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RNA VACCINES

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No. 63/227,972,
filed July 30, 2021, which is incorporated herein by reference in its entirety and for all

purposes.
SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing, which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on July 22, 2022 is named “049386-544001WO_SL ST26.xml” and is
485,649 bytes in size.

TECHNICAL FIELD
[0003] The present disclosure relates generally to inducing immune responses against

infectious agents and more specifically to RNA molecules and liponanoparticles as vaccines.

BACKGROUND

[0004] Infectious diseases represent significant burdens on health worldwide. According to
the World Health Organization (WHO), lower respiratory tract infection was the deadliest
infectious disease worldwide in 2016, causing approximately 3 million deaths. The impact of
infectious diseases is illustrated by the coronavirus disease 2019 (COVID-19) pandemic caused
by severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2). SARS-CoV-2 is a novel
coronavirus that was first identified in December 2019 in Wuhan, China and that has caused
more than 184 million confirmed infections and nearly 4 million deaths worldwide as of July
2021. Control measures to curb the rapid worldwide spread of SARS-CoV-2, such as national
lockdowns, closure of workplaces and schools, and reduction of international travel have been
damaging to global economies and social wellbeing.

[0005] Self-replicating ribonucleic acids (RNAs), e.g., RNAs derived from viral replicons,
and messenger RNAs (mRNAs) are useful for expression of proteins, such as heterologous
proteins, for a variety of purposes, such as expression of therapeutic proteins and expression
of antigens for vaccines. A desirable property of replicons is the ability for sustained expression
of the protein.

[0006] Few treatments for infections caused by viruses and eukaryotic organisms are

available, and resistance to antibiotics for the treatment of bacterial infections is increasing. In
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addition, rapid responses, including rapid vaccine development, are required to effectively
control emerging infectious diseases and pandemics. Thus, there exists a need for the

prevention and/or treatment of infectious diseases and cancer.

SUMMARY
[0007] The present disclosure provides RNA molecules that are useful for inducing immune
responses. Both self-replicating RNA molecules and messenger RNA (mRNA) molecules are
provided.
[0008] In some embodiments, provided herein are RNA molecules comprising: (a) a first
polynucleotide encoding one or more viral replication proteins, wherein one or more miRNA
binding sites in the first polynucleotide have been modified as compared to a reference
polynucleotide; and (b) a second polynucleotide comprising a first transgene encoding a first
antigenic protein or a fragment thereof.
[0009] Also provided herein, in some embodiments, are RNA molecules comprising: (i) a
first polynucleotide comprising a sequence having at least 80% identity to a sequence of SEQ
ID NO:6; and (ii) a second polynucleotide comprising a first transgene encoding a first
antigenic protein or a fragment thereof.
[0010] In some aspects, modification of the one or more miRNA binding sites reduces or
eliminates miRNA binding. In some aspects, two, three, four, five, six, seven, eight, nine, ten,
11, 12, 13, 14, or 15 miRNA binding sites in the first polynucleotide have been modified. In
some aspects, the one or more miRNA binding sites are selected from regions that bind a
miRNA having a sequence of SEQ ID NOs:58, 59, 72, 80, 81, 83, 101, 102, 103, 112, 113,
114, 128, 131, 142, 156, 157, 171, 175, and any combination thereof.
[0011] In some aspects, the one or more viral replication proteins of RNA molecules
provided herein are alphavirus proteins or rubivirus proteins. In some aspects, the alphavirus
proteins are from Venezuelan Equine Encephalitis Virus (VEEV), Eastern Equine Encephalitis
Virus (EEEV), Everglades Virus (EVEV), Mucambo Virus (MUCYV), Semliki Forest Virus
(SFV), Pixuna Virus (PIXV), Middleburg Virus (MIDV), Chikungunya Virus (CHIKYV),
O'Nyong-Nyong Virus (ONNV), Ross River Virus (RRV), Barmah Forest Virus (BFV), Getah
Virus (GETV), Sagiyama Virus (SAGV), Bebaru Virus (BEBV), Mayaro Virus (MAYV), Una
Virus (UNAYV), Sindbis Virus (SINV), Aura Virus (AURAYV), Whataroa Virus (WHAYV),
Babanki Virus (BABYV), Kyzylagach Virus (KYZV), Western Equine Encephalitis Virus
(WEEYV), Highland J Virus (HJV), Fort Morgan Virus (FMV), Ndumu Virus (NDUV),
Salmonid Alphavirus (SAV), Buggy Creek Virus (BCRYV), or any combination thereof.
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[0012] In some aspects, first polynucleotides of RNA molecules provided herein encode a
polyprotein comprising an alphavirus nsP1 protein, an alphavirus nsP2 protein, an alphavirus
nsP3 protein, an alphavirus nsP4 protein, or any combination thereof. In some aspects, first
polynucleotides encode a polyprotein comprising an alphavirus nsP1 protein, an alphavirus
nsP2 protein, an alphavirus nsP3 protein, or any combination thereof, and an alphavirus nsP4
protein. In some aspects, first polynucleotides comprise a sequence having at least 80%
identity to a sequence of SEQ ID NO:6. In some aspects, first polynucleotides comprise a
sequence having at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 97.5%, at least 98%, at least 98.5%, at
least 99%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, at least 99.9%, or
100% identity to a sequence of SEQ ID NO:6. In some aspects, first polynucleotides encode a
polyprotein comprising a sequence having at least 80%, at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
97.5%, at least 98%, at least 98.5%, at least 99%, at least 99.5%, at least 99.6%, at least 99.7%,
at least 99.8%, at least 99.9%, or 100% identity to a sequence of SEQ ID NO:187.

[0013] In some aspects, RNA molecules provided herein include a 5’ untranslated region
(UTR). In some aspects, the 5 UTR comprises a viral 5> UTR, a non-viral 5> UTR, or a
combination of viral and non-viral 5> UTR sequences. In some aspects, the 5" UTR comprises
an alphavirus 5 UTR. In some aspects, the alphavirus 5> UTR comprises a Venezuelan Equine
Encephalitis Virus (VEEV), Eastern Equine Encephalitis Virus (EEEV), Everglades Virus
(EVEV), Mucambo Virus (MUCYV), Semliki Forest Virus (SFV), Pixuna Virus (PIXV),
Middleburg Virus (MIDV), Chikungunya Virus (CHIKV), O'Nyong-Nyong Virus (ONNYV),
Ross River Virus (RRV), Barmah Forest Virus (BFV), Getah Virus (GETV), Sagiyama Virus
(SAGV), Bebaru Virus (BEBV), Mayaro Virus (MAYV), Una Virus (UNAYV), Sindbis Virus
(SINV), Aura Virus (AURAV), Whataroa Virus (WHAV), Babanki Virus (BABYV),
Kyzylagach Virus (KYZV), Western Equine Encephalitis Virus (WEEV), Highland J Virus
(HJV), Fort Morgan Virus (FMV), Ndumu Virus (NDUV), Salmonid Alphavirus (SAV), or
Buggy Creek Virus (BCRV) 5’ UTR sequence. In some aspects, the 5> UTR comprises a
sequence of SEQ ID NO:5.

[0014] In some aspects, RNA molecules provided herein include a 3° untranslated region
(UTR). In some aspects, the 3 UTR comprises a viral 3’ UTR, a non-viral 3> UTR, or a
combination of viral and non-viral 3° UTR sequences. In some aspects, the 3° UTR comprises
an alphavirus 3° UTR. In some aspects, the alphavirus 3> UTR comprises a Venezuelan Equine

Encephalitis Virus (VEEV), Eastern Equine Encephalitis Virus (EEEV), Everglades Virus
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(EVEV), Mucambo Virus (MUCYV), Semliki Forest Virus (SFV), Pixuna Virus (PIXV),
Middleburg Virus (MIDV), Chikungunya Virus (CHIKV), O'Nyong-Nyong Virus (ONNYV),
Ross River Virus (RRV), Barmah Forest Virus (BFV), Getah Virus (GETV), Sagiyama Virus
(SAGV), Bebaru Virus (BEBV), Mayaro Virus (MAYV), Una Virus (UNAYV), Sindbis Virus
(SINV), Aura Virus (AURAV), Whataroa Virus (WHAV), Babanki Virus (BABYV),
Kyzylagach Virus (KYZV), Western Equine Encephalitis Virus (WEEV), Highland J Virus
(HJV), Fort Morgan Virus (FMV), Ndumu Virus (NDUV), Salmonid Alphavirus (SAV), or
Buggy Creek Virus (BCRV) 3’ UTR sequence. In some aspects, the 3> UTR comprises a
sequence of SEQ ID NO:9. In some aspects, the 3> UTR further comprises a poly-A sequence.
[0015] In some aspects, the first antigenic protein of RNA molecules provided herein is a
viral protein, a bacterial protein, a fungal protein, a protozoan protein, or a parasite protein. In
some aspects, the viral protein is a coronavirus protein, an orthomyxovirus protein, a
paramyxovirus protein, a picornavirus protein, a flavivirus protein, a filovirus protein, a
rhabdovirus protein, a togavirus protein, an arterivirus protein, a bunyavirus protein, an
arenavirus protein, a reovirus protein, a bornavirus protein, a retrovirus protein, an adenovirus
protein, a herpesvirus protein, a polyomavirus protein, a papillomavirus protein, a poxvirus
protein, or a hepadnavirus protein. In some aspects, the first antigenic protein is a SARS-CoV-
2 protein, an influenza virus protein, a respiratory syncytial virus (RSV) protein, a human
immunodeficiency virus (HIV) protein, a hepatitis C virus (HCV) protein, a cytomegalovirus
(CMYV) protein, a Lassa Fever Virus (LFV) protein, an Ebola Virus (EBOV) protein, a
Mycobacterium protein, a Bacillus protein, a Yersinia protein, a Streptococcus protein, a
Pseudomonas protein, a Shigella protein, a Campylobacter protein, a Salmonella protein, a
Plasmodium protein, or a Toxoplasma protein. In some aspects, the first antigenic protein is a
SARS-CoV-2 spike glycoprotein. In some aspects, the SARS-CoV-2 spike glycoprotein
comprises an amino acid sequence having at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 97.5%, at least 98%,
at least 98.5%, at least 99%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, at
least 99.9%, or 100% identity to a sequence of SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16,
or SEQ ID NO:17. In some aspects, the second polynucleotide of RNA molecules provided
herein comprises a sequence having at least 85%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 97.5%, at least 98%,
at least 98.5%, at least 99%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, at
least 99.9%, or 100% identity to a sequence of SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12,
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or SEQ ID NO:13. In some aspects, the first transgene of RNA molecules provided herein is
expressed from a first subgenomic promoter.

[0016] In some aspects, the second polynucleotide of RNA molecules provided herein
includes at least two transgenes. In some aspects, a second transgene of the second
polynucleotide encodes a second antigenic protein or a fragment thereof or an
immunomodulatory protein. In some aspects, the second polynucleotide further comprises a
sequence encoding a 2A peptide, an internal ribosomal entry site (IRES), a second subgenomic
promoter, or a combination thereof, located between transgenes. In some aspects, the
immunomodulatory protein is a cytokine, a chemokine, or an interleukin. In some aspects, first
and second transgenes of second polynucleotides encode viral proteins, bacterial proteins,
fungal proteins, protozoan proteins, parasite proteins, immunomodulatory proteins, or any
combination thereof.

[0017] In some aspects, the first polynucleotide is located 5° of the second polynucleotide.
In some aspects, RNA molecules provided herein further include an intergenic region located
between the first polynucleotide and the second polynucleotide. In some aspects, the intergenic
region comprises a sequence having at least 85% identity to a sequence of SEQ ID NO:7.
[0018] In some aspects, RNA molecules provided herein are self-replicating RNA
molecules. In some aspects, RNA molecules provided herein include a sequence having at
least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 97.5%, at least 98%, at least 98.5%, at least 99%,
at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, at least 99.9%, or 100% identity
to a sequence of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, or SEQ ID NO:4. In some
aspects, RNA molecules provided herein are self-replicating RNA molecules. In some aspects,
RNA molecules provided herein include a sequence having at least 80%, at least 85%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 97.5%, at least 98%, at least 98.5%, at least 99%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9%, or 100% identity to a sequence of SEQ ID NO:29,
SEQ ID NO:32, SEQ ID NO:40, or SEQ ID NO:48.

[0019] In some aspects, RNA molecules provided herein further include a 5° cap. In some
aspects, the 5° cap has a Cap 1 structure, a Cap 1 ("A) structure, a Cap 2 structure, or a Cap 0
structure.

[0020] Provided herein, in some embodiments, are DNA molecules encoding any of the RNA

molecules provided herein. In some aspects, DNA molecules provided herein include a
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promoter. In some aspects, the promoter is located 5° of the 5 "UTR. In some aspects, the
promoter is a T7 promoter, a T3 promoter, or an SP6 promoter.

[0021] Provided herein, in some embodiments, are compositions comprising any RNA
molecule provided herein and alipid. In some aspects, the lipid comprises an ionizable cationic

lipid. In some aspects, the ionizable cationic lipid has a structure of

/f/\/;
or a pharmaceutically acceptable salt

>

thereof.
[0022] Provided herein, in some embodiments, are compositions comprising any RNA
molecule provided herein and a lipid formulation.
[0023] In some aspects, the lipid formulation comprises an ionizable cationic lipid. In some

aspects, the ionizable cationic lipid has a structure of
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[0024] In some aspects, the lipid formulation is selected from a lipoplex, a liposome, a lipid
nanoparticle, a polymer-based carrier, an exosome, a lamellar body, a micelle, and an emulsion.
In some aspects, the lipid formulation is a liposome selected from a cationic liposome, a
nanoliposome, a proteoliposome, a unilamellar liposome, a multilamellar liposome, a
ceramide-containing nanoliposome, and a multivesicular liposome. In some aspects, the lipid
formulation is a lipid nanoparticle. In some aspects, the lipid nanoparticle has a size of less
than about 200 nm. In some aspects, the lipid nanoparticle has a size of less than about 150
nm. In some aspects, the lipid nanoparticle has a size of less than about 100 nm. In some
aspects, the lipid nanoparticle has a size of about 55 nm to about 90 nm. In some aspects, the
lipid formulation comprises one or more cationic lipids. In some aspects, the one or more
cationic lipids is selected from S-carboxyspermylglycinedioctadecylamide (DOGS), 2,3-
dioleyloxy-N-[2(spermine-carboxamido)ethyl]-N,N-dimethyl-1-propanaminium  (DOSPA),
1,2-Dioleoyl-3-Dimethylammonium-Propane (DODAP), 1,2-Dioleoyl-3-
Trimethylammonium-Propane (DOTAP), 1,2-distearyloxy-N,N-dimethyl-3-aminopropane
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(DSDMA), 1,2-dioleyloxy-N,N-dimethyl-3-aminopropane (DODMA), 1,2-dilinoleyloxy-
N,N-dimethyl-3-aminopropane (DLinDMA), 1,2-dilinolenyloxy-N,N-dimethyl-3-
aminopropane (DLenDMA), N-dioleyl-N,N-dimethylammonium chloride (DODAC), N,N-
distearyl-N,N-dimethylammonium bromide (DDAB), N-(1,2-dimyristyloxyprop-3-yl)-N,N-
dimethyl-N-hydroxyethyl ammonium bromide (DMRIE), 3-dimethylamino-2-(cholest-5-en-3-
beta-oxybutan-4-oxy)-1-(cis,cis-9,12-oc-tadecadienoxy)propane (CLinDMA), 2-[5'-(cholest-
5-en-3-beta-oxy)-3'-oxapentoxy)-3-dimethy 1-1-(cis,cis-9',1-2"-octadecadienoxy )propane
(CpLinDMA), N,N-dimethyl-3,4-dioleyloxybenzylamine (DMOBA), 1,2-N,N'-
dioleylcarbamyl-3-dimethylaminopropane (DOcarbDAP), 2,3-Dilinoleoyloxy-N,N-
dimethylpropylamine (DLinDAP), 1,2-N,N'-Dilinoleylcarbamyl-3-dimethylaminopropane
(DLincarbDAP), 1,2-Dilinoleoylcarbamyl-3-dimethylaminopropane (DLinCDAP), 2.2-
dilinoleyl-4-dimethylaminomethyl-[1,3]-dioxolane (DLin-K-DMA), and 2,2-dilinoleyl-4-
dimethylaminoethyl-[1,3]-dioxolane or (DLin-K-XTC2-DMA). In some aspects, the lipid
formulation comprises an ionizable cationic lipid. In some aspects, the ionizable cationic lipid

has a structure of Formula I:

R7
0
RS\XG/LKN)LL/W\R/N\RB
LG\x5
F|<6 )

or a pharmaceutically acceptable salt or solvate thereof, wherein R>and R®are each
independently selected from the group consisting of a linear or branched C1.Cs; alkyl, C2.Cs1
alkenyl or C,.C3; alkynyl and cholesteryl; L° and L° are each independently selected from the
group consisting of a linear C1.Cao alkyl and C2.Cao alkenyl; X is -C(O)O-, whereby -C(0)O-
RS is formed or -OC(0O)- whereby -OC(0)-R® is formed; X®is -C(0)O- whereby -C(0)O-R® is
formed or -OC(O)- whereby -OC(0)-R’ is formed; X’is S or O; L”is absent or lower alkyl;
R*is a linear or branched C1.Cs alkyl; and R” and R® are each independently selected from the
group consisting of a hydrogen and a linear or branched C:.Cs alkyl. In some aspects, the

ionizable cationic lipid is selected from
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[0025]

In some aspects, the ionizable cationic lipid is ATX-126:
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[0026] In some aspects, the lipid formulation of compositions provided herein encapsulates

O 0O

/>_\—\N _/<0 ATX-126.
S

o}

o}

the nucleic acid molecule. In some aspects, the lipid formulation is complexed to the nucleic
acid molecule.

