-V2 did increase
circularization efficiency. Increasing the EGS of TRIC-V2 from 20 to 40 nt did not substantially

increase circularization efficiency.

TRIC-V2 was then compared with the PIE method on circularization of long GOIs EGFP, Spike and
Cas9, for 1 or 3 minutes of circularization. At 1 minute of circularization, PIE converts a small number
of EGFP precursors to circular RNAs, while TRIC-V2 converts many more. For example, when the
eACA stem equals 25 nt, more than 50% of TRIC-V2 precursors converted to circular RNAs within 1
min (Figure 9B, 2% native agarose gel). At 3 minutes of circularization, PIE converts less than 50% of
full-length EGFP precursor to circular RNAs but TRIC-V2 converts most of full-length precursors to
circular RNAs. Moreover, the PIE produces a visible number of concatenations, which are largely
absent with TRIC-V2 (Figure 9B). These differences between PIE and TRIC-V2 are also seen for
Spike and the Cas9, suggesting that TRIC-V2 is much faster and cleaner than the PIE method for

circularization of the long GOls (Figure 9C, 0.8% native agarose gel).
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Ribozyme kinetics were then measured using the Michaelis—-Menten model. TRIC-V2 with a 25 nt
stem is 3.7 times faster than PIE in producing the CVB3-EGFP circular RNA (Figure 9D).
Circularization efficiency, circular RNA yield (ratio between circular RNAs and total RNAs) and nicking
ratio were then calculated using the CVB3-EGFP as an example. As shown in Figure 9E, for TRIC-
V1, 20 min of circularization gives an efficiency of 95.6% with yield and nicking rates of 58.2% and
26.7%. For TRIC-V2, 3 min of circularization gives an efficiency of 89.4% with yield and nicking rates
of 70.6% and 4.6%. Further circularization to 8 min of TRIC-V2 gives higher efficiency and yield
(97.8% and 74.8%), but also increased the nicking (7.7%). Of note, a yield of 74.8% is 90.3% of the
limit yield (MW ratio between circular RNA and its precursor). For PIE, 8min of circularization gives an
efficiency of 86.7% with yield and nicking rates of 65.5% and 9.3%. Consequently, TRIC-V2 provides
higher efficiency, higher yield, and lower nicking compared to PIE, all without the issues of native exon

sequences in the resulting circular RNAs.

Overall, the post transcriptional circularization protocol and highly efficient TRIC-V2 allow the

production of circular RNAs in a clean, highly efficient manner which results in a high final yield.

Example 6 - Immunogenicity of TRIC-V2

It has been shown that bacterial sequences introduced to circular GOls by the PIE method are
immunogenic (Liu, C. X. et al. Mol Cell 82, 420-434 €426, (2022)). As described above, TRIC-V2 can
produce circular genes of interest without any bacterial sequence. The inventors determined whether

circular RNAs produced by TRIC-V2 were less immunogenic than those produced by PIE.

Constructs that would produce circular EGFP and circular Nano luciferase (Nluc) by PIE (SEQ ID
NOs: 48 and 49, respectively) or TRIC-V2 (SEQ ID NOs: 50 and 51, respectively) were created.
Circular RNAs were purified by gel filtration (using an SRT-2000 SEC column (Sepax)) and RNase R

digestion.

As shown in Figure 11B, circular RNA can be separated from the spliced group | intron but not the
nicked RNA and full length precursor. To further remove the nicked RNA and full-length precursor, the
circular RNA was digested by an exonuclease, RNase R, at 37 °C for 1h. The circular RNAs were
then cleaned by the RNA Clean & Concentrator Kits (ZYMO RESEARCH). Purified circular RNAs
were checked by 6M-1.5% urea-agarose gel. As shown in Figure 11C, the intron and full-length
precursor were not visible in purified circular RNAs. However, there were still some nicked products

which were likely produced during the gel running process.

A549 cells were then transfected with the circular RNAs, and the expression levels of immune factors
(IL6, CCLS5, and INF beta) was monitored by RT-qPCR. Various controls were included in the
experiment, such as mocks (Mock and Lipo), a positive control (poly |:C), unmodified linear mRNAs
(lin. EGFP and lin. Nluc) and modified linear mRNAs (lin. EGFP-modi and lin. Nluc-modi). GAPDH was

used as the internal reference. Figures 11D-F depict the results. The results showed that poly I.C and
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unmodified linear mMRNAs elicited a strong expression of immune factors, whereas the negative
controls (mock and lipo) did not induce significant expression. Moreover, as expected, modified linear
mRNAs did not induce a robust immune response. When it comes to circular RNAs, it was observed
that they generally exhibited lower immunogenicity compared to unmodified linear mRNAs.
Specifically, for circular Nluc, the PIE-circ. Nluc triggered a significantly stronger expression of immune
factors compared to the TRIC-circ. Nluc. Notably, the TRIC-circ. Nluc behaved similarly to the
nonimmunogenic mocks, suggesting a low immunogenicity. Regarding circular EGFP, circular RNAs
produced by both methods induced a comparable number of immune responses. These findings
demonstrate that the immunogenicity of circular RNA produced by TRIC-V2 is lower than that of PIE,
particularly in the case of circular Nluc. Furthermore, unmodified TRIC circular RNA can exhibit a

similar level of immunogenicity as nonimmunogenic mocks.

The expression of Nluc from circular and linear RNAs in HEK293 cells over 7 days was then tested
(Figure 11G). The circular form of Nluc was had increased and more persistent protein expression
compared to linear mMRNA. In some cases, expression from circular RNAs may need to be
discontinued. One way to achieve this is by using siRNAs. Multiple siRNA target sites (msiTS) were
introduced 5’ of the IRES sequence in circular RNAs produced by TRIC-V2 (constructs shown in
Figure 11A). msiTS-circ. Nluc was transfected into HEK293 cells and siRNAs were applied to the
cells on day 3 following transfection. As shown in Figure 11H, expression of Nluc is reduced 5 hours

later, demonstrating that circular RNAs produced by TRIC-V2 can be effectively targeted with siRNAs.

Example 7 - Rolling Circle Replication

Circular RNAs (circRNAs) are more stable than mRNAs and are thus promising alternatives to mRNAs
for therapeutics. Natural circRNAs can serve as sponges for microRNAs and proteins but are also
templates for translation. In the presence of an internal ribosome entry site (IRES) for initiation,
circRNAs can be translated efficiently. CircRNAs that lack an in-frame termination codon allow
ribosomes to translate completely around the circRNA multiple times, resulting in a polyprotein, a
process known as rolling circle translation (RCT) (Figure 15a). The polyprotein can in principle be
cleaved by a protease or a self-cleaving sequence, thus allowing multiple copies of the GOI to be
made in a single round of initiation. In principle, RCT can be 100-fold more efficient than single-shot
translation. However, RCT encounters two challenges: low initiation efficiency and accessory

sequences introduced by currently used in vitro circularization methods.

Unlike single-shot translation, RCT primarily produces a polyprotein. This can be converted into
protein monomers provided with 2A skipping sequences (Figure 15b). Instead of using circRNAs with
only a CDS, which are inefficient in translation initiation, we selected a potent short IRES (OR4F17) for
the RCT construct. As expected, the circOR4F17-Nluc-RCT produced a significant number of proteins.
However, the translation was still orders of magnitude less efficient compared to N1W-modified

mRNA.
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We then asked whether potent viral IRESs could be used for RCT. However, viral IRESs are typically
long and highly structured, which could block RCT either by in-frame stop codons or by causing
ribosome stalling. Nevertheless, we tested the 373 nt CSFV IRES. As expected, multiple stop codons
were identified in each frame. We therefore engineered frame 1 to eliminate stop codons and align
with the CDS (Figure 15c¢). Notably, the RCT using CSFV IRES showed over 10-fold increase in Nluc
expression compared to its single-shot translation and was over 7,000-fold more efficient than the
RCT using the OR4F17 IRES (Figure 15d, e).

Example 8 - Loop Optimisation

As has been shown, the eACA structure is essential for circularization to happen. This eACA is a
stem-loop structure which contains a stem 21bp and a 7 nt loop with a U at the third position (Figure
16A a-0). This minimal structure enables circularization of GOls with little restriction without

introducing unwanted sequences.

To further release the restriction of the eACA, we tested multiple versions (Figure 16A b1-m12: SEQ
ID Nos: 79 to 90) of the loop in circularization of EGFP. In these loops, loop length varies from 3-11 nt
and the U was placed in 1si-5 positions. Circularization of EGFP was abolished in the case of L5 U2
and L3_U1, but worked efficiently in all other tested cases, including L5_U3 (Figure 16B). This

indicates that the Loop needs to be longer than 4 nt and the U cannot be at the 1t or 2 position.

Example 9 - Wobble base pair

The G and U wobble base pair between IGS (internal guide sequence) and GOls is known to be
important for ribozyme to function. To explore whether other base pairs are functional, we mutated the
G inthe IGS to U or A and the U in GOl to either A or C. This way, both new Watson-Crick base pair
(U-A) and wobble base pairs (A-C) are included.

We produced full length precursors and performed circularization for 3 min and 30 min. The
TRICv2(G-U)+ circularized the EGFP efficiently (Figure 17a). Meanwhile, it’ s clearly shown that both
TRICv2(C-A) (SEQ ID NO: 92) and TRICv2(A-U) (SEQ ID NO: 91) can convert Full length to circular
RNA. Circular RNAs from TRICv2(C-A) and TRICv2(A-U) were further confirmed by a urea-agarose
gel (Figure 17b).

Example 10 — Comparison of TRIC-V2

Recent studies have described Tetrahymena thermophila (Tetra) group | intron-derived constructs, the
Tetra-STS (RZ construct, WO2022/191642) and the Tetra-Rzy, for circRNA synthesis. We compared
these to V2 by cloning CVB3-EGFP into Tetra-STS (AU-rich no. 16) and Tetra-Rzy (CVB3IRES-GFP)
constructs (SEQ ID Nos: 94 and 95). V2 outperforms both constructs (Figure 18). Additionally, the
Tetra-V2 (SEQ ID NO: 93) also produced circCVB3-EGFP efficiently, demonstrating that optimizations

from the Ana intron can be effectively applied to other group | introns.
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Nucleotide sequences referred to herein are set out in the following table.

SEQ | Description | Sequence
ID
NO
1 Ana group | | AAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCT
intron ATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAGCTAA
(DNA) TCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATT
CTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATG
2 T4 phage TAATTGAGGCCTGAGTATAAGGTGACTTATACTTGTAATCTATCTAAACGGGGAACCTCTCTAGTAGACA
group | ATCCCGTGCTAAATTGTAGGACTTGCCCTTTAATAAATACTTCTATATTTAAAGAGGTATTTATGAAAAGC
intron GGAATTTATCAGATTAAAAATACTTTAAACAATAAAGTATATGTAGGAAGTGCTAAAGATTTTGAAAAGAG
(DNA) ATGGAAGAGGCATTTTAAAGATTTAGAAAAAGGATGCCATTCTTCTATAAAACTTCAGAGGTCTTTTAACA
AACATGGTAATGTGTTTGAATGTTCTATTTTGGAAGAAATTCCATATGAGAAAGATTTGATTATTGAACGA
GAAAATTTTTGGATTAAAGAGCTTAATTCTAAAATTAATGGATACAATATTGCTGATGCAACGTTTGGTGAT
ACATGTTCTACGCATCCATTAAAAGAAGAAATTATTAAGAAACGTTCTGAAACTGTTAAAGCTAAGATGCT
TAAACTTGGACCTGATGGTCGGAAAGCTCTTTACAGTAAACCCGGAAGTAAAAACGGGCGTTGGAATCC
AGAAACCCATAAGTTTTGTAAGTGCGGTGTTCGCATACAAACTTCTGCTTATACTTGTAGTAAATGCAGAA
ATCGTTCAGGTGAAAATAATTCATTCTTTAATCATAAGCATTCAGACATAACTAAATCTAAAATATCAGAAA
AGATGAAAGGTAAAAAGCCTAGTAATATTAAAAAGATTTCATGTGATGGGGTTATTTTTGATTGTGCAGCA
GATGCAGCTAGACATTTTAAAATTTCGTCTGGATTAGTTACTTATCGTGTAAAATCTGATAAATGGAATTG
GTTCTACATAAATGCCTAACGACTATCCCTTTGGGGAGTAGGGTCAAGTGACTCGAAACGATAGACAACT
TGCTTTAACAAGTTGGAGATATAGTCTGCTCTGCATGGTGACATGCAGCTGGATATAATTCCGGGGTAAG
ATTAACGACCTTATCTGAACATAATG
3 Tetrahyme AAATAGCAATATTTACCTTTGGAGGGAAAAGTTATCAGGCATGCACCTGGTAGCTAGTCTTTAAACCAATA
na GATTGCATCGGTTTAAAAGGCAAGACCGTCAAATTGCGGGAAAGGGGTCAACAGCCGTTCAGTACCAAG
ribosomal TCTCAGGGGAAACTTTGAGATGGCCTTGCAAAGGGTATGGTAATAAGCTGACGGACATGGTCCTAACCA
intron CGCAGCCAAGTCCTAAGTCAACAGATCTTCTGTTGATATGGATGCAGTTCACAGACTAAATGTCGGTCGG
(DNA) GGAAGATGTATTCTTCTCATAAGATATAGTCGGACCTCTCCTTAATGGGAGCTAGCGGATGAAGTGATGC
AACACTGGAGCCGCTGGGAACTAATTTGTATGCGAAAGTATATTGATTAGTTTTGGAGTACTCG
4 Azoarcus ATTTCGATGTGCCTTGCGCCGGGAAACCACGCAAGGGATGGTGTCAAATTCGGCGAAACCTAAGCGCC
sp. BH72 CGCCCGGGCGTATGGCAACGCCGAGCCAAGCTTCGGCGCCTGCGCCGATGAAGGTGTAGAGACTAGA
lle tRNA CGGCACCCACCTAAGGCAAACGCTATGGTGAAGGCATAGTCCAGGGAGTGGCGAAAGTCACACAAACC
intron GG
(DNA)
5 Staphyloco | AAACAATTCTGCCCCCTATATTAGTAATAGTGTAGGTTAAAAAACTTCCTTAATTCATGGGAAATCTCCCT
ccus phage | GACTTTTATTATAAATTTTGGTATAGTAAAATGAGAAGGAGATAATCATGAGCAAGATAACCAATAGCAAA
Twort GAAACCCAAAAAGTACCTAACGCTACTAAAAGTATTTACCACCATATAAAAAGTAAAAGAAGGATGGAAG
ribonucleoti | TCATTAAATCACTTAATGAATTGGTAATTATCTTGTGCAACGACTAGAGAAAAGATAGTTTATTGTTACAG
de GCAGTAAATGAAGACTGAGTATCGTACACACAAGTGAGTGGAAACAGGAAGTATCCTAGAGTAACGACT
reductase AGGATAATGATATAGTCTGAACATTGTAGGTGACTACAAGAAGGTAAGGAGTAACGAACCTTATCGTAAC
intron ATAATTG
(DNA)
6 Primer: AGCTCATTTCCTGGTATGACA
gqGAPDH-F
7 Primer: AGGGGAGATTCAGTGTGGTG
gqGAPDH-R
8 Primer: AGCCACTCACCTCTTCAGAAC
glL6-F
9 Primer: GCCTCTTTGCTGCTTTCACAC
glL6-R
10 Primer: CACAGGTACCATGAAGGTCTC
qCCL5-F
11 Primer: GGTGTCCGAGGAATATGGG
gCCL5-R
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12 Primer: TCTAGCACTGGCTGGAATGAG
qIFNB-F
13 Primer: GTTTCGGAGGTAACCTGTAAG
qIFNB-F
14 TRIC-VO AAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCT
(3*Flag, ATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAGCTAA
construct) TCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATT
CTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAATCCGTTGACCTTAAACGGTCGTGTG
GTACACTCGATCTGGACTAAAGCTGCTCATGGATTACAAAGATCACGATGGTGATTATAAAGATCACGAC
ATCGATTACAAGGATGATGATGATAAGAGACGCTACGGACTTAAAAAGATATC
15 TRIC-V1.0 GGTCAATCGGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACT
(3*Flag) CAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAA
CAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAG
GGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAATCCGT
TGACCTTAAACGGTCGTGTGGTACACTCGATCTGGACTAAAGCTGCTCATGGATTACAAAGATCACGATG
GTGATTATAAAGATCACGACATCGATTACAAGGATGATGATGATAAGAGACGCTACGGACTTAAACACCC
GGAAGCCAACCGATTGACCGATATC
16 TRIC-V1.1 GGTCAATCGGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACT
(3*Flag) CAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAA
CAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAG
GGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAATCCGT
TGACCTTAAACGGTCGTGTGGTACACTCGATCTGGACTAAAGCTGCTCATGGATTACAAAGATCACGATG
GTGATTATAAAGATCACGACATCGATTACAAGGATGATGATGATAAGAGACGCTACGGACTTAAACTTTC
GGAAGCCAACCGATTGACCGATATC
17 TRIC-V1.2 GGTCAATCGGTTGGCTTCCGTAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACTCAG
(3*Flag) GGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAACAA
CAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAGGG
TAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAATCCGTTG
ACCTTAAACGGTCGTGTGGTACACTCGATCTGGACTAAAGCTGCTCATGGATTACAAAGATCACGATGGT
GATTATAAAGATCACGACATCGATTACAAGGATGATGATGATAAGAGACGCTACGGACTTAAACCGGAAG
CCAACCGATTGACCGATATC
18 3*Flag GOl | AAAATCCGTTGACCTTAAACGGTCGTGTGGTACACTCGATCTGGACTAAAGCTGCTCATGGATTACAAAG
ATCACGATGGTGATTATAAAGATCACGACATCGATTACAAGGATGATGATGATAAGAGACGCTACGGACT
.
19 TRIC-V1.0 GGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGC
for EGFP TCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTA

GTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGT
CAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAAT
GAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAG
CCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGT
TGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTAT
ACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACCAGCCAC
GTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCGGTTGAAGGAGAAA
GCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCA
GCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTG
CGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATT
GAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGC
CAGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATT
TTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCC
GGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACAT
TACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGT
GCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAG
GGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTG
GCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGC
AGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACG
ACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCT
GAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCC
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ACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACA
TCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGT
GCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCG
ATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAG
TAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGACTTAAACACCCGGAA
GCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGATATC

20

TRIC-V1.0
for Fluc

GGATAATACGGTCAATCGGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGC
TCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTA
GTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGT
CAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAAT
GAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAG
CCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGT
TGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTAT
ACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACCAGCCAC
GTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCGGTTGAAGGAGAAA
GCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCA
GCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTG
CGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATT
GAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGC
CAGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATT
TTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCC
GGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACAT
TACAATTCATTGTTAAGTTGAATACAGCAAAATGGAAGATGCCAAAAACATTAAGAAGGGCCCAGCGCCA
TTCTACCCACTCGAAGACGGTACCGCCGGCGAGCAGCTGCACAAAGCCATGAAGCGCTACGCCCTGGT
GCCCGGCACCATCGCCTTTACCGACGCACATATCGAGGTGGACATTACCTACGCCGAGTACTTCGAGAT
GAGCGTTCGGCTGGCAGAAGCTATGAAGCGCTATGGGCTGAATACAAACCATCGGATCGTGGTGTGCA
GCGAGAATAGCTTGCAGTTCTTCATGCCCGTGTTGGGTGCCCTGTTCATCGGTGTGGCTGTGGCCCCAG
CTAACGACATCTACAACGAGCGCGAGCTGCTGAACAGCATGGGCATCAGCCAGCCCACCGTCGTATTC
GTGAGCAAGAAAGGGCTGCAAAAGATCCTCAACGTGCAAAAGAAGCTACCGATCATACAAAAGATCATC
ATCATGGATAGCAAGACCGACTACCAGGGCTTCCAAAGCATGTACACCTTCGTGACTTCCCATTTGCCAC
CCGGCTTCAACGAGTACGACTTCGTGCCCGAGAGCTTCGACCGGGACAAAACCATCGCCCTGATCATG
AACAGTAGTGGCAGTACCGGATTGCCCAAGGGCGTAGCCCTACCGCACCGCACCGCTTGTGTCCGATT
CAGTCATGCCCGCGACCCCATCTTCGGCAACCAGATCATCCCCGACACCGCTATCCTCAGCGTGGTGC
CATTTCACCACGGCTTCGGCATGTTCACCACGCTGGGCTACTTGATCTGCGGCTTTCGGGTCGTGCTCA
TGTACCGCTTCGAGGAGGAGCTATTCTTGCGCAGCTTGCAAGACTATAAGATTCAATCTGCCCTGCTGG
TGCCCACACTATTTAGCTTCTTCGCTAAGAGCACCCTCATTGATAAGTACGACCTAAGCAACTTGCACGA
GATCGCCAGCGGCGGGGCGCCGCTCAGCAAGGAGGTAGGTGAGGCCGTGGCTAAACGCTTCCACCTA
CCAGGCATCCGCCAGGGCTACGGCCTGACAGAAACAACCAGCGCCATTCTGATCACCCCCGAAGGGGA
CGACAAGCCTGGCGCAGTAGGCAAGGTGGTGCCCTTCTTCGAGGCTAAGGTGGTGGACTTGGACACCG
GCAAGACACTGGGTGTGAACCAGCGCGGCGAGCTGTGCGTCCGTGGCCCCATGATCATGAGCGGCTA
CGTTAACAACCCCGAGGCTACAAACGCACTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCG
CCTACTGGGACGAGGACGAGCACTTCTTCATCGTGGACCGGCTGAAGAGCCTGATCAAATACAAGGGC
TACCAGGTAGCCCCAGCCGAACTGGAGAGCATCCTGCTGCAACACCCCAACATCTTCGACGCCGGGGT
CGCCGGCCTGCCCGACGACGATGCCGGCGAGCTGCCCGCCGCAGTCGTCGTGCTGGAACACGGTAAA
ACCATGACCGAGAAGGAGATCGTGGACTATGTGGCCAGCCAGGTTACAACCGCCAAGAAGCTGCGCGG
TGGTGTTGTGTTCGTGGACGAGGTGCCTAAAGGACTGACCGGTAAGTTGGACGCCCGCAAGATCCGCG
AGATTCTCATTAAGGCCAAGAAGGGCGGCAAGATCGCCGTGAGCAGTGATTACAAGGATGATGATGATA
AGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGACTTAAACACCCG
GAAGCCAACCGATTGACCAAAAAAAAAAAAGCGGCCGCGATATC

21

TRIC-V1.0
for Spike

GGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGC
TCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTA
GTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGT
CAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAAT
GAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAG
CCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGT
TGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTAT
ACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACCAGCCAC
GTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCGGTTGAAGGAGAAA
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GCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCA
GCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTG
CGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATT
GAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGC
CAGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATT
TTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCC
GGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACAT
TACAATTCATTGTTAAGTTGAATACAGCAAAATGGGGATTCTGCCTAGCCCCGGCATGCCCGCCCTCCTG
AGCCTGGTGAGCCTGCTGAGCGTCCTGTTGATGGGGTGCGTGGCCGAGACCGGCACACAGTGCGTGA
ACCTGACAACTAGAACACAGCTGCCCCCAGCCTACACCAACAGCTTTACTAGGGGAGTGTACTACCCTG
ATAAGTGCTTCAGGAGCAGTGTGCTGCACAGCACCCAGGACCTCTTTTTGCCCTTTTTCAGTAACGTGAC
CTGGTTCCACGCTATCCACGTGAGCGGCACAAACGGCACAAAACGGTTCGATAACCCAGTGCTGCCCTT
CAACGACGGCGTCTACTTCGCCAGCACTGAGAAGTCCAACATTATCAGGGGGTGGATCTTCGGGACAAC
CCTGGACAGCAAGACACAGAGCCTCCTGATTGTGAACAACGCCACCAACGTGGTCATTAAGGTCTGCGA
GTTCCAGTTCTGCAACGACCCCTTTCTGGGGGTGTACTACCACAAGAACAACAAGTCCTGGATGGAGTC
CGAGTTTCGGGTGTACTCCAGCGCCAACAACTGCACATTTGAGTACGTGAGCCAGCCCTTCTTGATGGA
TCTGGAGGGCAAGCAGGGGAACTTTAAGAACCTTCGGGAGTTCGTCTTTAAGAACATCGACGGGTACTT
TAAGATCTACAGCAAGCACACCCCTATTAACCTGGTCCGCGATCTGCCCCAGGGCTTCAGCGCCCTGGA
GCCACTGGTGGACCTCCCCATCGGGATCAACATTACTAGGTTCCAGACACTCCTGGCCCTGCACCGGA
GCTACCTGACTCCCGGCGATAGCTCCAGCGGGTGGACTGCCGGGGCCGCCGCCTACTACGTCGGCTA
CCTGCAGCCCAGGACATTCCTGCTCAAGTACAACGAGAACGGCACCATCACTGATGCCGTGGACTGCG
CTCTCGATCCCCTGAGCGAGACAAAGTGCACCCTGAAGTCCTTCACCGTGGAGAAGGGGATCTACCAG
ACATCTAACTTCAGGGTGCAGCCCACTGAGTCCATTGTGAGATTTCCTAACATCACCAACCTGTGCCCCT
TCGGCGAGGTCTTTAACGCCACACGGTTCGCCAGCGTCTACGCTTGGAACAGGAAGCGGATCTCCAAC
TGCGTGGCCGACTACAGCGTGCTGTACAACAGCGCCTCCTTCAGCACCTTTAAGTGCTACGGCGTGAG
CCCCACTAAGCTGAACGACCTGTGCTTCACTAACGTGTACGCTGATAGCTTCGTGATTAGGGGCGATGA
GGTCCGGCAGATTGCCCCCGGCCAGACAGGGAAGATCGCTGACTACAACTATAAGCTGCCCGATGACT
TCACAGGGTGTGTGATCGCCTGGAACAGCAACAACCTGGATAGCAAGGTCGGGGGGAACTACAACTAC
CTGTACAGGCTGTTCAGAAAGTCCAACCTGAAGCCCTTCGAGCGGGATATCAGCACTGAGATCTACCAG
GCCGGGAGCACCCCCTGCAACGGCGTCGAGGGCTTTAACTGCTACTTTCCCCTCCAGAGCTACGGCTT
CCAACCCACCAACGGCGTGGGGTACCAGCCCTACCGGGTCGTGGTGCTTAGCTTCGAGCTCCTGCACG
CCCCTGCAACCGTGTGCGGCCCCAAGAAGAGCACAAACCTCGTGAAGAACAAGTGCGTGAACTTCAACT
TCAACGGGCTGACCGGCACCGGCGTGCTGACTGAGAGTAACAAGAAGTTTCTCCCCTTCCAGCAGTGC
GGGAGGGATATTGCCGACACTACTGATGCCGTGCGCGACCCTCAGACCCTTGAGATTCTGGACATCACT
CCCTGCTCCTTCGGCGGAGTGTCCGTGATCACACCAGGGACCAACACTAGCAACCAGGTCGCCGTCTT
GTACCAGGACGTGAACTGCACCGAGGTGCCCGTGGCCATCCACGCCGATCAGCTGACCCCAACTTGGC
GGGTGTACTCCACCGGGAGCAACGTGTTTCAGACACGGGCCGGGTGCCTGATCGGGGCTGAGCATGT
CAACAACAGCTACGAGTGCGATATTCCTATCGGCGCCGGGATTTGCGCCAGCTACCAGACACAGACAAA
CAGCCCTGGCTCGGCCAGCTCCGTCGCCAGCCAGAGCATCATCGCCTACACAATGTCCTTGGGGGCCG
AGAACAGCGTCGCCTACAGCAACAACAGCATTGCCATCCCCACCAACTTCACAATCAGCGTCACAACCG
AGATCCTGCCCGTGAGCATGACTAAGACATCCGTGGATTGCACAATGTACATCTGCGGCGACTCCACAG
AGTGCAGTAACCTGCTGCTCCAGTACGGGTCCTTTTGTACCCAGCTGAACAGAGCCTTGACCGGCATTG
CCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTTGCCCAGGTGAAGCAGATCTACAAGACACCCCCC
ATAAAGGACTTCGGGGGCTTTAACTTCTCCCAGATCTTGCCCGACCCCAGCAAGCCCTCCAAGCGGTCA
TTCATTGAGGACCTGCTGTTTAACAAGGTGACCCTCGCTGATGCAGGGTTTATCAAGCAGTACGGCGAT
TGCCTGGGGGACATTGCCGCTAGGGACTTGATCTGCGCCCAGAAGTTCAACGGCCTGACCGTGCTCCC
CCCCCTGTTGACAGACGAGATGATCGCCCAGTACACTAGCGCTCTGCTGGCCGGCACTATCACCAGCG
GCTGGACCTTTGGGGCCGGCGCCGCCCTCCAGATTCCATTCGCCATGCAGATGGCCTACCGCTTCAAC
GGCATCGGCGTGACTCAGAACGTGCTGTACGAGAACCAGAAGCTGATTGCCAACCAGTTCAACTCCGC
CATCGGCAAGATCCAGGACAGCCTGTCCAGCACAGCATCCGCCCTGGGGAAGTTGCAGGATGTGGTGA
ACCAGAACGCCCAGGCCCTGAACACACTGGTGAAGCAGCTGAGCAGCAACTTTGGCGCCATCAGTAGC
GTCCTGAACGACATCCTGTCACGGCTTGATCCACCAGAGGCCGAGGTCCAGATCGATCGGCTGATTACA
GGCCGGCTGCAGAGTCTCCAGACCTACGTCACCCAGCAGCTGATCCGGGCTGCCGAGATTAGAGCCTC
CGCCAATCTCGCCGCCACAAAGATGAGTGAATGCGTCCTGGGCCAGAGCAAAAGGGTCGACTTTTGCG
GGAAGGGGTACCACCTGATGTCCTTTCCCCAGTCCGCCCCTCACGGAGTGGTGTTCCTCCATGTCACAT
ACGTGCCTGCCCAGGAGAAGAACTTCACTACAGCCCCCGCCATTTGCCACGATGGGAAGGCCCATTTC
CCTAGAGAGGGCGTGTTCGTGTCCAACGGGACCCACTGGTTCGTGACTCAGCGGAACTTTTATGAACCC
CAGATTATCACAACCGATAACACATTTGTCTCCGGCAACTGTGATGTGGTCATCGGCATCGTGAACAACA
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CCGTGTACGACCCACTGCAGCCTGAGCTTGACAGCTTTAAGGAGGAGCTGGACAAGTACTTTAAGAACC
ACACCAGCCCTGATGTGGACCTTGGCGACATCAGCGGCATTAACGCCAGCGTGGTGAACATTCAGAAG
GAGATCGATAGACTGAACGAGGTGGCCAAGAACTTGAACGAGTCACTGATTGACCTGCAGGAGCTGGG
GAAGTACGAGCAGTACATTAAGGGGTCCGGGAGGGAGAACCTGTACTTTCAGGGGGGGGGGGGGTCC
GGCTACATTCCCGAGGCCCCAAGGGATGGCCAGGCCTACGTGAGGAAGGATGGGGAGTGGGTGCTGC
TGAGCACCTTCTTGGGCAGCGGCAGCAGTATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGT
GCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAG
GGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTG
GCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGC
AGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACG
ACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCT
GAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCC
ACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACA
TCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGT
GCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCG
ATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAG
TAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGACTTAAACACCCGGAA
GCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGATATC

22

TRIC-V1.0
for Cas9

GGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGC
TCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTA
GTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGT
CAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAAT
GAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAG
CCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGT
TGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTAT
ACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACCAGCCAC
GTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCGGTTGAAGGAGAAA
GCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCA
GCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTG
CGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATT
GAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGC
CAGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATT
TTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCC
GGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACAT
TACAATTCATTGTTAAGTTGAATACAGCAAAATGGATAAGAAATACTCAATAGGCTTAGATATCGGCACAA
ATAGCGTCGGATGGGCGGTGATCACTGATGAATATAAGGTTCCGTCTAAAAAGTTCAAGGTTCTGGGAA
ATACAGACCGCCACAGTATCAAAAAAAATCTTATAGGGGCTCTTTTATTTGACAGTGGAGAGACAGCGGA
AGCGACTCGTCTCAAACGGACAGCTCGTAGAAGGTATACACGTCGGAAGAATCGTATTTGTTATCTACAG
GAGATTTTTTCAAATGAGATGGCGAAAGTAGATGATAGTTTCTTTCATCGACTTGAAGAGTCTTTTTTGGT
GGAAGAAGACAAGAAGCATGAACGTCATCCTATTTTTGGAAATATAGTAGATGAAGTTGCTTATCATGAG
AAATATCCAACTATCTATCATCTGCGAAAAAAATTGGTAGATTCTACTGATAAAGCGGATTTGCGCTTAAT
CTATTTGGCCTTAGCGCATATGATTAAGTTTCGTGGTCATTTTTTGATTGAGGGAGATTTAAATCCTGATA
ATAGTGATGTGGACAAACTATTTATCCAGTTGGTACAAACCTACAATCAATTATTTGAAGAAAACCCTATT
AACGCAAGTGGAGTAGATGCTAAAGCGATTCTTTCTGCACGATTGAGTAAATCAAGACGATTAGAAAATC
TCATTGCTCAGCTCCCCGGTGAGAAGAAAAATGGCTTATTTGGGAATCTCATTGCTTTGTCATTGGGTTT
GACCCCTAATTTTAAATCAAATTTTGATTTGGCAGAAGATGCTAAATTACAGCTTTCAAAAGATACTTACG
ATGATGATTTAGATAATTTATTGGCGCAAATTGGAGATCAATATGCTGATTTGTTTTTGGCAGCTAAGAAT
TTATCAGATGCTATTTTACTTTCAGATATCCTAAGAGTAAATACTGAAATAACTAAGGCTCCCCTATCAGC
TTCAATGATTAAACGCTACGATGAACATCATCAAGACTTGACTCTTTTAAAAGCTTTAGTTCGACAACAAC
TTCCAGAAAAGTATAAAGAAATCTTTTTTGATCAATCAAAAAACGGATATGCAGGTTATATTGATGGGGGA
GCTAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAATGGATGGTACTGAGGAATTATT
GGTGAAACTAAATCGTGAAGATTTGCTGCGCAAGCAACGGACCTTTGACAACGGCTCTATTCCCCATCAA
ATTCACTTGGGTGAGCTGCATGCTATTTTGAGAAGACAAGAAGACTTTTATCCATTTTTAAAAGACAATCG
TGAGAAGATTGAAAAAATCTTGACTTTTCGAATTCCTTATTATGTTGGTCCATTGGCGCGTGGCAATAGTC
GTTTTGCATGGATGACTCGGAAGTCTGAAGAAACAATTACCCCATGGAATTTTGAAGAAGTTGTCGATAA
AGGTGCTTCAGCTCAATCATTTATTGAACGCATGACAAACTTTGATAAAAATCTTCCAAATGAAAAAGTAC
TACCAAAACATAGTTTGCTTTATGAGTATTTTACGGTTTATAACGAATTGACAAAGGTCAAATATGTTACTG
AAGGAATGCGAAAACCAGCATTTCTTTCAGGTGAACAGAAGAAAGCCATTGTTGATTTACTCTTCAAAAC

45




WO 2024/252011

PCT/EP2024/065837

AAATCGAAAAGTAACCGTTAAGCAATTAAAAGAAGATTATTTCAAAAAAATAGAATGTTTTGATAGTGTTGA
AATTTCAGGAGTTGAAGATAGATTTAATGCTTCATTAGGTACCTACCATGATTTGCTAAAAATTATTAAAGA
TAAAGATTTTTTGGATAAT GAAGAAAATGAAGATATCTTAGAGGATATTGTTTTAACATTGACCTTATTTGA
AGATAGGGAGATGATTGAGGAAAGACTTAAAACATATGCTCACCTCTTTGATGATAAGGTGATGAAACAG
CTTAAACGTCGCCGTTATACTGGTTGGGGACGTTTGTCTCGAAAATTGATTAATGGTATTAGGGATAAGC
AATCTGGCAAAACAATATTAGATTTTTTGAAATCAGATGGTTTTGCCAATCGCAATTTTATGCAGCTGATC
CATGATGATAGTTTGACATTTAAAGAAGACATTCAAAAAGCACAAGTGTCTGGACAAGGCGATAGTTTAC
ATGAACATATTGCAAATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTATTTTACAGACTGTAAAAGTTGTT
GATGAATTGGTCAAAGTAATGGGGCGGCATAAGCCAGAAAATATCGTTATTGAAATGGCACGTGAAAATC
AGACAACTCAAAAGGGCCAGAAAAATTCGCGAGAGCGTATGAAACGAATCGAAGAAGGTATCAAAGAAT
TAGGAAGTCAGATTCTTAAAGAGCATCCTGTTGAAAATACTCAATTGCAAAATGAAAAGCTCTATCTCTAT
TATCTCCAAAATGGAAGAGACATGTATGTGGACCAAGAATTAGATATTAATCGTTTAAGTGATTATGATGT
CGATCACATTGTTCCACAAAGTTTCCTTAAAGACGATTCAATAGACAATAAGGTCTTAACGCGTTCTGATA
AAAATCGTGGTAAATCGGATAACGTTCCAAGTGAAGAAGTAGTCAAAAAGATGAAAAACTATTGGAGACA
ACTTCTAAACGCCAAGTTAATCACTCAACGTAAGTTTGATAATTTAACGAAAGCTGAACGTGGAGGTTTGA
GTGAACTTGATAAAGCTGGTTTTATCAAACGCCAATTGGTTGAAACTCGCCAAATCACTAAGCATGTGGC
ACAAATTTTGGATAGTCGCATGAATACTAAATACGATGAAAATGATAAACTTATTCGAGAGGTTAAAGTGA
TTACCTTAAAATCTAAATTAGTTTCTGACTTCCGAAAAGATTTCCAATTCTATAAAGTACGTGAGATTAACA
ATTACCATCATGCCCATGATGCGTATCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAATATCCAAAA
CTTGAATCGGAGTTTGTCTATGGTGATTATAAAGTTTATGATGTTCGTAAAATGATTGCTAAGTCTGAGCA
AGAAATAGGCAAAGCAACCGCAAAATATTTCTTTTACTCTAATATCATGAACTTCTTCAAAACAGAAATTAC
ACTTGCAAATGGAGAGATTCGCAAACGCCCTCTAATCGAAACTAATGGGGAAACTGGAGAAATTGTCTG
GGATAAAGGGCGAGATTTTGCCACAGTGCGCAAAGTATTGTCCATGCCCCAAGTCAATATTGTCAAGAAA
ACAGAAGTACAGACAGGCGGATTCTCCAAGGAGTCAATTTTACCAAAAAGAAATTCGGACAAGCTTATTG
CTCGTAAAAAAGACTGGGATCCAAAAAAATATGGTGGTTTTGATAGTCCAACGGTAGCTTATTCAGTCCT
AGTGGTTGCTAAGGTGGAAAAAGGGAAATCGAAGAAGTTAAAATCCGTTAAAGAGTTACTAGGGATCACA
ATTATGGAAAGAAGTTCCTTTGAAAAAAATCCGATTGACTTTTTAGAAGCTAAAGGATATAAGGAAGTTAA
AAAAGACTTAATCATTAAACTACCTAAATATAGTCTTTTTGAGTTAGAAAACGGTCGTAAACGGATGCTGG
CTAGTGCCGGAGAATTACAAAAAGGAAATGAGCTGGCTCTGCCAAGCAAATATGTGAATTTTTTATATTTA
GCTAGTCATTATGAAAAGTTGAAGGGTAGTCCAGAAGATAACGAACAAAAACAATTGTTTGTGGAGCAGC
ATAAGCATTATTTAGATGAGATTATTGAGCAAATCAGTGAATTTTCTAAGCGTGTTATTTTAGCAGATGCC
AATTTAGATAAAGTTCTTAGTGCATATAACAAACATAGAGACAAACCAATACGTGAACAAGCAGAAAATAT
TATTCATTTATTTACGTTGACGAATCTTGGAGCTCCCGCTGCTTTTAAATATTTTGATACAACAATTGATCG
TAAACGATATACGTCTACAAAAGAAGTTTTAGATGCCACTCTTATCCATCAATCCATCACTGGTCTTTATG
AAACACGCATTGATTTGAGTCAGCTAGGAGGTGACGGCAGCGGCAGCAGTATGGTGAGCAAGGGCGAG
GAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAG
CGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACC
GGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCG
CTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGC
GCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACC
CTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCT
GGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAA
CTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCC
CCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAA
GACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGG
CATGGACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCT
ACGGACTTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGATATC

23

TRIC-V1.0
for Factor 8

GGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGC
TCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTA
GTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGT
CAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAAT
GAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAG
CCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGT
TGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTAT
ACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACCAGCCAC
GTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCGGTTGAAGGAGAAA
GCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCA
GCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTG
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CGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATT
GAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGC
CAGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATT
TTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCC
GGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACAT
TACAATTCATTGTTAAGTTGAATACAGCAAAATGGATAAGAAATACTCAATAGGCTTAGATATCGGCACAA
ATAGCGTCGGATGGGCGGTGATCACTGATGAATATAAGGTTCCGTCTAAAAAGTTCAAGGTTCTGGGAA
ATACAGACCGCCACAGTATCAAAAAAAATCTTATAGGGGCTCTTTTATTTGACAGTGGAGAGACAGCGGA
AGCGACTCGTCTCAAACGGACAGCTCGTAGAAGGTATACACGTCGGAAGAATCGTATTTGTTATCTACAG
GAGATTTTTTCAAATGAGATGGCGAAAGTAGATGATAGTTTCTTTCATCGACTTGAAGAGTCTTTTTTGGT
GGAAGAAGACAAGAAGCATGAACGTCATCCTATTTTTGGAAATATAGTAGATGAAGTTGCTTATCATGAG
AAATATCCAACTATCTATCATCTGCGAAAAAAATTGGTAGATTCTACTGATAAAGCGGATTTGCGCTTAAT
CTATTTGGCCTTAGCGCATATGATTAAGTTTCGTGGTCATTTTTTGATTGAGGGAGATTTAAATCCTGATA
ATAGTGATGTGGACAAACTATTTATCCAGTTGGTACAAACCTACAATCAATTATTTGAAGAAAACCCTATT
AACGCAAGTGGAGTAGATGCTAAAGCGATTCTTTCTGCACGATTGAGTAAATCAAGACGATTAGAAAATC
TCATTGCTCAGCTCCCCGGTGAGAAGAAAAATGGCTTATTTGGGAATCTCATTGCTTTGTCATTGGGTTT
GACCCCTAATTTTAAATCAAATTTTGATTTGGCAGAAGATGCTAAATTACAGCTTTCAAAAGATACTTACG
ATGATGATTTAGATAATTTATTGGCGCAAATTGGAGATCAATATGCTGATTTGTTTTTGGCAGCTAAGAAT
TTATCAGATGCTATTTTACTTTCAGATATCCTAAGAGTAAATACTGAAATAACTAAGGCTCCCCTATCAGC
TTCAATGATTAAACGCTACGATGAACATCATCAAGACTTGACTCTTTTAAAAGCTTTAGTTCGACAACAAC
TTCCAGAAAAGTATAAAGAAATCTTTTTTGATCAATCAAAAAACGGATATGCAGGTTATATTGATGGGGGA
GCTAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAATGGATGGTACTGAGGAATTATT
GGTGAAACTAAATCGTGAAGATTTGCTGCGCAAGCAACGGACCTTTGACAACGGCTCTATTCCCCATCAA
ATTCACTTGGGTGAGCTGCATGCTATTTTGAGAAGACAAGAAGACTTTTATCCATTTTTAAAAGACAATCG
TGAGAAGATTGAAAAAATCTTGACTTTTCGAATTCCTTATTATGTTGGTCCATTGGCGCGTGGCAATAGTC
GTTTTGCATGGATGACTCGGAAGTCTGAAGAAACAATTACCCCATGGAATTTTGAAGAAGTTGTCGATAA
AGGTGCTTCAGCTCAATCATTTATTGAACGCATGACAAACTTTGATAAAAATCTTCCAAATGAAAAAGTAC
TACCAAAACATAGTTTGCTTTATGAGTATTTTACGGTTTATAACGAATTGACAAAGGTCAAATATGTTACTG
AAGGAATGCGAAAACCAGCATTTCTTTCAGGTGAACAGAAGAAAGCCATTGTTGATTTACTCTTCAAAAC
AAATCGAAAAGTAACCGTTAAGCAATTAAAAGAAGATTATTTCAAAAAAATAGAATGTTTTGATAGTGTTGA
AATTTCAGGAGTTGAAGATAGATTTAATGCTTCATTAGGTACCTACCATGATTTGCTAAAAATTATTAAAGA
TAAAGATTTTTTGGATAAT GAAGAAAATGAAGATATCTTAGAGGATATTGTTTTAACATTGACCTTATTTGA
AGATAGGGAGATGATTGAGGAAAGACTTAAAACATATGCTCACCTCTTTGATGATAAGGTGATGAAACAG
CTTAAACGTCGCCGTTATACTGGTTGGGGACGTTTGTCTCGAAAATTGATTAATGGTATTAGGGATAAGC
AATCTGGCAAAACAATATTAGATTTTTTGAAATCAGATGGTTTTGCCAATCGCAATTTTATGCAGCTGATC
CATGATGATAGTTTGACATTTAAAGAAGACATTCAAAAAGCACAAGTGTCTGGACAAGGCGATAGTTTAC
ATGAACATATTGCAAATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTATTTTACAGACTGTAAAAGTTGTT
GATGAATTGGTCAAAGTAATGGGGCGGCATAAGCCAGAAAATATCGTTATTGAAATGGCACGTGAAAATC
AGACAACTCAAAAGGGCCAGAAAAATTCGCGAGAGCGTATGAAACGAATCGAAGAAGGTATCAAAGAAT
TAGGAAGTCAGATTCTTAAAGAGCATCCTGTTGAAAATACTCAATTGCAAAATGAAAAGCTCTATCTCTAT
TATCTCCAAAATGGAAGAGACATGTATGTGGACCAAGAATTAGATATTAATCGTTTAAGTGATTATGATGT
CGATCACATTGTTCCACAAAGTTTCCTTAAAGACGATTCAATAGACAATAAGGTCTTAACGCGTTCTGATA
AAAATCGTGGTAAATCGGATAACGTTCCAAGTGAAGAAGTAGTCAAAAAGATGAAAAACTATTGGAGACA
ACTTCTAAACGCCAAGTTAATCACTCAACGTAAGTTTGATAATTTAACGAAAGCTGAACGTGGAGGTTTGA
GTGAACTTGATAAAGCTGGTTTTATCAAACGCCAATTGGTTGAAACTCGCCAAATCACTAAGCATGTGGC
ACAAATTTTGGATAGTCGCATGAATACTAAATACGATGAAAATGATAAACTTATTCGAGAGGTTAAAGTGA
TTACCTTAAAATCTAAATTAGTTTCTGACTTCCGAAAAGATTTCCAATTCTATAAAGTACGTGAGATTAACA
ATTACCATCATGCCCATGATGCGTATCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAATATCCAAAA
CTTGAATCGGAGTTTGTCTATGGTGATTATAAAGTTTATGATGTTCGTAAAATGATTGCTAAGTCTGAGCA
AGAAATAGGCAAAGCAACCGCAAAATATTTCTTTTACTCTAATATCATGAACTTCTTCAAAACAGAAATTAC
ACTTGCAAATGGAGAGATTCGCAAACGCCCTCTAATCGAAACTAATGGGGAAACTGGAGAAATTGTCTG
GGATAAAGGGCGAGATTTTGCCACAGTGCGCAAAGTATTGTCCATGCCCCAAGTCAATATTGTCAAGAAA
ACAGAAGTACAGACAGGCGGATTCTCCAAGGAGTCAATTTTACCAAAAAGAAATTCGGACAAGCTTATTG
CTCGTAAAAAAGACTGGGATCCAAAAAAATATGGTGGTTTTGATAGTCCAACGGTAGCTTATTCAGTCCT
AGTGGTTGCTAAGGTGGAAAAAGGGAAATCGAAGAAGTTAAAATCCGTTAAAGAGTTACTAGGGATCACA
ATTATGGAAAGAAGTTCCTTTGAAAAAAATCCGATTGACTTTTTAGAAGCTAAAGGATATAAGGAAGTTAA
AAAAGACTTAATCATTAAACTACCTAAATATAGTCTTTTTGAGTTAGAAAACGGTCGTAAACGGATGCTGG
CTAGTGCCGGAGAATTACAAAAAGGAAATGAGCTGGCTCTGCCAAGCAAATATGTGAATTTTTTATATTTA
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GCTAGTCATTATGAAAAGTTGAAGGGTAGTCCAGAAGATAACGAACAAAAACAATTGTTTGTGGAGCAGC
ATAAGCATTATTTAGATGAGATTATTGAGCAAATCAGTGAATTTTCTAAGCGTGTTATTTTAGCAGATGCC
AATTTAGATAAAGTTCTTAGTGCATATAACAAACATAGAGACAAACCAATACGTGAACAAGCAGAAAATAT
TATTCATTTATTTACGTTGACGAATCTTGGAGCTCCCGCTGCTTTTAAATATTTTGATACAACAATTGATCG
TAAACGATATACGTCTACAAAAGAAGTTTTAGATGCCACTCTTATCCATCAATCCATCACTGGTCTTTATG
AAACACGCATTGATTTGAGTCAGCTAGGAGGTGACGGCAGCGGCAGCAGTATGGTGAGCAAGGGCGAG
GAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAG
CGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACC
GGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCG
CTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGC
GCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACC
CTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCT
GGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAA
CTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCC
CCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAA
GACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGG
CATGGACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCT
ACGGACTTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGATATC

24

EGFP GOI

AAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGC
CGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTT
GATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTATA
CCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACCAGCCACG
TTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCGGTTGAAGGAGAAAGC
GTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCAGC
ACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCG
TTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGA
GCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCA
GAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTT
ATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCG
GTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACATT
ACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTG
CCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGG
GCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGG
CCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCA
GCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGA
CGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTG
AAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCA
CAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACAT
CGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTG
CTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGA
TCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGT
AAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGACTT

25

Fluc GOI

AAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGC
CGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTT
GATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTATA
CCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACCAGCCACG
TTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCGGTTGAAGGAGAAAGC
GTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCAGC
ACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCG
TTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGA
GCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCA
GAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTT
ATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCG
GTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACATT
ACAATTCATTGTTAAGTTGAATACAGCAAAATGGAAGATGCCAAAAACATTAAGAAGGGCCCAGCGCCAT
TCTACCCACTCGAAGACGGTACCGCCGGCGAGCAGCTGCACAAAGCCATGAAGCGCTACGCCCTGGTG
CCCGGCACCATCGCCTTTACCGACGCACATATCGAGGTGGACATTACCTACGCCGAGTACTTCGAGATG
AGCGTTCGGCTGGCAGAAGCTATGAAGCGCTATGGGCTGAATACAAACCATCGGATCGTGGTGTGCAG

48




WO 2024/252011

PCT/EP2024/065837

CGAGAATAGCTTGCAGTTCTTCATGCCCGTGTTGGGTGCCCTGTTCATCGGTGTGGCTGTGGCCCCAGC
TAACGACATCTACAACGAGCGCGAGCTGCTGAACAGCATGGGCATCAGCCAGCCCACCGTCGTATTCGT
GAGCAAGAAAGGGCTGCAAAAGATCCTCAACGTGCAAAAGAAGCTACCGATCATACAAAAGATCATCAT
CATGGATAGCAAGACCGACTACCAGGGCTTCCAAAGCATGTACACCTTCGTGACTTCCCATTTGCCACC
CGGCTTCAACGAGTACGACTTCGTGCCCGAGAGCTTCGACCGGGACAAAACCATCGCCCTGATCATGAA
CAGTAGTGGCAGTACCGGATTGCCCAAGGGCGTAGCCCTACCGCACCGCACCGCTTGTGTCCGATTCA
GTCATGCCCGCGACCCCATCTTCGGCAACCAGATCATCCCCGACACCGCTATCCTCAGCGTGGTGCCAT
TTCACCACGGCTTCGGCATGTTCACCACGCTGGGCTACTTGATCTGCGGCTTTCGGGTCGTGCTCATGT
ACCGCTTCGAGGAGGAGCTATTCTTGCGCAGCTTGCAAGACTATAAGATTCAATCTGCCCTGCTGGTGC
CCACACTATTTAGCTTCTTCGCTAAGAGCACCCTCATTGATAAGTACGACCTAAGCAACTTGCACGAGAT
CGCCAGCGGCGGGGCGCCGCTCAGCAAGGAGGTAGGTGAGGCCGTGGCTAAACGCTTCCACCTACCA
GGCATCCGCCAGGGCTACGGCCTGACAGAAACAACCAGCGCCATTCTGATCACCCCCGAAGGGGACGA
CAAGCCTGGCGCAGTAGGCAAGGTGGTGCCCTTCTTCGAGGCTAAGGTGGTGGACTTGGACACCGGCA
AGACACTGGGTGTGAACCAGCGCGGCGAGCTGTGCGTCCGTGGCCCCATGATCATGAGCGGCTACGTT
AACAACCCCGAGGCTACAAACGCACTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTA
CTGGGACGAGGACGAGCACTTCTTCATCGTGGACCGGCTGAAGAGCCTGATCAAATACAAGGGCTACC
AGGTAGCCCCAGCCGAACTGGAGAGCATCCTGCTGCAACACCCCAACATCTTCGACGCCGGGGTCGCC
GGCCTGCCCGACGACGATGCCGGCGAGCTGCCCGCCGCAGTCGTCGTGCTGGAACACGGTAAAACCA
TGACCGAGAAGGAGATCGTGGACTATGTGGCCAGCCAGGTTACAACCGCCAAGAAGCTGCGCGGTGGT
GTTGTGTTCGTGGACGAGGTGCCTAAAGGACTGACCGGTAAGTTGGACGCCCGCAAGATCCGCGAGAT
TCTCATTAAGGCCAAGAAGGGCGGCAAGATCGCCGTGAGCAGTGATTACAAGGATGATGATGATAAGTA
AAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGACTT
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Spike GOI

AAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGC
CGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTT
GATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTATA
CCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACCAGCCACG
TTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCGGTTGAAGGAGAAAGC
GTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCAGC
ACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCG
TTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGA
GCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCA
GAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTT
ATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCG
GTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACATT
ACAATTCATTGTTAAGTTGAATACAGCAAAATGGGGATTCTGCCTAGCCCCGGCATGCCCGCCCTCCTG
AGCCTGGTGAGCCTGCTGAGCGTCCTGTTGATGGGGTGCGTGGCCGAGACCGGCACACAGTGCGTGA
ACCTGACAACTAGAACACAGCTGCCCCCAGCCTACACCAACAGCTTTACTAGGGGAGTGTACTACCCTG
ATAAGTGCTTCAGGAGCAGTGTGCTGCACAGCACCCAGGACCTCTTTTTGCCCTTTTTCAGTAACGTGAC
CTGGTTCCACGCTATCCACGTGAGCGGCACAAACGGCACAAAACGGTTCGATAACCCAGTGCTGCCCTT
CAACGACGGCGTCTACTTCGCCAGCACTGAGAAGTCCAACATTATCAGGGGGTGGATCTTCGGGACAAC
CCTGGACAGCAAGACACAGAGCCTCCTGATTGTGAACAACGCCACCAACGTGGTCATTAAGGTCTGCGA
GTTCCAGTTCTGCAACGACCCCTTTCTGGGGGTGTACTACCACAAGAACAACAAGTCCTGGATGGAGTC
CGAGTTTCGGGTGTACTCCAGCGCCAACAACTGCACATTTGAGTACGTGAGCCAGCCCTTCTTGATGGA
TCTGGAGGGCAAGCAGGGGAACTTTAAGAACCTTCGGGAGTTCGTCTTTAAGAACATCGACGGGTACTT
TAAGATCTACAGCAAGCACACCCCTATTAACCTGGTCCGCGATCTGCCCCAGGGCTTCAGCGCCCTGGA
GCCACTGGTGGACCTCCCCATCGGGATCAACATTACTAGGTTCCAGACACTCCTGGCCCTGCACCGGA
GCTACCTGACTCCCGGCGATAGCTCCAGCGGGTGGACTGCCGGGGCCGCCGCCTACTACGTCGGCTA
CCTGCAGCCCAGGACATTCCTGCTCAAGTACAACGAGAACGGCACCATCACTGATGCCGTGGACTGCG
CTCTCGATCCCCTGAGCGAGACAAAGTGCACCCTGAAGTCCTTCACCGTGGAGAAGGGGATCTACCAG
ACATCTAACTTCAGGGTGCAGCCCACTGAGTCCATTGTGAGATTTCCTAACATCACCAACCTGTGCCCCT
TCGGCGAGGTCTTTAACGCCACACGGTTCGCCAGCGTCTACGCTTGGAACAGGAAGCGGATCTCCAAC
TGCGTGGCCGACTACAGCGTGCTGTACAACAGCGCCTCCTTCAGCACCTTTAAGTGCTACGGCGTGAG
CCCCACTAAGCTGAACGACCTGTGCTTCACTAACGTGTACGCTGATAGCTTCGTGATTAGGGGCGATGA
GGTCCGGCAGATTGCCCCCGGCCAGACAGGGAAGATCGCTGACTACAACTATAAGCTGCCCGATGACT
TCACAGGGTGTGTGATCGCCTGGAACAGCAACAACCTGGATAGCAAGGTCGGGGGGAACTACAACTAC
CTGTACAGGCTGTTCAGAAAGTCCAACCTGAAGCCCTTCGAGCGGGATATCAGCACTGAGATCTACCAG
GCCGGGAGCACCCCCTGCAACGGCGTCGAGGGCTTTAACTGCTACTTTCCCCTCCAGAGCTACGGCTT
CCAACCCACCAACGGCGTGGGGTACCAGCCCTACCGGGTCGTGGTGCTTAGCTTCGAGCTCCTGCACG
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CCCCTGCAACCGTGTGCGGCCCCAAGAAGAGCACAAACCTCGTGAAGAACAAGTGCGTGAACTTCAACT
TCAACGGGCTGACCGGCACCGGCGTGCTGACTGAGAGTAACAAGAAGTTTCTCCCCTTCCAGCAGTGC
GGGAGGGATATTGCCGACACTACTGATGCCGTGCGCGACCCTCAGACCCTTGAGATTCTGGACATCACT
CCCTGCTCCTTCGGCGGAGTGTCCGTGATCACACCAGGGACCAACACTAGCAACCAGGTCGCCGTCTT
GTACCAGGACGTGAACTGCACCGAGGTGCCCGTGGCCATCCACGCCGATCAGCTGACCCCAACTTGGC
GGGTGTACTCCACCGGGAGCAACGTGTTTCAGACACGGGCCGGGTGCCTGATCGGGGCTGAGCATGT
CAACAACAGCTACGAGTGCGATATTCCTATCGGCGCCGGGATTTGCGCCAGCTACCAGACACAGACAAA
CAGCCCTGGCTCGGCCAGCTCCGTCGCCAGCCAGAGCATCATCGCCTACACAATGTCCTTGGGGGCCG
AGAACAGCGTCGCCTACAGCAACAACAGCATTGCCATCCCCACCAACTTCACAATCAGCGTCACAACCG
AGATCCTGCCCGTGAGCATGACTAAGACATCCGTGGATTGCACAATGTACATCTGCGGCGACTCCACAG
AGTGCAGTAACCTGCTGCTCCAGTACGGGTCCTTTTGTACCCAGCTGAACAGAGCCTTGACCGGCATTG
CCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTTGCCCAGGTGAAGCAGATCTACAAGACACCCCCC
ATAAAGGACTTCGGGGGCTTTAACTTCTCCCAGATCTTGCCCGACCCCAGCAAGCCCTCCAAGCGGTCA
TTCATTGAGGACCTGCTGTTTAACAAGGTGACCCTCGCTGATGCAGGGTTTATCAAGCAGTACGGCGAT
TGCCTGGGGGACATTGCCGCTAGGGACTTGATCTGCGCCCAGAAGTTCAACGGCCTGACCGTGCTCCC
CCCCCTGTTGACAGACGAGATGATCGCCCAGTACACTAGCGCTCTGCTGGCCGGCACTATCACCAGCG
GCTGGACCTTTGGGGCCGGCGCCGCCCTCCAGATTCCATTCGCCATGCAGATGGCCTACCGCTTCAAC
GGCATCGGCGTGACTCAGAACGTGCTGTACGAGAACCAGAAGCTGATTGCCAACCAGTTCAACTCCGC
CATCGGCAAGATCCAGGACAGCCTGTCCAGCACAGCATCCGCCCTGGGGAAGTTGCAGGATGTGGTGA
ACCAGAACGCCCAGGCCCTGAACACACTGGTGAAGCAGCTGAGCAGCAACTTTGGCGCCATCAGTAGC
GTCCTGAACGACATCCTGTCACGGCTTGATCCACCAGAGGCCGAGGTCCAGATCGATCGGCTGATTACA
GGCCGGCTGCAGAGTCTCCAGACCTACGTCACCCAGCAGCTGATCCGGGCTGCCGAGATTAGAGCCTC
CGCCAATCTCGCCGCCACAAAGATGAGTGAATGCGTCCTGGGCCAGAGCAAAAGGGTCGACTTTTGCG
GGAAGGGGTACCACCTGATGTCCTTTCCCCAGTCCGCCCCTCACGGAGTGGTGTTCCTCCATGTCACAT
ACGTGCCTGCCCAGGAGAAGAACTTCACTACAGCCCCCGCCATTTGCCACGATGGGAAGGCCCATTTC
CCTAGAGAGGGCGTGTTCGTGTCCAACGGGACCCACTGGTTCGTGACTCAGCGGAACTTTTATGAACCC
CAGATTATCACAACCGATAACACATTTGTCTCCGGCAACTGTGATGTGGTCATCGGCATCGTGAACAACA
CCGTGTACGACCCACTGCAGCCTGAGCTTGACAGCTTTAAGGAGGAGCTGGACAAGTACTTTAAGAACC
ACACCAGCCCTGATGTGGACCTTGGCGACATCAGCGGCATTAACGCCAGCGTGGTGAACATTCAGAAG
GAGATCGATAGACTGAACGAGGTGGCCAAGAACTTGAACGAGTCACTGATTGACCTGCAGGAGCTGGG
GAAGTACGAGCAGTACATTAAGGGGTCCGGGAGGGAGAACCTGTACTTTCAGGGGGGGGGGGGGTCC
GGCTACATTCCCGAGGCCCCAAGGGATGGCCAGGCCTACGTGAGGAAGGATGGGGAGTGGGTGCTGC
TGAGCACCTTCTTGGGCAGCGGCAGCAGTATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGT
GCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAG
GGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTG
GCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGC
AGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACG
ACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCT
GAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCC
ACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACA
TCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGT
GCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCG
ATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAG
TAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGACTT

27

Cas9 GOl

AAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGC
CGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTT
GATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTATA
CCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACCAGCCACG
TTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCGGTTGAAGGAGAAAGC
GTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCAGC
ACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCG
TTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGA
GCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCA
GAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTT
ATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCG
GTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACATT
ACAATTCATTGTTAAGTTGAATACAGCAAAATGGATAAGAAATACTCAATAGGCTTAGATATCGGCACAAA
TAGCGTCGGATGGGCGGTGATCACTGATGAATATAAGGTTCCGTCTAAAAAGTTCAAGGTTCTGGGAAA
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TACAGACCGCCACAGTATCAAAAAAAATCTTATAGGGGCTCTTTTATTTGACAGTGGAGAGACAGCGGAA
GCGACTCGTCTCAAACGGACAGCTCGTAGAAGGTATACACGTCGGAAGAATCGTATTTGTTATCTACAG
GAGATTTTTTCAAATGAGATGGCGAAAGTAGATGATAGTTTCTTTCATCGACTTGAAGAGTCTTTTTTGGT
GGAAGAAGACAAGAAGCATGAACGTCATCCTATTTTTGGAAATATAGTAGATGAAGTTGCTTATCATGAG
AAATATCCAACTATCTATCATCTGCGAAAAAAATTGGTAGATTCTACTGATAAAGCGGATTTGCGCTTAAT
CTATTTGGCCTTAGCGCATATGATTAAGTTTCGTGGTCATTTTTTGATTGAGGGAGATTTAAATCCTGATA
ATAGTGATGTGGACAAACTATTTATCCAGTTGGTACAAACCTACAATCAATTATTTGAAGAAAACCCTATT
AACGCAAGTGGAGTAGATGCTAAAGCGATTCTTTCTGCACGATTGAGTAAATCAAGACGATTAGAAAATC
TCATTGCTCAGCTCCCCGGTGAGAAGAAAAATGGCTTATTTGGGAATCTCATTGCTTTGTCATTGGGTTT
GACCCCTAATTTTAAATCAAATTTTGATTTGGCAGAAGATGCTAAATTACAGCTTTCAAAAGATACTTACG
ATGATGATTTAGATAATTTATTGGCGCAAATTGGAGATCAATATGCTGATTTGTTTTTGGCAGCTAAGAAT
TTATCAGATGCTATTTTACTTTCAGATATCCTAAGAGTAAATACTGAAATAACTAAGGCTCCCCTATCAGC
TTCAATGATTAAACGCTACGATGAACATCATCAAGACTTGACTCTTTTAAAAGCTTTAGTTCGACAACAAC
TTCCAGAAAAGTATAAAGAAATCTTTTTTGATCAATCAAAAAACGGATATGCAGGTTATATTGATGGGGGA
GCTAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAATGGATGGTACTGAGGAATTATT
GGTGAAACTAAATCGTGAAGATTTGCTGCGCAAGCAACGGACCTTTGACAACGGCTCTATTCCCCATCAA
ATTCACTTGGGTGAGCTGCATGCTATTTTGAGAAGACAAGAAGACTTTTATCCATTTTTAAAAGACAATCG
TGAGAAGATTGAAAAAATCTTGACTTTTCGAATTCCTTATTATGTTGGTCCATTGGCGCGTGGCAATAGTC
GTTTTGCATGGATGACTCGGAAGTCTGAAGAAACAATTACCCCATGGAATTTTGAAGAAGTTGTCGATAA
AGGTGCTTCAGCTCAATCATTTATTGAACGCATGACAAACTTTGATAAAAATCTTCCAAATGAAAAAGTAC
TACCAAAACATAGTTTGCTTTATGAGTATTTTACGGTTTATAACGAATTGACAAAGGTCAAATATGTTACTG
AAGGAATGCGAAAACCAGCATTTCTTTCAGGTGAACAGAAGAAAGCCATTGTTGATTTACTCTTCAAAAC
AAATCGAAAAGTAACCGTTAAGCAATTAAAAGAAGATTATTTCAAAAAAATAGAATGTTTTGATAGTGTTGA
AATTTCAGGAGTTGAAGATAGATTTAATGCTTCATTAGGTACCTACCATGATTTGCTAAAAATTATTAAAGA
TAAAGATTTTTTGGATAAT GAAGAAAATGAAGATATCTTAGAGGATATTGTTTTAACATTGACCTTATTTGA
AGATAGGGAGATGATTGAGGAAAGACTTAAAACATATGCTCACCTCTTTGATGATAAGGTGATGAAACAG
CTTAAACGTCGCCGTTATACTGGTTGGGGACGTTTGTCTCGAAAATTGATTAATGGTATTAGGGATAAGC
AATCTGGCAAAACAATATTAGATTTTTTGAAATCAGATGGTTTTGCCAATCGCAATTTTATGCAGCTGATC
CATGATGATAGTTTGACATTTAAAGAAGACATTCAAAAAGCACAAGTGTCTGGACAAGGCGATAGTTTAC
ATGAACATATTGCAAATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTATTTTACAGACTGTAAAAGTTGTT
GATGAATTGGTCAAAGTAATGGGGCGGCATAAGCCAGAAAATATCGTTATTGAAATGGCACGTGAAAATC
AGACAACTCAAAAGGGCCAGAAAAATTCGCGAGAGCGTATGAAACGAATCGAAGAAGGTATCAAAGAAT
TAGGAAGTCAGATTCTTAAAGAGCATCCTGTTGAAAATACTCAATTGCAAAATGAAAAGCTCTATCTCTAT
TATCTCCAAAATGGAAGAGACATGTATGTGGACCAAGAATTAGATATTAATCGTTTAAGTGATTATGATGT
CGATCACATTGTTCCACAAAGTTTCCTTAAAGACGATTCAATAGACAATAAGGTCTTAACGCGTTCTGATA
AAAATCGTGGTAAATCGGATAACGTTCCAAGTGAAGAAGTAGTCAAAAAGATGAAAAACTATTGGAGACA
ACTTCTAAACGCCAAGTTAATCACTCAACGTAAGTTTGATAATTTAACGAAAGCTGAACGTGGAGGTTTGA
GTGAACTTGATAAAGCTGGTTTTATCAAACGCCAATTGGTTGAAACTCGCCAAATCACTAAGCATGTGGC
ACAAATTTTGGATAGTCGCATGAATACTAAATACGATGAAAATGATAAACTTATTCGAGAGGTTAAAGTGA
TTACCTTAAAATCTAAATTAGTTTCTGACTTCCGAAAAGATTTCCAATTCTATAAAGTACGTGAGATTAACA
ATTACCATCATGCCCATGATGCGTATCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAATATCCAAAA
CTTGAATCGGAGTTTGTCTATGGTGATTATAAAGTTTATGATGTTCGTAAAATGATTGCTAAGTCTGAGCA
AGAAATAGGCAAAGCAACCGCAAAATATTTCTTTTACTCTAATATCATGAACTTCTTCAAAACAGAAATTAC
ACTTGCAAATGGAGAGATTCGCAAACGCCCTCTAATCGAAACTAATGGGGAAACTGGAGAAATTGTCTG
GGATAAAGGGCGAGATTTTGCCACAGTGCGCAAAGTATTGTCCATGCCCCAAGTCAATATTGTCAAGAAA
ACAGAAGTACAGACAGGCGGATTCTCCAAGGAGTCAATTTTACCAAAAAGAAATTCGGACAAGCTTATTG
CTCGTAAAAAAGACTGGGATCCAAAAAAATATGGTGGTTTTGATAGTCCAACGGTAGCTTATTCAGTCCT
AGTGGTTGCTAAGGTGGAAAAAGGGAAATCGAAGAAGTTAAAATCCGTTAAAGAGTTACTAGGGATCACA
ATTATGGAAAGAAGTTCCTTTGAAAAAAATCCGATTGACTTTTTAGAAGCTAAAGGATATAAGGAAGTTAA
AAAAGACTTAATCATTAAACTACCTAAATATAGTCTTTTTGAGTTAGAAAACGGTCGTAAACGGATGCTGG
CTAGTGCCGGAGAATTACAAAAAGGAAATGAGCTGGCTCTGCCAAGCAAATATGTGAATTTTTTATATTTA
GCTAGTCATTATGAAAAGTTGAAGGGTAGTCCAGAAGATAACGAACAAAAACAATTGTTTGTGGAGCAGC
ATAAGCATTATTTAGATGAGATTATTGAGCAAATCAGTGAATTTTCTAAGCGTGTTATTTTAGCAGATGCC
AATTTAGATAAAGTTCTTAGTGCATATAACAAACATAGAGACAAACCAATACGTGAACAAGCAGAAAATAT
TATTCATTTATTTACGTTGACGAATCTTGGAGCTCCCGCTGCTTTTAAATATTTTGATACAACAATTGATCG
TAAACGATATACGTCTACAAAAGAAGTTTTAGATGCCACTCTTATCCATCAATCCATCACTGGTCTTTATG
AAACACGCATTGATTTGAGTCAGCTAGGAGGTGACGGCAGCGGCAGCAGTATGGTGAGCAAGGGCGAG
GAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAG

51




WO 2024/252011

PCT/EP2024/065837

CGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACC
GGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCG
CTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGC
GCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACC
CTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCT
GGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAA
CTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCC
CCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAA
GACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGG
CATGGACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCT
ACGGACTT

28

Factor 8
GOl

AAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCCACGCCGGAAACGCAATAGC
CGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTT
GATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTATA
CCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACCAGCCACG
TTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCGGTTGAAGGAGAAAGC
GTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCAGC
ACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCG
TTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGA
GCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCA
GAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTT
ATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCG
GTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACATT
ACAATTCATTGTTAAGTTGAATACAGCAAAATGCAAATAGAGCTCTCCACCTGCTTCTTTCTGTGCCTTTT
GCGATTCTGCTTTAGTGCCACCAGAAGATACTACCTGGGTGCAGTGGAACTGTCATGGGACTATATGCA
AAGTGATCTCGGTGAGCTGCCTGTGGACGCAAGATTTCCTCCTAGAGTGCCAAAATCTTTTCCATTCAAC
ACCTCAGTCGTGTACAAAAAGACTCTGTTTGTAGAATTCACGGATCACCTTTTCAACATCGCTAAGCCAA
GGCCACCCTGGATGGGTCTGCTAGGTCCTACCATCCAGGCTGAGGTTTATGATACAGTGGTCATTACAC
TTAAGAACATGGCTTCCCATCCTGTCAGTCTTCATGCTGTTGGTGTATCCTACTGGAAAGCTTCTGAGGG
AGCTGAATATGATGATCAGACCAGTCAAAGGGAGAAAGAAGATGATAAAGTCTTCCCTGGTGGAAGCCA
TACATATGTCTGGCAGGTCCTGAAAGAGAATGGTCCAATGGCCTCTGACCCACTGTGCCTTACCTACTCA
TATCTTTCTCATGTGGACCTGGTAAAAGACTTGAATTCAGGCCTCATTGGAGCCCTACTAGTATGTAGAG
AAGGGAGTCTGGCCAAGGAAAAGACACAGACCTTGCACAAATTTATACTACTTTTTGCTGTATTTGATGA
AGGGAAAAGTTGGCACTCAGAAACAAAGAACTCCTTGATGCAGGATAGGGATGCTGCATCTGCTCGGGC
CTGGCCTAAAATGCACACAGTCAATGGTTATGTAAACAGGTCTCTGCCAGGTCTGATTGGATGCCACAG
GAAATCAGTCTATTGGCATGTGATTGGAATGGGCACCACTCCTGAAGTGCACTCAATATTCCTCGAAGGT
CACACATTTCTTGTGAGGAACCATCGCCAGGCGTCCTTGGAAATCTCGCCAATAACTTTCCTTACTGCTC
AAACACTCTTGATGGACCTTGGACAGTTTCTACTGTTTTGTCATATCTCTTCCCACCAACATGATGGCATG
GAAGCTTATGTCAAAGTAGACAGCTGTCCAGAGGAACCCCAACTACGAATGAAAAATAATGAAGAAGCG
GAAGACTATGATGATGATCTTACTGATTCTGAAATGGATGTGGTCAGGTTTGATGATGACAACTCTCCTT
CCTTTATCCAAATTCGCTCAGTTGCCAAGAAGCATCCTAAAACTTGGGTACATTACATTGCTGCTGAAGA
GGAGGACTGGGACTATGCTCCCTTAGTCCTCGCCCCCGATGACAGAAGTTATAAAAGTCAATATTTGAAC
AATGGCCCTCAGCGGATTGGTAGGAAGTACAAAAAAGTCCGATTTATGGCATACACAGATGAAACCTTTA
AGACTCGTGAAGCTATTCAGCATGAATCAGGAATCTTGGGACCTTTACTTTATGGGGAAGTTGGAGACAC
ACTGTTGATTATATTTAAGAATCAAGCAAGCAGACCATATAACATCTACCCTCACGGAATCACTGATGTCC
GTCCTTTGTATTCAAGGAGATTACCAAAAGGTGTAAAACATTTGAAGGATTTTCCAATTCTGCCAGGAGAA
ATATTCAAATATAAATGGACAGTGACTGTAGAAGATGGGCCAACTAAATCAGATCCTCGGTGCCTGACCC
GCTATTACTCTAGTTTCGTTAATATGGAGAGAGATCTAGCTTCAGGACTCATTGGCCCTCTCCTCATCTG
CTACAAAGAATCTGTAGATCAAAGAGGAAACCAGATAATGTCAGACAAGAGGAATGTCATCCTGTTTTCT
GTATTTGATGAGAACCGAAGCTGGTACCTCACAGAGAATATACAACGCTTTCTCCCCAATCCAGCTGGAG
TGCAGCTTGAGGATCCAGAGTTCCAAGCCTCCAACATCATGCACAGCATCAATGGCTATGTTTTTGATAG
TTTGCAGTTGTCAGTTTGTTTGCATGAGGTGGCATACTGGTACATTCTAAGCATTGGAGCACAGACTGAC
TTCCTTTCTGTCTTCTTCTCTGGATATACCTTCAAACACAAAATGGTCTATGAAGACACACTCACCCTATT
CCCATTCTCAGGAGAAACTGTCTTCATGTCGATGGAAAACCCAGGTCTATGGATTCTGGGGTGCCACAA
CTCAGACTTTCGGAACAGAGGCATGACCGCCTTACTGAAGGTTTCTAGTTGTGACAAGAACACTGGTGA
TTATTACGAGGACAGTTATGAAGATATTTCAGCATACTTGCTGAGTAAAAACAATGCCATTGAACCAAGAA
GCTTCTCCCAGAATTCAAGACACCCTAGCACTAGGCAAAAGCAATTTAATGCCACCACAATTCCAGAAAA
TGACATAGAGAAGACTGACCCTTGGTTTGCACACAGAACACCTATGCCTAAAATACAAAATGTCTCCTCT
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AGTGATTTGTTGATGCTCTTGCGACAGAGTCCTACTCCACATGGGCTATCCTTATCTGATCTCCAAGAAG
CCAAATATGAGACTTTTTCTGATGATCCATCACCTGGAGCAATAGACAGTAATAACAGCCTGTCTGAAAT
GACACACTTCAGGCCACAGCTCCATCACAGTGGGGACATGGTATTTACCCCTGAGTCAGGCCTCCAATT
AAGATTAAATGAGAAACTGGGGACAACTGCAGCAACAGAGTTGAAGAAACTTGATTTCAAAGTTTCTAGT
ACATCAAATAATCTGATTTCAACAATTCCATCAGACAATTTGGCAGCAGGTACTGATAATACAAGTTCCTT
AGGACCCCCAAGTATGCCAGTTCATTATGATAGTCAATTAGATACCACTCTATTTGGCAAAAAGTCATCTC
CCCTTACTGAGTCTGGTGGACCTCTGAGCTTGAGTGAAGAAAATAATGATTCAAAGTTGTTAGAATCAGG
TTTAATGAATAGCCAAGAAAGTTCATGGGGAAAAAATGTATCGTCAACAGAGAGTGGTAGGTTATTTAAA
GGGAAAAGAGCTCATGGACCTGCTTTGTTGACTAAAGATAATGCCTTATTCAAAGTTAGCATCTCTTTGTT
AAAGACAAACAAAACTTCCAATAATTCAGCAACTAATAGAAAGACTCACATTGATGGCCCATCATTATTAA
TTGAGAATAGTCCATCAGTCTGGCAAAATATATTAGAAAGTGACACTGAGTTTAAAAAAGTGACACCTTTG
ATTCATGACAGAATGCTTATGGACAAAAATGCTACAGCTTTGAGGCTAAATCATATGTCAAATAAAACTAC
TTCATCAAAAAACATGGAAATGGTCCAACAGAAAAAAGAGGGCCCCATTCCACCAGATGCACAAAATCCA
GATATGTCGTTCTTTAAGATGCTATTCTTGCCAGAATCAGCAAGGTGGATACAAAGGACTCATGGAAAGA
ACTCTCTGAACTCTGGGCAAGGCCCCAGTCCAAAGCAATTAGTATCCTTAGGACCAGAAAAATCTGTGG
AAGGTCAGAATTTCTTGTCTGAGAAAAACAAAGTGGTAGTAGGAAAGGGTGAATTTACAAAGGACGTAGG
ACTCAAAGAGATGGTTTTTCCAAGCAGCAGAAACCTATTTCTTACTAACTTGGATAATTTACATGAAAATA
ATACACACAATCAAGAAAAAAAAATTCAGGAAGAAATAGAAAAGAAGGAAACATTAATCCAAGAGAATGTA
GTTTTGCCTCAGATACATACAGTGACTGGCACTAAGAATTTCATGAAGAACCTTTTCTTACTGAGCACTAG
GCAAAATGTAGAAGGTTCATATGACGGGGCATATGCTCCAGTACTTCAAGATTTTAGGTCATTAAATGATT
CAACAAATAGAACAAAGAAACACACAGCTCATTTCTCAAAAAAAGGGGAGGAAGAAAACTTGGAAGGCTT
GGGAAATCAAACCAAGCAAATTGTAGAGAAATATGCATGCACCACAAGGATATCTCCTAATACAAGCCAG
CAGAATTTTGTCACGCAACGTAGTAAGAGAGCTTTGAAACAATTCAGACTCCCACTAGAAGAAACAGAAC
TTGAAAAAAGGATAATTGTGGATGACACCTCAACCCAGTGGTCCAAAAACATGAAACATTTGACCCCGAG
CACCCTCACACAGATAGACTACAATGAGAAGGAGAAAGGGGCCATTACTCAGTCTCCCTTATCAGATTG
CCTTACGAGGAGTCATAGCATCCCTCAAGCAAATAGATCTCCATTACCCATTGCAAAGGTATCATCATTT
CCATCTATTAGACCTATATATCTGACCAGGGTCCTATTCCAAGACAACTCTTCTCATCTTCCAGCAGCATC
TTATAGAAAGAAAGATTCTGGGGTCCAAGAAAGCAGTCATTTCTTACAAGGAGCCAAAAAAAATAACCTTT
CTTTAGCCATTCTAACCTTGGAGATGACTGGTGATCAAAGAGAGGTTGGCTCCCTGGGGACAAGTGCCA
CAAATTCAGTCACATACAAGAAAGTTGAGAACACTGTTCTCCCGAAACCAGACTTGCCCAAAACATCTGG
CAAAGTTGAATTGCTTCCAAAAGTTCACATTTATCAGAAGGACCTATTCCCTACGGAAACTAGCAATGGG
TCTCCTGGCCATCTGGATCTCGTGGAAGGGAGCCTTCTTCAGGGAACAGAGGGAGCGATTAAGTGGAAT
GAAGCAAACAGACCTGGAAAAGTTCCCTTTCTGAGAGTAGCAACAGAAAGCTCTGCAAAGACTCCCTCC
AAGCTATTGGATCCTCTTGCTTGGGATAACCACTATGGTACTCAGATACCAAAAGAAGAGTGGAAATCCC
AAGAGAAGTCACCAGAAAAAACAGCTTTTAAGAAAAAGGATACCATTTTGTCCCTGAACGCTTGTGAAAG
CAATCATGCAATAGCAGCAATAAATGAGGGACAAAATAAGCCCGAAATAGAAGTCACCTGGGCAAAGCA
AGGTAGGACTGAAAGGCTGTGCTCTCAAAACCCACCAGTCTTGAAACGCCATCAACGGGAAATAACTCG
TACTACTCTTCAGTCAGATCAAGAGGAAATTGACTATGATGATACCATATCAGTTGAAATGAAGAAGGAA
GATTTTGACATTTATGATGAGGATGAAAATCAGAGCCCCCGCAGCTTTCAAAAGAAAACACGACACTATT
TTATTGCTGCAGTGGAGAGGCTCTGGGATTATGGGATGAGTAGCTCCCCACATGTTCTAAGAAACAGGG
CTCAGAGTGGCAGTGTCCCTCAGTTCAAGAAAGTTGTTTTCCAGGAATTTACTGATGGCTCCTTTACTCA
GCCCTTATACCGTGGAGAACTAAATGAACATTTGGGACTCCTGGGGCCATATATAAGAGCAGAAGTTGA
AGATAATATCATGGTAACTTTCAGAAATCAGGCCTCTCGTCCCTATTCCTTCTATTCTAGCCTTATTTCTTA
TGAGGAAGATCAGAGGCAAGGAGCAGAACCTAGAAAAAACTTTGTCAAGCCTAATGAAACCAAAACTTAC
TTTTGGAAAGTGCAACATCATATGGCACCCACTAAAGATGAGTTTGACTGCAAAGCCTGGGCTTATTTCT
CTGATGTTGACCTGGAAAAAGATGTGCACTCAGGCCTGATTGGACCCCTTCTGGTCTGCCACACTAACA
CACTGAACCCTGCTCATGGGAGACAAGTGACAGTACAGGAATTTGCTCTGTTTTTCACCATCTTTGATGA
GACCAAAAGCTGGTACTTCACTGAAAATATGGAAAGAAACTGCAGGGCTCCCTGCAATATCCAGATGGA
AGATCCCACTTTTAAAGAGAATTATCGCTTCCATGCAATCAATGGCTACATAATGGATACACTACCTGGCT
TAGTAATGGCTCAGGATCAAAGGATTCGATGGTATCTGCTCAGCATGGGCAGCAATGAAAACATCCATTC
TATTCATTTCAGTGGACATGTGTTCACTGTACGAAAAAAAGAGGAGTATAAAATGGCACTGTACAATCTCT
ATCCAGGTGTTTTTGAGACAGTGGAAATGTTACCATCCAAAGCTGGAATTTGGCGGGTGGAATGCCTTAT
TGGCGAGCATCTACATGCTGGGATGAGCACACTTTTTCTGGTGTACAGCAATAAGTGTCAGACTCCCCT
GGGAATGGCTTCTGGACACATTAGAGATTTTCAGATTACAGCTTCAGGACAATATGGACAGTGGGCCCC
AAAGCTGGCCAGACTTCATTATTCCGGATCAATCAATGCCTGGAGCACCAAGGAGCCCTTTTCTTGGATC
AAGGTGGATCTGTTGGCACCAATGATTATTCACGGCATCAAGACCCAGGGTGCCCGTCAGAAGTTCTCC
AGCCTCTACATCTCTCAGTTTATCATCATGTATAGTCTTGATGGGAAGAAGTGGCAGACTTATCGAGGAA
ATTCCACTGGAACCTTAATGGTCTTCTTTGGCAATGTGGATTCATCTGGGATAAAACACAATATTTTTAAC
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CCTCCAATTATTGCTCGATACATCCGTTTGCACCCAACTCATTATAGCATTCGCAGCACTCTTCGCATGG
AGTTGATGGGCTGTGATTTAAATAGTTGCAGCATGCCATTGGGAATGGAGAGTAAAGCAATATCAGATGC
ACAGATTACTGCTTCATCCTACTTTACCAATATGTTTGCCACCTGGTCTCCTTCAAAAGCTCGACTTCACC
TCCAAGGGAGGAGTAATGCCTGGAGACCTCAGGTGAATAATCCAAAAGAGTGGCTGCAAGTGGACTTCC
AGAAGACAATGAAAGTCACAGGAGTAACTACTCAGGGAGTAAAATCTCTGCTTACCAGCATGTATGTGAA
GGAGTTCCTCATCTCCAGCAGTCAAGATGGCCATCAGTGGACTCTCTTTTTTCAGAATGGCAAAGTAAAG
GTTTTTCAGGGAAATCAAGACTCCTTCACACCTGTGGTGAACTCTCTAGACCCACCGTTACTGACTCGCT
ACCTTCGAATTCACCCCCAGAGTTGGGTGCACCAGATTGCCCTGAGGATGGAGGTTCTGGGCTGCGAG
GCACAGGACCTCTACGGCAGCGGCAGCAGTATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGG
TGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGA
GGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCT
GGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAG
CAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGAC
GACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGC
TGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGC
CACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAAC
ATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCG
TGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGC
GATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAA
GTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACGGACTT

29

TRIC-V1.30
(3*Flag)

GGTCAATCGGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACT

CAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAA
CAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAG
GGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGAATACACTC
GATCTGGACTAAAGCTGCTCATGGATTACAAAGATCACGATGGTGATTATAAAGATCACGACATCGATTA

CAAGGATGATGATGATAAGCTTAAACTTTCGGAAGCCAACCGATTGACCGATATC

30

TRIC-V1.31
(3*Flag)

GGTCAATCGGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACT
CAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAA
CAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAG
GGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGAAGGCCGG
CCGGAAGCCAACCGATACACTCGATCTGGACTAAAGCTGCTCATGGATTACAAAGATCACGATGGTGAT
TATAAAGATCACGACATCGATTACAAGGATGATGATGATAAGATGGTCTTCACACTTAAACTTTCGGAAG
CCAACCGATTGACCGATATC

31

TRIC-V1.32
(3*Flag)

GGTCAATCGGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACT

CAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAA
CAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAG
GGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGAATACACTC
GATCTGGACTAAAGCTGCTCATGGATTACAAAGATCACGATGGTGATTATAAAGATCACGACATCGATTA

CAAGGATGATGATGATAAGAGACGCTACGGACTTAAACTTTCGGAAGCCAACCGATTGACCGATATC

32

TRIC-V1.33
(3*Flag)

GGTCAATCGGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACT
CAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAA
CAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAG
GGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAATCCGT
TGACCTTAAACGGTCGTGTGGTACACTCGATCTGGACTAAAGCTGCTCATGGATTACAAAGATCACGATG
GTGATTATAAAGATCACGACATCGATTACAAGGATGATGATGATAAGCTTAAACTTTCGGAAGCCAACCG
ATTGACCGATATC

33

TRIC-V1.34
(3*Flag)

GGTCAATCGGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACT
CAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAA
CAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAG
GGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAATCCGT
TGACCTTAAACGGTCGTACACTCGATCTGGACTAAAGCTGCTCATGGATTACAAAGATCACGATGGTGAT
TATAAAGATCACGACATCGATTACAAGGATGATGATGATAAGCTTAAACTTTCGGAAGCCAACCGATTGA
CCGATATC

34

TRIC-V1.35
(3*Flag)

GGTCAATCGGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACT

CAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAA
CAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAG
GGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAATCCGT
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TGACCTTTACACTCGATCTGGACTAAAGCTGCTCATGGATTACAAAGATCACGATGGTGATTATAAAGAT
CACGACATCGATTACAAGGATGATGATGATAAGCTTAAACTTTCGGAAGCCAACCGATTGACCGATATC

35

TRIC-V1.36
(3*Flag)

GGGTCAATCGGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAAC
TCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTA
ACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGA
GGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAATCCG
TTTACACTCGATCTGGACTAAAGCTGCTCATGGATTACAAAGATCACGATGGTGATTATAAAGATCACGA
CATCGATTACAAGGATGATGATGATAAGCTTAAACTTTCGGAAGCCAACCGATTGACCGATATC

36

TRIC-V1.37
(3*Flag)

GGTCAATCGGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACT
CAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAA
CAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAG
GGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAATCCGT
TGACCTTTACACTCGATCTGGACTAAAGCTGCTCATGGATTACAAAGATCACGATGGTGATTATAAAGAT
CACGACATCGATTACAAGGATGATGATGATAAGAGACGCTACGGACTTAAACTTTCGGAAGCCAACCGA
TTGACCGATATC

37

TRIC-V1.38
(3*Flag)

GGTCAATCGGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACT
CAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAA
CAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAG
GGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAATCCGT
TACACTCGATCTGGACTAAAGCTGCTCATGGATTACAAAGATCACGATGGTGATTATAAAGATCACGACA
TCGATTACAAGGATGATGATGATAAGAGACGCTACGGACTTAAACTTTCGGAAGCCAACCGATTGACCG
ATATC

38

TRIC-V1.39
(3*Flag)

GGTCAATCGGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACT

CAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAA
CAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAG
GGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAATCCGT
TACACTCGATCTGGACTAAAGCTGCTCATGGATTACAAAGATCACGATGGTGATTATAAAGATCACGACA
TCGATTACAAGGATGATGATGATAAGACGGACTTAAACTTTCGGAAGCCAACCGATTGACCGATATC

39

TRIC-V2.0
(3*Flag)

GGTCAATCGGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACT
CAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAA
CAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAG
GGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAAACGGA
TTACACTCGATCTGGACTAAAGCTGCTCATGGATTACAAAGATCACGATGGTGATTATAAAGATCACGAC
ATCGATTACAAGGATGATGATGATAAGTCCGTCTTAAACACCCGGAAGCCAACCGATTGACCGATATC

40

TRIC-V2.1
(3*Flag)

GGTCAATCGGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACT
CAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAA
CAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAG
GGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAATCCGT
CTTATCATCATTACACTCGATCTGGACTAAAGCTGCTCATGGATTACAAAGATCACGATGGTGATTATAAA
GATCACGACATCGATTACAAGGATGATGATGATAAGACGGACTTAAACACCCGGAAGCCAACCGATTGA
CCGATATC

41

TRIC-V2.2
(3*Flag)

GGTCAATCGGTTGGCTTCCGAAATAAAAGTCCCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACT
CAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAA
CAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAG
GGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGTTGATAAGT
ACACTCGATCTGGACTAAAGCTGCTCGCCACCATGGATTACAAGGATGATGATGATAAGAGCAGCCATC
ACCATCATCACCACCATCACAGTGTACTTAGATTTACACCCGGAAGCCAACCGATTGACCGATATC

42

TRIC-V2
(EGFP)

GGATAATACGGTCAATCGGTTGGCTTCCGAAATAATTGACCCTTAGAGAAGAAATTCTTTAAGTGGATGC
TCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTA
GTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGT
CAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAAT
GAACGGTCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTG
AAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGG
CGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCG
AAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTG
AAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAA
CATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAA
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GAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACC
ACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACC
CAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGC
CGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGGGCAGCGGCGAGGGCAGGGGAAGTCTTCTA
ACATGCGGGGACGTGGAGGAAAATCCCGGCCCAGGTACTCCCATCATGGTGAGCAAGGGCGAGGAGC
TGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGTGACGTTAAACACCCGGAAGCCAACTGA
TTGACCAAAAAAAAAAAAGCGGCCGCGATATC

43

TRIC-V2
(NanoLuc)

TCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGT
CTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGG
GCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCAAATGCGGTGTGAAATACCGC
ACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAA
GGGCGATCGGTGCGGGCCTCATCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGAT
TAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGCAACGCGATGAC
GATGGATAGCGATTCATCGATGAGCTGACCCGATCGCCGCCGCCGGAGGGTTGCGTTTGAGACGGGCG
ACAGATTAATACGACTCACTATAGGGATAATACGGTCAATCGGTTGGCTTCCGAAATAAAAGGTCCTTAG
AGAAGAAATTCTTTAAGTGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCC
TGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGA
CTCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCA
GTAGCGAAAGCTGCGGGAGAATGTTAAGGTGATCCTGCACTATGGCACACTGGTAATCGACGGGGTTAC
GCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCAC
TGTAACAGGGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCC
TGCTGTTCCGAGTAACCATCAACGGAGTGACCGGCTGGCGGCTGTGCGAACGCATTCTGGCGGGCAGC
GGCGAGGGCAGGGGAAGTCTTCTAACATGCGGGGACGTGGAGGAAAATCCCGGCCCAGGTACTCCCA
TCATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGGCGACAGACAGCCGGCTACAACCTGGACCAAG
TCCTTGAACAGGGAGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAAAGGA
TTGTCCTGAGCGGTGAAAATGGGCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCG
GCGACCAAATGGGCCAGATCGAAAAAATTTTTAAGGTGGTGTACCCTGTGGATGATCACCACTTTACACC
CGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGATATCATCAGTTCTGGACCAGCGAGCTG
TGCTGCGACTCGTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCC
ACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATT
AATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGG
CCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGC
GCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAA
TCAGGGGATAACGCAGGAAAGAACATGT GAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGC
CGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCA
GAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCT
CTCCTGTTCCGACCCTGTCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTT
CTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACG
AACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGAC
ACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCT
ACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGC
TGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCG
GTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTT
TCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAA
GGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTT
GGTCTGACAGTTAGAAAAACTCATCGAGCATCAAGTGAAACTGCAATTTATTCATATCAGGATTATCAATA
CCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAA
GATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAA
AATAAGGTTATCAAGTGAGAAATCACCATGAGTGACGACTGAATCCGGTGAGAATGGCAAGAGTTTATGC
ATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGTCATCAAAATCACTCGCACCAACCAAAC
CGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCCGTTAAAAGGACAATTACAAAC
AGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATA
TTCTTCTAATACCTGGAATGCTGTTTTCCCTGGGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTA
CGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGCCTGACCATCTCATCTG
TAACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAA
TCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCATCC
ATGTTGGAATTTAATCGCGGCTTCAAGCAAGACGTTTCCCGTTGAATATGGCTCATTTTAGCTTCCTTAGC
TCCTGAAAATCTCGATAACTCAAAAAATACGCCCGGTAGTGATCTTATTTCATTATGGTGAAAGTTGGAAC
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CTCTTACGTGCCGATCACACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGA
CATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTCATC

44

TRIC-V2
(Znf609)

GGATAATACGGTCAATCGGTTGGCTTCCGAAATAACCGCCCCTTAGAGAAGAAATTCTTTAAGTGGATGC
TCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTA
GTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGT
CAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAAT
GGGAAGAGGGGGACAGTATGATGGAAGTGCAGGGGTGGATACAGGAGCTGTGGAGCCACTTGGGAGT
ATAGCTATTGAGCCTGGGGCAGCGCTCAATCCTTTGGGAACTAAACCGGAGCCAGAGGAAGGGGAGAA
TGAGTGTCGCCTGCTAAAGAAAGTCAAGTCTGAAAAGCAATGATGTTGTCCACTGGGCATGTACTGACC
AATGTGGCAGGTCTGAGAACATAGCTGAAGCTGAAAATAGGAAAGCTGGGGGCAAGGAAGAGCCTTGA
ATCTTGAGGTGGGACGTTGACTCTAAGATGTCCTTGAGCAGTGGAGCCTCCGGAGGGAAAGGAGTGGA
TGCAAACCCGGTTGAGACATACGACAGTGGGGATGAATGGGACATTGGAGTAGGGAATCTCATCATTGA
CCTGGACGCCGATCTGGAAAAGGACCAGCAGAAACTGGAAATGTCAGGCTCAAAGGAGGTGGGGATAC
CGGCTCCCAATGCTGTGGCCACACTACCAGACAACATCAAGTTTGTGACCCCAGTGCCAGGTCCTCAAG
GGAAGGAAGGCAAATCAAAATCCAAAAGGAGTAAGAGTGGCAAAGACACTAGCAAACCCACTCCAGGGA
CTTCCCTGTTCACTCCAAGTGAGGGGGCAGCTAGCAAGAAAGAGGTGCAGGGGCGCTCAGGAGATGGT
GCCAATGCTGGAGGCCTGGTTGCTGCTATTGCTCCCAAGGGCTCAGAGAAGGCGGCTAAGGCATCCCG
CAGTGTAGCCGGTTCCAAAAAGGAGAAGGAGAACAGCTCATCTAAGAGCAAGAAGGAGAGAAGCGAAG
GAGTGGGGACTTGTTCAGAAAAGGATCCTGGGGTCCTCCAGCCTGTCCCCCTCGGTGGACACCCGGAA
GCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGATATC

45

TRIC-V2
(EGFP),
15nt stem

GGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGC
TCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTA
GTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGT
CAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAAT
GAAAATCCGTAGCGTCTCGCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACAC
ATTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTAC
CTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCA
GCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTC
ACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAG
TTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGG
CGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGAC
ATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCG
GAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTT
TGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATA
GCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGC
TTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGGT GAGCAAGGGCGAGGA
GCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCG
TGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGG
CAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCT
ACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGC
ACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCT
GGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGG
AGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACT
TCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCC
ATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGA
CCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCA
TGGACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTAC
GGACTTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGATATC

46

TRIC-V2
(EGFP),
25nt stem

GGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGC
TCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTA
GTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGT
CAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAAT
GAAAATCCGTAGCGTCTCGCCGGTAACGCAGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAA
AACAAAACACATTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGT
ATCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGA
TCAACAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAAT
AGACTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACA
CCGTGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATT
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CCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCT
AATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATC
CTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAAC
CGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGT
TACCATATAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATA
CCACTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAAG
GGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACA
AGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGC
ACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTT
CAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCC
AGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGC
GACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCA
CAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAA
GGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGA
ACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTG
AGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCAC
TCTCGGCATGGACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGA
GACGCTACGGACTTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGATATC

47

TRIC-V1
L15/R51
(EGFP),
40nt EGS

GGATAATACCCGTCGATTGTCCACTGGTCGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAA
GAAATTCTTTAAGTGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAG
CCAAGCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCG
ACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAG
CGAAAGCTGCGGGAGAATGAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCCACCCCC
ACGCCGGAAACGCAATAGCCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACAC
ATTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTAC
CTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCA
GCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTC
ACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAG
TTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGG
CGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGAC
ATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCG
GAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTT
TGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATA
GCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGC
TTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGGT GAGCAAGGGCGAGGA
GCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCG
TGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGG
CAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCT
ACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGC
ACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCT
GGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGG
AGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACT
TCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCC
ATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGA
CCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCA
TGGACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTAC
GGACTTAAACACCCGGAAGCCAACTGATTGACCGACCAGTGGACAATCGACGGAAAAAAAAAAAAGCGG
CCGCGATATC

48

PIE (EGFP)
for
immunogen
icity

GGGAGACCCTCGACCGTCGATTGTCCACTGGTCAACAATAGATGACTTACAACTAATCGGAAGGTGCAG
AGACTCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAG
GCAGTAGCGAAAGCTGCAAGAGAATGAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTC
CACCCCCACGCCGGAAACGCAATAGCCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAAC
AAAACACATTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATC

ACGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCA
ACAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAG

ACTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACC

GTGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCC
CCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAA
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TACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCT
AACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCG
ACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTA
CCATATAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACC
ACTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAAGG
GCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAA
GTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCA
CCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTC
AGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCA
GGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCG
ACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCAC
AAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAG
GTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAA
CACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGA
GCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACT
CTCGGCATGGACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAG
ACGCTACGGACTTAAATAATTGAGCCTTAAAGAAGAAATTCTTTAAGTGGATGCTCTCAAACTCAGGGAA
ACCTAAATCTAGTTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGACCAGTGGACA
ATCGACGGATAACAGCATATCTAGCGGCCGCGATATC

49

PIE (Nluc)
for
immunogen
icity

GGAGACCCTCGACCGTCGATTGTCCACTGGTCAACAATAGATGACTTACAACTAATCGGAAGGTGCAGA
GACTCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGG
CAGTAGCGAAAGCTGCAAGAGAATGAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCC
ACCCCCACGCCGGAAACGCAATAGCCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACA
AAACACATTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCA
CGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAA
CAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGA
CTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCG
TGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCC
CACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAAT
ACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTA
ACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGA
CTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTAC
CATATAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCA
CTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTCTTCACACTC
GAAGATTTCGTTGGGGACTGGCGACAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAACAGGGAGG
TGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAAAGGATTGTCCTGAGCGGTGA
AAATGGGCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGACCAAATGGGCCA
GATCGAAAAAATTTTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATCCTGCACTATGGC
ACACTGGTAATCGACGGGGTTACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCC
GTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGC
CTGATCAACCCCGACGGCTCCCTGCTGTTCCGAGTAACCATCAACGGAGTGACCGGCTGGCGGCTGTG
CGAACGCATTCTGGCGTGAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTACG
GACTTAAATAATTGAGCCTTAAAGAAGAAATTCTTTAAGTGGATGCTCTCAAACTCAGGGAAACCTAAATC
TAGTTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGACCAGTGGACAATCGACGG
ATAACAGCATATCTAGCGGCCGCGATATC

50

TRIC-V2
(EGFP) for
immunogen
icity

GGATAATACGGTCAATCGGTTGGCTTCCGAAATAATTGACCCTTAGAGAAGAAATTCTTTAAGTGGATGC
TCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTA
GTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGT
CAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAAT
GAACGGTCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTG
AAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGG
CGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCG
AAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTG
AAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAA
CATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAA
GAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACC
ACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACC
CAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGC
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CGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTGAAAAAACAAAAAACAAAAAAAACAAAAAAA

AAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTA

GCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAA
CACACACCGATCAACAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGAC
TGAGTATCAATAGACTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAA

ACCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGA
GTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCA
TGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAA
TGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGGGCAACTC

TGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTATGGTGACAA
TTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTT
GTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAA
ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGTGACG
TTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGATATC

51

TRIC-V2
(Nluc) for
immunogen
icity

GGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGC
TCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTA
GTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGT
CAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAAT
GAAAAGGAGGGCGCGCGGGTCGGGGCGGCGGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAA
AAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTG
GTATCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACC
GATCAACAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATC
AATAGACTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTA
ACACCGTGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGC
ATTCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGC
TCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTA
ATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGG
AACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGAT
CGTTACCATATAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTT
ATACCACTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTCTTC
ACACTCGAAGATTTCGTTGGGGACTGGCGACAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAACA
GGGAGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAAAGGATTGTCCTGAG
CGGTGAAAATGGGCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGACCAAAT
GGGCCAGATCGAAAAAATTTTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATCCTGCAC
TATGGCACACTGGTAATCGACGGGGTTACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGC
ATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTGGAACGGCAACAAAATTATCGAC
GAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGAGTAACCATCAACGGAGTGACCGGCTGGCG
GCTGTGCGAACGCATTCTGGCGTGAAAAAAACAAAAAACAAAACCGCCCCCCGGCCCCGCGTCCTCCC
TTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGATATC

52

PIE-Ana

GGGAGACCCUCGACCGUCGAUUGUCCACUGGUCAACAAUAGAUGACUUACAACUAAUCGGAAGGUGC
AGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGAGAGUCCAAUUCUCAAAGCCA
AUAGGCAGUAGCGAAAGCUGCAAGAGAAUGAAAAUCCGUUGACCUUAAACGGUCGUGUGGGUUCAAG
UCCCUCCACCCCCACGCCGGAAACGCAAUAGCCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCA
AAAAAACAAAACACAUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCAC
UCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAAC
ACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGA
CUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGA
AAAACCUAGUAACACCGUGGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUC
GAUGAGUCACCGCAUUCCCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGG
AAACCCAUGGGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCG
GCCCCUGAAUGCGGCUAAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAA
CGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCU
GCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGA
GCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCA
UUGUUAAGUUGAAUACAGCAAAAUGGUGAGCAAGGGCGAGGAGCUGUUCACCGGGGUGGUGCCCAU
CCUGGUCGAGCUGGACGGCGACGUAAACGGCCACAAGUUCAGCGUGUCCGGCGAGGGCGAGGGCGA
UGCCACCUACGGCAAGCUGACCCUGAAGUUCAUCUGCACCACCGGCAAGCUGCCCGUGCCCUGGCC
CACCCUCGUGACCACCCUGACCUACGGCGUGCAGUGCUUCAGCCGCUACCCCGACCACAUGAAGCAG
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CACGACUUCUUCAAGUCCGCCAUGCCCGAAGGCUACGUCCAGGAGCGCACCAUCUUCUUCAAGGACG
ACGGCAACUACAAGACCCGCGCCGAGGUGAAGUUCGAGGGCGACACCCUGGUGAACCGCAUCGAGC
UGAAGGGCAUCGACUUCAAGGAGGACGGCAACAUCCUGGGGCACAAGCUGGAGUACAACUACAACAG
CCACAACGUCUAUAUCAUGGCCGACAAGCAGAAGAACGGCAUCAAGGUGAACUUCAAGAUCCGCCAC
AACAUCGAGGACGGCAGCGUGCAGCUCGCCGACCACUACCAGCAGAACACCCCCAUCGGCGACGGCC
CCGUGCUGCUGCCCGACAACCACUACCUGAGCACCCAGUCCGCCCUGAGCAAAGACCCCAACGAGAA
GCGCGAUCACAUGGUCCUGCUGGAGUUCGUGACCGCCGCCGGGAUCACUCUCGGCAUGGACGAGCU
GUACAAGUAAAAAAAACAAAAAACAAAACGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAA
UAAUUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGUU
AUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAAGACCAGUGGACAAUCGACGGAUA
ACAGCAUAUCUAGCGGCCGCGAU

53 TRIC-V1 GGGAUAAUACGGUCAAUCAGUUGGCUUCCGAAAUAAUUGAGCCUUAGAGAAGAAAUUCUUUAAGUGG
AUGCUCUCAAACUCAGGGAAACCUAAAUCUAGCUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUA
GUAAUUAGUAAGUUAACAACAGAUAACUUACAGCUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUA
CCCUAACGUCAAGACGAGGGUAAAGAGAGAGUCCAAUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCU
GCGGGAGAAUGAAAAUCCGUUGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCC
GGAAACGCAAUAGCCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACAUUAA
AACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGGUACCU
UUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGAUCAACAGUC
AGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUG
CUCACGCGGUUGAAGGAGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAAAACCUAGUAACACCGU
GGAAGUUGCAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUC
CCCACGGGCGACCGUGGCGGUGGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUC
UAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCGGCCCCUGAAUGCGGCU
AAUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGUGUGUCGUAACGGGCAACUCUGCAGC
GGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUACUGGCUGCUUAUGGUGACAAUU
GAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCU
UUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUAC
AGCAAAAUGGUGAGCAAGGGCGAGGAGCUGUUCACCGGGGUGGUGCCCAUCCUGGUCGAGCUGGAC
GGCGACGUAAACGGCCACAAGUUCAGCGUGUCCGGCGAGGGCGAGGGCGAUGCCACCUACGGCAAG
CUGACCCUGAAGUUCAUCUGCACCACCGGCAAGCUGCCCGUGCCCUGGCCCACCCUCGUGACCACC
CUGACCUACGGCGUGCAGUGCUUCAGCCGCUACCCCGACCACAUGAAGCAGCACGACUUCUUCAAGU
CCGCCAUGCCCGAAGGCUACGUCCAGGAGCGCACCAUCUUCUUCAAGGACGACGGCAACUACAAGAC
CCGCGCCGAGGUGAAGUUCGAGGGCGACACCCUGGUGAACCGCAUCGAGCUGAAGGGCAUCGACUU
CAAGGAGGACGGCAACAUCCUGGGGCACAAGCUGGAGUACAACUACAACAGCCACAACGUCUAUAUC
AUGGCCGACAAGCAGAAGAACGGCAUCAAGGUGAACUUCAAGAUCCGCCACAACAUCGAGGACGGCA
GCGUGCAGCUCGCCGACCACUACCAGCAGAACACCCCCAUCGGCGACGGLCeccaUGCUGcuUaGeeea
ACAACCACUACCUGAGCACCCAGUCCGCCCUGAGCAAAGACCCCAACGAGAAGCGCGAUCACAUGGU
CCUGCUGGAGUUCGUGACCGCCGCCGGGAUCACUCUCGGCAUGGACGAGCUGUACAAGUAAAAAAAA
CAAAAAACAAAACGGCUAUUAUGCGUUACCGGCGAGACGCUACGGACUUAAACACCCGGAAGCCAAC
UGAUUGACCAAAAAAAAAAAAGCGGCCGCGAU
54 Exemplary | AAATAA
first loop