[0027] In some aspects, the lipid formulation further comprises a helper lipid. In some
aspects, the helper lipid is a phospholipid. In some aspects, the helper lipid is selected from
dioleoylphosphatidyl ethanolamine (DOPE), dimyristoylphosphatidyl choline (DMPC),
distearoylphosphatidyl choline (DSPC), dimyristoylphosphatidyl glycerol (DMPG),
dipalmitoyl phosphatidylcholine (DPPC), and phosphatidylcholine (PC). In some aspects, the
helper lipid is distearoylphosphatidylcholine (DSPC).

[0028] In some aspects, the lipid formulation of compositions provided herein further
comprises cholesterol. In some aspects, the lipid formulation further comprises a polyethylene
glycol (PEG)-lipid conjugate. In some aspects, the PEG-lipid conjugate is PEG-DMG. In
some aspects, the PEG-DMG is PEG2000-DMG.

[0029] In some aspects, the lipid portion of the lipid formulation comprises about 40 mol%
to about 60 mol% of the ionizable cationic lipid, about 4 mol% to about 16 mol% DSPC, about
30 mol% to about 47 mol% cholesterol, and about 0.5 mol% to about 3 mol% PEG2000-DMG.
In some aspects, the lipid portion of the lipid formulation comprises about 42 mol% to about
58 mol% of the ionizable cationic lipid, about 6 mol% to about 14 mol% DSPC, about 32 mol%
to about 44 mol% cholesterol, and about 1 mol% to about 2 mol% PEG2000-DMG. In some
aspects, the lipid portion of the lipid formulation comprises about 45 mol% to about 55 mol%
of the ionizable cationic lipid, about 8 mol% to about 12 mol% DSPC, about 35 mol% to about
42 mol% cholesterol, and about 1.25 mol% to about 1.75 mol% PEG2000-DMG.

20
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[0030] In some aspects, the composition has a total lipid:nucleic acid molecule weight ratio
of about 50:1 to about 10:1. In some aspects, the composition has a total lipid:nucleic acid
molecule weight ratio of about 44:1 to about 24:1. In some aspects, the composition has a total
lipid: nucleic acid molecule weight ratio of about 40:1 to about 28:1. In some aspects, the
composition has a total lipid: nucleic acid molecule weight ratio of about 38:1 to about 30:1.
In some aspects, the composition has a total lipid: nucleic acid molecule weight ratio of about
37:1 to about 33:1.

[0031] Insome aspects, the composition comprises a HEPES or TRIS buffer at a pH of about
7.0 to about 8.5. In some aspects, the HEPES or TRIS buffer is at a concentration of about 7
mg/mL to about 15 mg/mL.

[0032] In some aspects, the composition further comprises about 2.0 mg/mL to about 4.0
mg/mL of NaCl. In some aspects, the composition further comprises one or more
cryoprotectants. In some aspects, the one or more cryoprotectants are selected from sucrose,
glycerol, or a combination of sucrose and glycerol. In some aspects, the composition comprises
a combination of sucrose at a concentration of about 70 mg/mL to about 110 mg/mL and
glycerol at a concentration of about 50 mg/mL to about 70 mg/mL.

[0033] In some aspects, the composition is a lyophilized composition. In some aspects, the
lyophilized composition comprises one or more lyoprotectants. In some aspects, the
lyophilized composition comprises a poloxamer, potassium sorbate, sucrose, or any
combination thereof. In some aspects, the poloxamer is poloxamer 188.

[0034] In some aspects, the lyophilized composition comprises about 0.01 to about 1.0 %
w/w of the RNA molecule. In some aspects, the lyophilized composition comprises about 1.0
to about 5.0 % w/w lipids. In some aspects, the lyophilized composition comprises about 0.5
to about 2.5 % w/w of TRIS buffer. In some aspects, the lyophilized composition comprises
about 0.75 to about 2.75 % w/w of NaCl. In some aspects, the lyophilized composition
comprises about 85 to about 95 % w/w of a sugar. In some aspects, the sugar is sucrose. In
some aspects, the lyophilized composition comprises about 0.01 to about 1.0 % w/w of a
poloxamer. In some aspects, the poloxamer is poloxamer 188. In some aspects, the lyophilized
composition comprises about 1.0 to about 5.0 % w/w of potassium sorbate.

[0035] In some aspects, compositions provided herein include an RNA molecule comprising
(A) a sequence of SEQ ID NO:1; (B) a sequence of SEQ ID NO:2; (C) a sequence of SEQ ID
NO:3; or (D) a sequence of SEQ ID NO:4. In some aspects, compositions provided herein
include an RNA molecule comprising a sequence of SEQ ID NO:29. In some aspects,

compositions provided herein include an RNA molecule comprising a sequence of SEQ ID
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NO:32. In some aspects, compositions provided herein include an RNA molecule comprising
a sequence of SEQ ID NO:48. In some aspects, compositions provided herein include an RNA
molecule comprising a sequence of SEQ ID NO:40.

[0036] Provided herein, in some embodiments, are lipid nanoparticle compositions
comprising a. a lipid formulation comprising i. about 45 mol% to about 55 mol% of an

ionizable cationic lipid having the structure of ATX-126:

b

ii. about 8 mol% to about 12 mol% DSPC; iii. about 35 mol% to about 42 mol% cholesterol;
and iv. about 1.25 mol% to about 1.75 mol% PEG2000-DMG; and b. an RNA molecule having
at least 80% identity to a sequence of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, or SEQ ID

(o]

0>_\—\ 0O _ .
N—{ ATX-126;

OWJ S

> e

NO:4; wherein the lipid formulation encapsulates the RNA molecule and the lipid nanoparticle
has a size of about 60 to about 90 nm. In some aspects, the RNA molecule included in lipid
nanoparticle compositions provided herein has at least 80% identity to a sequence of SEQ ID
NO:29. In some aspects, the RNA molecule included in lipid nanoparticle compositions
provided herein has at least 80% identity to a sequence of SEQ ID NO:32. In some aspects,
the RNA molecule included in lipid nanoparticle compositions provided herein has at least
80% identity to a sequence of SEQ ID NO:40. In some aspects, the RNA molecule included
in lipid nanoparticle compositions provided herein has at least 80% identity to a sequence of
SEQ ID NO:48. In some aspects, the RNA molecule included in lipid nanoparticle
compositions provided herein has at least 80% identity to a sequence of SEQ ID NO:29. In
some aspects, the RNA molecule included in lipid nanoparticle compositions provided herein
has at least 80% identity to a sequence of SEQ ID NO:32.

[0037] Provided herein, in some embodiments, are methods for administering compositions

provided herein to a subject in need thereof. In some aspects, compositions provided herein

22



WO 2023/010128 PCT/US2022/074337

are administered intramuscularly, subcutaneously, intradermally, transdermally, intranasally,
orally, sublingually, intravenously, intraperitoneally, topically, by aerosol, or by a pulmonary
route. In some aspects, compositions provided herein are administered intramuscularly.
[0038] Provided herein, in some embodiments, are methods of administering a composition
provided herein to a subject in need thereof, wherein the composition is lyophilized and is
reconstituted prior to administration.

[0039] Provided herein, in some embodiments, are methods of preventing or ameliorating
COVID-19, comprising administering a composition provided herein to a subject in need
thereof. In some aspects, the composition is administered one time. In some aspects, the
composition is administered two times.

[0040] Provided herein, in some embodiments, are methods of administering a booster dose
to a vaccinated subject, comprising administering a composition provided herein to a subject
who was previously vaccinated against coronavirus.

[0041] In some aspects, a composition provided herein is administered at a dosage of about
0.01 pg to about 1,000 pg of nucleic acid in the methods provided herein. In some aspects, a
composition provided herein is administered at a dosage of about 1, 2, 5, 7.5, or 10 pg of
nucleic acid.

[0042] Provided herein, in some embodiments, are methods of inducing an immune response
in a subject comprising: administering to the subject an effective amount of an RNA molecule
provided herein. In some aspects, the RNA molecule is administered intramuscularly,
subcutaneously, intradermally, transdermally, intranasally, orally, sublingually, intravenously,
intraperitoneally, topically, by aerosol, or by a pulmonary route.

[0043] Provided herein, in some embodiments, are methods of inducing an immune response
in a subject comprising: administering to the subject an effective amount of a composition
provided herein. In some aspects, the composition is administered intramuscularly,
subcutaneously, intradermally, transdermally, intranasally, orally, sublingually, intravenously,
intraperitoneally, topically, by aerosol, or by a pulmonary route.

[0044] Provided herein, in some embodiments, are RNA molecules for use in inducing an
immune response to the first antigenic protein or fragment thereof.

[0045] Also provided herein, in some embodiments, is the use of an RNA molecule provided
herein in the manufacture of a medicament for inducing an immune response to the first

antigenic protein or fragment thereof.
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[0046] In another embodiment, the present disclosure provides an RNA molecule for
expressing an antigen comprising an open reading frame having at least 80% identity to a

sequence of SEQ ID NO:33 or SEQ ID NO:30, wherein T is substituted with U.

[0047] In some aspects the RNA molecule further comprises a 5> UTR having a sequence
selected from SEQ ID NO:35, SEQ ID NOs:189-218, or SEQ ID NOs:233-279.

[0048] In some aspects the RNA molecule further comprises a 3° UTR having a sequence
selected from SEQ ID NO:37, SEQ ID NOs:219-225, or SEQ ID NOs:280-317.

[0049] In some aspects the RNA molecule further comprises a 5’ cap. In some aspects the 5’

cap has a Cap 1 structure, a Cap 1 (m6A) structure, a Cap 2 structure, or a Cap 0 structure.
[0050] In some aspects the RNA molecule further comprises a poly-A tail.

[0051] In another embodiment, the present disclosure provides an RNA molecule for
expressing an antigen comprising an open reading frame having at least 80% identity to a
sequence of SEQ ID NO:33, a5’ UTR comprising a sequence of SEQ ID NO:35, and a3’ UTR
comprising a sequence of SEQ ID NO:37; or an open reading frame having at least 80% identity
to a sequence of SEQ ID NO:30, a 5 UTR comprising a sequence of SEQ ID NO:35, and a 3’
UTR comprising a sequence of SEQ ID NO:37, wherein T is substituted with U.

[0052] In some aspects the RNA molecule further comprises a 5° cap. In some aspects the 5’

cap has a Cap 1 structure, a Cap 1 (m6A) structure, a Cap 2 structure, or a Cap O structure.
[0053] In some aspects the RNA molecule further comprises a poly-A tail.

[0054] In another embodiment, the present disclosure provides a DNA molecule encoding

any one of the RNA molecules described herein.

[0055] In some aspects the DNA molecule comprises a promoter. In some aspects the

promoter is a T7 promoter, a T3 promoter, or an SP6 promoter.

[0056] In another embodiment, the present disclosure provides a composition comprising

any of the RNA molecules described herein, and a lipid formulation.

[0057] In some aspects the lipid formulation is selected from a lipoplex, a liposome, a lipid

nanoparticle, a polymer-based carrier, an exosome, a lamellar body, a micelle, and an emulsion.

[0058] In some aspects the lipid formulation is a liposome selected from a cationic liposome,
a nanoliposome, a proteoliposome, a unilamellar liposome, a multilamellar liposome, a

ceramide-containing nanoliposome, and a multivesicular liposome.
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[0059] In some aspects the lipid formulation is a lipid nanoparticle.

[0060] In some aspects the lipid formulation comprises one or more cationic lipids. In some
aspects the one or more cationic lipids is  selected from = 5-
carboxyspermylglycinedioctadecylamide (DOGY), 2,3-dioleyloxy-N-[2(spermine-
carboxamido)ethyl]-N,N-dimethyl-1-propanaminium (DOSPA), 1,2-Dioleoyl-3-
Dimethylammonium-Propane  (DODAP), 1,2-Dioleoyl-3-Trimethylammonium-Propane
(DOTAP), 1,2-distearyloxy-N,N-dimethyl-3-aminopropane (DSDMA), 1,2-dioleyloxy-N,N-
dimethyl-3-aminopropane  (DODMA), 1,2-dilinoleyloxy-N,N-dimethyl-3-aminopropane
(DLinDMA), 1,2-dilinolenyloxy-N,N-dimethyl-3-aminopropane (DLenDMA), N-dioleyl-
N,N-dimethylammonium chloride (DODAC), N,N-distearyl-N,N-dimethylammonium
bromide (DDAB), N-(1,2-dimyristyloxyprop-3-yl)-N,N-dimethyl-N-hydroxyethyl ammonium
bromide (DMRIE), 3-dimethylamino-2-(cholest-5-en-3-beta-oxybutan-4-oxy)-1-(cis,cis-9,12-
oc-tadecadienoxy)propane (CLinDMA), 2-[5'-(cholest-5-en-3-beta-oxy)-3'-oxapentoxy)-3-
dimethy 1-1-(cis,cis-9',1-2"-octadecadienoxy)propane (CpLinDMA), N,N-dimethyl-3,4-
dioleyloxybenzylamine (DMOBA), 1,2-N,N'-dioleylcarbamyl-3-dimethylaminopropane
(DOcarbDAP),  2,3-Dilinoleoyloxy-N,N-dimethylpropylamine ~ (DLinDAP), 1,2-N,N'-
Dilinoleylcarbamyl-3-dimethylaminopropane (DLincarbDAP), 1,2-Dilinoleoylcarbamyl-3-
dimethylaminopropane (DLinCDAP), 2,2-dilinoleyl-4-dimethylaminomethyl-[ 1,3]-dioxolane
(DLin-K-DMA), and 2,2-dilinoleyl-4-dimethylaminoethyl-[1,3]-dioxolane or (DLin-K-XTC2-
DMA).

[0061] In some aspects the lipid formulation comprises an ionizable cationic lipid. In some

aspects the ionizable cationic lipid has a structure of Formula I:

R7
(0]
RS\XG/LE’\NJKL/W\R/N\RS
LG\ y
F|<6 )

or a pharmaceutically acceptable salt or solvate thereof, wherein R5 and R6 are each
independently selected from the group consisting of a linear or branched C1-C31 alkyl, C2-
C31 alkenyl or C2-C31 alkynyl and cholesteryl; L5 and L6 are each independently selected
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from the group consisting of a linear C1-C20 alkyl and C2-C20 alkenyl; X5 is -C(0)O-,
whereby -C(0)O-R6 is formed or -OC(O)- whereby -OC(0O)-R6 is formed; X6 is -C(O)O-
whereby -C(O)O-RS5 is formed or -OC(O)- whereby -OC(O)-RS is formed; X7is S or O; L7 is
absent or lower alkyl; R4 is a linear or branched C1-C6 alkyl, and R7 and R8 are each
independently selected from the group consisting of a hydrogen and a linear or branched C1-

C6 alkyl.