55 Exemplary | ACACC
second
loop

56 Exemplary GGUCAAUCGGUUGGCUUCCG

first EGS

57 Exemplary CGGAAGCCAACCGAUUGACC

second
EGS

58 ACA GATCACCACTTTAAGGTGATC

sequence
used for

circularizati
on of NLuc

61
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59 Nluc first TTAAGGTGATC
(5") eACA
portion
60 Nluc GATCACCACT
second (3))
eACA
portion
61 TIRC V2 GGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAAGTGGATGC
Nluc: eACA | TCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTA
placed in GTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGT
UTR CAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAAT
GAAAAGGAGGGCGCGCGGGTCGGGGCGGCGGAAAACAAATGGGCCAGATCGAAAAAAACGAACATGA
TCGACTATTTCACACATTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACT
CTGGTATCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAACACAC
ACCGATCAACAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGT
ATCAATAGACTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTA
GTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCAC
CGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGA
CGCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGG
CTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAG
CGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTATGGTGACAATTGAG
AGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGG
GTTTATACCACTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGGT
CTTCACACTCGAAGATTTCGTTGGGGACTGGCGACAGACAGCCGGCTACAACCTGGACCAAGTCCTTGA
ACAGGGAGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAAAGGATTGTCCT
GAGCGGTGAAAATGGGCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGACC
AAATGGGCCAGATCGAAAAAATTTTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATCCT
GCACTATGGCACACTGGTAATCGACGGGGTTACGCCGAACATGATCGACTATTTCGGACGGCCGTATGA
AGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTGGAACGGCAACAAAATTAT
CGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGAGTAACCATCAACGGAGTGACCGGCT
GGCGGCTGTGCGAACGCATTCTGGCGTGAAAAAAACAAAAAACAAAACCGCCCCCCGGCCCCGLGTCC
TCCCTTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGATATC
62 TRIC V2 GGATAATACGGTCAATCGGTTGGCTTCCGAAATAATTGACCCTTAGAGAAGAAATTCTTTAAGTGGATGC
EGFP: TCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTA
eACA GTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGT
placed in CAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAAT
CDS GAACGGTCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTG

AAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGG
CGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCG
AAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTG
AAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAA
CATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAA
GAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACC
ACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACC
CAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGC
CGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTGAAAAAACAAAAAACAAAAAAAACAAACAAA
TGGGCCAGATCGAAAAAAACGAACATGATCGACTATTTCACACATTAAAACAGCCTGTGGGTTGATCCCA
CCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTC
CCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACCAGCCACGTTTTGAT
CAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCGGTTGAAGGAGAAAGCGTTCGT
TATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCAGCACTACC
CCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGC
GGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGT
TGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGC
AGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTA
TACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGACTA
ATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACATTACAATTCA
TTGTTAAGTTGAATACAGCAAAATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCT
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GGTCGAGCTGGACGGTGACGTTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCG
CGATATC

63

TRIC-V1:
1.0-2, Short
GOl

GGGUCAAUCGGUUGGCUUCCGAAAUAAUUGAGCCUUAGAGAAGAAAUUCUUUAAGUGGAUGCUCUCA
AACUCAGGGAAACCUAAAUCUAGCUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUA
AGUUAACAACAGAUAACUUACAGCUAAUCGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUC
AAGACGAGGGUAAAGAGAGAGUCCAAUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCGGGAGAAU
GAAAAUCCGUUGACCUUAAACGGUCGUGUGGUACACUCGAUCUGGACUAAAGCUGCUCAUGGAUUAC
AAAGAUCACGAUGGUGAUUAUAAAGAUCACGACAUCGAUUACAAGGAUGAUGAUGAUAAGAGACGCUA
CGGACUUAAACACCCGGAAGCCAACCGAUUGACCGAU

64

PIE-Fluc

GGAGACCCTCGACCGTCGATTGTCCACTGGTCAACAATAGATGACTTACAACTAATCGGAAGGTGCAGA
GACTCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGG
CAGTAGCGAAAGCTGCAAGAGAATGAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCC
ACCCCCACGCCGGAAACGCAATAGCCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACA
AAACACATTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCA
CGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAA
CAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGA
CTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCG
TGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCC
CACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAAT
ACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTA
ACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGA
CTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTAC
CATATAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCA
CTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGGAAGATGCCAAA
AACATTAAGAAGGGCCCAGCGCCATTCTACCCACTCGAAGACGGTACCGCCGGCGAGCAGCTGCACAA
AGCCATGAAGCGCTACGCCCTGGTGCCCGGCACCATCGCCTTTACCGACGCACATATCGAGGTGGACA
TTACCTACGCCGAGTACTTCGAGATGAGCGTTCGGCTGGCAGAAGCTATGAAGCGCTATGGGCTGAATA
CAAACCATCGGATCGTGGTGTGCAGCGAGAATAGCTTGCAGTTCTTCATGCCCGTGTTGGGTGCCCTGT
TCATCGGTGTGGCTGTGGCCCCAGCTAACGACATCTACAACGAGCGCGAGCTGCTGAACAGCATGGGC
ATCAGCCAGCCCACCGTCGTATTCGTGAGCAAGAAAGGGCTGCAAAAGATCCTCAACGTGCAAAAGAAG
CTACCGATCATACAAAAGATCATCATCATGGATAGCAAGACCGACTACCAGGGCTTCCAAAGCATGTACA
CCTTCGTGACTTCCCATTTGCCACCCGGCTTCAACGAGTACGACTTCGTGCCCGAGAGCTTCGACCGGG
ACAAAACCATCGCCCTGATCATGAACAGTAGTGGCAGTACCGGATTGCCCAAGGGCGTAGCCCTACCG
CACCGCACCGCTTGTGTCCGATTCAGTCATGCCCGCGACCCCATCTTCGGCAACCAGATCATCCCCGAC
ACCGCTATCCTCAGCGTGGTGCCATTTCACCACGGCTTCGGCATGTTCACCACGCTGGGCTACTTGATC
TGCGGCTTTCGGGTCGTGCTCATGTACCGCTTCGAGGAGGAGCTATTCTTGCGCAGCTTGCAAGACTAT
AAGATTCAATCTGCCCTGCTGGTGCCCACACTATTTAGCTTCTTCGCTAAGAGCACCCTCATTGATAAGT
ACGACCTAAGCAACTTGCACGAGATCGCCAGCGGCGGGGCGCCGCTCAGCAAGGAGGTAGGTGAGGC
CGTGGCTAAACGCTTCCACCTACCAGGCATCCGCCAGGGCTACGGCCTGACAGAAACAACCAGCGCCA
TTCTGATCACCCCCGAAGGGGACGACAAGCCTGGCGCAGTAGGCAAGGTGGTGCCCTTCTTCGAGGCT
AAGGTGGTGGACTTGGACACCGGCAAGACACTGGGTGTGAACCAGCGCGGCGAGCTGTGCGTCCGTG
GCCCCATGATCATGAGCGGCTACGTTAACAACCCCGAGGCTACAAACGCACTCATCGACAAGGACGGC
TGGCTGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTGGACCGGCTGAA
GAGCCTGATCAAATACAAGGGCTACCAGGTAGCCCCAGCCGAACTGGAGAGCATCCTGCTGCAACACC
CCAACATCTTCGACGCCGGGGTCGCCGGCCTGCCCGACGACGATGCCGGCGAGCTGCCCGCCGCAGT
CGTCGTGCTGGAACACGGTAAAACCATGACCGAGAAGGAGATCGTGGACTATGTGGCCAGCCAGGTTA
CAACCGCCAAGAAGCTGCGCGGTGGTGTTGTGTTCGTGGACGAGGTGCCTAAAGGACTGACCGGTAAG
TTGGACGCCCGCAAGATCCGCGAGATTCTCATTAAGGCCAAGAAGGGCGGCAAGATCGCCGTGAGCAG
TGATTACAAGGATGATGATGATAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAG
ACGCTACGGACTTAAATAATTGAGCCTTAAAGAAGAAATTCTTTAAGTGGATGCTCTCAAACTCAGGGAA
ACCTAAATCTAGTTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGACCAGTGGACA
ATCGACGGATAACAGCATATCTAGCGGCCGCGATATC

65

PIE-Spike

GGAGACCCTCGACCGTCGATTGTCCACTGGTCAACAATAGATGACTTACAACTAATCGGAAGGTGCAGA
GACTCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGG
CAGTAGCGAAAGCTGCAAGAGAATGAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCC
ACCCCCACGCCGGAAACGCAATAGCCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACA
AAACACATTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCA
CGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAA
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CAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGA
CTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCG
TGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCC
CACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAAT
ACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTA
ACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGA
CTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTAC
CATATAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCA
CTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGGGGATTCTGCCT
AGCCCCGGCATGCCCGCCCTCCTGAGCCTGGTGAGCCTGCTGAGCGTCCTGTTGATGGGGTGCGTGG
CCGAGACCGGCACACAGTGCGTGAACCTGACAACTAGAACACAGCTGCCCCCAGCCTACACCAACAGC
TTTACTAGGGGAGTGTACTACCCTGATAAGTGCTTCAGGAGCAGTGTGCTGCACAGCACCCAGGACCTC
TTTTTGCCCTTTTTCAGTAACGTGACCTGGTTCCACGCTATCCACGTGAGCGGCACAAACGGCACAAAAC
GGTTCGATAACCCAGTGCTGCCCTTCAACGACGGCGTCTACTTCGCCAGCACTGAGAAGTCCAACATTA
TCAGGGGGTGGATCTTCGGGACAACCCTGGACAGCAAGACACAGAGCCTCCTGATTGTGAACAACGCC
ACCAACGTGGTCATTAAGGTCTGCGAGTTCCAGTTCTGCAACGACCCCTTTCTGGGGGTGTACTACCAC
AAGAACAACAAGTCCTGGATGGAGTCCGAGTTTCGGGTGTACTCCAGCGCCAACAACTGCACATTTGAG
TACGTGAGCCAGCCCTTCTTGATGGATCTGGAGGGCAAGCAGGGGAACTTTAAGAACCTTCGGGAGTTC
GTCTTTAAGAACATCGACGGGTACTTTAAGATCTACAGCAAGCACACCCCTATTAACCTGGTCCGCGATC
TGCCCCAGGGCTTCAGCGCCCTGGAGCCACTGGTGGACCTCCCCATCGGGATCAACATTACTAGGTTC
CAGACACTCCTGGCCCTGCACCGGAGCTACCTGACTCCCGGCGATAGCTCCAGCGGGTGGACTGCCG
GGGCCGCCGCCTACTACGTCGGCTACCTGCAGCCCAGGACATTCCTGCTCAAGTACAACGAGAACGGC
ACCATCACTGATGCCGTGGACTGCGCTCTCGATCCCCTGAGCGAGACAAAGTGCACCCTGAAGTCCTTC
ACCGTGGAGAAGGGGATCTACCAGACATCTAACTTCAGGGTGCAGCCCACTGAGTCCATTGTGAGATTT
CCTAACATCACCAACCTGTGCCCCTTCGGCGAGGTCTTTAACGCCACACGGTTCGCCAGCGTCTACGCT
TGGAACAGGAAGCGGATCTCCAACTGCGTGGCCGACTACAGCGTGCTGTACAACAGCGCCTCCTTCAG
CACCTTTAAGTGCTACGGCGTGAGCCCCACTAAGCTGAACGACCTGTGCTTCACTAACGTGTACGCTGA
TAGCTTCGTGATTAGGGGCGATGAGGTCCGGCAGATTGCCCCCGGCCAGACAGGGAAGATCGCTGACT
ACAACTATAAGCTGCCCGATGACTTCACAGGGTGTGTGATCGCCTGGAACAGCAACAACCTGGATAGCA
AGGTCGGGGGGAACTACAACTACCTGTACAGGCTGTTCAGAAAGTCCAACCTGAAGCCCTTCGAGCGG
GATATCAGCACTGAGATCTACCAGGCCGGGAGCACCCCCTGCAACGGCGTCGAGGGCTTTAACTGCTA
CTTTCCCCTCCAGAGCTACGGCTTCCAACCCACCAACGGCGTGGGGTACCAGCCCTACCGGGTCGTGG
TGCTTAGCTTCGAGCTCCTGCACGCCCCTGCAACCGTGTGCGGCCCCAAGAAGAGCACAAACCTCGTG
AAGAACAAGTGCGTGAACTTCAACTTCAACGGGCTGACCGGCACCGGCGTGCTGACTGAGAGTAACAA
GAAGTTTCTCCCCTTCCAGCAGTGCGGGAGGGATATTGCCGACACTACTGATGCCGTGCGCGACCCTC
AGACCCTTGAGATTCTGGACATCACTCCCTGCTCCTTCGGCGGAGTGTCCGTGATCACACCAGGGACCA
ACACTAGCAACCAGGTCGCCGTCTTGTACCAGGACGTGAACTGCACCGAGGTGCCCGTGGCCATCCAC
GCCGATCAGCTGACCCCAACTTGGCGGGTGTACTCCACCGGGAGCAACGTGTTTCAGACACGGGCCGG
GTGCCTGATCGGGGCTGAGCATGTCAACAACAGCTACGAGTGCGATATTCCTATCGGCGCCGGGATTT
GCGCCAGCTACCAGACACAGACAAACAGCCCTGGCTCGGCCAGCTCCGTCGCCAGCCAGAGCATCATC
GCCTACACAATGTCCTTGGGGGCCGAGAACAGCGTCGCCTACAGCAACAACAGCATTGCCATCCCCAC
CAACTTCACAATCAGCGTCACAACCGAGATCCTGCCCGTGAGCATGACTAAGACATCCGTGGATTGCAC
AATGTACATCTGCGGCGACTCCACAGAGTGCAGTAACCTGCTGCTCCAGTACGGGTCCTTTTGTACCCA
GCTGAACAGAGCCTTGACCGGCATTGCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTTGCCCAGG
TGAAGCAGATCTACAAGACACCCCCCATAAAGGACTTCGGGGGCTTTAACTTCTCCCAGATCTTGCCCG
ACCCCAGCAAGCCCTCCAAGCGGTCATTCATTGAGGACCTGCTGTTTAACAAGGTGACCCTCGCTGATG
CAGGGTTTATCAAGCAGTACGGCGATTGCCTGGGGGACATTGCCGCTAGGGACTTGATCTGCGCCCAG
AAGTTCAACGGCCTGACCGTGCTCCCCCCCCTGTTGACAGACGAGATGATCGCCCAGTACACTAGCGCT
CTGCTGGCCGGCACTATCACCAGCGGCTGGACCTTTGGGGCCGGCGCCGCCCTCCAGATTCCATTCGC
CATGCAGATGGCCTACCGCTTCAACGGCATCGGCGTGACTCAGAACGTGCTGTACGAGAACCAGAAGC
TGATTGCCAACCAGTTCAACTCCGCCATCGGCAAGATCCAGGACAGCCTGTCCAGCACAGCATCCGCCC
TGGGGAAGTTGCAGGATGTGGTGAACCAGAACGCCCAGGCCCTGAACACACTGGTGAAGCAGCTGAGC
AGCAACTTTGGCGCCATCAGTAGCGTCCTGAACGACATCCTGTCACGGCTTGATCCACCAGAGGCCGA
GGTCCAGATCGATCGGCTGATTACAGGCCGGCTGCAGAGTCTCCAGACCTACGTCACCCAGCAGCTGA
TCCGGGCTGCCGAGATTAGAGCCTCCGCCAATCTCGCCGCCACAAAGATGAGTGAATGCGTCCTGGGC
CAGAGCAAAAGGGTCGACTTTTGCGGGAAGGGGTACCACCTGATGTCCTTTCCCCAGTCCGCCCCTCA
CGGAGTGGTGTTCCTCCATGTCACATACGTGCCTGCCCAGGAGAAGAACTTCACTACAGCCCCCGCCAT
TTGCCACGATGGGAAGGCCCATTTCCCTAGAGAGGGCGTGTTCGTGTCCAACGGGACCCACTGGTTCG
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TGACTCAGCGGAACTTTTATGAACCCCAGATTATCACAACCGATAACACATTTGTCTCCGGCAACTGTGA
TGTGGTCATCGGCATCGTGAACAACACCGTGTACGACCCACTGCAGCCTGAGCTTGACAGCTTTAAGGA
GGAGCTGGACAAGTACTTTAAGAACCACACCAGCCCTGATGTGGACCTTGGCGACATCAGCGGCATTAA
CGCCAGCGTGGTGAACATTCAGAAGGAGATCGATAGACTGAACGAGGTGGCCAAGAACTTGAACGAGT
CACTGATTGACCTGCAGGAGCTGGGGAAGTACGAGCAGTACATTAAGGGGTCCGGGAGGGAGAACCTG
TACTTTCAGGGGGGGGGGGGGTCCGGCTACATTCCCGAGGCCCCAAGGGATGGCCAGGCCTACGTGA
GGAAGGATGGGGAGTGGGTGCTGCTGAGCACCTTCTTGGGCAGCGGCAGCAGTATGGTGAGCAAGGG
CGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAG
TTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCAC
CACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCA
GCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAG
GAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGA
CACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACA
AGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGG
TGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAAC
ACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAG
CAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTC
TCGGCATGGACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGA
CGCTACGGACTTAAATAATTGAGCCTTAAAGAAGAAATTCTTTAAGTGGATGCTCTCAAACTCAGGGAAA
CCTAAATCTAGTTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGACCAGTGGACAA
TCGACGGATAACAGCATATCTAGCGGCCGCGATATC
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PIE-Cas9

GGAGACCCTCGACCGTCGATTGTCCACTGGTCAACAATAGATGACTTACAACTAATCGGAAGGTGCAGA
GACTCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGG
CAGTAGCGAAAGCTGCAAGAGAATGAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCC
ACCCCCACGCCGGAAACGCAATAGCCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACA
AAACACATTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCA
CGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAA
CAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGA
CTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCG
TGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCC
CACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAAT
ACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTA
ACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGA
CTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTAC
CATATAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCA
CTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGGATAAGAAATAC
TCAATAGGCTTAGATATCGGCACAAATAGCGTCGGATGGGCGGTGATCACTGATGAATATAAGGTTCCG
TCTAAAAAGTTCAAGGTTCTGGGAAATACAGACCGCCACAGTATCAAAAAAAATCTTATAGGGGCTCTTTT
ATTTGACAGTGGAGAGACAGCGGAAGCGACTCGTCTCAAACGGACAGCTCGTAGAAGGTATACACGTC
GGAAGAATCGTATTTGTTATCTACAGGAGATTTTTTCAAATGAGATGGCGAAAGTAGATGATAGTTTCTTT
CATCGACTTGAAGAGTCTTTTTTGGTGGAAGAAGACAAGAAGCATGAACGTCATCCTATTTTTGGAAATAT
AGTAGATGAAGTTGCTTATCATGAGAAATATCCAACTATCTATCATCTGCGAAAAAAATTGGTAGATTCTA
CTGATAAAGCGGATTTGCGCTTAATCTATTTGGCCTTAGCGCATATGATTAAGTTTCGTGGTCATTTTTTG
ATTGAGGGAGATTTAAATCCTGATAATAGTGATGTGGACAAACTATTTATCCAGTTGGTACAAACCTACAA
TCAATTATTTGAAGAAAACCCTATTAACGCAAGTGGAGTAGATGCTAAAGCGATTCTTTCTGCACGATTGA
GTAAATCAAGACGATTAGAAAATCTCATTGCTCAGCTCCCCGGTGAGAAGAAAAATGGCTTATTTGGGAA
TCTCATTGCTTTGTCATTGGGTTTGACCCCTAATTTTAAATCAAATTTTGATTTGGCAGAAGATGCTAAATT
ACAGCTTTCAAAAGATACTTACGATGATGATTTAGATAATTTATTGGCGCAAATTGGAGATCAATATGCTG
ATTTGTTTTTGGCAGCTAAGAATTTATCAGATGCTATTTTACTTTCAGATATCCTAAGAGTAAATACTGAAA
TAACTAAGGCTCCCCTATCAGCTTCAATGATTAAACGCTACGATGAACATCATCAAGACTTGACTCTTTTA
AAAGCTTTAGTTCGACAACAACTTCCAGAAAAGTATAAAGAAATCTTTTTTGATCAATCAAAAAACGGATA
TGCAGGTTATATTGATGGGGGAGCTAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAA
TGGATGGTACTGAGGAATTATTGGTGAAACTAAATCGTGAAGATTTGCTGCGCAAGCAACGGACCTTTGA
CAACGGCTCTATTCCCCATCAAATTCACTTGGGTGAGCTGCATGCTATTTTGAGAAGACAAGAAGACTTT
TATCCATTTTTAAAAGACAATCGTGAGAAGATTGAAAAAATCTTGACTTTTCGAATTCCTTATTATGTTGGT
CCATTGGCGCGTGGCAATAGTCGTTTTGCATGGATGACTCGGAAGTCTGAAGAAACAATTACCCCATGG
AATTTTGAAGAAGTTGTCGATAAAGGTGCTTCAGCTCAATCATTTATTGAACGCATGACAAACTTTGATAA
AAATCTTCCAAATGAAAAAGTACTACCAAAACATAGTTTGCTTTATGAGTATTTTACGGTTTATAACGAATT
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GACAAAGGTCAAATATGTTACTGAAGGAATGCGAAAACCAGCATTTCTTTCAGGTGAACAGAAGAAAGCC
ATTGTTGATTTACTCTTCAAAACAAATCGAAAAGTAACCGTTAAGCAATTAAAAGAAGATTATTTCAAAAAA
ATAGAATGTTTTGATAGTGTTGAAATTTCAGGAGTTGAAGATAGATTTAATGCTTCATTAGGTACCTACCA
TGATTTGCTAAAAATTATTAAAGATAAAGATTTTTTGGATAATGAAGAAAATGAAGATATCTTAGAGGATAT
TGTTTTAACATTGACCTTATTTGAAGATAGGGAGATGATTGAGGAAAGACTTAAAACATATGCTCACCTCT
TTGATGATAAGGTGATGAAACAGCTTAAACGTCGCCGTTATACTGGTTGGGGACGTTTGTCTCGAAAATT
GATTAATGGTATTAGGGATAAGCAATCTGGCAAAACAATATTAGATTTTTTGAAATCAGATGGTTTTGCCA
ATCGCAATTTTATGCAGCTGATCCATGATGATAGTTTGACATTTAAAGAAGACATTCAAAAAGCACAAGTG
TCTGGACAAGGCGATAGTTTACATGAACATATTGCAAATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTAT
TTTACAGACTGTAAAAGTTGTTGATGAATTGGTCAAAGTAATGGGGCGGCATAAGCCAGAAAATATCGTT
ATTGAAATGGCACGTGAAAATCAGACAACTCAAAAGGGCCAGAAAAATTCGCGAGAGCGTATGAAACGA
ATCGAAGAAGGTATCAAAGAATTAGGAAGTCAGATTCTTAAAGAGCATCCTGTTGAAAATACTCAATTGCA
AAATGAAAAGCTCTATCTCTATTATCTCCAAAATGGAAGAGACATGTATGTGGACCAAGAATTAGATATTA
ATCGTTTAAGTGATTATGATGTCGATCACATTGTTCCACAAAGTTTCCTTAAAGACGATTCAATAGACAAT
AAGGTCTTAACGCGTTCTGATAAAAATCGTGGTAAATCGGATAACGTTCCAAGTGAAGAAGTAGTCAAAA
AGATGAAAAACTATTGGAGACAACTTCTAAACGCCAAGTTAATCACTCAACGTAAGTTTGATAATTTAACG
AAAGCTGAACGTGGAGGTTTGAGTGAACTTGATAAAGCTGGTTTTATCAAACGCCAATTGGTTGAAACTC
GCCAAATCACTAAGCATGTGGCACAAATTTTGGATAGTCGCATGAATACTAAATACGATGAAAATGATAAA
CTTATTCGAGAGGTTAAAGTGATTACCTTAAAATCTAAATTAGTTTCTGACTTCCGAAAAGATTTCCAATTC
TATAAAGTACGTGAGATTAACAATTACCATCATGCCCATGATGCGTATCTAAATGCCGTCGTTGGAACTG
CTTTGATTAAGAAATATCCAAAACTTGAATCGGAGTTTGTCTATGGTGATTATAAAGTTTATGATGTTCGTA
AAATGATTGCTAAGTCTGAGCAAGAAATAGGCAAAGCAACCGCAAAATATTTCTTTTACTCTAATATCATG
AACTTCTTCAAAACAGAAATTACACTTGCAAATGGAGAGATTCGCAAACGCCCTCTAATCGAAACTAATG
GGGAAACTGGAGAAATTGTCTGGGATAAAGGGCGAGATTTTGCCACAGTGCGCAAAGTATTGTCCATGC
CCCAAGTCAATATTGTCAAGAAAACAGAAGTACAGACAGGCGGATTCTCCAAGGAGTCAATTTTACCAAA
AAGAAATTCGGACAAGCTTATTGCTCGTAAAAAAGACTGGGATCCAAAAAAATATGGTGGTTTTGATAGT
CCAACGGTAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGGAAAAAGGGAAATCGAAGAAGTTAAAATCC
GTTAAAGAGTTACTAGGGATCACAATTATGGAAAGAAGTTCCTTTGAAAAAAATCCGATTGACTTTTTAGA
AGCTAAAGGATATAAGGAAGTTAAAAAAGACTTAATCATTAAACTACCTAAATATAGTCTTTTTGAGTTAGA
AAACGGTCGTAAACGGATGCTGGCTAGTGCCGGAGAATTACAAAAAGGAAATGAGCTGGCTCTGCCAAG
CAAATATGTGAATTTTTTATATTTAGCTAGTCATTATGAAAAGTTGAAGGGTAGTCCAGAAGATAACGAAC
AAAAACAATTGTTTGTGGAGCAGCATAAGCATTATTTAGATGAGATTATTGAGCAAATCAGTGAATTTTCT
AAGCGTGTTATTTTAGCAGATGCCAATTTAGATAAAGTTCTTAGTGCATATAACAAACATAGAGACAAACC
AATACGTGAACAAGCAGAAAATATTATTCATTTATTTACGTTGACGAATCTTGGAGCTCCCGCTGCTTTTA
AATATTTTGATACAACAATTGATCGTAAACGATATACGTCTACAAAAGAAGTTTTAGATGCCACTCTTATCC
ATCAATCCATCACTGGTCTTTATGAAACACGCATTGATTTGAGTCAGCTAGGAGGTGACGGCAGCGGCA
GCAGTATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGG
CGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTG
ACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGAC
CTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCAT
GCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCG
AGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGAC
GGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAG
CAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGC
CGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGA
GCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTG
ACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTA
TTATGCGTTACCGGCGAGACGCTACGGACTTAAATAATTGAGCCTTAAAGAAGAAATTCTTTAAGTGGAT
GCTCTCAAACTCAGGGAAACCTAAATCTAGTTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAAT
TAGTAAGACCAGTGGACAATCGACGGATAACAGCATATCTAGCGGCCGCGATATC
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PIE-Factor
8

GGAGACCCTCGACCGTCGATTGTCCACTGGTCAACAATAGATGACTTACAACTAATCGGAAGGTGCAGA
GACTCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAATAGG
CAGTAGCGAAAGCTGCAAGAGAATGAAAATCCGTTGACCTTAAACGGTCGTGTGGGTTCAAGTCCCTCC
ACCCCCACGCCGGAAACGCAATAGCCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACA
AAACACATTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCA
CGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAA
CAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGA
CTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCG
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TGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCC
CACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAAT
ACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTA
ACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGA
CTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTAC
CATATAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCA
CTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGCAAATAGAGCTC
TCCACCTGCTTCTTTCTGTGCCTTTTGCGATTCTGCTTTAGTGCCACCAGAAGATACTACCTGGGTGCAG
TGGAACTGTCATGGGACTATATGCAAAGTGATCTCGGTGAGCTGCCTGTGGACGCAAGATTTCCTCCTA
GAGTGCCAAAATCTTTTCCATTCAACACCTCAGTCGTGTACAAAAAGACTCTGTTTGTAGAATTCACGGAT
CACCTTTTCAACATCGCTAAGCCAAGGCCACCCTGGATGGGTCTGCTAGGTCCTACCATCCAGGCTGAG
GTTTATGATACAGTGGTCATTACACTTAAGAACATGGCTTCCCATCCTGTCAGTCTTCATGCTGTTGGTGT
ATCCTACTGGAAAGCTTCTGAGGGAGCTGAATATGATGATCAGACCAGTCAAAGGGAGAAAGAAGATGA
TAAAGTCTTCCCTGGTGGAAGCCATACATATGTCTGGCAGGTCCTGAAAGAGAATGGTCCAATGGCCTC
TGACCCACTGTGCCTTACCTACTCATATCTTTCTCATGTGGACCTGGTAAAAGACTTGAATTCAGGCCTC
ATTGGAGCCCTACTAGTATGTAGAGAAGGGAGTCTGGCCAAGGAAAAGACACAGACCTTGCACAAATTT
ATACTACTTTTTGCTGTATTTGATGAAGGGAAAAGTTGGCACTCAGAAACAAAGAACTCCTTGATGCAGG
ATAGGGATGCTGCATCTGCTCGGGCCTGGCCTAAAATGCACACAGTCAATGGTTATGTAAACAGGTCTC
TGCCAGGTCTGATTGGATGCCACAGGAAATCAGTCTATTGGCATGTGATTGGAATGGGCACCACTCCTG
AAGTGCACTCAATATTCCTCGAAGGTCACACATTTCTTGTGAGGAACCATCGCCAGGCGTCCTTGGAAAT
CTCGCCAATAACTTTCCTTACTGCTCAAACACTCTTGATGGACCTTGGACAGTTTCTACTGTTTTGTCATA
TCTCTTCCCACCAACATGATGGCATGGAAGCTTATGTCAAAGTAGACAGCTGTCCAGAGGAACCCCAAC
TACGAATGAAAAATAATGAAGAAGCGGAAGACTATGATGATGATCTTACTGATTCTGAAATGGATGTGGT
CAGGTTTGATGATGACAACTCTCCTTCCTTTATCCAAATTCGCTCAGTTGCCAAGAAGCATCCTAAAACTT
GGGTACATTACATTGCTGCTGAAGAGGAGGACTGGGACTATGCTCCCTTAGTCCTCGCCCCCGATGACA
GAAGTTATAAAAGTCAATATTTGAACAATGGCCCTCAGCGGATTGGTAGGAAGTACAAAAAAGTCCGATT
TATGGCATACACAGATGAAACCTTTAAGACTCGTGAAGCTATTCAGCATGAATCAGGAATCTTGGGACCT
TTACTTTATGGGGAAGTTGGAGACACACTGTTGATTATATTTAAGAATCAAGCAAGCAGACCATATAACAT
CTACCCTCACGGAATCACTGATGTCCGTCCTTTGTATTCAAGGAGATTACCAAAAGGTGTAAAACATTTG
AAGGATTTTCCAATTCTGCCAGGAGAAATATTCAAATATAAATGGACAGT GACTGTAGAAGATGGGCCAA
CTAAATCAGATCCTCGGTGCCTGACCCGCTATTACTCTAGTTTCGTTAATATGGAGAGAGATCTAGCTTC
AGGACTCATTGGCCCTCTCCTCATCTGCTACAAAGAATCTGTAGATCAAAGAGGAAACCAGATAATGTCA
GACAAGAGGAATGTCATCCTGTTTTCTGTATTTGATGAGAACCGAAGCTGGTACCTCACAGAGAATATAC
AACGCTTTCTCCCCAATCCAGCTGGAGTGCAGCTTGAGGATCCAGAGTTCCAAGCCTCCAACATCATGC
ACAGCATCAATGGCTATGTTTTTGATAGTTTGCAGTTGTCAGTTTGTTTGCATGAGGTGGCATACTGGTA
CATTCTAAGCATTGGAGCACAGACTGACTTCCTTTCTGTCTTCTTCTCTGGATATACCTTCAAACACAAAA
TGGTCTATGAAGACACACTCACCCTATTCCCATTCTCAGGAGAAACTGTCTTCATGTCGATGGAAAACCC
AGGTCTATGGATTCTGGGGTGCCACAACTCAGACTTTCGGAACAGAGGCATGACCGCCTTACTGAAGGT
TTCTAGTTGTGACAAGAACACTGGTGATTATTACGAGGACAGTTATGAAGATATTTCAGCATACTTGCTGA
GTAAAAACAATGCCATTGAACCAAGAAGCTTCTCCCAGAATTCAAGACACCCTAGCACTAGGCAAAAGCA
ATTTAATGCCACCACAATTCCAGAAAATGACATAGAGAAGACTGACCCTTGGTTTGCACACAGAACACCT
ATGCCTAAAATACAAAATGTCTCCTCTAGTGATTTGTTGATGCTCTTGCGACAGAGTCCTACTCCACATG
GGCTATCCTTATCTGATCTCCAAGAAGCCAAATATGAGACTTTTTCTGATGATCCATCACCTGGAGCAATA
GACAGTAATAACAGCCTGTCTGAAATGACACACTTCAGGCCACAGCTCCATCACAGTGGGGACATGGTA
TTTACCCCTGAGTCAGGCCTCCAATTAAGATTAAATGAGAAACTGGGGACAACTGCAGCAACAGAGTTGA
AGAAACTTGATTTCAAAGTTTCTAGTACATCAAATAATCTGATTTCAACAATTCCATCAGACAATTTGGCAG
CAGGTACTGATAATACAAGTTCCTTAGGACCCCCAAGTATGCCAGTTCATTATGATAGTCAATTAGATACC
ACTCTATTTGGCAAAAAGTCATCTCCCCTTACTGAGTCTGGTGGACCTCTGAGCTTGAGTGAAGAAAATA
ATGATTCAAAGTTGTTAGAATCAGGTTTAATGAATAGCCAAGAAAGTTCATGGGGAAAAAATGTATCGTCA
ACAGAGAGTGGTAGGTTATTTAAAGGGAAAAGAGCTCATGGACCTGCTTTGTTGACTAAAGATAATGCCT
TATTCAAAGTTAGCATCTCTTTGTTAAAGACAAACAAAACTTCCAATAATTCAGCAACTAATAGAAAGACTC
ACATTGATGGCCCATCATTATTAATTGAGAATAGTCCATCAGTCTGGCAAAATATATTAGAAAGTGACACT
GAGTTTAAAAAAGTGACACCTTTGATTCATGACAGAATGCTTATGGACAAAAATGCTACAGCTTTGAGGC
TAAATCATATGTCAAATAAAACTACTTCATCAAAAAACAT GGAAATGGTCCAACAGAAAAAAGAGGGCCC
CATTCCACCAGATGCACAAAATCCAGATATGTCGTTCTTTAAGATGCTATTCTTGCCAGAATCAGCAAGG
TGGATACAAAGGACTCATGGAAAGAACTCTCTGAACTCTGGGCAAGGCCCCAGTCCAAAGCAATTAGTA
TCCTTAGGACCAGAAAAATCTGTGGAAGGTCAGAATTTCTTGTCTGAGAAAAACAAAGT GGTAGTAGGAA
AGGGTGAATTTACAAAGGACGTAGGACTCAAAGAGATGGTTTTTCCAAGCAGCAGAAACCTATTTCTTAC
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TAACTTGGATAATTTACATGAAAATAATACACACAATCAAGAAAAAAAAATTCAGGAAGAAATAGAAAAGA
AGGAAACATTAATCCAAGAGAATGTAGTTTTGCCTCAGATACATACAGTGACTGGCACTAAGAATTTCAT
GAAGAACCTTTTCTTACTGAGCACTAGGCAAAATGTAGAAGGTTCATATGACGGGGCATATGCTCCAGTA
CTTCAAGATTTTAGGTCATTAAATGATTCAACAAATAGAACAAAGAAACACACAGCTCATTTCTCAAAAAA
AGGGGAGGAAGAAAACTTGGAAGGCTTGGGAAATCAAACCAAGCAAATTGTAGAGAAATATGCATGCAC
CACAAGGATATCTCCTAATACAAGCCAGCAGAATTTTGTCACGCAACGTAGTAAGAGAGCTTTGAAACAA
TTCAGACTCCCACTAGAAGAAACAGAACTTGAAAAAAGGATAATTGTGGATGACACCTCAACCCAGTGGT
CCAAAAACATGAAACATTTGACCCCGAGCACCCTCACACAGATAGACTACAATGAGAAGGAGAAAGGGG
CCATTACTCAGTCTCCCTTATCAGATTGCCTTACGAGGAGTCATAGCATCCCTCAAGCAAATAGATCTCC
ATTACCCATTGCAAAGGTATCATCATTTCCATCTATTAGACCTATATATCTGACCAGGGTCCTATTCCAAG
ACAACTCTTCTCATCTTCCAGCAGCATCTTATAGAAAGAAAGATTCTGGGGTCCAAGAAAGCAGTCATTT
CTTACAAGGAGCCAAAAAAAATAACCTTTCTTTAGCCATTCTAACCTTGGAGATGACTGGTGATCAAAGA
GAGGTTGGCTCCCTGGGGACAAGTGCCACAAATTCAGTCACATACAAGAAAGTTGAGAACACTGTTCTC
CCGAAACCAGACTTGCCCAAAACATCTGGCAAAGTTGAATTGCTTCCAAAAGTTCACATTTATCAGAAGG
ACCTATTCCCTACGGAAACTAGCAATGGGTCTCCTGGCCATCTGGATCTCGTGGAAGGGAGCCTTCTTC
AGGGAACAGAGGGAGCGATTAAGTGGAATGAAGCAAACAGACCTGGAAAAGTTCCCTTTCTGAGAGTAG
CAACAGAAAGCTCTGCAAAGACTCCCTCCAAGCTATTGGATCCTCTTGCTTGGGATAACCACTATGGTAC
TCAGATACCAAAAGAAGAGTGGAAATCCCAAGAGAAGTCACCAGAAAAAACAGCTTTTAAGAAAAAGGAT
ACCATTTTGTCCCTGAACGCTTGTGAAAGCAATCATGCAATAGCAGCAATAAATGAGGGACAAAATAAGC
CCGAAATAGAAGTCACCTGGGCAAAGCAAGGTAGGACTGAAAGGCTGTGCTCTCAAAACCCACCAGTCT
TGAAACGCCATCAACGGGAAATAACTCGTACTACTCTTCAGTCAGATCAAGAGGAAATTGACTATGATGA
TACCATATCAGTTGAAATGAAGAAGGAAGATTTTGACATTTATGATGAGGATGAAAATCAGAGCCCCCGC
AGCTTTCAAAAGAAAACACGACACTATTTTATTGCTGCAGTGGAGAGGCTCTGGGATTATGGGATGAGTA
GCTCCCCACATGTTCTAAGAAACAGGGCTCAGAGTGGCAGTGTCCCTCAGTTCAAGAAAGTTGTTTTCCA
GGAATTTACTGATGGCTCCTTTACTCAGCCCTTATACCGTGGAGAACTAAATGAACATTTGGGACTCCTG
GGGCCATATATAAGAGCAGAAGTTGAAGATAATATCATGGTAACTTTCAGAAATCAGGCCTCTCGTCCCT
ATTCCTTCTATTCTAGCCTTATTTCTTATGAGGAAGATCAGAGGCAAGGAGCAGAACCTAGAAAAAACTTT
GTCAAGCCTAATGAAACCAAAACTTACTTTTGGAAAGTGCAACATCATATGGCACCCACTAAAGATGAGT
TTGACTGCAAAGCCTGGGCTTATTTCTCTGATGTTGACCTGGAAAAAGATGTGCACTCAGGCCTGATTGG
ACCCCTTCTGGTCTGCCACACTAACACACTGAACCCTGCTCATGGGAGACAAGTGACAGTACAGGAATT
TGCTCTGTTTTTCACCATCTTTGATGAGACCAAAAGCTGGTACTTCACTGAAAATATGGAAAGAAACTGCA
GGGCTCCCTGCAATATCCAGATGGAAGATCCCACTTTTAAAGAGAATTATCGCTTCCATGCAATCAATGG
CTACATAATGGATACACTACCTGGCTTAGTAATGGCTCAGGATCAAAGGATTCGATGGTATCTGCTCAGC
ATGGGCAGCAATGAAAACATCCATTCTATTCATTTCAGTGGACATGTGTTCACTGTACGAAAAAAAGAGG
AGTATAAAATGGCACTGTACAATCTCTATCCAGGTGTTTTTGAGACAGTGGAAATGTTACCATCCAAAGCT
GGAATTTGGCGGGTGGAATGCCTTATTGGCGAGCATCTACATGCTGGGATGAGCACACTTTTTCTGGTG
TACAGCAATAAGTGTCAGACTCCCCTGGGAATGGCTTCTGGACACATTAGAGATTTTCAGATTACAGCTT
CAGGACAATATGGACAGTGGGCCCCAAAGCTGGCCAGACTTCATTATTCCGGATCAATCAATGCCTGGA
GCACCAAGGAGCCCTTTTCTTGGATCAAGGTGGATCTGTTGGCACCAATGATTATTCACGGCATCAAGA
CCCAGGGTGCCCGTCAGAAGTTCTCCAGCCTCTACATCTCTCAGTTTATCATCATGTATAGTCTTGATGG
GAAGAAGTGGCAGACTTATCGAGGAAATTCCACTGGAACCTTAATGGTCTTCTTTGGCAATGTGGATTCA
TCTGGGATAAAACACAATATTTTTAACCCTCCAATTATTGCTCGATACATCCGTTTGCACCCAACTCATTA
TAGCATTCGCAGCACTCTTCGCATGGAGTTGATGGGCTGTGATTTAAATAGTTGCAGCATGCCATTGGGA
ATGGAGAGTAAAGCAATATCAGATGCACAGATTACTGCTTCATCCTACTTTACCAATATGTTTGCCACCTG
GTCTCCTTCAAAAGCTCGACTTCACCTCCAAGGGAGGAGTAATGCCTGGAGACCTCAGGTGAATAATCC
AAAAGAGTGGCTGCAAGTGGACTTCCAGAAGACAATGAAAGTCACAGGAGTAACTACTCAGGGAGTAAA
ATCTCTGCTTACCAGCATGTATGTGAAGGAGTTCCTCATCTCCAGCAGTCAAGATGGCCATCAGTGGACT
CTCTTTTTTCAGAATGGCAAAGTAAAGGTTTTTCAGGGAAATCAAGACTCCTTCACACCTGTGGTGAACT
CTCTAGACCCACCGTTACTGACTCGCTACCTTCGAATTCACCCCCAGAGTTGGGTGCACCAGATTGCCC
TGAGGATGGAGGTTCTGGGCTGCGAGGCACAGGACCTCTACGGCAGCGGCAGCAGTATGGTGAGCAA
GGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCAC
AAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTG
CACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCT
TCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTC
CAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGG
CGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGC
ACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCA
AGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAG
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AACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCT
GAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCA
CTCTCGGCATGGACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCG
AGACGCTACGGACTTAAATAATTGAGCCTTAAAGAAGAAATTCTTTAAGTGGATGCTCTCAAACTCAGGG
AAACCTAAATCTAGTTATAGACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGACCAGTGGA
CAATCGACGGATAACAGCATATCTAGCGGCCGCGATATC

68

Lin. EGFP

GAGAATAAACTAGTATTCTTCTGGTCCCCACAGACTCAGAGAGAACCCGCCACCATGGTGAGCAAGGGC
GAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTT
CAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCA
CCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGC
CGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGA
GCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACA
CCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAG
CTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTG
AACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACAC
CCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCA
AAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTC
GGCATGGACGAGCTGTACAAGCATGGCTTCCCGCCGGAGGTGGAGGAGCAGGATGATGGCACGCTGC
CCATGTCTTGTGCCCAGGAGAGCGGGATGGACCGTCACCCTGCAGCCTGTGCTTCTGCTAGGATCAAT
GTGGGCAGCGGCGAGGGCAGGGGAAGTCTTCTAACATGCGGGGACGTGGAGGAAAATCCCGGCCCAA
GCGGCAGCTAGTGACTCGAGCTGGTACTGCATGCACGCAATGCTAGCTGCCCCTTTCCCGTCCTGGGT
ACCCCGAGTCTCCCCCGACCTCGGGTCCCAGGTATGCTCCCACCTCCACCTGCCCCACTCACCACCTC
TGCTAGTTCCAGACACCTCCCAAGCACGCAGCAATGCAGCTCAAAACGCTTAGCCTAGCCACACCCCCA
CGGGAAACAGCAGTGATTAACCTTTAGCAATAAACGAAAGTTTAACTAAGCTATACTAACCCCAGGGTTG
GTCAATTTCGTGCCAGCCACACCCTGGAGCTAGCGCGGCCGCGATATC

69

Lin. Nluc

GAGAATAAACTAGTATTCTTCTGGTCCCCACAGACTCAGAGAGAACCCGCCACCATGGTCTTCACACTC
GAAGATTTCGTTGGGGACTGGCGACAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAACAGGGAGG
TGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAAAGGATTGTCCTGAGCGGTGA
AAATGGGCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGACCAAATGGGCCA
GATCGAAAAAATTTTTAAGGTGGTGTACCCTGTGGATGATCATCACTTTAAGGTGATCCTGCACTATGGC
ACACTGGTAATCGACGGGGTTACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCC
GTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGC
CTGATCAACCCCGACGGCTCCCTGCTGTTCCGAGTAACCATCAACGGAGTGACCGGCTGGCGGCTGTG
CGAACGCATTCTGGCGGGCAGCGGCGAGGGCAGGGGAAGTCTTCTAACATGCGGGGACGTGGAGGAA
AATCCCGGCCCAAGCGGCAGCTAGTGACTCGAGCTGGTACTGCATGCACGCAATGCTAGCTGCCCCTT
TCCCGTCCTGGGTACCCCGAGTCTCCCCCGACCTCGGGTCCCAGGTATGCTCCCACCTCCACCTGCCC
CACTCACCACCTCTGCTAGTTCCAGACACCTCCCAAGCACGCAGCAATGCAGCTCAAAACGCTTAGCCT
AGCCACACCCCCACGGGAAACAGCAGTGATTAACCTTTAGCAATAAACGAAAGTTTAACTAAGCTATACT
AACCCCAGGGTTGGTCAATTTCGTGCCAGCCACACCCTGGAGCTAGCGCGGCCGCGATATC

70

siRNA

CAAATGGGCCAGATCGAAA

71

CVB3-IRES

TTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACC
TTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAG
CGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCA
CGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAGT
TGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGC
GACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACAT
GGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGA
GCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTG
GGTGTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGC
TATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTT
GAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAA

72

CroV-IRES

GTATAAGAGACAGGTGTTTGCCTTGTCTTCGGACTGGCATCTTGGGACCAACCCCCCTTTTCCCCAGCC
ATGGGTTAAATGGCAATAAAGGACGTAACAACTTTGTAACCATTAAGCTTTGTAATTTTGTAACCACTAAG
CTTTGTGCACATAATGTAACCATCAAGCTTGTTAGTCCCAGCAGGAGGTTTGCATGCTTGTAGCCGAAAT
GGGGCTCGACCCCCCATAGTAGGATACTTGATTTTGCATTCCATTGTGGACCTGCAAACTCTACACATAG
AGGCTTTGTCTTGCATCTAAACACCTGAGTACAGTGTGTACCTAGACCCTATAGTACGGGAGGACCGTTT
GTTTCCTCAATAACCCTACATAATAGGCTAGGTGGGCATGCCCAATTTGCAAGATCCCAGACTGGGGGT
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CGGTCTGGGCAGGGTTAGATCCCTGTTAGCTACTGCCTGATAGGGTGGTGCTCAACCATGTGTAGTTTA
AATTGAGCTGTTCATATACC

73

CSFV-
IRES

GTATACGAGGTTAGTTCATTCTCGTATACACGATTGGACAAATCAAAATTATAATTTGGTTCAGGGCCTCC
CTCCAGCGACGGCCGAACTGGGCTAGCCATGCCCATAGTAGGACTAGCAAACGGAGGGACTAGCCGTA
GTGGCGAGCTCCCTGGGTGGTCTAAGTCCTGAGTACAGGACAGTCGTCAGTAGTTCGACGTGAGCAGA

AGCCCACCTCGAGATGCTACGTGGACGAGGGCATGCCCAAGACACACCTTAACCCTAGCGGGGGTCGC
TAGGGTGAAATCACACCACGTGATGGGAGTACGACCTGATAGGGCGCTGCAGAGGCCCACTATTAGGC

TAGTATAAAAATCTCTGCTGTACATGGCAC

74

CircCSFV-
Nluc

TTAAGGTGATCCTGCACTATGGCACACTGGTAATCGACGGGGTTACGCCGAACATGATCGAC
TATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACAGG
GACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTG
CTGTTCCGAGTAACCATCAACGGAGTGACCGGCTGGCGGCTGTGCGAACGCATTCTGGCGG
GCAGCGGCGAGGGCAGGGGAAGTCTTCTAACATGCGGGGACGTGGAGGAAAATCCCGGCC
CAAGCGGCAGCTAGTGAGTATACGAGGTTAGTTCATTCTCGTATACACGATTGGACAAATCA
AAATTATAATTTGGTTCAGGGCCTCCCTCCAGCGACGGCCGAACTGGGCTAGCCATGCCCA
TAGTAGGACTAGCAAACGGAGGGACTAGCCGTAGTGGCGAGCTCCCTGGGTGGTCTAAGT
CCTGAGTACAGGACAGTCGTCAGTAGTTCGACGTGAGCAGAAGCCCACCTCGAGATGCTA
CGTGGACGAGGGCATGCCCAAGACACACCTTAACCCTAGCGGGGGTCGCTAGGGTGAAAT
CACACCACGTGATGGGAGTACGACCTGATAGGGCGCTGCAGAGGCCCACTATTAGGCTAG
TATAAAAATCTCTGCTGTACATGGCACAGTGGTGATCATCCACAGGGTACACCACCTTAAAA
ATTTTTTCGATCTGGCCCATTTGGTCGCCGCTCAGACCTTCATACGGGATGATGACATGGATG
TCGATCTTCAGCCCATTTTCACCGCTCAGGACAATCCTTTGGATCGGAGTTACGGACACCCC
GAGATTCTGAAACAAACTGGACACACCTCCCTGTTCAAGGACTTGGTCCAGGTTGTAGCCGG
CTGTCTGTCGCCAGTCCCCAACGAAATCTTCGAGTGTGAAGACCAT (CSFV IRES in bold)

75

CircCSFV-
Nluc_RCT

TTAAGGTGATCCTGCACTATGGCACACTGGTAATCGACGGGGTTACGCCGAACATGATCGAC
TATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACAGG
GACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTG
CTGTTCCGAGTAACCATCAACGGAGTGACCGGCTGGCGGCTGTGCGAACGCATTCTGGCGG
GCAGCGGCGAGGGCAGGGGAAGTCTTCTAACATGCGGGGACGTGGAGGAAAATCCCGGCC
CAAGCGGCAGCTAGTGAGTATACGAGGTTAGTTCATTCTCGTATACACGATTGGACAAATCA
AAATTACAATTTGGTTCAGGGCCTCCCTCCAGCGACGGCCGAACTGGGCTAGCCATGCCCA
TAGTAGGACTAGCAAACGGAGGGACTAGCCGTAGTGGCGAGCTCCCTGGGTGGTCTAAGT
CCTGAGTACAGGACAGTCGTCAGTAGTTCGACGTGAGCAGAAGCCCACCTCGAGATGCTA
CGTGGACGAGGGCATGCCCAAGACACACCTTAACCCTAGCGGGGGTCGCTAGGGTGAAAT
CACACCACGTGATGGGAGTACGACCTGATAGGGCGCTGCAGAGGCCCACTATTAGGCTAG
TATAAAAATCTCTGCTGTACATGGCACAGTGGTGATCATCCACAGGGTACACCACCTTAAAA
ATTTTTTCGATCTGGCCCATTTGGTCGCCGCTCAGACCTTCATACGGGATGATGACATGGATG
TCGATCTTCAGCCCATTTTCACCGCTCAGGACAATCCTTTGGATCGGAGTTACGGACACCCC
GAGATTCTGAAACAAACTGGACACACCTCCCTGTTCAAGGACTTGGTCCAGGTTGTAGCCGG
CTGTCTGTCGCCAGTCCCCAACGAAATCTTCGAGTGTGAAGACCAT (CSFV IRES in bold,
mutations underlined)

76

CircCSFV-
Nluc-3*Flag

GGATAATACGGTCAATCGGTTGGCTTCCGAAATAAAAGGTCCTTAGAGAAGAAATTCTTTAAG
TGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAG
CCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACT
CGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAAT
AGGCAGTAGCGAAAGCTGCGGGAGAATGTTAAGGTGATCCTGCACTATGGCACACTGGTAAT
CGACGGGGTTACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTG
TTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTGGAACGGCAACAAAATTATCGACGA
GCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGAGTAACCATCAACGGAGTGACCGGC
TGGCGGCTGTGCGAACGCATTCTGGCGGGCAGCCGGCCAGGGCAGGGGAAGTCTTCTAACAT
GCGGGGACGCTGGAGGAAAATCCCGGCCCAAGCGGCAGCTAGTGAGTATACGAGGTTAGTTC
ATTCTCGTATACACGATTGGACAAATCAAAATTATAATTTGGTTCAGGGCCTCCCTCCAGCG
ACGGCCGAACTGGGCTAGCCATGCCCATAGTAGGACTAGCAAACGGAGGGACTAGCCGTA
GTGGCGAGCTCCCTGGGTGGTCTAAGTCCTGAGTACAGGACAGTCGTCAGTAGTTCGACGT
GAGCAGAAGCCCACCTCGAGATGCTACGTGGACGAGGGCATGCCCAAGACACACCTTAAC
CCTAGCGGGGGTCGCTAGGGTGAAATCACACCACGTGATGGGAGTACGACCTGATAGGGC
GCTGCAGAGGCCCACTATTAGGCTAGTATAAAAATCTCTGCTGTACATGGCACATGGATTAC
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AAAGATCACGATGGTGATTATAAAGATCACGACATCGATTACAAGGATGATGATGATAAGGGC
GGCTCAGTCTTCACACTCGAAGATTTCGTTGGGGACTGGCGACAGACAGCCGGCTACAACCT
GGACCAAGTCCTTGAACAGGGAGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAA
CTCCGATCCAAAGGATTGTCCTGAGCGGTGAAAATGGGCTGAAGATCGACATCCATGTCATC
ATCCCGTATGAAGGTCTGAGCGGCGACCAAATGGGCCAGATCGAAAAAATTTTTAAGGTGGT
GTACCCTGTGGATGATCACCACTTTACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAG
CGGCCGCGAT (CSFV IRES in bold)