[0062] In some aspects the ionizable cationic lipid is selected from

;5 I
\/;?ZW SMN_
> ﬂ
/\/\E)\OJOK/\ s/ Ni

OY\/O

o

/\/j/;
, or a pharmaceutically acceptable salt thereof.

[0063] In some aspects the lipid formulation comprises a helper lipid. In some aspects the

N
\

Ny
o )_/_/4 S\

(o)

helper lipid is a phospholipid.

[0064] In some aspects the helper lipid is selected from dioleoylphosphatidyl ethanolamine
(DOPE), dimyristoylphosphatidyl choline (DMPC), distearoylphosphatidyl choline (DSPC),
dimyristoylphosphatidyl glycerol (DMPG), dipalmitoyl phosphatidylcholine (DPPC), and
phosphatidylcholine (PC).

26



WO 2023/010128 PCT/US2022/074337

[0065] In some aspects the lipid formulation comprises cholesterol.

[0066] In some aspects the lipid formulation comprises a polyethylene glycol (PEG)-lipid

conjugate.

[0067] In another embodiment, the present disclosure provides a method of inducing an
immune response in a subject comprising administering to the subject an effective amount of

any of the RNA molecules or compositions described herein.

[0068] In some aspects the method comprises administering the RNA molecule or the
composition intramuscularly, subcutaneously, intradermally, transdermally, intranasally,

orally, sublingually, intravenously, intraperitoneally, topically, or by a pulmonary route.

[0069] In another embodiment, the present disclosure provides a method of administering
administering a booster dose to a vaccinated subject, comprising administering any of the RNA
molecules or compositions described herein to a subject who was previously vaccinated against

coronavirus.

[0070] In some aspects the method comprises administering the RNA molecule or the
composition intramuscularly, subcutaneously, intradermally, transdermally, intranasally,

orally, sublingually, intravenously, intraperitoneally, topically, or by a pulmonary route.

[0071] In some aspects the RNA molecules or compositions described herein are used for

inducing an immune response to the antigen.

[0072] In some aspects the RNA molecules or compositions described herein are used in the

manufacture of a medicament for inducing an immune response to the antigen.

BRIEF DESCRIPTION OF THE DRAWINGS
[0073] FIG. 1A shows a schematic of an exemplary self-replicating RNA, including nsP1-
nsP4 replicase and coronavirus spike transgene regions.
[0074] FIG. 1B shows exemplary miRNA binding sites based on predictions by miRanda
(Enright, A.J., John, B., Gaul, U. et al. MicroRNA targets in Drosophila. Genome Biol 5, R1
(2003). doi.org/10.1186/gb-2003-5-1-r1). The Venezuelan equine encephalitis virus (VEEV)
non-structural protein coding region is shown, with 15 predicted binding sites shown by grey

rectangles.
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[0075] FIG. 2A shows a Western blot of SARS-CoV-2 spike protein expressed from the
indicated construct. Full-length spike protein and the S1 and S2 domains are indicated by
arrows.

[0076] FIG. 2B shows quantitation of SARS-CoV-2 spike protein expressed from the
indicated constructs.

[0077] FIG. 3A shows a Western blot of SARS-CoV-2 South African variant spike protein
expressed from the indicated construct. The arrow indicates the full-length spike protein.
[0078] FIG. 3B shows a Western blot of SARS-CoV-2 D614G variant spike protein
expressed from the indicated construct. The arrow indicates the full-length spike protein.
[0079] FIG. 3C shows a Western blot of SARS-CoV-2 D614G variant spike protein
expressed from the indicated construct. The arrow indicates the full-length spike protein.
[0080] FIG. 3D shows quantitation of SARS-CoV-2 spike protein expression from the
indicated constructs.

[0081] FIG. 4A shows quantitation of SARS-CoV-2 South African variant spike protein
expression from the indicated construct as compared to reference.

[0082] FIG. 4B shows quantitation of SARS-CoV-2 D614G variant spike protein expression
from the indicated construct as compared to reference.

[0083] FIG. 4C shows quantitation of SARS-CoV-2 D614G variant spike protein expression
from the indicated construct as compared to reference.

[0084] FIG. SA shows total Immunoglobulin G (IgG) against the indicated SARS-CoV-2
spike proteins following immunization of mice with self-replicating RNA encoding a SARS-
CoV-2 wild-type spike protein (Wuhan).

[0085] FIG. SB shows neutralizing antibodies against the indicated SARS-CoV-2 spike
proteins following immunization of mice with self-replicating RNA encoding a SARS-CoV-2
wild-type spike protein (Wuhan).

[0086] FIG. 5C shows total IgG against the indicated SARS-CoV-2 spike protein variants
following immunization of mice with self-replicating RNA encoding a SARS-CoV-2 D614G
spike protein variant.

[0087] FIG. 5D shows neutralizing antibodies against the indicated SARS-CoV-2 spike
proteins following immunization of mice with self-replicating RNA encoding a SARS-CoV-2
D614G spike protein variant.

[0088] FIG. SE shows total IgG against the indicated SARS-CoV-2 spike proteins following
immunization of mice with self-replicating RNA encoding a SARS-CoV-2 South African spike

protein variant.

28



WO 2023/010128 PCT/US2022/074337

[0089] FIG. SF shows neutralizing antibodies against the indicated SARS-CoV-2 spike
proteins following immunization of mice with self-replicating RNA encoding a SARS-CoV-2
South African spike protein variant.

[0090] FIG. 6A shows total IgG against the indicated SARS-CoV-2 spike proteins following
immunization of mice with 2 pg of an mRNA RNA encoding a SARS-CoV-2 D614G spike
protein variant.

[0091] FIG. 6B shows total IgG against the indicated SARS-CoV-2 spike proteins following
immunization of mice with 15 ug of an mRNA RNA encoding a SARS-CoV-2 D614G spike
protein variant.

[0092] FIG. 6C shows neutralizing antibodies against the indicated SARS-CoV-2 spike
proteins following immunization of mice with 2 ug of an mRNA RNA encoding a SARS-CoV-
2 D614G spike protein variant.

[0093] FIG. 6D shows neutralizing antibodies against the indicated SARS-CoV-2 spike
proteins following immunization of mice with 15 pug of an mRNA RNA encoding a SARS-
CoV-2 D614G spike protein variant.

[0094] FIG. 7A shows total IgG against the indicated SARS-CoV-2 spike proteins following
immunization of non-human primates (NHPs) with self-replicating RNA encoding a SARS-
CoV-2 wild-type spike protein (Wuhan).

[0095] FIG. 7B shows neutralizing antibodies against the indicated SARS-CoV-2 spike
proteins following immunization of non-human primates (NHPs) with self-replicating RNA
encoding a SARS-CoV-2 wild-type spike protein (Wuhan).

[0096] FIG. 7C shows total IgG against the indicated SARS-CoV-2 spike proteins following
immunization of non-human primates (NHPs) with self-replicating RNA encoding a SARS-
CoV-2 D614G spike protein variant.

[0097] FIG. 7D shows neutralizing antibodies against the indicated SARS-CoV-2 spike
proteins following immunization of non-human primates (NHPs) with self-replicating RNA
encoding a SARS-CoV-2 D614G spike protein variant.

[0098] FIG. 7E shows total IgG against the indicated SARS-CoV-2 spike proteins following
immunization of non-human primates (NHPs) with self-replicating RNA encoding a SARS-
CoV-2 South African spike protein variant.

[0099] FIG. 7F shows neutralizing antibodies against the indicated SARS-CoV-2 spike
proteins following immunization of non-human primates (NHPs) with self-replicating RNA

encoding a SARS-CoV-2 South African spike protein variant.
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[00100] FIG. 7G shows total IgG against the indicated SARS-CoV-2 spike proteins
following immunization of non-human primates (NHPs) with an mRNA RNA encoding a
SARS-CoV-2 D614G spike protein variant.

[00101] FIG. 7H shows neutralizing antibodies against the indicated SARS-CoV-2 spike
proteins following immunization of non-human primates (NHPs) with an mRNA RNA
encoding a SARS-CoV-2 D614G spike protein variant.

[00102] FIG. 8 shows HALI titers obtained for self-replicating RNA and mRNA constructs
encoding the hemagglutinin of influenza virus A/California/07/2009 (HIN1).

[00103] FIGs. 9A-9D show results of Luminex Assay for anti-SARS-Cov-2 Spike
Glycoprotein IgG in two pre-clinical studies. BALB/c mice were vaccinated with increasing
RNA doses of self-replicating RNA (SEQ ID NO:18) formulated as lyophilized lipid
nanoparticles (LYO-LNP) and liquid (frozen) lipid nanoparticles (Liquid-LNP). (9A) First
Study 0.2 ug, (9B) First Study 2 pg, (9C) Second Study 0.2 pg, and (9D) Second Study 2 pg.
Blood was collected and processed to serum at various times post-vaccination and evaluated
for anti-SARS-CoV-2 spike glycoprotein IgG. Two way ANOVA, Tukey’s multiple
comparison post-test compared LYO-LNP to Liquid-LNP where * p <0.0332, ** p <0.0021,
*k% b < 0,0002, ¥*** p < 0.0001.

[00104] FIGs. 10A-10B show the Area Under the Curve (AUC) Analysis for anti-SARS-
Cov-2 Spike Glycoprotein IgG (First and Second Study combined data). [gG assay results were
combined from two studies to evaluate self-replicating RNA (SEQ ID NO:18) formulated as
lyophilized lipid nanoparticles (LYO-LNP) and liquid (frozen) lipid nanoparticles (Liquid-
LNP) at (10A) 0.2 pg, and (10B) 2 pg. N=10/group. First Study Day 19 and 31 results were
combined with Second Study Day 20 and 30 results, respectively, and an Area Under the Curve
(AUC) analysis was performed. One way ANOVA, Sidak’s multiple comparison post-test
compared LYO-LNP to Liquid-LNP and resulted in no statistical differences.

DETAILED DESCRIPTION
[00105] The present disclosure relates to RNAs, e.g., self-replicating RNAs and messenger
RNAs (mRNAs), and nucleic acids encoding the same for expression of transgenes such as
antigenic proteins, for example. Also provided herein are methods of administration (e.g., to a
host, such as a mammalian subject) of RNAs, whereby the RNA is translated in vivo and the
heterologous protein-coding sequence is expressed and, e.g., can elicit an immune response to
the heterologous protein-coding sequence in the recipient or provide a therapeutic effect,

including induction of an immune response, where the heterologous protein-coding sequence
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is a therapeutic or an antigenic protein. RNAs, e.g., self-replicating RNAs and messenger
RNAs (mRNAs), provided herein are useful as vaccines that can be rapidly generated and that
can be effective at low and/or single doses. The present disclosure further relates to methods
of inducing an immune response using RNAs provided herein.
[00106] In some embodiments, an immune response can be elicited against coronavirus.
Immunogens include, but are not limited to, those derived from a SARS coronavirus, avian
infectious bronchitis (IBV), Mouse hepatitis virus (MHV), and Porcine transmissible
gastroenteritis virus (TGEV). The coronavirus immunogen may be a spike polypeptide.
[00107]  Self-replicating RNAs are described, for example, in U.S. 2018/0036398, the
contents of which are incorporated by reference in their entirety.

Definitions
[00108] As used herein, the term “fragment,” when referring to a protein or nucleic acid, for
example, means any shorter sequence than the full-length protein or nucleic acid. Accordingly,
any sequence of a nucleic acid or protein other than the full-length nucleic acid or protein
sequence can be a fragment. In some aspects, a protein fragment includes an epitope. In other
aspects, a protein fragment is an epitope.
[00109] As used herein, the term “nucleic acid” refers to any deoxyribonucleic acid (DNA)
molecule, ribonucleic acid (RNA) molecule, or nucleic acid analogues. A DNA or RNA
molecule can be double-stranded or single-stranded and can be of any size. Exemplary nucleic
acids include, but are not limited to, chromosomal DNA, plasmid DNA, cDNA, cell-free DNA
(cfDNA), mitochondrial DNA, chloroplast DNA, viral DNA, mRNA, tRNA, rRNA, long non-
coding RNA, siRNA, micro RNA (miRNA or miR), hnRNA, and viral RNA. Exemplary
nucleic analogues include peptide nucleic acid, morpholino- and locked nucleic acid, glycol
nucleic acid, and threose nucleic acid. As used herein, the term “nucleic acid molecule” is
meant to include fragments of nucleic acid molecules as well as any full-length or non-
fragmented nucleic acid molecule, for example. As used herein, the terms “nucleic acid” and
“nucleic acid molecule” can be used interchangeably, unless context clearly indicates
otherwise.
[00110] As used herein, the term “polynucleotide” refers to a nucleic acid sequence that
includes at least two nucleotide monomers. The term “polynucleotide” can refer to DNA,
RNA, or nucleic acid analogues. A “polynucleotide” can be double-stranded or single-stranded
and can be of any size. A polynucleotide can be a separate nucleic acid molecule or be a part
of a nucleic acid molecule. Accordingly, the term “polynucleotide” can refer to a nucleic acid

molecule or to a region of a nucleic acid molecule.
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[00111] As used herein, the term “protein” refers to any polymeric chain of amino acids.
The terms “peptide” and “polypeptide” can be used interchangeably with the term protein,
unless context clearly indicates otherwise, and can also refer to a polymeric chain of amino
acids. The term “protein” encompasses native or artificial proteins, protein fragments and
polypeptide analogs of a protein sequence. A protein may be monomeric or polymeric. The
term “protein” encompasses fragments and variants (including fragments of variants) thereof,
unless otherwise contradicted by context.

[00112] In general, “sequence identity” or “sequence homology,” which can be used
interchangeably, refer to an exact nucleotide-to-nucleotide or amino acid-to-amino acid
correspondence of two polynucleotides or polypeptide sequences, respectively. Typically,
techniques for determining sequence identity include determining the nucleotide sequence of a
polynucleotide and/or determining the amino acid sequence encoded thereby or the amino acid
sequence of a polypeptide, and comparing these sequences to a second nucleotide or amino
acid sequence. As used herein, the term “percent (%) sequence identity” or “percent (%)
identity,” also including “percent homology,” refers to the percentage of amino acid residues
or nucleotides in a sequence that are identical with the amino acid residues or nucleotides in a
reference sequence after aligning the sequences and introducing gaps, if necessary, to achieve
the maximum percent sequence identity, and not considering any conservative substitutions as
part of the sequence identity. Thus, two or more sequences (polynucleotide or amino acid) can
be compared by determining their “percent identity,” also referred to as “percent homology.”
The percent identity to a reference sequence (e.g., nucleic acid or amino acid sequences), which
may be a sequence within a longer molecule (e.g., polynucleotide or polypeptide), may be
calculated as the number of exact matches between two optimally aligned sequences divided
by the length of the reference sequence and multiplied by 100. Percent identity may also be
determined, for example, by comparing sequence information using the advanced BLAST
computer program, including version 2.2.9, available from the National Institutes of Health.
The BLAST program is based on the alignment method of Karlin and Altschul, Proc. Natl.
Acad. Sci. USA 87:2264-2268 (1990) and as discussed in Altschul et al., J. Mol. Biol. 215:403-
410 (1990); Karlin and Altschul, Proc. Natl. Acad. sci. USA 90:5873-5877 (1993); and
Altschul et al., Nucleic Acids Res. 25:3389-3402 (1997). Briefly, the BLAST program defines
identity as the number of identical aligned symbols (i.e., nucleotides or amino acids), divided
by the total number of symbols in the shorter of the two sequences. The program may be used
to determine percent identity over the entire length of the sequences being compared. Default

parameters are provided to optimize searches with short query sequences, for example, with
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the blastp program. The program also allows use of an SEG filter to mask-off segments of the
query sequences as determined by the SEG program of Wootton and Federhen, Computers and
Chemistry 17: 149-163 (1993). Ranges of desired degrees of sequence identity are
approximately 80% to 100% and integer values in between. Percent identities between a
reference sequence and a claimed sequence can be at least 80%, at least 85%, at least 90%, at
least 95%, at least 98%, at least 99%, at least 99.5%, or at least 99.9%. In general, an exact
match indicates 100% identity over the length of the reference sequence. Additional programs
and methods for comparing sequences and/or assessing sequence identity include the
Needleman-Wunsch algorithm (see, e.g., the EMBOSS Needle aligner available at
ebi.ac.uk/Tools/psa/emboss needle/, optionally with default settings), the Smith-Waterman
algorithm (see, e.g, the EMBOSS Water aligner available at ebi.ac.uk/Tools/psa/emboss
water/, optionally with default settings), the similarity search method of Pearson and Lipman,
1988, Proc. Natl. Acad. Sci. USA 85, 2444, or computer programs which use these algorithms
(GAP, BESTFIT, FASTA, BLAST P, BLAST N and TFASTA in Wisconsin Genetics
Software Package, Genetics Computer Group. 575 Science Drive, Madison, Wis.). In some
aspects, reference to percent sequence identity refers to sequence identity as measured using
BLAST (Basic Local Alignment Search Tool). In other aspects, ClustalW is used for multiple
sequence alignment. Optimal alignment may be assessed using any suitable parameters of a
chosen algorithm, including default parameters.