77

CircCSFV-
Nluc-
3*Flag_RC
T

GGATAATACGGTCAATCGGTTGGCTTCCGAAATAAAAGGTCCTTAGAGAAGAAATTCTTTAAG
TGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAAG
CCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGACT
CGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAAT
AGGCAGTAGCGAAAGCTGCGGGAGAATGTTAAGGTGATCCTGCACTATGGCACACTGGTAAT
CGACGGGGTTACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGGCATCGCCGTG
TTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTGGAACGGCAACAAAATTATCGACGA
GCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGAGTAACCATCAACGGAGTGACCGGC
TGGCGGCTGTGCGAACGCATTCTGGCGGGCAGCGGCGAGGGCAGGGGAAGTCTTCTAACAT
GCGGGGACGTGGAGGAAAATCCCGGCCCAAGCGGCAGCGTATACGAGGTTAGTTCATTCTC
GTATACACGATTGGACAAATCAAAATTACAATTTGGTTCAGGGCCTCCCTCCAGCGACGGC
CGAACTGGGCTAGCCATGCCCATAGTAGGACTAGCAAACGGAGGGACTAGCCGTAGTGGC
GAGCTCCCTGGGTGGTCTAAGTCCTGAGTACAGGACAGTCGTCAGTAGTTCGACGTGAGCA
GAAGCCCACCTCGAGATGCTACGTGGACGAGGGCATGCCCAAGACACACCTTAACCCTAG
CGGGGGTCGCTAGGGTGAAATCACACCACGTGATGGGAGTACGACCTGATAGGGCGCTGC
AGAGGCCCACTATTAGGCTAGTATAAAAATCTCTGCTGTACATGGCACATGGATTACAAAGA
TCACGATGGTGATTATAAAGATCACGACATCGATTACAAGGATGATGATGATAAGGGCGGCTC
AATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGGCGACAGACAGCCGGCTACAACCTGG
ACCAAGTCCTTGAACAGGGAGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACT
CCGATCCAAAGGATTGTCCTGAGCGGTGAAAATGGGCTGAAGATCGACATCCATGTCATCAT
CCCGTATGAAGGTCTGAGCGGCGACCAAATGGGCCAGATCGAAAAAATTTTTAAGGTGGTGT
ACCCTGTGGATGATCACCACTTTACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCG
GCCGCGAT (CSFV IRES in bold; mutations underlined)

78

CircOR4F1
7 _RCT

TTAAGGTGATCCTGCACTATGGCACACTGGTAATCGACGGGGTTACGCCGAACATGATCGAC
TATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACAGG
GACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTG

CTGTTCCGAGTAACCATCAACGGAGTGACCGGCTGGCGGCTGTGCGAACGCATTCTGGCGG
GCAGCGGCGAGGGCAGGGGAAGTCTTCTAACATGCGGGGACGTGGAGGAAAATCCCGGCC
CAGGTACTCCCATCATGGTCTTCACACTCGAAGATTTCGTTGGGGACTGGCGACAGACAGCC
GGCTACAACCTGGACCAAGTCCTTGAACAGGGAGGTGTGTCCAGTTTGTTTCAGAATCTCGG
GGTGTCCGTAACTCCGATCCAAAGGATTGTCCTGAGCGGTGAAAATGGGCTGAAGATCGACA
TCCATGTCATCATCCCGTATGAAGGTCTGAGCGGCGACCAAATGGGCCAGATCGAAAAAATT

TTTAAGGTGGTGTACCCTGTGGATGATCACCACT (IRES in bold underlined)

79

L7-1bp

GGGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAA
GTGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAA
GCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGAC
TCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAA
TAGGCAGTAGCGAAAGCTGCGGGAGAATGAACGTCCGTAGCGTCTCGCGAAAAACAAAAAA
CAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCC
ACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTAT
ACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACAC
CAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCG
GTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGA
AGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATT
CCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGG
ACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCT
GAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAA
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CGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTG
GCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGAC
TAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACA
TTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAAGGGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTC
CGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACC
GGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCT
TCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGG
CTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAG
GTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGG
AGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATC
ATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGT
GCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAG
AAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGG
ACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACG
CTACGGACTTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGAT
eACA_loop_Left (ending with U (T)) and eACA loop - Right Bold underlined

80

L7-2bp

GGGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAA
GTGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAA
GCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGAC
TCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAA
TAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAGTCCGTAGCGTCTCGCGAAAAACAAAAAA
CAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCC
ACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTAT
ACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACAC
CAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCG
GTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGA
AGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATT
CCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGG
ACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCT
GAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAA
CGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTG
GCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGAC
TAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACA
TTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAAGGGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTC
CGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACC
GGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCT
TCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGG
CTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAG
GTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGG
AGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATC
ATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGT
GCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAG
AAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGG
ACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACG
CTACGGACTTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGAT
eACA_loop_Left (ending with U (T)) and eACA loop - Right Bold underlined
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81

L7+1bp

GGGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAA
GTGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAA
GCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGAC
TCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAA
TAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAACCCGTAGCGTCTCGCGAAAAACAAAAAA
CAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCC
ACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTAT
ACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACAC
CAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCG
GTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGA
AGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATT
CCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGG
ACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCT
GAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAA
CGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTG
GCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGAC
TAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACA
TTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAAGGGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTC
CGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACC
GGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCT
TCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGG
CTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAG
GTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGG
AGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATC
ATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGT
GCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAG
AAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGG
ACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACG
CTACGGACTTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGAT
Bold underlined - eACA_loop_Left (ending with U (T)) and eACA loop - Right

82

L7+2bp

GGGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAA
GTGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAA
GCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGAC
TCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAA
TAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAACACGTAGCGTCTCGCGAAAAACAAAAAA
CAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCC
ACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTAT
ACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACAC
CAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCG
GTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGA
AGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATT
CCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGG
ACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCT
GAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAA
CGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTG
GCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGAC
TAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACA
TTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAAGGGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGCACGGCGACGTAAACGGCCACAAGTTCAGCGTGTC
CGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACC
GGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCT
TCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGG
CTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAG
GTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGG
AGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATC
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ATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGT
GCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAG
AAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGG
ACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACG
CTACGGACTTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGAT
eACA_loop_Left (ending with U (T)) and eACA loop - Right Bold underlined

GGGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAA
GTGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAA
GCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGAC
TCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAA
TAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAATCCGTAGCGTCTCGCGAAAAACAAAAAA
CAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCC
ACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTAT
ACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACAC
CAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCG
GTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGA
AGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATT
CCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGG
ACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCT
GAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAA
CGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTG
GCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGAC
TAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACA
TTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAAGGGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTC
CGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACC
GGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCT
TCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGG

CTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAG
GTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGG
AGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATC
ATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGT
GCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAG
AAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGG
ACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACG

CTACGGACCTTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGAT

eACA_loop_Left (ending with U (T)) and eACA loop - Right Bold underlined

WO 2024/252011
83 p1+1nt

84 p1+1nt_p1
ex-1nt

GGGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAA
GTGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAA
GCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGAC
TCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAA
TAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAATCCGTAGCGTCTCGCGAAAAACAAAAAAC
AAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCCA
CCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTATA
CCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACC
AGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCG
GTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGA
AGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATT
CCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGG
ACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCT
GAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAA
CGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTG
GCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGAC
TAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACA
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TTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAAGGGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTC
CGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACC
GGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCT
TCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGG
CTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAG
GTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGG
AGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATC
ATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGT
GCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAG
AAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGG
ACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACG
CTACGGATCCTTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGAT
eACA_loop_Left (ending with U (T)) and eACA loop - Right Bold underlined

85

p1+2nt

GGGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAA
GTGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAA
GCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGAC
TCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAA
TAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAATCCGTAGCGTCTCGCGAAAAACAAAAAA
CAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCC
ACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTAT
ACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACAC
CAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCG
GTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGA
AGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATT
CCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGG
ACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCT
GAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAA
CGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTG
GCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGAC
TAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACA
TTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAAGGGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTC
CGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACC
GGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCT
TCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGG
CTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAG
GTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGG
AGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATC
ATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGT
GCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAG
AAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGG
ACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACG
CTACGGACCCTTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGAT
eACA_loop_Left (ending with U (T)) and eACA loop - Right Bold underlined

86

p1+2nt_p1
ex-2nt

GGGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAA
GTGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAA
GCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGAC
TCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAA
TAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAATCCGTAGCGTCTCGCGAAAAACAAAAAAC
AAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCCA
CCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTATA
CCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACC
AGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCG
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GTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGA
AGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATT
CCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGG
ACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCT
GAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAA
CGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTG
GCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGAC
TAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACA
TTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAAGGGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTC
CGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACC
GGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCT
TCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGG
CTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAG
GTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGG
AGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATC
ATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGT
GCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAG
AAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGG
ACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACG
CTACGGATTCCCTTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCG
AT

eACA_loop_Left (ending with U (T)) and eACA loop - Right Bold underlined

87

p1ex-1nt

GGGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAA
GTGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAA
GCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGAC
TCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAA
TAGGCAGTAGCGAAAGCTGCGGGAGAATGAAATCCGTAGCGTCTCGCGAAAAACAAAAAACA
AAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCCAC
CCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTATAC
CCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACCA
GCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCGGT
TGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAG
TTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCC
CCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGAC
GCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGA
ATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACG
GGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGC
TGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGACTA
ATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACATT
ACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAAGGGCGAGGAGCTGTTCACCGG
GGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCC
GGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCG
GCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTT
CAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGC
TACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGG
TGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGA
GGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCA
TGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGT
GCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAG
AAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGG
ACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACG
CTACGGACTTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGAT
eACA_loop_Left (ending with U (T)) and eACA loop - Right Bold underlined
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88

p1ex-2nt

GGGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAA
GTGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAA
GCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGAC
TCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAA
TAGGCAGTAGCGAAAGCTGCGGGAGAATGAATCCGTAGCGTCTCGCGAAAAACAAAAAACAA
AAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCCACC
CACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTATACC
CCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACCAG
CCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCGGTT
GAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGAAGT
TGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATTCCC
CACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGGACG
CTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCTGAA
TGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAACGG
GCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTGGCT
GCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGACTAA
TAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACATTA
CAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGG
GTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCG
GCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGG
CAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTC
AGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTA
CGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTG
AAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGG
ACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATG
GCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACG
GCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCT
GCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAG
CGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACG
AGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACGCTAC
GGACTTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGAT
eACA_loop_Left (ending with U (T)) and eACA loop - Right Bold underlined

89

plex+1nt

GGGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAA
GTGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAA
GCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGAC
TCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAA
TAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAACTCCGTAGCGTCTCGCGAAAAACAAAAA
ACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCC
CACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTA
TACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACA
CCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGC
GGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGG
AAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCAT
TCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGG
GACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCC
TGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAA
CGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTG
GCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGAC
TAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACA
TTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAAGGGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGCACGGCGACGTAAACGGCCACAAGTTCAGCGTGTC
CGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACC
GGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCT
TCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGG
CTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAG
GTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGG
AGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATC
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ATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGT
GCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAG
AAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGG
ACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACG
CTACGGACTTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGAT
eACA_loop_Left (ending with U (T)) and eACA loop - Right Bold underlined

GGGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTGAGCCTTAGAGAAGAAATTCTTTAA
GTGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCTATAGACAAGGCAATCCTGAGCCAA
GCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAGCTAATCGGAAGGTGCAGAGAC
TCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAGAGAGTCCAATTCTCAAAGCCAA
TAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAACCTCCGTAGCGTCTCGCGAAAAACAAAA
AACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCC
CACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTA
TACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACA
CCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGC
GGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGG
AAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCAT
TCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGG
GACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCC
TGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAA
CGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTG
GCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGAC
TAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACA
TTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAAGGGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTC
CGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACC
GGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCT
TCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGG
CTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAG
GTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGG
AGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATC
ATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGT
GCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAG
AAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGG
ACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACG
CTACGGACTTAAACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGGCCGCGAT
eACA_loop_Left (ending with U (T)) and eACA loop - Right Bold underlined

WO 2024/252011
90 p1ex+2nt
91 TRICv2-

UA

CAGATTAATACGACTCACTATAGGGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTTAG
CCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCTATA
GACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAG
CTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAG
AGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAATCCGTAG
CGTCTCGCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAA
ACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTA
CCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATC
AACAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGT
ATCAATAGACTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAA
AAACCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCA
GGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTG
CCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAG
TTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCC
AGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTG
TTTCATTTTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTAT
TGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTA
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GCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAA
GGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAA
CGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGAC
CCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACC
CTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTT
CAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGC
AACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGC
TGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTA
CAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCA
AGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACAC
CCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCC
CTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCG
CCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTA
TTATGCGTTACCGGCGAGACGCTACGGACTAAAACACCCGGAAGCCAACTGATTGACCAAAA
AAAAAAAAGCGGCCGCGATATCATCAGTTCTGGACC

92

TRICv2-
AC

CAGATTAATACGACTCACTATAGGGATAATACGGTCAATCAGTTGGCTTCCGAAATAATTAAG
CCTTAGAGAAGAAATTCTTTAAGTGGATGCTCTCAAACTCAGGGAAACCTAAATCTAGCTATA
GACAAGGCAATCCTGAGCCAAGCCGAAGTAGTAATTAGTAAGTTAACAACAGATAACTTACAG
CTAATCGGAAGGTGCAGAGACTCGACGGGAGCTACCCTAACGTCAAGACGAGGGTAAAGAG
AGAGTCCAATTCTCAAAGCCAATAGGCAGTAGCGAAAGCTGCGGGAGAATGAAAATCCGTAG
CGTCTCGCGAAAAACAAAAAACAAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAA
ACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTA
CCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATC
AACAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGT
ATCAATAGACTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAA
AAACCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCA
GGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTG
CCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAG
TTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCC
AGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTG
TTTCATTTTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTAT
TGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTA
GCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAA
GGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAA
CGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGAC
CCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACC
CTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTT
CAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGC
AACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGC
TGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTA
CAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCA
AGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACAC
CCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCC
CTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCG
CCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTA
TTATGCGTTACCGGCGAGACGCTACGGACTCAAACACCCGGAAGCCAACTGATTGACCAAAA
AAAAAAAAGCGGCCGCGATATCATCAGTTCTGGACC

93

TRICv2-
Tetra

GGGATAATACGGTCAATCAGTTGGCTTCCGAAATAGCAATATTTACCTTTGGAGGGAAAAGT
TATCAGGCATGCACCTGGTAGCTAGTCTTTAAACCAATAGATTGCATCGGTTTAAAAGGCAA
GACCGTCAAATTGCGGGAAAGGGGTCAACAGCCGTTCAGTACCAAGTCTCAGGGGAAACT
TTGAGATGGCCTTGCAAAGGGTATGGTAATAAGCTGACGGACATGGTCCTAACCACGCAGC
CAAGTCCTAAGTCAACAGATCTTCTGTTGATATGGATGCAGTTCACAGACTAAATGTCGGTC
GGGGAAGATGTATTCTTCTCATAAGATATAGTCGGACCTCTCCTTAATGGGAGCTAGCGGA
TGAAGTGATGCAACACTGGAGCCGCTGGGAACTAATTTGTATGCGAAAGTATATTGATTAG
TTTTGGAGTACTCGTAAGGTACCTCCGTAGCGTCTCGCCGGTAACGCAGAAAAACAAAAAAC
AAAAAAAACAAAAAAAAAACCAAAAAAACAAAACACATTAAAACAGCCTGTGGGTTGATCCCA
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CCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCTTTGTGCGCCTGTTTTATA
CCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAACAGTCAGCGTGGCACACC
AGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATCAATAGACTGCTCACGCG
GTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTGGA
AGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGTCGATGAGTCACCGCATT
CCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCCATGGGGAAACCCATGGG
ACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTGGTAGTCCTCCGGCCCCT
GAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGAGGGCAGTGTGTCGTAA
CGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATTCCTATACTG
GCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGATTGGCCATCCGGTGAC
TAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTTGAAAGAGGTTAAAACA
TTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAAGGGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTC
CGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACC
GGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCT
TCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGG
CTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAG
GTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGG
AGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATC
ATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGA
CGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGT
GCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAG
AAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGG
ACGAGCTGTACAAGTAAAAAAAACAAAAAACAAAACGGCTATTATGCGTTACCGGCGAGACG
CTACGGACTCTCTAAACCAACACACCCGGAAGCCAACTGATTGACCAAAAAAAAAAAAGCGG
CCGCGAT

Group | infron bold underlined

94

Tetra-
Rzy

TGCGCTCTGCCCACTGACGGGCACCGGAGCGATCGCAGATCCTTCGAATTCTCCTTGAGGC
TGAAAAAGTTATCAGGCATGCACCTGGTAGCTAGTCTTTAAACCAATAGATTGCATCGGTTT
AAAAGGCAAGACCGTCAAATTGCGGGAAAGGGGTCAACAGCCGTTCAGTACCAAGTCTCA
GGGGAAACTTTGAGATGGCCTTGCAAAGGGTATGGTAATAAGCTGACGGACATGGTCCTAA
CCACGCAGCCAAGTCCTAAGTCAACAGATCTTCTGTTGATATGGATGCAGTTCACAGACTA
AATGTCGGTCGGGGAAGATGTATTCTTCTCATAAGATATAGTCGGACCTCTCCTTAATGGGA
GCTAGCGGATGAAGTGATGCAACACTGGAGCCGCTGGGAACTAATTTGTATGCGAAAGTAT
ATTGATTAGTTTTGGAGTACTCGTCAAGGACGACGGCAAATACAAGACCCGCGCCGTGGTGA
AGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCACCGACTTCAAGGAGGA
CGGCAACATCCTGGGGCACAAGCTGGAGTACAACTTTAACAGCCACAACGTCTATATCACCG
CCGACAAGCAGAAGAACGGCATCAAGGCGAACTTCACCGTGCGCCACAACGTGGAGGACGG
CAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTG
CTGCCCGACAACCACTACCTGAGCACCCAGACCGTGCTGAGCAAAGACCCCAACGAGAAGC
GCGATCACATGGTCCTGCATGAGTATGTGAACGCCGCCGGGATCACTTAGAAAAAACAAAAC
ACATTAAAACAGCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTA
TCACGGTACCTTTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAACACA
CACCGATCAACAGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCG
GACTGAGTATCAATAGACTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACT
ACTTCGAAAAACCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGT
GTAGATCAGGTCGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGG
CGGCCTGCCCATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATT
GAGCTAGTTGGTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCC
TCAAGCCAGAGGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGT
GTCCGTGTTTCATTTTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATA
TAGCTATTGGATTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATA
CCACTTAGCTTGAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGGT
GAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGA
CGTAAACGGCCACAAGTTCAGCGTGCGCGGCGAGGGCGAGGGCGATGCCACCATTGGCAA
GCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTG
ACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACG
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ACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCAGCTTCAGGCG
GCCGCGAAGGATCTGCGATCGCTCCGGTGCCCGTCAGTGGGCAGAGCGCAGAT
Group | infron bold underlined

GGGGTAAATAAAAGTTATCAGGCATGCACCTGGTAGCTAGTCTTTAAACCAATAGATTGCAT
CGGTTTAAAAGGCAAGACCGTCAAATTGCGGGAAAGGGGTCAACAGCCGTTCAGTACCAA
GTCTCAGGGGAAACTTTGAGATGGCCTTGCAAAGGGTATGGTAATAAGCTGACGGACATG
GTCCTAACCACGCAGCCAAGTCCTAAGTCAACAGATCTTCTGTTGATATGGATGCAGTTCA
CAGACTAAATGTCGGTCGGGGAAGATGTATTCTTCTCATAAGATATAGTCGGACCTCTCCTT
AATGGGAGCTAGCGGATGAAGTGATGCAACACTGGAGCCGCTGGGAACTAATTTGTATGC
GAAAGTATATTGATTAGTTTTGGAGTACTCGCGAGTACGCTTAAGAAAAAAAAAATTAAAACA
GCCTGTGGGTTGATCCCACCCACAGGCCCATTGGGCGCTAGCACTCTGGTATCACGGTACCT
TTGTGCGCCTGTTTTATACCCCCTCCCCCAACTGTAACTTAGAAGTAACACACACCGATCAAC
AGTCAGCGTGGCACACCAGCCACGTTTTGATCAAGCACTTCTGTTACCCCGGACTGAGTATC
AATAGACTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAA
CCTAGTAACACCGTGGAAGTTGCAGAGTGTTTCGCTCAGCACTACCCCAGTGTAGATCAGGT
CGATGAGTCACCGCATTCCCCACGGGCGACCGTGGCGGTGGCTGCGTTGGCGGCCTGCCC
ATGGGGAAACCCATGGGACGCTCTAATACAGACATGGTGCGAAGAGTCTATTGAGCTAGTTG
GTAGTCCTCCGGCCCCTGAATGCGGCTAATCCTAACTGCGGAGCACACACCCTCAAGCCAGA
GGGCAGTGTGTCGTAACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTC
ATTTTATTCCTATACTGGCTGCTTATGGTGACAATTGAGAGATCGTTACCATATAGCTATTGGA
TTGGCCATCCGGTGACTAATAGAGCTATTATATATCCCTTTGTTGGGTTTATACCACTTAGCTT
GAAAGAGGTTAAAACATTACAATTCATTGTTAAGTTGAATACAGCAAAATGGTGAGCAAGGGC
GAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGC
CACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGA
AGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGAC
CTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGT
CCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTA
CAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAG
GGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACA
GCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATC
CGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCA
TCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAG
CAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGG
ATCACTCTCGGCATGGACGAGCTGTACAAGTAAAAAAAAAAAAACCGGTATTTAT Group |
infron bold underlined

WO 2024/252011
95 Tetra-
STS
96 Modified
CSFV IRES

GTATACGAGGTTAGTTCATTCTCGTATACACGATTGGACAAATCAAAATTACAATTTGGTTCAG
GGCCTCCCTCCAGCGACGGCCGAACTGGGCTAGCCATGCCCATAGTAGGACTAGCAAACGG
AGGGACTAGCCGTAGTGGCGAGCTCCCTGGGTGGTCTAAGTCCTGAGTACAGGACAGTCGT
CAGTAGTTCGACGTGAGCAGAAGCCCACCTCGAGATGCTACGTGGACGAGGGCATGCCCAA
GACACACCTTAACCCTAGCGGGGGTCGCTAGGGTGAAATCACACCACGTGATGGGAGTACG
ACCTGATAGGGCGCTGCAGAGGCCCACTATTAGGCTAGTATAAAAATCTCTGCTGTACATGG
CAC
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CLAIMS
1. A recombinant nucleic acid molecule for making a circular RNA, comprising in the 5’ to 3’
direction:

a) an internal guide sequence (IGS),

b) a ribozyme,

c) a first portion of an extended anticodon arm (eACA) sequence,

d) a gene of interest, and

e) a second portion of the eACA sequence,

wherein a nucleotide in the second portion of the eACA sequence forms a wobble base pair with a
nucleotide in the IGS.

2. The recombinant nucleic acid molecule of claim 1, wherein the first portion of the eACA

sequence comprises a first eACA stem portion and a first eACA loop portion.

3. The recombinant nucleic acid molecule of claim 1 or 2, wherein the second portion of the

eACA sequence comprises a second eACA stem portion and a second eACA loop portion.

4, The recombinant nucleic acid molecule of any preceding claim, wherein the first and second

eACA stem portions are each at least 5 nucleotides in length.

5. The recombinant nucleic acid molecule of any preceding claim, wherein the first and second

eACA stem portions are each at least 10 nucleotides in length.

6. The recombinant nucleic acid molecule of any preceding claim, wherein the first and second

eACA stem portions are each at least 15 nucleotides in length.

7. The recombinant nucleic acid molecule of any preceding claim, wherein the first and second

eACA stem portions are each at least 20 nucleotides in length.

8. The recombinant nucleic acid molecule of any preceding claim, wherein the first and second

eACA stem portions are each at least 25 nucleotides in length.

9. The recombinant nucleic acid molecule of any preceding claim, wherein the first and second

eACA stem portions are between 1 and 50 nucleotides in length.

10. The recombinant nucleic acid molecule of any preceding claim, wherein the first eACA loop

portion is 1-20 nucleotides in length.
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11. The recombinant nucleic acid molecule of any preceding claim, wherein the second eACA

loop portion is1-20 nucleotides in length.

12. The recombinant nucleic acid molecule of any preceding claim, wherein the first eACA loop

portion is 4 nucleotides in length and wherein the second eACA loop portion is 3 nucleotides in length.

13. The recombinant nucleic acid molecule of any preceding claim, further comprising a P1

extension 3’ to the second portion of the eACA sequence.

14. The recombinant nucleic acid molecule of claim 13, wherein the P1 extension is 2 nucleotides
in length.
15. The recombinant nucleic acid molecule of claim 13 or 14, wherein the second portion of the

eACA sequence and the P1 extension together are capable of forming a P1 region.

16. The recombinant nucleic acid molecule of claim 15, wherein the P1 region is complementary
to the IGS.
17. The recombinant nucleic acid molecule of any preceding claim, wherein a 5’ portion of the first

portion of the eACA sequence is capable of forming a P10 region.

18. The recombinant nucleic acid molecule of claim 17, wherein the 5’ portion of the first portion of

the eACA sequence that forms a P10 region is complementary to the IGS.

19. The recombinant nucleic acid molecule of claim 17 or 18, wherein the 5’ portion of the first

portion of the eACA sequence that forms a P10 region is 2 nucleotides in length.

20. The recombinant nucleic acid molecule of any preceding claim, wherein the nucleotide in the

second portion of the eACA sequence that forms a wobble base pair is uracil or cytosine.

21. The recombinant nucleic acid molecule of any preceding claim, wherein the nucleotide in the
second portion of the eACA sequence that forms a wobble base pair is the last nucleotide in the

second portion of the eACA sequence.
22. The recombinant nucleic acid molecule of any preceding claim, wherein the second eACA
loop portion comprises uracil or cytosine as a nucleotide other than the first or second nucleotide in

the 5’ to 3’ direction.

23. The recombinant nucleic acid molecule of any preceding claim, wherein the second eACA

loop portion comprises uracil or cytosine as the third nucleotide in the 5’ to 3’ direction.
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24, The recombinant nucleic acid molecule of any preceding claim, wherein the first and second

portions of the eACA sequence together are capable of forming a stem loop structure.

25. The recombinant nucleic acid molecule of claim 24, wherein the loop of the stem loop

structure is 3-40 nucleotides in length.

26. The recombinant nucleic acid molecule of claim 24 or 25, wherein the loop of the stem loop

structure is greater than 4 nucleotides in length.

27. The recombinant nucleic acid molecule of any preceding claim, wherein the ribozyme is a

group | intron.

28. The recombinant nucleic acid molecule of any preceding claim, wherein the wobble base pair

comprises a GU or AC wobble base pair.

29. The recombinant nucleic acid molecule of any preceding claim, wherein the second portion of

the eACA sequence is complementary to the IGS except for the wobble base pair.
30. The recombinant nucleic acid molecule of any preceding claim, further comprising a first
extended guide sequence (EGS) 5’ to the IGS, and a second EGS 3’ to the second portion of the

eACA sequence.

31. The recombinant nucleic acid molecule of claim 30, wherein the first EGS is at least 50%

complementary to the second EGS.

32. The recombinant nucleic acid molecule of claim 31, wherein the first EGS is 100%

complementary to the second EGS.