[00113] As used herein, “homologous sequences” refers to sequences that share sequence
similarity and/or structural similarity (Pearson, 2013, An Introduction to Sequence similarity
(“Homology”) Searching, Current Protoc Bioinformatics, 42:3.1.1-3.1.8). Accordingly,
homologous sequences share common evolutionary ancestry or are derived from a common
sequence. Homologous sequences can also share structural or sequence similarity to an
intermediate sequence. Homologous sequences can have similar functions, 7.e., have
functional similarity. Homology can be inferred based on nucleic acid and/or amino acid
sequence, with protein similarity searches generally having greater sensitivity than nucleic acid
sequence searches. Homology can also be inferred for amino acid sequences that include
similar amino acids, i.e., amino acids with similar physiochemical properties, rather than
identical amino acids over at least a region of sequence. The terms “homologous sequences,”
“homologues,” and “homologous nucleic acid” and/or “homologous protein” can be used
interchangeably, unless context clearly indicated otherwise.

[00114] As used herein, the term “drug” or “medicament,” means a pharmaceutical

formulation or composition as described herein.

33



WO 2023/010128 PCT/US2022/074337

[T 2 13

[00115] As used herein, the singular forms “a,” “an,” and “the” include plural references
unless the context clearly dictates otherwise. Thus, for example, references to "the method"
includes one or more methods, and/or steps of the type described herein which will become
apparent to those persons skilled in the art upon reading this disclosure and so forth.

[00116] “About” as used herein when referring to a measurable value such as an amount, a
temporal duration, and the like, is meant to encompass variations of +20%, or +10%, or 5%,
or even £1% from the specified value, as such variations are appropriate for the disclosed
methods or to perform the disclosed methods.

[00117] The term “expression” refers to the process by which a nucleic acid sequence or a
polynucleotide is transcribed from a DNA template (such as into mRNA or other RNA
transcript) and/or the process by which a transcribed mRNA or other RNA is subsequently
translated into peptides, polypeptides, or proteins. Transcripts and encoded polypeptides may
be collectively referred to as “gene product.”

[00118] As used herein, the terms “self-replicating RNA,” “self-transcribing and self-
replicating  RNA,” “self-amplifying RNA (saRNA),” and “replicon” may be used
interchangeably, unless context clearly indicates otherwise. Generally, the term “replicon” or
“viral replicon” refers to a self-replicating subgenomic RNA derived from a viral genome that
includes viral genes encoding non-structural proteins important for viral replication and that
lacks viral genes encoding structural proteins. A self-replicating RNA can encode further
subgenomic RNAs that are not able to self-replicate. A self-replicating RNA can also be
referred to as a “STARR™” RNA.

”

[00119] As used herein, “operably linked,” “operable linkage,” “operatively linked,” or
grammatical equivalents thereof refer to juxtaposition of genetic elements, e.g., a promoter, an
enhancer, a polyadenylation sequence, etc., wherein the elements are in a relationship
permitting them to operate in the expected manner. For instance, a regulatory element, which
can comprise promoter and/or enhancer sequences, is operatively linked to a coding region if
the regulatory element helps initiate transcription of the coding sequence. There may be
intervening residues between the regulatory element and coding region so long as this
functional relationship is - maintained.
RNA Molecules
[00120] In some embodiments, provided herein are RNA molecules comprising: (a) a first

polynucleotide encoding one or more viral replication proteins, wherein one or more miRNA

binding sites in the first polynucleotide have been modified as compared to a reference
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polynucleotide; and (b) a second polynucleotide comprising a first transgene encoding an
antigenic protein or a fragment thereof.
[00121]  Also provided herein, in some embodiments, are RNA molecules comprising: (i) a
first polynucleotide comprising a sequence having at least 80% identity to a sequence of SEQ
ID NO:6; and (ii) a second polynucleotide comprising a first transgene encoding a first
antigenic protein or a fragment thereof.
[00122]  Also provided herein, in some embodiments, are RNA molecules for expressing an
antigen comprising an open reading frame having at least 80% identity to a sequence of SEQ
ID NO:33 or SEQ ID NO:30, wherein T is substituted with U.
[00123]  Also provided herein are RNA molecules for expressing an antigen comprising an
open reading frame having at least 80% identity to a sequence of SEQ ID NO:33, a 5 UTR
comprising a sequence of SEQ ID NO:35, and a 3’ UTR comprising a sequence of SEQ ID
NO:37; or an open reading frame having at least 80% identity to a sequence of SEQ ID NO:30,
a 5’ UTR comprising a sequence of SEQ ID NO:35, and a 3° UTR comprising a sequence of
SEQ ID NO:37, wherein T is substituted with U.
[00124] An RNA molecule can encode a single polypeptide immunogen or multiple
polypeptides. Multiple immunogens can be presented as a single polypeptide immunogen
(fusion polypeptide) or as separate polypeptides. If immunogens are expressed as separate
polypeptides from a replicon then one or more of these may be provided with an upstream
IRES or an additional viral promoter element. Alternatively, multiple immunogens may be
expressed from a polyprotein that encodes individual immunogens fused to a short
autocatalytic protease (e.g. foot-and-mouth disease virus 2A protein), or as inteins.

Codon Optimization
[00125] In some embodiments, first polynucleotides of RNA molecules provided herein
encoding one or more viral replication proteins include codon-optimized sequences. As used
herein, the term “codon-optimized” means a polynucleotide, nucleic acid sequence, or coding
sequence has been redesigned as compared to a wild-type or reference polynucleotide, nucleic
acid sequence, or coding sequence by choosing different codons without altering the amino
acid sequence of the encoded protein. Accordingly, codon-optimization generally refers to
replacement of codons with synonymous codons to optimize expression of a protein while
keeping the amino acid sequence of the translated protein the same. Codon optimization of a
sequence can increase protein expression levels (Gustafsson et al., Codon bias and
heterologous protein expression. 2004, Trends Biotechnol 22: 346-53) of the encoded proteins,

for example, and provide other advantages. Variables such as codon usage preference as
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measured by codon adaptation index (CAI), for example, the presence or frequency of U and
other nucleotides, mRNA secondary structures, cis-regulatory sequences, GC content, and
other variables may correlate with protein expression levels (Villalobos et al., Gene Designer:
a synthetic biology tool for constructing artificial DNA segments. 2006, BMC Bioinformatics
7:285). First polynucleotides can be codon-optimized before modifying miRNA binding sites.
miRNA binding sites can be modified to replace one or more codons with synonymous codons.
[00126] Any method of codon optimization can be used to codon optimize polynucleotides
and nucleic acid molecules provided herein, and any variable can be altered by codon
optimization. Accordingly, any combination of codon optimization methods can be used.
Exemplary methods include the high codon adaptation index (CAI) method, the Low U
method, and others. The CAI method chooses a most frequently used synonymous codon for
an entire protein coding sequence. As an example, the most frequently used codon for each
amino acid can be deduced from 74,218 protein-coding genes from a human genome. The Low
U method targets U-containing codons that can be replaced with a synonymous codon with
fewer U moieties, generally without changing other codons. If there is more than one choice
for replacement, the more frequently used codon can be selected. Any polynucleotide, nucleic
acid sequence, or codon sequence provided herein can be codon-optimized.
[00127] In some embodiments, the nucleotide sequence of any region of the RNA or DNA
templates described herein may be codon optimized. Preferably, the primary cDNA template
may include reducing the occurrence or frequency of appearance of certain nucleotides in the
template strand. For example, the occurrence of a nucleotide in a template may be reduced to
a level below 25% of said nucleotides in the template. In further examples, the occurrence of a
nucleotide in a template may be reduced to a level below 20% of said nucleotides in the
template. In some examples, the occurrence of a nucleotide in a template may be reduced to a
level below 16% of said nucleotides in the template. Preferably, the occurrence of a nucleotide
in a template may be reduced to a level below 15%, and preferably may be reduced to a level
below 12% of said nucleotides in the template.
[00128] In some embodiments, the nucleotide reduced is uridine. For example, the present
disclosure provides nucleic acids with altered uracil content wherein at least one codon in the
wild-type sequence has been replaced with an alternative codon to generate a uracil-altered
sequence. Altered uracil sequences can have at least one of the following properties:

(1) an increase or decrease in global uracil content (i.e., the percentage of uracil of the
total nucleotide content in the nucleic acid of a section of the nucleic acid, e.g., the open reading

frame);
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(11) an increase or decrease in local uracil content (i.e., changes in uracil content are
limited to specific subsequences);

(iii) a change in uracil distribution without a change in the global uracil content;

(iv) a change in uracil clustering (e.g., number of clusters, location of clusters, or
distance between clusters); or

(v) combinations thereof.
[00129] In some embodiments, the percentage of uracil nucleobases in the nucleic acid
sequence is reduced with respect to the percentage of uracil nucleobases in the wild-type
nucleic acid sequence. For example, 30% of nucleobases may be uracil in the wild-type
sequence but the nucleobases that are uracil are preferably lower than 15%, preferably lower
than 12% and preferably lower than 10% of the nucleobases in the nucleic acid sequences of
the disclosure. The percentage uracil content can be determined by dividing the number of
uracil in a sequence by the total number of nucleotides and multiplying by 100.
[00130] In some embodiments, the percentage of uracil nucleobases in a subsequence of the
nucleic acid sequence is reduced with respect to the percentage of uracil nucleobases in the
corresponding subsequence of the wild-type sequence. For example, the wild-type sequence
may have a 5'-end region (e.g., 30 codons) with a local uracil content of 30%, and the uracil
content in that same region could be reduced to preferably 15% or lower, preferably 12% or
lower and preferably 10% or lower in the nucleic acid sequences of the disclosure. These
subsequences can also be part of the wild-type sequences of the heterologous 5’ and 3 UTR
sequences of the present disclosure.
[00131] In some embodiments, codons in the nucleic acid sequence of the disclosure reduce
or modify, for example, the number, size, location, or distribution of uracil clusters that could
have deleterious effects on protein translation. Although lower uracil content is desirable in
certain aspects, the uracil content, and in particular the local uracil content, of some
subsequences of the wild-type sequence can be greater than the wild-type sequence and still
maintain beneficial features (e.g., increased expression).
[00132] In some embodiments, the uracil-modified sequence induces a lower Toll-Like
Receptor (TLR) response when compared to the wild-type sequence. Several TLRs recognize
and respond to nucleic acids. Double-stranded (ds)RNA, a frequent viral constituent, has been
shown to activate TLR3. Single-stranded (ss)RNA activates TLR7. RNA oligonucleotides, for
example RNA with phosphorothioate internucleotide linkages, are ligands of human TLRS.
DNA containing unmethylated CpG motifs, characteristic of bacterial and viral DNA, activate

TLRO.
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[00133] As used herein, the term “TLR response” is defined as the recognition of single-
stranded RNA by a TLR7 receptor, and preferably encompasses the degradation of the RNA
and/or physiological responses caused by the recognition of the single-stranded RNA by the
receptor. Methods to determine and quantify the binding of an RNA to a TLR7 are known in
the art. Similarly, methods to determine whether an RNA has triggered a TLR7-mediated
physiological response (e.g., cytokine secretion) are well known in the art. In some
embodiments, a TLR response can be mediated by TLR3, TLRS8, or TLRY instead of TLR7.
Suppression of TLR7-mediated response can be accomplished via nucleoside modification.
RNA undergoes over a hundred different nucleoside modifications in nature. Human rRNA,
for example, has ten times more pseudouracil ('P) and 25 times more 2'-O-methylated
nucleosides than bacterial rRNA. Bacterial RNA contains no nucleoside modifications,
whereas mammalian RNAs have modified nucleosides such as 5-methylcytidine (m5C), N6-
methyladenosine (m6A), inosine and many 2'-O-methylated nucleosides in addition to N7-
methylguanosine (m7G).

[00134] In some embodiments, the uracil content of polynucleotides disclosed herein is less
than about 50%, 49%, 48%., 47%, 46%, 45%., 44%, 43%, 42%, 41%, 40%, 39%. 38%, 37%,
36%, 35%, 34%, 33%, 32%, 31%, 30%, 29%, 28%, 27%, 26%, 25%, 24%, 23%, 22%, 21%,
20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2% or 1% of the total nucleobases in the sequence in the reference sequence. In some
embodiments, the uracil content of polynucleotides disclosed herein is between about 5% and
about 25%. In some embodiments, the uracil content of polynucleotides disclosed herein is
between about 15% and about 25%.

[00135] In some embodiments, the nucleotide that is increased or decreased is a nucleotide
other than or in addition to uracil. Sequences with altered nucleotide content can have (i) an
increase or decrease in local C content (i.e., changes in cytosine content are limited to specific
subsequences); (ii) an increase or decrease in local G content (i.e., changes in guanosine content
are limited to specific subsequences); or (iii) a combination thereof.

[00136] In some embodiments, first polynucleotides of nucleic acid molecules provided
herein comprise a sequence having at least 80%, at least 85%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 97.5%,
at least 98%, at least 98.5%, at least 99%, at least 99.5%, at least 99.6%, at least 99.7%, at least
99.8%, at least 99.9%, and any number or range in between, identity to a sequence of SEQ ID
NO:6. In some embodiments, first polynucleotides of nucleic acid molecules provided herein

comprise a sequence of SEQ ID NO:6.
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Intergenic Region

[00137] In some aspects, first polynucleotides and second polynucleotides of nucleic acid
molecules provided herein are included in the same (i.e., a single) or in separate nucleic acid
molecules. Generally, first polynucleotides and second polynucleotides of nucleic acid
molecules provided herein are included in a single nucleic acid molecule. In one aspect, the
first polynucleotide is located 5° of the second polynucleotide. In one aspect, first
polynucleotides and second polynucleotides of nucleic acid molecules provided herein are
included in separate nucleic acid molecules. In yet another aspect, first polynucleotides and
second polynucleotides are included in two separate nucleic acid molecules.

[00138] In some aspects, first polynucleotides and second polynucleotides are included in
the same (i.e, a single) nucleic acid molecule. First polynucleotides and second
polynucleotides of nucleic acid molecules provided herein can be contiguous, i.e., adjacent to
each other without nucleotides in between. In one aspect, an intergenic region is located
between the first polynucleotide and the second polynucleotide. As used herein, the terms
“intergenic region” and intergenic sequence” can be used interchangeably, unless context
clearly indicates otherwise.