33. The recombinant nucleic acid molecule of any of claims 30-32, wherein the first and second

EGS are each between 1 and 500 nucleotides in length.

34. The recombinant nucleic acid molecule of any preceding claim, wherein the first and second

portions of the eACA sequence naturally occur in the gene of interest.

35. The recombinant nucleic acid molecule of any of claims 1-34, wherein the first and second

portions of the eACA sequence are derived from human ribosomal RNA (rRNA).
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36. The recombinant nucleic acid molecule of any of claims 1-33 or 35, wherein the nucleotide
sequence of the gene of interest is modified to include the first and second portions of the eACA

sequence.

37. The recombinant nucleic acid molecule of any of claims 15-36, further comprising a first loop

sequence 5’ to the IGS, and a second loop sequence 3’ to the P1 extension.

38. The recombinant nucleic acid molecule of claim 37, wherein the first and second loop

sequences are each between 1 and 10 nucleotides in length.

39. The recombinant nucleic acid molecule of claim 37 or 38, wherein the first loop sequence is 6

nucleotides in length.

40. The recombinant nucleic acid molecule of any of claims 37 to 39, wherein the second loop

sequence is 5 nucleotides in length.

41, The recombinant nucleic acid molecule of any of claims 37 to 40, wherein the first loop

sequence is 6 nucleotides in length and the second loop sequence is 5 nucleotides in length.

42. The recombinant nucleic acid molecule of any of claims 37 to 41, wherein the first loop

sequence is non-complementary to the second loop sequence.

43, The recombinant nucleic acid molecule of any preceding claim, wherein the gene of interest is

at least 500 nucleotides in length.

44, The recombinant nucleic acid molecule of any preceding claim, wherein the gene of interest is

at least 2000 nucleotides in length.

45, The recombinant nucleic acid molecule of any preceding claim, wherein the gene of interest is

at least 4000 nucleotides in length.

46. The recombinant nucleic acid molecule of any preceding claim, wherein the gene of interest is

at least 6000 nucleotides in length.

47. The recombinant nucleic acid molecule of any preceding claim, wherein the gene of interest is

at least 8000 nucleotides in length.
48. The recombinant nucleic acid molecule of any preceding claim, comprising ina 5 to 3’

direction:
a) afirst EGS,
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b) a first loop sequence,

c) an internal guide sequence (IGS),

d) a ribozyme,

e) a first portion of an extended anticodon arm (eACA) sequence,

f) a gene of interest,

g) a second portion of the eACA sequence,

h) a P1 extension,

) a second loop sequence, and

i) a second EGS.

49, The recombinant nucleic acid molecule of any preceding claim, further comprising a T7 high

efficiency sequence.

50. The recombinant nucleic acid molecule of any preceding claim, further comprising at least one

restriction enzyme cleavage site.

51. The recombinant nucleic acid molecule of any preceding claim, further comprising a poly(A)
tail.
52. The recombinant nucleic acid molecule of any preceding claim, wherein the recombinant

nucleic acid molecule is a DNA template molecule.

53. The recombinant nucleic acid molecule of claim 52, further comprising a T7 promoter
sequence.
54, The recombinant nucleic acid molecule of any preceding claim, wherein the gene of interest is

a noncoding RNA.

55. The recombinant nucleic acid molecule of claims 1-53, wherein the gene of interest encodes a
polypeptide.
56. The recombinant nucleic acid molecule of any preceding claim, wherein the recombinant

nucleic acid molecule is devoid of in-frame stop codons.

57. The recombinant nucleic acid molecule of any preceding claim, wherein the gene of interest

comprises a translation initiation element.

58. The recombinant nucleic acid molecule of claim 57, wherein the translation initiation element

is a modified viral IRES that lacks in-frame stop codons.
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59. Use of a recombinant nucleic acid molecule according to any preceding claim in a method of

making a circular RNA.

60. A method for producing a circular RNA, comprising:

a) providing a recombinant nucleic acid molecule according to any of claims 1-58, and
b) circularizing the recombinant nucleic acid molecule.

61. A method for producing a circular RNA, comprising:

a) providing a recombinant nucleic acid molecule according to any of claims 1-58,

b) transcribing the recombinant nucleic acid molecule to produce an RNA precursor, and
c) circularizing the RNA precursor.

62. The method of claim 61, wherein splicing is suppressed during step (b).

63. The method of claim 61 or 62, wherein step (b) is performed in the presence of nucleoside
triphosphates (NTPs) at a concentration of approximately 24 mM and Mg2+ at a concentration of 16

mM or less.

64. A method for producing a circular RNA, comprising:
a) identifying a gene of interest comprising a sequence capable of forming an eACA stem-loop,
b) preparing a recombinant nucleic acid molecule comprising, in a 5’ to 3’ direction: an internal

guide sequence (IGS) — a ribozyme — a sequence encoding the gene of interest, and

c) circularizing the recombinant nucleic acid molecule.

65. A method for producing a circular RNA, comprising:

a) providing a recombinant nucleic acid molecule according to any of claims 1-58, and
b) transcribing and circularizing the recombinant nucleic acid molecule,

wherein circularization occurs co-transcriptionally.

66. A circular RNA comprising a sequence encoding a gene of interest, wherein the circular RNA

does not comprise exogenous splicing sequences.

67. A circular RNA comprising a sequence encoding a gene of interest, wherein the circular RNA

does not comprise RNA from a circularization agent.

68. The circular RNA of claim 66 or 67, wherein the circularization agent is a ribozyme.

69. The circular RNA of any of claims 66-68, wherein the circularization agent is a group 1 intron.
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70. The circular RNA of any of claims 66-69, wherein the sequence encoding a gene of interest

comprises a sequence capable of forming an eACA stem loop structure.

71. The circular RNA of any of claims 66-70, wherein the eACA stem loop structure comprises a

stem of at least 5 base pairs.

72. The circular RNA of any of claims 66 to 71, wherein the eACA stem loop structure comprises

a loop at least 7 nucleotides in length.

73. The circular RNA of any of claims 66 to 72, wherein the circular RNA has reduced

immunogenicity compared to a circular RNA which comprises exogenous splicing sequences.

74. The circular RNA of any of claims 66 to 73, wherein the circular RNA has reduced
immunogenicity compared to a circular RNA produced using the permuted intron-exon (PIE)

approach.

75. The circular RNA of any of claims 66 to 74, wherein the sequence encoding a gene of interest
is at least 2000, at least 3000, at least 4000, at least 5000, or at least 6000 nucleotides in length.

76. A circular RNA obtained or obtainable by the method of any of claims 60 to 65, wherein the
circular RNA is less immunogenic compared to a circular RNA which comprises exogenous exon

seqguences.

77. A circular RNA obtained or obtainable by the method of any of claims 60 to 65, wherein the

circular RNA does not comprise exogenous exon sequences.

78. Use of a circular RNA according to any of claims 66-77 in an in vitro method of expressing a

protein in a cell.

79. A method for expressing a gene of interest in a cell, the method comprising (a) circularizing a
recombinant nucleic acid molecule according to any of claims 1-58 to provide a circular RNA

comprising the gene of interest, and (b) administering the circular RNA to the cell.
80. A method of treating a disease in a subject, the method comprising (a) circularizing a
recombinant nucleic acid molecule according to any of claims 1-58 to provide a circular RNA, and (b)

administering the circular RNA to the subject.

81. A recombinant nucleic acid molecule according to any of claims 1-58, for use as a

medicament.
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82. A recombinant nucleic acid molecule according to any of claims 1-58, for use in a method of

treating a disease in a subject.

83. A circular RNA obtainable by the method of any of claims 60 to 65.

84. A circular RNA comprising a sequence encoding a gene of interest, wherein the circular RNA

comprises an eACA sequence.
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efiHR: externalfinternal homology arm

IGS: internal guide sequence

R-51/L-15: Ana tRNA right arm-51 nt, left arm-15 nt

GOI: R51-iHR-PolyAC-CVB3-start codon-CDS-stop codon-PolyAC-iHR-L15
CDS=EGFP/Fluci/Spike-EGFP/Cas9-EGFP/Factor 8-EGFP

Not I-EcoR V: restirction enzyme cleavage sites
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PIE-Ana 3.0-GOI
T7HF [e HR] 3'intron half| ~circGOI AnatRNA| 15" intron half| ||GS| NotI-EcoRV

GGGAGACCCUCGA (CCGUCGAUUGUCCACUGGUC] AACAAUAGAUGACUUACAACUAAU]

CGGAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGAG]
AGUCCAAUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCAAGAGAAUG (AAAAUCCGU|

UGACCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGGAAACGCAAUA
GOCCAMARCAMAMACAAMAMACAAAAMAMAACCAMAMACAMARCACAUUAAAAC
AGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGGGCGCUAGCACUCUGGUAUCACGE
UACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCARCUGUAACUUAGRAGUARCACACA
CCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCC
CGACUSAUAICARUAGACTCCUCACGGUICATCEAGAAGCGUICGUUAICGSGE
CARCUACUUCGAARRACCURGUAACACOGUGGAAGUUGCAGAGUGUUUCGCUCAGCAC
ACCCCAGUGUAGAUCAGGUCCAUGAGLCACCBCAUUCCOCACBACEACCRUGGCGE
GGCUGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGG
UCTCAAGACCUADUGAGCUAGUTGEUACUCCCCRG0CCCCAATCOCGCUAALICL
ARCUGCGGAGCACHCACCCUCAAGCCAGAGGECAGUGUGUCGUAACGEGCACUCUGE
AGCBGAACCGACURCUUUGGGUGUCCGUGUUUCAUUUUAUUCCUAUFCUGGCUGCUUA
UGGUGACAAULIGAGAGAUCGUUACCAUAUAGCUAUUGGAUUGGCCAUCCGGUGACUAR
UAGAGCUAUUAUAUAUCCCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUAAA
AUUACAAUUCAUUGUUAAGUUGAAUACAGC UGGUGAGCAAGGGCGAGGAGCUGU
CACCGGGGUGGUGCCCAUCCUGGUCGAGCUGGACGGCLGACG CGGCCAC
CAGCGUGUCCGECGACGECEAGBECEAUGCCACCUACGRCAAGCUGACCOUGAAGLC
AUCUGCACCACCGGCAAGCUGCCOBUGGCCUGECCTACGCUCGUGACCACCCUGACCT
ACGGCGUGCAGUGCUUCAGCCGCURCCCCGACCACAUGMGCAGCACGACUUCUUCAR
GUCCGCCAUGCCOGAGCUACGUCCAGGAGCGCACCAUCUUCUUCAAGGACGACGGC
AACUACAAGACCCGCGCCGAGGUGAAGUUCGAGBECGACACCCUGBUGAACCGCAUCE
AGCUGAAGGGCAUCGACUUCAAGGAGGACGECAACUCCUGGGGCACAAGCUGGAGUA
CARCUACAACAGCCACAACGUCAUAUCAUGGCCGACAAGCRGAAGMCGGCATCAAGE
UGAACUUCAAGAUCCGCCACAACAUCGAGGACGGCAGCGUGCAGCUCGCCGACCACUAC
CAGCAGACACCCCCAUCGGCGACGGCCCCGUGCUGCUGCCCGACARCCACUACCLGA
CACCCAGUCCGCCCUGAGCAAAGACCCCAACGAGAAGCGCGAUCACAUGGUCCUGCU
GAGUUCGUGACGCGCCGCCGGGAUCACUCUCGGCAUGGACGAGCUGU GU

[UUGAGCCUUAAAGAAGAAAUUCUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUC
\UAGUUAUAGACAAGGCAAUCCUGAGCCAAGCCGAAGUAGUAAUUAGUAA | GACCAGUGG
IACAAUCGACGG | AUAACAGCAUAUCUAGCGGCCGCGAU (SEQ ID NO: 52)

circGOIl; R51-iHR-PolyAC-CVB3-start codon-CDS-stop codon-PolyAC-iHR-L15
CDS=EGFP/Fluci/Spike-EGFP/Cas9-EGFP/Factor 8-EGFP

FIG. 5A (continued)
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T7-HE: T7 high efficiency sequence

EGS: external guide sequence (20 nt random sequence)

Loop_L/R: loop_left (6 nt)loop_right (5nt)

IGS: internal guide sequence

R-51/L-15; Ana tRNA right arm-51 nt, left arm-15 nt

iHR: internal homology arm

GOl: R51-iHR-PolyAC-CVB3-start codon-CDS-stop codon-PolyAC-iHR-L15
CDS=EGFP/Fluci/Spike-EGFP/Cas9-EGFP/Factor 8-EGFP

P1/P10: paired structure 1/10

P1ex: P1 extension

cEGS: complementary sequence of EGS

Not I-EcoR V: restirction enzyme cleavage sites
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TRIC-V1: long GOls
T7-HE [EGS|Ribozyme |Loop_L{IGS[circGOI |Ana tRNA| P1ex|Loop_R ¢EGS PolyA Not I-EcoR V

GGGAUAAUAC GGUCAAUCAGUUGGCUUCGG)
ICUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGCUAUAGACAAGGCAAUC|
ICUGAGCCAAGCCGAAGUAGUAAUUAGUAAGUUAACAACAGAUAACUUACAGCUAAUCGG]
IAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGAGAGU |
[CCAAUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCGGGAGAAUG| AAAAUCCGULIGA|
(CCUUAAACGGUCGUGUGGGUUCAAGUCCCUCCACCCCCACGCCGEARACGCAAUAGCC
GAAAAACAAAAMACAAAARRACARAAAAMARACCAARAAAACAAAACACAUUARRACAGCT
UGUGGGUUGAUCCCACGCACAGGCCCAUUGGGCGCUAGCACUCUGGUAICACGGUACT

UUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUGUAACUUAGAAGUAACACACACCGA
UCAACAGUCAGCGUGGCACACCAGCCACGUUUUGAUCAAGCACUUCUGUUACCCCGGA

GUGACLATCAAUAGACLIGCUCACGCGCUGMGGHGRAAGOGUCCTUALCCSGCCAR
CURCUUCGAAAAACTUAGURACACCEUGGARGUUGCAGAGUGUUUCGCUCAGCACUACT
CCAGUGUAGAUCAGGUCGAUGAGUCACCBCAUUCCCCACGGECACCBUGECBCUGEE
UGCGUUGGCGGCCUGCCCAUGGGGAAACCCAUGGGACGCUCUAAUACAGACAUGGUGC
GAACAGUCUALUGAGCUACTUGGUAGUCCUCCG60CC0UCAAUGCGGCUAUCCUAE
UGCGGAGCACACACCCUCAGCCAGAGGGCAGUGUGUCGUARCGGECAACUCUGCAGT
GGAACCGACUACUUUGGGUGUCCGUGUUUCAUUUUAUUCCURUACUGGCUGCUUAUGS
UGACAAUUGAGAGAUCGUUACCAUAUAGCURUUGGAUUGGCCAUCCGGUGACUAAUAG
GCUAULAUAUAUCGCUUUGUUGGGUUUAUACCACUUAGCUUGAAAGAGGUUARAACAUU
CAAUUCAUUGUUAAGUUGAAUACAGC UGGUGAGCAAGGGCGAGGAGCUGUUCAC
GGGGUGGUGCCCAUCCUGGUCGAGCUGGACGGCGACGUAAACGGCCA
GUGUCCGGCGAGGECCACBOCGAUGCCACCUACGECAAGCUGACCCUGAAGUUCAUC
UGCACCACTBGCARGCUGCTCUGTTCUGBCCCACCCUCRUGACCACCCUGACCUACS
GCGUGCAGUGCUUCAGCCGCUACCCCGACCACAUGARGCAGCACGACUUCUUCAAG
CGCCAUGCCCGAGGCUACGUCCAGGAGCGCACCAUCULICUUCAAGGACGACGGCAAC
UACAAGACCCGCGCCGAGGUGAAGUUCGAGGECGACACCOUGBUGAACCGCAUCGAGE
UGRAGGGCAUCGACUUCAGGAGGACGGCAACAUCCUGGGECACAAGCUGGAGUACAR
CURCAACAGCCACARCGUCUAUAUCAUGGCCGACAAGCAGMGAACCBCAUCRAGGUGA
ACUUCAAGAUCCGCCACAACAUCGAGGACGGCAGCGUGCAGCUCGCCRACCACUAGCA
GCAGAACACCCCCAUCGGCGACGGCCCCaUGCLIGCUGCCCGACAACCACUACCUGAGE
CCCAGUCCGCCCUGAGCAAAGACCCCAACGAGAAGCGCGAUCACAUGGUCCUGCUGG
GUUCGUGACCGCCGCCGGEG CUCUCGGCAUGGACGAGCUGUAC

GGUCAUCAGUIGGCUUCCS AAMAAMANAM GCGBCCGCGAU  (SEQID NO: 53)

circGOI: R51-iHR-PolyAC-CVB3-start codon-CDS-stop codon-PolyAC-iHR-L15
CDS=EGFP/Fluci/Spike-EGFP/Cas9-EGFP/Factor 8-EGFP

FIG. 5B (continued)
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TRIC-V1: 1.0-2, short GOI

EGS

Ribozyme| |Loop_L| [IGS| circGOI |Ana tRNA||P1ex| Loop_R cEGS EcoR V

___________ N N fmme— e

AAA AA A AAACUCA AAACCUAAA

AGCUAUAGACAAGGCAA AGCCAA AAGUAGUAAUUA

[UAAGUUAACAACAGAUAACUUACAGCUAAUCGGAAGGUGCAGAGA |

UCGA AGCUA UAACGUCAAGACGA UAAAGAGAGA

AA AAA AAUA AGUA AAA A

AAUG| AAAAUCCGUUGACCUUAAACGGUCGUGUGGUACACUCGA

UCUGGACUMAGCUGCUCAUGGAUUACAARGAUCACGAUGGLIGA
UUAUAAAGAUCACGACAUCGAUUACAAGGAUGAUGAUGAUAAG

GAU (SEQ ID NO: 63)
circGOIl: R30-3*Flag-L15

T7: T7 promotor

EGS: external guide sequence (20 nt random sequence)

Loop L/R: loop_left (6 nt)/loop_right (5nt)

|GS: internal guide sequence

R-51/L-15: Ana tRNA right arm-30 nt, left arm-15 nt (1.0-2)

circGOIl: R30-3*Flag-L15

P1/P10: paired structure 1/10

P1ex: P1 extension

cEGS: complementary sequence of EGS

EcoR V: restirction enzyme cleavage sites

Vi3 | O 1 2 3 | 4 5 | 6 7 8 9
R | 2 2 2 30 25| 16| 9 16 9 9
L 3 3 15| 3 3 3 3 15 15 8

FIG. 7B
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T7-HE: T7 high efficiency sequence

EGS: external guide sequence (20/40 nt random sequence)

Loop_L/R: loop_left (6 nt)/loop_right (5nt)

elGS: extended internal guide sequence (random with G 3rd)

eACA: extended anticodon arm
sequence: random with an U-3" 7 nt loop/18S/28S;
position; UTR/CDS
stem length: 5-25 nt (tested: 5, 7, 10, 11, 15, 17, 24, 25)

circ.GOl-short: 3*Flag
circ.GOl-long:
1: eACA (UTR)-msiTS-IRES-start codon-CDS-stop codon-PolyAC-eACA (UTR)
2: eACA (CDS)-stop codon-PolyAC-msiTS-IRES-start codon-eACA (CDS)
IRES= CVB3, CSFV, CroV,
CDS=EGFP, Spike-EGFP, Cas9-EGFP, Nluc, circZNF609, T2A-EGFP

P1/P10: paired structure 1/10

P1ex: P1 extension

msiTS: multiple siRNA target sequence

cEGS: complementary sequence of EGS

Not |-EcoR V: restirction enzyme cleavage sites
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TIRC V2-Nluc: eACA placed in UTR
T7-HE|EGS] [Ribozyme [Loop_L]|GS| circGOI [P1ex|Loop_R ¢EGS PolyA Not -EcoR V

GGGAUAAUAC GGUCAAUCAGUUGGCUUCCT
|CUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGCUAUAGACAAGGCAAUCH
ICUGAGCCAAGCCGAAGUAGUAAUUAGUAAGUUAACAACAGAUAACUUACAGCUAAUCGG|
IAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGAGAGU |
ICCAAUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCGGGAGAAUG| IAAAAGGAGGGCG|
CGCGGEUCGEEGCEE0aaMAMACAAALUGGCCAGAUCGAAAAARACGAACAUGAUCEA

CUAUULCACACAUUAAAACAGCCUGUGGGUUGAUCCCACCCACAGGCCCAUUGEGCGE

AGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACUG

AACUUAGAAGUAACACACACCGAUGC GUCAGCGUGGCACACCAGCCACGUUUUGA
UCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGGA

GAAGCUUCUUAUCCSCACURCUICGAAAMCCUCURACACCUCGRIGUDS
CAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCECAUUC
CCCACGOGCGACCEUGACTBUGGCUCCOUUGGCOOCCUGCCCAUGGGGMACCCAUS
GGACGCUCUAAUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCG
GCTCCUGAASGSGCUANICCUAACUGCRGAGACACACCUCAAGCTAGACTGOAGY
GUCUCGUMCBGGTAACUCUGCAGCBBAACCGACURCUUUGTGUGUCCBUGUULCAUY
UUAUUCCURUACUGGCUGCUUAUGGUGACAAUUGAGRGAUCCUUACCAUAUAGCUAUD
GGAUUGGCCAUCCGBUGACUAAUAGAGCUAUUAUAUAUCCCIUUGUUGGGUUUAUACC

CUUAGCUUGAAAGAGGUUAAAACAUUACAAUUCAUUGUUAAGUUGAAUACAGCAAAAU

GUCUUCACACUCGAAGAUUUCGUUGGGGACUGGCGACAGACAGCCGGCUACAACCUG
ACCAAGUCCUUGAACAGGGAGGUGUGUCCAGUUUGUUUCAGAAUCUCGGGGUGUCC

GUAACUCCGAUCCARAGGAUUGLCCUGAGCGGUGARAAUGGGCUGAAGAUCGACAUCC
AUGUCAUCAUCCCGUAUGAAGGUCUGAGCGECGACCARAUGEGCCAGAUCGARAAAAY
UUUUAAGGUGGUGUACCCUGUGGAUGAUCAUCACUUUAAGGUGAUCCUGCACUAUGES
ACACUGGUAAUCGACGGGGUUACGCCGAACRUGAUCSACUAUUUGGGACSGCCOUAU
AAGGCAUCGOCGUGUUCGACGGCARAAGAUCACUGUMCAGGGACCCUGUGGAACGG
CAACAAAAUUAUCGACGAGCGCCUGAUCAACCCCGACGGCUCCCUGCUGUUCCGAGUA

ACCAUCAACGGAGUGACCGGCUGGCGGCUGUGCGAACGCAUUCUGGCGUGAARAAAAC

CAAMCCGCCCCRCGGCOCCGCRUCCUCCUU A ACACC CGGAAGCCAACU
GAUUGACC AAAAAAAMAMAA GCGGCCGCGAU  (seqDNO:6T)

circ.GOl-long:
eACA (UTR)-msiTS-IRES-start codon-CDS-stop codon-PolyAC-eACA (UTR)
IRES= CVB3, CDS= EGFP, Spike-EGFP, Cas9-EGFP, Nluc

FIG. 13B
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TIRC V2-EGFP: eACA placed in CDS
T7-HE|EGS] Ribozyme Loop_L]|GS] cireGOl [P1ex|Loop R cEGS PolyA Not -EcoR V

ICUUUAAGUGGAUGCUCUCAAACUCAGGGAAACCUAAAUCUAGCUAUAGACAAGGCAAUC]
ICUGAGCCAAGCCGAAGUAGUAAUUAGUAAGUUAACAACAGAUAACUUACAGCUAAUCGG |
IAAGGUGCAGAGACUCGACGGGAGCUACCCUAACGUCAAGACGAGGGUAAAGAGAGAGU |
ICCAAUUCUCAAAGCCAAUAGGCAGUAGCGAAAGCUGCGGGAGAAUG|IAACGGUCACAAG
UUCAGCGUGLCCGO0GAGGECGABBGCGAUGCCACCUACGGCAAGCUGACCCUGAAGL
UCAUCUGCACCACCGGCAAGCUGCCCGUGCTCUGBCCCACCCICGUGACCACCCUGAS

CUACGGCGUGCAGUGCUUCAGCCGCUACCCCGAGCACAUGAAGCAGCACGACUUCUUC

GUCCGCCAUGCCCGAAGGCUACGUCCAGGAGCGCACCAUCUUCUUCAAGGACGACG
GCAACUACAAGACCCGCGCCGAGGUGAAGUUCGAGGGCGACACCCUGGUGAACCGCAU

GOACUGAAGGOACGATUUCARSCACGATSGORACAICOTCGGSCACAACTUGOAG
UACAACUACAACAGCCACARCGUCUAUAUCAUGGCCGACAAGCAGAAGAACGGCAUCA
GGUGAACUUCAAGRUCCGOCACMCAUCGAGGACGGCAGCGUGCAGCUCGCCGACCAC
UACCAGCAGAACACCCCCAUCGGCGACGGCCCCGUGCUGCUGCCCGACAACCACUACC
UGAGCACCCAGUCCECCCUGAGCARAGACCCCAACGAGAAGCGCGAUCACAUGBUCCT
GCUGGAGUICGUGRCCGCCGCCGETAUCACICUCGECAUGGACGAGCUCUACAAGUS
AARAACARRAMACAAAAAARACAAACAAAUGBGCCAGAUCGARAMMCGAACRUGAUCT
ACUAUUUCACACAUUAMACAGCCUGUGGGUUGAUCCCACCCACAGECCCAUUGGRCE

CUAGCACUCUGGUAUCACGGUACCUUUGUGCGCCUGUUUUAUACCCCCUCCCCCAACU

UAACUUAGAAGUAACACACACCGAUCAACAGUCAGCGUGGCACACCAGCCACGUUUUG
UCAAGCACUUCUGUUACCCCGGACUGAGUAUCAAUAGACUGCUCACGCGGUUGAAGG

AGAAAGCGUUCGUUAUCCGGCCAACUACUUCGAAARACCUAGUAACACCOUGGAAGLLG
CAGAGUGUUUCGCUCAGCACUACCCCAGUGUAGAUCAGGUCGAUGAGUCACCGCAUUC
CCCACGGGCGACCOUBGCEEUGGCUGCEUIBECOGCCUBCCCAUGEBBAMECCAUS
GGACGCUCUMUACAGACAUGGUGCGAAGAGUCUAUUGAGCUAGUUGGUAGUCCUCCS
GCCCCUGAAUGCGGOUARUCCUAACUGCGGAGCACACACCCUCAAGCCAGAGGGCAGU
GUGUCGUAACGGGCAACUCUGCAGCGGAACCGACUACUUUGGGUGUCCGUGUUUCAUU

UUAUUCCUAUACUGGCUGCUUAUGGUGACAAUUGAGAGAUCGUUACCAUAUAGCUAUUG
AUUGGCCAUCCGGUGACUAAUAGAGCUAUUAUAUAUCCCUUUGLIUGGGLIUUAUACCA
UUAGCUUGAAAGAG UUACAAUUCAUUGUUAAGUUGAAUACAGCAAAAUG

UGAGCAAGGGCGAGGAGCUGUUCACCGGGGUGGUGCCCAUCCUGGUCGAGCUGGAC

CCUGACGUY |AA ACACC CGGAAGCCAACUGAUUGACC AAMAAMAAAAA GCGGCCGC
CAU (SEQ ID NO: 62)
circ.GOl-long:

eACA (CDS)-stop codon-PolyAC-msiTS-IRES-start codon-eACA (CDS)
IRES= CVB3, CSFV, CroV, CDS= EGFP, Nluc, circZNF609, T2A-EGFP

FIG. 13B (continued)
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