[00139] An intergenic region located between the first polynucleotide and the second
polynucleotide can be of any length and can have any nucleotide sequence. As an example, the
intergenic region between the first polynucleotide and the second polynucleotide can include
about one nucleotide, about two nucleotides, about three nucleotides, about four nucleotides,
about five nucleotides, about six nucleotides, about seven nucleotides, about eight nucleotides,
about nine nucleotides, about ten nucleotides, about 11 nucleotides, about 12 nucleotides, about
13 nucleotides, about 14 nucleotides, about 15 nucleotides, about 16 nucleotides, about 17
nucleotides, about 18 nucleotides, about 19 nucleotides, about 20 nucleotides, about 21
nucleotides, about 22 nucleotides, about 23 nucleotides, about 24 nucleotides, about 25
nucleotides, about 26 nucleotides, about 27 nucleotides, about 28 nucleotides, about 29
nucleotides, about 30 nucleotides, about 31 nucleotides, about 32 nucleotides, about 33
nucleotides, about 34 nucleotides, about 35 nucleotides, about 36 nucleotides, about 37
nucleotides, about 38 nucleotides, about 39 nucleotides, about 40 nucleotides, about 41
nucleotides, about 42 nucleotides, about 43 nucleotides, about 44 nucleotides, about 45
nucleotides, about 46 nucleotides, about 47 nucleotides, about 48 nucleotides, about 49
nucleotides, about 50 nucleotides, about 60 nucleotides, about 70 nucleotides, about 80
nucleotides, about 90 nucleotides, about 100 nucleotides, about 125 nucleotides, about 150

nucleotides, about 175 nucleotides, about 200 nucleotides, about 250 nucleotides, about 300
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nucleotides, about 350 nucleotides, about 400 nucleotides, about 450 nucleotides, about 500
nucleotides, about 600 nucleotides, about 700 nucleotides, about 800 nucleotides, about 900,
about 1,000 nucleotides, about 1,500 nucleotides, about 2,000 nucleotides, about 2,500
nucleotides, about 3,000 nucleotides, about 3,500 nucleotides, about 4,000 nucleotides, about
4,500 nucleotides, about 5,000 nucleotides, about 6,000 nucleotides, about 7,000 nucleotides,
about 8,000 nucleotides, about 9,000 nucleotides, about 10,000 nucleotides, and any number
or range in between. In one aspect, the intergenic region between first and second
polynucleotides includes about 10-100 nucleotides, about 10-200 nucleotides, about 10-300
nucleotides, about 10-400 nucleotides, or about 10-500 nucleotides. In another aspect, the
intergenic region between first and second polynucleotides includes about 1-10 nucleotides,
about 1-20 nucleotides, about 1-30 nucleotides, about 1-40 nucleotides, or about 1- 50
nucleotides. In yet another aspect, the region includes about 44 nucleotides.

[00140] In one aspect, the intergenic region between first and second polynucleotides
includes a viral sequence. The intergenic region between first and second polynucleotides can
include a sequence from any virus, such as alphaviruses and rubiviruses, for example. In one
aspect, the intergenic region between the first polynucleotide and the second polynucleotide
comprises an alphavirus sequence, such as a sequence from Venezuelan Equine Encephalitis
Virus (VEEV), Eastern Equine Encephalitis Virus (EEEV), Everglades Virus (EVEV),
Mucambo Virus (MUCYV), Semliki Forest Virus (SFV), Pixuna Virus (PIXV), Middleburg
Virus (MIDV), Chikungunya Virus (CHIKV), O'Nyong-Nyong Virus (ONNV), Ross River
Virus (RRV), Barmah Forest Virus (BFV), Getah Virus (GETV), Sagiyama Virus (SAGV),
Bebaru Virus (BEBV), Mayaro Virus (MAYV), Una Virus (UNAYV), Sindbis Virus (SINV),
Aura Virus (AURAYV), Whataroa Virus (WHAYV), Babanki Virus (BABYV), Kyzylagach Virus
(KYZV), Western Equine Encephalitis Virus (WEEV), Highland J Virus (HJV), Fort Morgan
Virus (FMV), Ndumu Virus (NDUV), Salmonid Alphavirus (SAV), Buggy Creek Virus
(BCRYV), or any combination thereof. In another aspect, the intergenic region between first and
second polynucleotides comprises a sequence from Venezuelan Equine Encephalitis Virus
(VEEV). In yet another aspect, the intergenic region between first and second polynucleotides
comprises a sequence having at least 85%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 97.5%, at least 98%, at least
98.5%, at least 99%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, at least
99.9%, and any number or range in between, identity to a sequence of SEQ ID NO:7. In a
further aspect, the intergenic region between first and second polynucleotides comprises a

sequence of SEQ ID NO:7. In yet a further aspect, the intergenic region between first and
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second polynucleotides is a second intergenic region comprising a sequence having at least
85% identity to a sequence of SEQ ID NO:7.

Natural and Modified Nucleotides
[00141] A self-replicating RNA of the disclosure can comprise one or more chemically
modified nucleotides. Examples of nucleic acid monomers include non-natural, modified, and
chemically-modified nucleotides, including any such nucleotides known in the art. Nucleotides
can be artificially modified at either the base portion or the sugar portion. In nature, most
polynucleotides comprise nucleotides that are “unmodified” or “natural” nucleotides, which
include the purine bases adenine (A) and guanine (G), and the pyrimidine bases thymine (T),
cytosine (C) and uracil (U). These bases are typically fixed to a ribose or deoxy ribose at the
1’ position. The use of RNA polynucleotides comprising chemically modified nucleotides have
been shown to improve RNA expression, expression rates, half-life and/or expressed protein
concentrations. RNA polynucleotides comprising chemically modified nucleotides have also
been useful in optimizing protein localization thereby avoiding deleterious bio-responses such
as immune responses and/or degradation pathways.
[00142] Examples of modified or chemically-modified nucleotides include 5-
hydroxycytidines, S-alkylcytidines, 5-hydroxyalkylcytidines, 5-carboxycytidines, 5-
formylcytidines, S-alkoxycytidines, 5-alkynylcytidines, 5-halocytidines, 2-thiocytidines, N4-
alkylcytidines, N4-aminocytidines, N4-acetylcytidines, and N4,N4-dialkylcytidines.
[00143] Examples of modified or chemically-modified nucleotides include 5-
hydroxycytidine, 5S-methylcytidine, 5-hydroxymethylcytidine, 5-carboxycytidine, 5-
formylcytidine, S-methoxycytidine, 5-propynylcytidine, S-bromocytidine, S5-iodocytidine, 2-
thiocytidine; N4-methylcytidine, N4-aminocytidine, N4-acetylcytidine, and N4,N4-
dimethylcytidine.
[00144] Examples of modified or chemically-modified nucleotides include 5-
hydroxyuridines,  S-alkyluridines, = 5-hydroxyalkyluridines,  5-carboxyuridines,  5-
carboxyalkylesteruridines, 5-formyluridines, 5-alkoxyuridines, S-alkynyluridines, 5-
halouridines, 2-thiouridines, and 6-alkyluridines.
[00145] Examples of modified or chemically-modified nucleotides include 5-
hydroxyuridine,  S5-methyluridine, = 5-hydroxymethyluridine,  5-carboxyuridine,  5-
carboxymethylesteruridine, S-formyluridine, 5-methoxyuridine (also referred to herein as
“5MeOU”), 5-propynyluridine, S-bromouridine, 5-fluorouridine, 5-iodouridine, 2-thiouridine,

and 6-methyluridine.
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[00146] Examples of modified or chemically-modified nucleotides include 5-
methoxycarbonylmethyl-2-thiouridine, 5-methylaminomethyl-2-thiouridine, 5-
carbamoylmethyluridine, 5-carbamoylmethyl-2’-O-methyluridine, 1-methyl-3-(3-amino-3-
carboxypropy)pseudouridine, 5-methylaminomethyl-2-selenouridine, 5-
carboxymethyluridine, 5-methyldihydrouridine, 5-taurinomethyluridine, S5-taurinomethyl-2-
thiouridine, 5-(isopentenylaminomethyl)uridine, 2’-O-methylpseudouridine, 2-thio-2’O-
methyluridine, and 3,2’-O-dimethyluridine.

[00147] Examples of modified or chemically-modified nucleotides include No6-
methyladenosine, 2-aminoadenosine, 3-methyladenosine, 8-azaadenosine, 7-deazaadenosine,
8-oxoadenosine, 8-bromoadenosine, 2-methylthio-N6-methyladenosine, Ne6-
isopentenyladenosine, 2-methylthio-N6-isopentenyladenosine, N6-(cis-
hydroxyisopentenyl)adenosine, 2-methylthio-N6-(cis-hydroxyisopentenyl)adenosine, N6-
glycinylcarbamoyladenosine, N6-threonylcarbamoyl-adenosine, N6-methyl-N6-
threonylcarbamoyl-adenosine,  2-methylthio-N6-threonylcarbamoyl-adenosine,  N6,N6-
dimethyladenosine, N6-hydroxynorvalylcarbamoyladenosine, 2-methylthio-N6-
hydroxynorvalylcarbamoyl-adenosine, N6-acetyl-adenosine, 7-methyl-adenine, 2-methylthio-
adenine, 2-methoxy-adenine, alpha-thio-adenosine, 2'-O-methyl-adenosine, N6,2'-O-
dimethyl-adenosine, N6,N6,2'-O-trimethyl-adenosine, 1,2'-O-dimethyl-adenosine, 2'-O-
ribosyladenosine, 2-amino-N6-methyl-purine, 1-thio-adenosine, 2'-F-ara-adenosine, 2'-F-
adenosine, 2'-OH-ara-adenosine, and N6-(19-amino-pentaoxanonadecyl)-adenosine.

[00148] Examples of modified or chemically-modified nucleotides include NI-
alkylguanosines, = N2-alkylguanosines,  thienoguanosines,  7-deazaguanosines, 8-
oxoguanosines, 8-bromoguanosines, O6-alkylguanosines, xanthosines, inosines, and NI-
alkylinosines.

[00149] Examples of modified or chemically-modified nucleotides include NI-
methylguanosine, N2-methylguanosine, thienoguanosine, 7-deazaguanosine, 8-oxoguanosine,
8-bromoguanosine, O6-methylguanosine, xanthosine, inosine, and Nl-methylinosine.

[00150] Examples of modified or chemically-modified nucleotides include pseudouridines.
Examples of pseudouridines include Nl-alkylpseudouridines, Nl-cycloalkylpseudouridines,
N1-hydroxypseudouridines, N1-hydroxyalkylpseudouridines, Nl-phenylpseudouridines, NI-
phenylalkylpseudouridines, Nl-aminoalkylpseudouridines, N3-alkylpseudouridines, N6-
alkylpseudouridines, No6-alkoxypseudouridines, N6-hydroxypseudouridines, No6-
hydroxyalkylpseudouridines, N6-morpholinopseudouridines, N6-phenylpseudouridines, and
N6-halopseudouridines. Examples of  pseudouridines  include  Nl-alkyl-N6-
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alkylpseudouridines, Nl-alkyl-N6-alkoxypseudouridines, Nl-alkyl-N6-
hydroxypseudouridines, Nl-alkyl-N6-hydroxyalkylpseudouridines, Nl-alkyl-N6-
morpholinopseudouridines, Nl-alkyl-N6-phenylpseudouridines, and Nl-alkyl-N6-
halopseudouridines. In these examples, the alkyl, cycloalkyl, and phenyl substituents may be
unsubstituted, or further substituted with alkyl, halo, haloalkyl, amino, or nitro substituents.
[00151] Examples of pseudouridines include Nl-methylpseudouridine (also referred to
herein as  “NIMPU”),  Nl-ethylpseudouridine, = Nl-propylpseudouridine, ~ NI-
cyclopropylpseudouridine, Nl-phenylpseudouridine, Nl-aminomethylpseudouridine, N3-
methylpseudouridine, N1-hydroxypseudouridine, and N1-hydroxymethylpseudouridine.
[00152] Examples of nucleic acid monomers include modified and chemically-modified
nucleotides, including any such nucleotides known in the art.

[00153] Examples of modified and chemically-modified nucleotide monomers include any
such nucleotides known in the art, for example, 2'-O-methyl ribonucleotides, 2'-O-methyl
purine nucleotides, 2'-deoxy-2'-fluoro ribonucleotides, 2'-deoxy-2'-fluoro pyrimidine
nucleotides, 2'-deoxy ribonucleotides, 2'-deoxy purine nucleotides, universal base nucleotides,
5-C-methyl-nucleotides, and inverted deoxyabasic monomer residues.

[00154] Examples of modified and chemically-modified nucleotide monomers include 3'-
end stabilized nucleotides, 3'-glyceryl nucleotides, 3'-inverted abasic nucleotides, and 3'-
inverted thymidine.

[00155] Examples of modified and chemically-modified nucleotide monomers include
locked nucleic acid nucleotides (LNA), 2'-O,4'-C-methylene-(D-ribofuranosyl) nucleotides, 2'-
methoxyethoxy (MOE) nucleotides, 2'-methyl-thio-ethyl, 2'-deoxy-2'-fluoro nucleotides, and
2'-O-methyl nucleotides. In an exemplary embodiment, the modified monomer is a locked
nucleic acid nucleotide (LNA).

[00156] Examples of modified and chemically-modified nucleotide monomers include 2',4'-
constrained 2'-O-methoxyethyl (cMOE) and 2'-O-Ethyl (cEt) modified DNAs.

[00157] Examples of modified and chemically-modified nucleotide monomers include 2'-
amino nucleotides, 2'-O-amino nucleotides, 2'-C-allyl nucleotides, and 2'-O-allyl nucleotides.
[00158] Examples of modified and chemically-modified nucleotide monomers include No6-
methyladenosine nucleotides.

[00159] Examples of modified and chemically-modified nucleotide monomers include
nucleotide  monomers  with  modified bases 5-(3-amino)propyluridine,  5-(2-

mercapto)ethyluridine, 5-bromouridine; 8-bromoguanosine, or 7-deazaadenosine.
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[00160] Examples of modified and chemically-modified nucleotide monomers include 2’-
O-aminopropyl substituted nucleotides.
[00161] Examples of modified and chemically-modified nucleotide monomers include
replacing the 2'-OH group of a nucleotide with a 2'-R, a 2'-OR, a 2'-halogen, a 2'-SR, or a 2'-
amino, where R can be H, alkyl, alkenyl, or alkynyl.
[00162] Exemplary base modifications described above can be combined with additional
modifications of nucleoside or nucleotide structure, including sugar modifications and linkage
modifications. Certain modified or chemically-modified nucleotide monomers may be found
in nature.
[00163] Preferred nucleotide modifications include NI1-methylpseudouridine and 5-
methoxyuridine.

Viral Replication Proteins and Polynucleotides Encoding Them
[00164] Provided herein, in some embodiments, are RNA molecules comprising a first
polynucleotide encoding one or more viral replication proteins. As used herein, the term
“replication protein” or “viral replication protein” refers to any protein or any protein subunit
of a protein complex that functions in replication of a viral genome. Generally, viral replication
proteins are non-structural proteins. Viral replication proteins encoded by nucleic acid
molecules provided herein can function in the replication of any viral genome. The viral
genome can be a single-stranded positive-sense RNA genome, a single-stranded negative-sense
RNA genome, a double-stranded RNA genome, a single-stranded positive-sense DNA
genome, a single-stranded negative-sense DNA genome, or a double-stranded DNA genome.
Viral genomes can include a single nucleic acid molecule or more than one nucleic acid
molecule. Nucleic acid molecules provided herein can encode one or more viral replication
proteins from any virus or virus family, including animal viruses and plant viruses, for example.
Viral replication proteins encoded by first polynucleotides included in nucleic acid molecules
provided herein can be expressed from self-replicating RNA.
[00165] In some aspects, first polynucleotides of RNA molecules provided herein include
modifications or mutations of one or more microRNA (miRNA; miR) binding sites. In other
aspects, modification or mutation of miRNA binding sites reduces or eliminates miRNA
binding. In some aspects, miRNA binding is reduced by at least 1%, at least 2%, at least 3%,
at least 4%, at least 5%, at least 6%, at least 7%, at least 8%, at least 9%, at least 10%, at least
15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least
50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
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96%, at least 97%, at least 98%, at least 99%, at least 99.5%, at least 99.6%, at least 99.7%, at
least 99.8%, at least 99.9%, and any number or range in between. In some aspects, miRNA
binding is reduced by 100%, i.e., there is no miRNA binding. In still other aspects, one, two,
three, four, five, six, seven, eight, nine, ten, 11, 12, 13, 14, or 15 miRNA binding sites are
modified or mutated.

[00166] miRNAs are small single-stranded non-coding RNA molecules that function in
RNA silencing and post-transcriptional regulation of gene expression. For example, binding
of miRNA to a miRNA binding site in a transcript or messenger RNA (mRNA) can inhibit
translation. miRNAs can be found in many eukaryotic cells, including in mammals and plants.
Some viruses also produce miRNAs. Generally, miRNAs are produced from larger pri-miRNA
molecules that form hairpin loop structures with double-stranded regions. Pri-miRNAs are
processed to pre-miRNAs in the nucleus and exported to the cytoplasm. Pre-miRNA hairpins
are cleaved in the cytoplasm by the RNase III enzyme Dicer, with one miRNA strand being
incorporated into the RNA-induced silencing complex (RISC) and interacting with an mRNA
target. In animal cells, miRNAs can recognize a target mRNA via a seed region at the 5’ end
of the miRNA that can include as few as 6-8 nucleotides of the miRNA. Binding of miRNA
to a target mRNA can result in cleavage of the mRNA in the case of perfect or near-perfect
pairing or inhibition of translation without mRNA cleavage. Putative miRNA binding sites
can be identified using algorithms, such as miRanda (Enright, A.J., John, B., Gaul, U. et al.
MicroRNA targets in Drosophila. Genome Biol 5, R1 (2003). doi.org/10.1186/gb-2003-5-1-
rl).

[00167] Any modification or mutation can be made in identified or putative miRNA binding
sites, including point mutations or substitutions, insertions, and deletions. In some aspects,
modifications or mutations of miRNA binding sites include point mutations. More than one
nucleotide can be changed in identified or putative miRNA binding sites, including one, two,
three, four, five, six, seven, eight, nine, ten, or more nucleotides. In one aspect, point mutations
include synonymous nucleotide changes, i.e., changes that do not alter an encoded amino acid.
Binding sites for any miRNA provided herein can be modified or mutated. In some aspects,
miRNA binding sites that are modified or mutated in first polynucleotides of RNA molecules
provided herein are selected from regions that bind a miRNA having a sequence of SEQ ID
NOs:58, 59, 72, 80, 81, 83, 101, 102, 103, 112, 113, 114, 128, 131, 142, 156, 157, 171, 175,
and any combination thereof.

[00168] In some aspects, binding of any miRNA or any combination of miRNAs is reduced
by at least 1%, at least 2%, at least 3%, at least 4%, at least 5%, at least 6%, at least 7%, at least
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8%, at least 9%, at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least
35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least
99.5%, at least 99.6%, at least 99.7%, at least 99.8%, at least 99.9%, and any number or range
in between. In some aspects, miRNA binding is reduced by 100%, i.e., there is no miRNA
binding. In some aspects, reduction of miRNA binding increases protein expression. Protein
expression can be increased by at least 1%, at least 2%, at least 3%, at least 4%, at least 5%, at
least 6%, at least 7%, at least 8%, at least 9%, at least 10%, at least 15%, at least 20%, at least
25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, at least 99.9%,
at least 100%, at least 150%, at least 200%, at least 250%, at least 300%, at least 350%, at least
400%, at least 450%, at least 500%, at least 550%, at least 600%, at least 650%, at least 700%,
at least 750%, at least 800%, at least 850%, at least 900%, at least 950%, at least 1000%, or
more, and any number or range in between. In some aspects, protein expression is increased
by about 1%, about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about
9%, about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about
45%, about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about
85%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about
97%, about 98%, about 99%, about 99.5%, about 99.6%, about 99.7%, about 99.8%, about
99.9%, about 100%, about 150%, about 200%, about 250%, about 300%, about 350%, about
400%, about 450%, about 500%, about 550%, about 600%, about 650%, about 700%, about
750%, about 800%, about 850%, about 900%, about 950%, about 1000%, or more, and any
number or range in between. Protein expression can also be increased about 1-fold, about 2-
fold, about 3-fold, about 4-fold, about 5-fold, about 6-fold, about 7-fold, about 8-fold, about 9-
fold, about 10-fold, about 20-fold, about 30-fold, about 40-fold, about 50-fold, about 60-fold,
about 70-fold, about 80-fold, about 90-fold, about 100-fold, about 150-fold, about 200-fold,
about 250-fold, about 300-fold, about 350-fold, about 400-fold, about 450-fold, about 500-
fold, about 600-fold, about 700-fold, about 800-fold, about 900-fold, about 1000-fold, or more,
and any number or range in between. In some aspects, protein expression is increased at least
about 1-fold, at least about 2-fold, at least about 3-fold, at least about 4-fold, at least about 5-
fold, at least about 6-fold, at least about 7-fold, at least about 8-fold, at least about 9-fold, at
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least about 10-fold, at least about 20-fold, at least about 30-fold, at least about 40-fold, at least
about 50-fold, at least about 60-fold, at least about 70-fold, at least about 80-fold, at least about
90-fold, at least about 100-fold, at least about 150-fold, at least about 200-fold, at least about
250-fold, at least about 300-fold, at least about 350-fold, at least about 400-fold, at least about
450-fold, at least about 500-fold, at least about 600-fold, at least about 700-fold, at least about
800-fold, at least about 900-fold, at least about 1000-fold, or more, and any number or range
in between.

[00169] First polynucleotide sequences of RNA molecules provided herein can encode one
or more togavirus replication proteins. In some aspects, the one or more viral replication
proteins encoded by first polynucleotides of RNA molecules provided herein are alphavirus
proteins. In some embodiments, the one or more viral replication proteins encoded by first
polynucleotides of RNA molecules provided herein are rubivirus proteins. First polynucleotide
sequences of RNA molecules provided herein can encode any alphavirus replication protein
and any rubivirus replication protein. Exemplary replication proteins from alphaviruses include
proteins from Venezuelan Equine Encephalitis Virus (VEEV), Eastern Equine Encephalitis
Virus (EEEV), Everglades Virus (EVEV), Mucambo Virus (MUCYV), Semliki Forest Virus
(SFV), Pixuna Virus (PIXV), Middleburg Virus (MIDV), Chikungunya Virus (CHIKYV),
O'Nyong-Nyong Virus (ONNV), Ross River Virus (RRV), Barmah Forest Virus (BFV), Getah
Virus (GETV), Sagiyama Virus (SAGV), Bebaru Virus (BEBV), Mayaro Virus (MAYV), Una
Virus (UNAYV), Sindbis Virus (SINV), Aura Virus (AURAYV), Whataroa Virus (WHAYV),
Babanki Virus (BABYV), Kyzylagach Virus (KYZV), Western Equine Encephalitis Virus
(WEEV), Highland J Virus (HJV), Fort Morgan Virus (FMV), Ndumu Virus (NDUV),
Salmonid Alphavirus (SAV), Buggy Creek Virus (BCRV), and any combination thereof.
Exemplary rubivirus replication proteins include proteins from rubella virus.

[00170] Viral replication proteins encoded by first polynucleotides of RNA molecules
provided herein can be expressed as one or more polyproteins or as separate or single proteins.
Generally, polyproteins are precursor proteins that are cleaved to generate individual or
separate proteins. Accordingly, proteins derived from a precursor polyprotein can be expressed
from a single open reading frame (ORF). As used herein, the term “ORF” refers to a nucleotide
sequence that begins with a start codon, generally ATG, and that ends with a stop codon, such
as TAA, TAG, or TGA, for example. It will be appreciated that T is present in DNA, while U
is present in RNA. Accordingly, a start codon of ATG in DNA corresponds to AUG in RNA,
and the stop codons TAA, TAG, and TGA in DNA correspond to UAA, UAG, and UGA in
RNA. It will further be appreciated that for any sequence provided in the present disclosure, T
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is present in DNA, while U is present in RNA. Accordingly, for any sequence provided herein,
T present in DNA 1is substituted with U for an RNA molecule, and U present in RNA is
substituted with T for a DNA molecule.

[00171] The protease cleaving a polyprotein can be a viral protease or a cellular protease. In
some aspects, the first polynucleotide of RNA molecules provided herein encodes a polyprotein
comprising an alphavirus nsP1 protein, an alphavirus nsP2 protein, an alphavirus nsP3 protein,
an alphavirus nsP4 protein, or any combination thereof. In other aspects, the first
polynucleotide of RNA molecules provided herein encodes a polyprotein comprising an
alphavirus nsP1 protein, an alphavirus nsP2 protein, an alphavirus nsP3 protein, or any
combination thereof, and an alphavirus nsP4 protein. In some aspects, the polyprotein is a
VEEV polyprotein. In other aspects, the alphavirus nsP1, nsP2, nsP3, and nsP4 proteins are
VEEYV proteins.

[00172] In one aspect, first polynucleotides of RNA molecules provided herein lack a stop
codon between sequences encoding an nsP3 protein and an nsP4 protein. Accordingly, in some
aspects, first polynucleotides of RNA molecules provided herein encode a P1234 polyprotein
comprising nsP1, nsP2, nsP3, and nsP4. First polynucleotides of RNA molecules provided
herein can also include a stop codon between sequences encoding an nsP3 and an nsP4 protein.
Accordingly, in some aspects, first polynucleotides of nucleic acid molecules provided herein
encode a P123 polyprotein comprising nsP1, nsP2, and nsP3 and a P1234 polyprotein
comprising nsP1, nsP2, nsP3, and nsP4 as a result of stop codon readthrough, for example. In
other aspects, first polynucleotides of RNA molecules provided herein encode a polyprotein
having at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 97.5%, at least 98%, at least 98.5%, at
least 99%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, at least 99.9%, and
any number or range in between, identity to a sequence of SEQ ID NO:187. In some
embodiments, first polynucleotides of nucleic acid molecules provided herein encode a
polyprotein having a sequence of SEQ ID NO:187. In one aspect, nsP2 and nsP3 proteins
include mutations. Exemplary mutations include G1309R and S1583G mutations of VEEV
proteins. In another aspect, the nsP1, nsP2, and nsP4 proteins are VEEV proteins, and the nsP3
protein is a chikungunya virus (CHIKV) nsP3 protein.

[00173] Insome embodiments, the first polynucleotide comprises a sequence having at least
80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 97.5%, at least 98%, at least 98.5%, at least 99%, at
least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, or at least 99.9% identity to a
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sequence of SEQ ID NO:6. In some embodiments, the first polynucleotide comprises a
sequence of SEQ ID NO:6. In some embodiments, the first polynucleotide comprises a
sequence having at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 97.5%, at least 98%, at least
98.5%, at least 99%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, or at least
99.9% identity to a sequence of SEQ ID NO:42. In some embodiments, the first polynucleotide
comprises a sequence of SEQ ID NO:42.
5’ Untranslated Region (5° UTR)

[00174] Nucleic acid molecules provided herein can further comprise untranslated regions
(UTRs). Untranslated regions, including 5 UTRs and 3 UTRs, for example, can affect RNA
stability and/or efficiency of RNA translation, such as translation of cellular and viral mRNAs,
for example. 5 UTRs and 3” UTRs can also affect stability and translation of viral genomic
RNAs and self-replicating RNAs, including virally derived self-replicating RNAs or replicons.
Exemplary viral genomic RNAs whose stability and/or efficiency of translation can be affected
by 5’ UTRs and 3° UTRs include the genome nucleic acid of positive-sense RNA viruses. Both
genome nucleic acid of positive-sense RNA viruses and self-replicating RNAs, including
virally derived self-replicating RNAs or replicons, can be translated upon infection or
introduction into a cell.

[00175] In some aspects, nucleic acid molecules provided herein further include a 5’
untranslated region (5° UTR). Any 5’ UTR sequence can be included in nucleic acid molecules
provided herein. In some embodiments, nucleic acid molecules provided herein include a viral
5> UTR. In one aspect, nucleic acid molecules provided herein include a non-viral 5 UTR.
Any non-viral 5 UTR can be included in nucleic acid molecules provided herein, such as 5’
UTRs of transcripts expressed in any cell or organ, including muscle, skin, subcutaneous tissue,
liver, spleen, lymph nodes, antigen-presenting cells, and others. In another aspect, nucleic acid
molecules provided herein include a 5> UTR comprising viral and non-viral sequences.
Accordingly, a 5° UTR included in nucleic acid molecules provided herein can comprise a
combination of viral and non-viral 5> UTR sequences. In some aspects, the 5 UTR included
in nucleic acid molecules provided herein is located upstream of or 5* of the first polynucleotide
that encodes one or more viral replication proteins. In other aspects, the 5> UTR is located 5’
of or upstream of the first polynucleotide of nucleic acid molecules provided herein that
encodes one or more viral replication proteins, and the first polynucleotide is located 5” of or

upstream of the second polynucleotide of nucleic acid molecules provided herein.
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[00176] In one aspect, the 5° UTR of nucleic acid molecules provided herein comprises an
alphavirus 5> UTR. A 5” UTR from any alphavirus can be included in nucleic acid molecules
provided herein, including 5> UTR sequences from Venezuelan Equine Encephalitis Virus
(VEEYV), Eastern Equine Encephalitis Virus (EEEV), Everglades Virus (EVEV), Mucambo
Virus MUCYV), Semliki Forest Virus (SFV), Pixuna Virus (PIXV), Middleburg Virus (MIDV),
Chikungunya Virus (CHIKV), O'Nyong-Nyong Virus (ONNV), Ross River Virus (RRV),
Barmah Forest Virus (BFV), Getah Virus (GETV), Sagiyama Virus (SAGV), Bebaru Virus
(BEBYV), Mayaro Virus (MAYYV), Una Virus (UNAYV), Sindbis Virus (SINV), Aura Virus
(AURAYV), Whataroa Virus (WHAYV), Babanki Virus (BABV), Kyzylagach Virus (KYZV),
Western Equine Encephalitis Virus (WEEV), Highland J Virus (HJV), Fort Morgan Virus
(FMV), Ndumu Virus (NDUV), Salmonid Alphavirus (SAV), or Buggy Creek Virus (BCRV).
In another aspect, the 5° UTR comprises a sequence having at least 80%, at least 85%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 97.5%, at least 98%, at least 98.5%, at least 99%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9%, and any number or range in between, identity to
a sequence of SEQ ID NO:5 or a sequence of SEQ ID NO:41, for example. In yet another
aspect, the 5> UTR comprises a sequence of SEQ ID NO:5 or SEQ ID NO:41.

[00177] Insome embodiments, the 5’ UTR comprises a sequence selected from the 5 UTRs
of human IL-6, alanine aminotransferase 1, human apolipoprotein E, human fibrinogen alpha
chain, human transthyretin, human haptoglobin, human alpha-1-antichymotrypsin, human
antithrombin, human alpha-1l-antitrypsin, human albumin, human beta globin, human
complement C3, human complement C5, SynK (thylakoid potassium channel protein derived
from the cyanobacteria, Synechocystis sp.), mouse beta globin, mouse albumin, and a tobacco
etch virus, or fragments of any of the foregoing. Preferably, the 5° UTR is derived from a
tobacco etch virus (TEV). In one aspect, the 5° UTR includes a sequence having at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 97.5%, at least 98%, at least 98.5%, at least 99%, at least
99.5%, at least 99.6%, at least 99.7%, at least 99.8%, at least 99.9%, and any number or range
in between, identity to sequence of SEQ ID NO:35 or SEQ ID NO:49. In another aspect, the
5’ UTR includes a sequence of SEQ OD NO:35 or SEQ ID NO:49.

[00178] An mRNA or any other RNA described herein can comprise any 5 UTR sequence
provided herein. For example, an RNA described herein can comprise a 5> UTR sequence that
is derived from a gene expressed by Arabidopsis thaliana. In some aspects, the 5° UTR

sequence of a gene expressed by Arabidopsis thaliana is AT1G58420. Examples of 5 UTRs
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and 3° UTRs are described in PCT/US2018/035419, the contents of which are herein

incorporated by reference. Exemplary 5> UTR sequences include sequences of SEQ ID NOs:
189-218, as shown in Table 1.

Table 1. Exemplary 5’ UTR Sequences

Name

Sequence

Seq ID No.:

TEV

UCAACACAACAUAUACAAAACAAACGAAUCUCAAGCAAUC
AAGCAUUCUACUUCUAUUGCAGCAAUUUAAAUCAUUUCU
UUUAAAGCAAAAGCAAUUUUCUGAAAAUUUUCACCAUUU
ACGAACGAUAG

SEQ ID
NO:189

AT1G58420

AUUAUUACAUCAAAACAAAAAGCCGCCA

SEQ ID
NO:190

ARC5-2

CUUAAGGGGGCGCUGCCUACGGAGGUGGCAGCCAUCUCCU
UCUCGGCAUCAAGCUUACCAUGGUGCCCCAGGCCCUGCUC
UUGGUCCCGCUGCUGGUGUUCCCCCUCUGCUUCGGCAAGU
UCCCCAUCUACACCAUCCCCGACAAGCUGGGGCCGUGGAG
CCCCAUCGACAUCCACCACCUGUCCUGCCCCAACAACCUCG
UGGUCGAGGACGAGGGCUGCACCAACCUGAGCGGGUUCUC
CUAC

SEQ ID
NO:191

HCV

UGAGUGUCGU ACAGCCUCCA GGCCCeececc
UCCCGGGAGA GCCAUAGUGG
UCUGCGGAACCGGUGAGUAC ACCGGAAUUG
CCGGGAAGAC UGGGUCCUUU CUUGGAUAAA
CCCACUCUAUGCCCGGCCAU UUGGGCGUGC
CCCCGCAAGA CUGCUAGCCG AGUAGUGUUG GGUUGCG

SEQ ID
NO:192

HUMAN
ALBUMIN

AAUUAUUGGUUAAAGAAGUAUAUUAGUGCUAAUUUCCCU
CCGUUUGUCCUAGCUUUUCUCUUCUGUCAACCCCACACGC
CUUUGGCACA

SEQ ID
NO:193

EMCV

CUCCCUCCCC CCCCCCUAAC GUUACUGGCC
GAAGCCGCUU GGAAUAAGGC CGGUGUGCGU
UUGUCUAUAU GUUAUUUUCC ACCAUAUUGC
CGUCUUUUGG CAAUGUGAGG GCCCGGAAAC
CUGGCCCUGU CUUCUUGACG AGCAUUCCUA
GGGGUCUUUC CCCUCUCGCC AAAGGAAUGC
AAGGUCUGUU GAAUGUCGUG AAGGAAGCAG
UUCCUCUGGA AGCUUCUUGA AGACAAACAA
CGUCUGUAGC GACCCUUUGC AGGCAGCGGA
ACCCCCCACC UGGCGACAGG UGCCUCUGCG
GCCAAAAGCC ACGUGUAUAA GAUACACCUG
CAAAGGCGGC ACAACCCCAG UGCCACGUUG
UGAGUUGGAU AGUUGUGGAA AGAGUCAAAU
GGCUCUCCUC AAGCGUAUUC AACAAGGGGC
UGAAGGAUGC CCAGAAGGUA CCCCAUUGUA
UGGGAUCUGA UCUGGGGCCU CGGUGCACAU
GCUUUACGUG UGUUUAGUCG AGGUUAAAAA
ACGUCUAGGC CCCCCGAACC ACGGGGACGU
GGUUUUCCUU UGAAAAACAC GAUGAUAAU

SEQ ID
NO:194

AT1G67090

CACAAAGAGUAAAGAAGAACA

SEQ ID
NO:195

ATI1G35720

AACACUAAAAGUAGAAGAAAA

SEQ ID
NO:196
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Name Sequence Seq ID No.:
AT5G45900 | CUCAGAAAGAUAAGAUCAGCC SEQ ID
AT5G61250 | AACCAAUCGAAAGAAACCAAA Igll(E)Qllglg
AT5G46430 | CUCUAAUCACCAGGAGUAAAA I;]?Qllgg
AT5G47110 | GAGAGAGAUCUUAACAAAAAA I;]?Qllglg
ATIGO03110 | UGUGUAACAACAACAACAACA gIngIOI;)
AT3G12380 | CCGCAGUAGGAAGAGAAAGCC I;]?Qzloé
AT5G45910 | AAAAAAAAAAGAAAUCAUAAA 1;]?Qzlolg
ATI1G07260 | GAGAGAAGAAAGAAGAAGACG gjle)Qzloli
AT3G55500 | CAAUUAAAAAUACUUACCAAA I;?QZIOS
AT3G46230 | GCAAACAGAGUAAGCGAAACG 1:]gQZIOD5
AT2G36170 | GCGAAGAAGACGAACGCAAAG 1:]g)QzloIg
AT1G10660 | UUAGGACUGUAUUGACUGGCC gI]SZ)QzIOI;
AT4G14340 | AUCAUCGGAAUUCGGAAAAAG gI]?QzIOS
AT1G49310 | AAAACAAAAGUUAAAGCAGAC 1:]?Qzlolg
AT4G14360 | UUUAUCUCAAAUAAGAAGGCA I;]EZ)Qzlllg
AT1G28520 | GGUGGGGAGGUGAGAUUUCUU I;é)QzIII;
ATIG20160 | UGAUUAGGAAACUACAAAGCC ?SQZI%
AT5G37370 | CAUUUUUCAAUUUCAUAAAAC 1:](E)Qzlllg
AT4G11320 | UUACUUUUAAGCCCAACAAAA gI](E)Qzlll;l
AT5G40850 | GGCGUGUGUGUGUGUUGUUGA 1:]EZ)QZIII;
AT1G06150 | GUGGUGAAGGGGAAGGUUUAG I;]EZ)Qzlllg
AT2G26080 | UUGUUUUUUUUUGGUUUGGUU E]EZ;QEIE

[00179] Additional exemplary 5° UTR sequences of SEQ ID NOs:233-279 are shown in

Table 2.

Table 2. Exemplary 5° UTR Sequences
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SEQ
D
NO.

SEQUENCE

SOURCE/NAME

233

AACUUAAAAAAAAAAAUCAAA

SYNECHOCYSTIS sp. PCC6803
POTASSIUM CHANNEL
(SynK)

234

UCAAGCUUUUGGACCCUCGUACAGAAGCUA
AUACGACUCACUAUAGGGAAAUAAGAGAGA
AAAGAAGAGUAAGAAGAAAUAUAAGAGCCA
CcC

SYNTHETIC SEQUENCE

CACAUUUGCUUCUGACAUAGUUGUGUUGAC

235 | UCACAACCCCAGAAACAGACAUC MOUSE BETA GLOBIN
ACAUUUGCUUCUGACACAACUGUGUUCACU

236 | AGCAACCUCAAACAGACACC HUMAN BETA GLOBIN

| UGCACACAGAUCACCUUUCCUAUCAACCCC

237 | ACUAGCCUCUGGCAAA MOUSE ALBUMIN
CAUAAACCCUGGCGCGCUCGCGGGCCGGCA

238 | CUCUUCUGGUCCCCACAGACUCAGAGAGAA | HUMAN ALPHA GLOBIN
CCCACC
AUAAAAAGACCAGCAGAUGCCCCACAGCAC

239 | UGCUCUUCCAGAGGCAAGACCAACCAAG HUMAN HAPTOGLOBIN
AGACAAGGUUCAUAUUUGUAUGGGUUACUU
AUUCUCUCUUUGUUGACUAAGUCAAUAAUC
AGAAUCAGCAGGUUUGCAGUCAGAUUGGCA

240 | GGGAUAAGCAGCCUAGCUCAGGAGAAGUGA | HUMAN TRANSTHYRETIN
GUAUAAAAGCCCCAGGCUGGGAGCAGCCAU
CACAGAAGUCCACUCAUUCUUGGCAGG
AGAUAAAAAGCCAGCUCCAGCAGGCGCUGC
UCACUCCUCCCCAUCCUCUCCCUCUGUCCCU

241 | CUGUCCCUCUGACCCUGCACUGUCCCAGCAC | TUMAN COMPLEMENT C3
C

242 | UAUAUCCGUGGUUUCCUGCUACCUCCAACC | HUMAN COMPLEMENT C5

243 | GGCACCACCACUGACCUGGGACAGUGAAUC | HUMAN ALPHA-1-
GACA ANTITRYPSIN
AUUCAUGAAAAUCCACUACUCCAGACAGAC

244 | GGCUUUGGAAUCCACCAGCUACAUCCAGCU ig%égégigﬁﬁiﬁN
CCCUGAGGCAGAGUUGAGA
AAUAUUAGAGUCUCAACCCCCAAUAAAUAU

145 | AGGACUGGAGAUGUCUGAGGCUCAUUCUGC | o o o

CCUCGAGCCCACCGGGAACGAAAGAGAAGC
UCUAUCUCCCCUCCAGGAGCCCAGCU
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SEQ
D
NO.

SEQUENCE

SOURCE/NAME

246

AGGAUGGGAACUAGGAGUGGCAGCAAUCCU
UUCUUUCAGCUGGAGUGCUCCUCAGGAGCC
AGCCCCACCCUUAGAAAAG

HUMAN FIBRINOGEN
ALPHA CHAIN

247

AGGGGGAGCCCUAUAAUUGGACAAGUCUGG
GAUCCUUGAGUCCUACUCAGCCCCAGCGGA
GGUGAAGGACGUCCUUCCCCAGGAGCCGAC
UGGCCAAUCACAGGCAGGAAG

HUMAN APOLIPOPROTEIN E

248

AGACGGGUGGGGCGGGGCCCAACUGUCCCC
AGCUCCUUCAGCCCUUUCUGUCCCUCCCAG
UGAGGCCAGCUGCGGUGAAGAGGGUGCUCU
CUUGCCUGGAGUUCCCUCUGCUACGGCUGC
CCCCUCCCAGCCCUGGCCCACUAAGCCAGAC
CCAGCUGUCGCCAUUCCCACUUCUGGUCCU
GCCACCUCCUGAGCUGCCUUCCCGCCUGGUC
UGGGUAGAGUC

ALANINE
AMINOTRANSFERASE 1

249

CAGAUCGCCUGGAGACGCCAUCCACGCUGU
UUUGACCUCCAUAGAAGACACCGGGACCGA
UCCAGCCUCCGCGGCCGGGAACGGUGCAUU
GGAACGCGGAUUCCCCGUGCCAAGAGUGAC
UCACCGUCCUUGACACG

250

GGGAGAAAGCUUACCAUGGUGCCCCAGGCC
CUGCUCUUGGUCCCGCUGCUGGUUUCCCCC
UCUGCUUCGGCAAGUUCCCCAUCUACACCA
UCCCCGACAAGCUGGGGCCGUGGAGCCCCA
UCGACAUCCACCACCUGUCCUGCCCCAACAA
CCUCGUGGUCGAGGACGAGGGCUGCACCAA
CCUGAGCGGGUUCUCCUAC

ARC5-1

251

GGGGCGCUGCCUACGGAGGUGGCAGCCAUC
UCCUUCUCGGCAUCAAGCUUACCAUGGUGC
CCCAGGCCCUGCUCUUGGUCCCGCUGCUGG

UGUUCCCCCUCUGCUUCGGCAAGUUCCCCA

UCUACACCAUCCCCGACAAGCUGGGGCCGU
GGAGCCCCAUCGACAUCCACCACCUGUCCU

GCCCCAACAACCUCGUGGUCGAGGACGAGG
GCUGCACCAACCUGAGCGGGUUCUCCUAC

ARCS-2

252

GAAUAAAUGUAUAGGGGGAAAGGCAGGAGC
CUUGGGGUCGAGGAAAACAGGUAGGGUAUA
AAAAGGGCACGCAAGGGACCAAGUCCAGCA
UCCUAGAGUCCAGAUUCCAAACUGCUCAGA
GUCCUGUGGACAGAUCACUGCUUGGCA

Mouse GROWTH HORMONE

253

GACACUUCUGAUUCUGACAGACUCAGGAAG
AAACC

MOUSE HEMOGLOBIN
ALPHA
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SEQ
D
NO.

SEQUENCE

SOURCE/NAME

254

UGCAAACACAGAAAUGGAGGAGGAGGGGAA
GGAGGAGGAGGAGGAGAAGGAGGAGGAGG
UGGUGGUGGUGGUGGUGGGAUAAAACCCCU
GAGGCAUAAAGGGCUCGGCCGGAGUCAGCA
CAGCCCAGCCCUUCCAGAGAGAGGCAAGAG
AGGUCCACG

MOUSE HAPTOGLOBIN

255

CUAAUCUCCCUAGGCAAGGUUCAUAUUUGU
GUAGGUUACUUAUUCUCCUUUUGUUGACUA
AGUCAAUAAUCAGAAUCAGCAGGUUUGGAG
UCAGCUUGGCAGGGAUCAGCAGCCUGGGUU
GGAAGGAGGGGGUAUAAAAGCCCCUUCACC

AGGAGAAGCCGUCACACAGAUCCACAAGCU

CCUGACAGG

MOUSE TRANSTHYRETIN

256

AUAGGUAAUUUUAGAAAUAGAUCUGAUUU
GUAUCUGAGACAUUUUAGUGAAGUGGUGAG
AUAUAAGACAUAAUCAGAAGACAUAUCUAC
CUGAAGACUUUAAGGGGAGAGCUCCCUCCC
CCACCUGGCCUCUGGACCUCUCAGAUUUAG
GGGAAAGAACCAGUUUUCGGAGUGAUCGUC
UCAGUCAGCACCAUCUCUGUAGGAGCAUCG
GCC

MOUSE ANTITHROMBIN

257

AGAGAGGAGAGCCAUAUAAAGAGCCAGCGG
CUACAGCCCC

AGCUCGCCUCUGCCCACCCCUGCCCCUUACC
CCUUCAUUCCUUCCACCUU UUUCCUUCACU

MOUSE COMPLEMENT C3

258

UUUAAAAGGAAAGUGGUUACAGGGAGGCCA
UGCCCAUGGGUUU

MOUSE COMPLEMENT C5

259

AGUCCUUAGACUGCACAGCAGAACAGAAGG
CAUG

MOUSE HEPCIDIN

260

CCCCCAUAUCCCCCUUGGCUCCCAUUGCUUA
AAUACAGACUAGGACAGGGCUCUGUCUCCU
CAGCCUCGGUCACCACCCAGCUCUGGGACA
GCAAGCUGAAA

MOUSE ALPHA-1-
ANTITRYPSIN

261

AGUCAGUCCUCCUUCGCUUCAGCUCCAGUU
CUCCUCAUGAGCCAUCCCUAAACGCAGACA
CcC

MOUSE FIBRINOGEN
ALPHA CHAIN

262

UUUCCUCUGCCCUGCUGUGAAGGGGGAGAG
AACAACCCGCCUCGUGACAGGGGGCUGGCA

CAGCCCGCCCUAGCCCUGAGGAGGGGGCGG

GACAGGGGGAGUCCUAUAAUUGGACCGGUC
UGGGAUCCGAUCCCCUGCUCAGACCCUGGA

GGCUAAGGACUUGUUUCGGAAGGAGCUGAC
UGGCCAAUCACAAUUGCGAAG

APOLIPOPROTEIN E
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SEQ
D
NO.

SEQUENCE

SOURCE/NAME

263

GGCCGGCCACCGGGUUUGGGAGCAGCCCAG
GCUCACCUUAACCGGAGCGGUGCGGACGGU
CCCGCGGCGACAGGGCUAAUCUCGGCAGGU
UCGCG

ALANINE
AMINOTRANSFERASE

264

GUCCUGGACUGACUCCCACAACUCUGCCAG
UCUCCAGCCCCUGCCCUUCAGUGGUACAG

CYTOCHROME P450,
FAMILY 1(CYP1A2)

265

UUUAAGUCAACACCAGGAACUAGGACACAG
UUGUCCAGGUGCUGUUGGCCAGUCCCAAC

PLASMINOGEN

266

AAGGAGCUGGGGAGUGGAGUGUAGGCACUA
UAACCUGAAAGACGUGGUCCUGACAGGAGG
ACAAUUCUAUUCCCUACCAAA

MOUSE MAJOR URINARY
PROTEIN 3 (MUP3)

267

ACCAGCCAGAAGCCACAGUCUCAUC

MOUSE FVII

268

AAACAGAGCAGGCAGGGGCCCUGAUUCACU
GGCCGCUGGGGCCAGGGUUGGGGGCUGGGG
GUGCCCACAGAGCUUGACUAGUGGGAUUUG
GGGGGGCAGUGGGUGCAGCGAGCCCGGUCC
GUUGACUGCCAGCCUGCCGGCAGGUAGACA
CCGGCCGUGGGUGGGGGAGGCGGCUAGCUC
AGUGGCCUUGGGCCGCGUGGCCUGGUGGCA
GCGGAGCC

HNF-1ALPHA

269

GGACUUCAGCAGGACUGCUCGAAACAUCCC
ACUUCCAGCACUGCCUGCGGUGAAGGAACC
AGCAGCC

MOUSE ALPHA-
FETOPROTEIN

270

AGGGCCUCGUGGGGGGCGGGAAGGUACUGU
CCCAUAUAAGCCUCUGCUCUUGGGGCUCAA
CCGCUCGCACCCGCUGCGCUGCACAGGGGG
AGAAAAGGAGCCCAGGGUGUGAGCCGGACA
ACUUCUGGUCCUCUCCUUCCAUCUCCUUAC
CGGCGUCCCCACCUCAGGACUUUUCCCGCA
GGCUGCGAGGGGACCCACAGUUCGUGGCCA
CUUGCCUCCUGGGGAGGGCGACUCUCCUCC
CAUCCACUCAAG

MOUSE FIBRONECTIN

271

GGGGGAAAAAAAAACAGCCAAAAUAUGCCA
AAAAGCUUCUCACAACAGCUCCUCAGUAGA
AGCAGGGGCCACUUGGGAAAGCCAGGGCCU
GGACGCUAAUGUUCCAGGCUACAUCAUAGG
UCCCUUUUCGCUCAGUGAGGCCACCAUCAC
CACACCAUGGCCACGUAGGCCUCCAGCCAG
GGCAACAGGACCUGGAGGCCACCCAAGACU
GCAGCUGGCUGCCGCUGGGUCCCCGGGCCA
GCUCUUGGCCCCG

MOUSE RETINOL BINDING
PROTEIN 4, PLASMA (RBP4)
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SEQ

1D SEQUENCE SOURCE/NAME
NO.
GAACCGCGGCGAGGAGGGGGGUCGGAGGCC
CAGACUUAUAAAGGCUGCUGGACCCGCGCU MOUSE PHOSPHOLIPID

272

ACCCGCCAGACCCCGCCGCCCGGAUCCCCCG
CGCUGCCUGUCGCCCCACGUGACCACACUAC
UAAGCUUGGUCGCC

TRANSFER PROTEIN (PLTP)

273

AGGGACUCAUCAACCAGGCCUGGCCUCUGA
GUUCAACGCAGAGCUAGCUGGGAAAUGUUC
CGGAUGUUGGCCAAGGCCAGUGUGACGCUG
GGCUCCAGAGCGGCAGGUUGGGUCCGGACC

MOUSE ALANINE-
GLYOXYLATE
AMINOTRANSFERASE
(AGXT)

274

GCUGCCCCUGUGCUGACUGCUGACAGCUGA
CUGACGCUCGCAGCUAGCAGGUACUUCUGG
GUUGCUAGCCCAGAGCCCUGGGCCGGUGAC
CCUGUUUUCCCUACUUCCCGUCUUUGACCU
UGGGUGCCUUCCAACCUUCUGUUGCC

ALDEHYDE
DEHYDROGENASE 1
FAMILY, MEMBER L1
(ALDHIL1)

275

GGGUGCUAAAAGAAUCACUAGGGUGGGGAG
GCGGUCCCAGUGGGGCGGGUAGGGGUGUGU
GCCAGGUGGUACCGGGUAUUGGCUGGAGGA
AGGGCAGCCCGGGGUUCGGGGCGGUCCCUG
AAUCUAAAGGCCCUCGGCUAGUCUGAUCCU
UGCCCUAAGCAUAGUCCCGUUAGCCAACCC
CCUACCCGCCGUGGGCUCUGCUGCCCGGUG
CUCGUCAGC

FUMARYLACETOACETATE
HYDROLASE (FAH)

276

AGGAGGACCUUGGCCAGCGGGCAGAAUGGC
AGUUGGUAGAGGAAGGGAGCAAGGGGGUG
UUUCCUGGGACAGGGGGGCGGAGACCUGGA
GACUAUAGGCUCCCCCAGGACUCAAGUUCA
UUGAGUUUCUGCAGACACUGAACGGCUUUC
AGUCUUCCCGCUGUGACUAUCACCUGUGGG
CUCCACCUGCCUGCACCUUUAGUCAGCACC
UUUAGCCAGCACCUGCGCCAGACCCCAGCA

FRUCTOSE
BISPHOSPHATASE 1 (FBP1)

MOUSE GLYCINE N-
277 | AGGCGCCGGUCAGG METHYLTRANSFERASE
(GNMT)
MOUSE 4-
278 | ACCAUCAACC HYDROXYPHENYLPYRUVIC

ACID DIOXYGENASE (HPD)

279

UCUGCCCCACCCUGUCCUCUGGAACCUCUGC
GAGAUUUAGAGGAAAGAACCAGUUUUCAGG
CGGAUUGCCUCAGAUCACACUAUCUCCACU
UGCCCAGCCCUGUGGAAGAUUAGCGGCC

HUMAN ANTITHROMBIN

3’ Untranslated Region (3’ UTR)
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[00180] In some aspects, nucleic acid molecules provided herein further include a 3’
untranslated region (3° UTR). Any 3’ UTR sequence can be included in nucleic acid molecules
provided herein. In one aspect, nucleic acid molecules provided herein include a viral 3 UTR.
In another aspect, nucleic acid molecules provided herein include a non-viral 3> UTR. Any
non-viral 3” UTR can be included in nucleic acid molecules provided herein, such as 3> UTRs
of transcripts expressed in any cell or organ, including muscle, skin, subcutaneous tissue, liver,
spleen, lymph nodes, antigen-presenting cells, and others. In some aspects, nucleic acid
molecules provided herein include a 3> UTR comprising viral and non-viral sequences.
Accordingly, a 3> UTR included in nucleic acid molecules provided herein can comprise a
combination of viral and non-viral 3 UTR sequences. In one aspect, the 3° UTR is located 3’
of or downstream of the second polynucleotide of nucleic acid molecules provided herein that
comprises a first transgene encoding a first antigenic protein or a fragment thereof. In another
aspect, the 3° UTR is located 3’ of or downstream of the second polynucleotide of nucleic acid
molecules provided herein that comprises a first transgene encoding a first antigenic protein or
a fragment thereof, and the second polynucleotide is located 3’ of or downstream of the first
polynucleotide of nucleic acid molecules provided herein.

[00181] In one aspect, the 3° UTR of nucleic acid molecules provided herein comprises an
alphavirus 3> UTR. A 3’ UTR from any alphavirus can be included in nucleic acid molecules
provided herein, including 3> UTR sequences from Venezuelan Equine Encephalitis Virus
(VEEYV), Eastern Equine Encephalitis Virus (EEEV), Everglades Virus (EVEV), Mucambo
Virus (MUCYV), Semliki Forest Virus (SFV), Pixuna Virus (PIXV), Middleburg Virus (MIDV),
Chikungunya Virus (CHIKV), O'Nyong-Nyong Virus (ONNV), Ross River Virus (RRV),
Barmah Forest Virus (BFV), Getah Virus (GETV), Sagiyama Virus (SAGV), Bebaru Virus
(BEBYV), Mayaro Virus (MAYYV), Una Virus (UNAYV), Sindbis Virus (SINV), Aura Virus
(AURAYV), Whataroa Virus (WHAYV), Babanki Virus (BABV), Kyzylagach Virus (KYZV),
Western Equine Encephalitis Virus (WEEV), Highland J Virus (HJV), Fort Morgan Virus
(FMV), Ndumu Virus (NDUYV), Salmonid Alphavirus (SAV), or Buggy Creek Virus (BCRV).
In another aspect, the 3° UTR comprises a sequence having at least 80%, at least 85%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 97.5%, at least 98%, at least 98.5%, at least 99%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9%, and any number or range in between, identity to
a sequence of SEQ ID NO:9 or a sequence of SEQ ID NO:45, for example. In yet another
aspect, the 3 UTR further comprises a poly-A sequence. In a further aspect, the 3> UTR
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comprises a sequence of SEQ ID NO:9 or SEQ ID NO:45. In yet a further aspect, the 3° UTR
comprises a sequence of SEQ ID NO:8 or a sequence of SEQ ID NO:44, for example.

[00182] Insome embodiments, the 3° UTR comprises a sequence selected from the 3° UTRs
of alanine aminotransferase 1, human apolipoprotein E, human fibrinogen alpha chain, human
haptoglobin, human antithrombin, human alpha globin, human beta globin, human complement
C3, human growth factor, human hepcidin, MALAT-1, mouse beta globin, mouse albumin,
and Xenopus beta globin, or fragments of any of the foregoing. In some embodiments, the 3’
UTR is derived from Xenopus beta globin. Any 3’ UTR provided herein can include a poly-
A tail, as detailed further below. In some embodiments, the 3’ UTR includes a sequence having
at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,
at least 95%, at least 96%, at least 97%, at least 97.5%, at least 98%, at least 98.5%, at least
99%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, at least 99.9%, and any
number or range in between, identity to a sequence of SEQ ID NO:36, SEQ ID NO:37, SEQ
ID NO:50, or SEQ ID NO:51. In some embodiments, the 3° UTR includes a sequence of SEQ
ID NO:36, SEQ ID NO:37, SEQ ID NO:50, or SEQ ID NO:51. A 3’ UTR provided herein can
be included in any RNA molecule provided herein, including self-replicating RNA and mRNA
molecules. Exemplary 3° UTR sequences include SEQ ID NOs:219-225, as shown in Table 3.

Table 3. 3’ UTR sequences

Name Sequence Seq ID No.:

XBG CUAGUGACUGACUAGGAUCUGGUUACCACUAAACCAG | SEQID NO:
CCUCAAGAACACCCGAAUGGAGUCUCUAAGCUACAUA | 219
AUACCAACUUACACUUACAAAAUGUUGUCCCCCAAAA
UGUAGCCAUUCGUAUCUGCUCCUAAUAAAAAGAAAGU
UUCUUCACAU

HUMAN UGCAAGGCUGGCCGGAAGCCCUUGCCUGAAAGCAAGA | SEQID NO:
HAPTOGLOBIN | UUUCAGCCUGGAAGAGGGCAAAGUGGACGGGAGUGG | 220
ACAGGAGUGGAUGCGAUAAGAUGUGGUUUGAAGCUG
AUGGGUGCCAGCCCUGCAUUGCUGAGUCAAUCAAUAA

AGAGCUUUCUUUUGACCCAU
HUMAN ACGCCGAAGCCUGCAGCCAUGCGACCCCACGCCACCCC | SEQID NO:
APOLIPOPROTEI | GUGCCUCCUGCCUCCGCGCAGCCUGCAGCGGGAGACC | 221
NE CUGUCCCCGCCCCAGCCGUCCUCCUGGGGUGGACCCU
AGUUUAAUAAAGAUUCACCAAGUUUCACGCA
HCV UAGAGCGGCAAACCCUAGCUACACUCCAUAGCUAGUU | SEQID NO:

[6[618191519101810181916[€10181 0181016101 0101016101 6101 6101018161 6101 U1 A poiry)
yuuuuuuuuvuuuuvuccuuucuuuuccuucuuuuu
UUCCUCUUUUCUUGGUGGCUCCAUCUUAGCCCUAGUC
ACGGCUAGCUGUGAAAGGUCCGUGAGCCGCAUGACUG
CAGAGAGUGCCGUAACUGGUCUCUCUGCAGAUCAUGU

MOUSE ACACAUCACAACCACAACCUUCUCAGGCUACCCUGAG | SEQID NO:
ALBUMIN AAAAAAAGACAUGAAGACUCAGGACUCAUCUUUUCUG | 223
UUGGUGUAAAAUCAACACCCUAAGGAACACAAAUUUC
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Name Sequence Seq ID No.:
UUUAAACAUUUGACUUCUUGUCUCUGUGCUGCAAUUA
AUAAAAAAUGGAAAGAAUCUAC

HUMAN ALPHA | GCUGGAGCCUCGGUAGCCGUUCCUCCUGCCCGCUGGG | SEQID NO:
GLOBIN CCUCCCAACGGGCCCUCCUCCCCUCCUUGCACCGGCCC | 224
UUCCUGGUCUUUGAAUAAAGUCUGAGUGGGCAGCA
EMCV UAGUGCAGUCAC UGGCACAACG CGUUGCCCGG SEQ ID NO:

UAAGCCAAUC GGGUAUACAC
GGUCGUCAUACUGCAGACAG GGUUCUUCUA
CUUUGCAAGA UAGUCUAGAG UAGUAAAAUA
AAUAGUAUAAG

225

[00183]
Table 4.

Additional exemplary 3° UTR sequences of SEQ ID NOs:280-317 are shown in

Table 4. Exemplary 3’ UTR Sequences

SEQ
D
NO.

SEQUENCE

SOURCE/NAME

280

ACCCCCUUUCCUGCUCUUGCCUGUGAACAAU
GGUUAAUUGUUCCCAAGAGAGCAUCUGUCAG

UUGUUGGCAAAAUGAUAAAGACAUUUGAAA | MOUSE BETA GLOBIN

AUCUGUCUUCUGACAAAUAAAAAGCAUUUAU
UUCACUGCAAUGAUGUUUU

281

GCUCGCUUUCUUGCUGUCCAAUUUCUAUUAA
AGGUUCCUUUGUUCCCUAAGUCCAACUACUA

AACUGGGGGAUAUUAUGAAGGGCCUUGAGCA | HUMAN BETA GLOBIN

UCUGGAUUCUGCCUAAUAAAAAACAUUUAUU
UUCAUUGCAA

282

UGGCAUCCCUGUGACCCCUCCCCAGUGCCUC
UCCUGGCCCUGGAAGUUGCCACUCCAGUGCC
CACCAGCCUUGUCCUAAUAAAAUUAAGUUGC
AUCAUUUUGUCUG

HUMAN GROWTH FACTOR

283

AAUGUUCUUAUUCUUUGCACCUCUUCCUAUU

UUUGGUUUGUGAACAGAAGUAAAAAUAAAU | HUMAN ANTITHROMBIN

ACAAACUACUUCCAUCUCA

284

CCACACCCCCAUUCCCCCACUCCAGAUAAAG
CUUCAGUUAUAUCUCACGUGUCUGGAGUUCU
UUGCCAAGAGGGAGAGGCUGAAAUCCCCAGC
CGCCUCACCUGCAGCUCAGCUCCAUCCUACU
UGAAACCUCACCUGUUCCCACCGCAUUUUCU
CCUGGCGUUCGCCUGCUAGUGUG

HUMAN COMPLEMENT C3

285

AACCUACCUGCCCUGCCCCcGuCccccucccuu
CCUUAUUUAUUCCUGCUGCCCCAGAACAUAG
GUCUUGGAAUAAAAUGGCUGGUUCUUUUGU
UUUCCAAA

HUMAN HEPCIDIN
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SEQ
D
NO.

SEQUENCE

SOURCE/NAME

286

ACUAAGUUAAAUAUUUCUGCACAGUGUUCCC
AUGGCCCCUUGCAUUUCCUUCUUAACUCUCU
GUUACACGUCAUUGAAACUACACUUUUUUGG
UCUGUUUUUGUGCUAGACUGUAAGUUCCUUG
GGGGCAGGGCCUUUGUCUGUCUCAUCUCUGU
AUUCCCAAAUGCCUAACAGUACAGAGCCAUG
ACUCAAUAAAUACAUGUUAAAUGGAUGAAU
GAAUUCCUCUGAAACUCU

HUMAN FIBRINOGEN
ALPHA CHAIN

287

GCACCCCAGCUGGGGCCAGGCUGGGUCGCCC
UGGACUGUGUGCUCAGGAGCCCUGGGAGGCU
CUGGAGCCCACUGUACUUGCUCUUGAUGCCU
GGCGGGGEUGGGGUGGGGGGGGUGCUGGGCCC
CUGCCUCUCUGCAGGUCCCUAAUAAAGCUGU
GUGGCAGUCUGACUCC

ALANINE
AMINOTRANSFERASE 1

288

GAUUCGUCAGUAGGGUUGUAAAGGUUUUUC
UUUUCCUGAGAAAACAACCUUUUGUUUUCUC
AGGUUUUGCUUUUUGGCCUUUCCCUAGCUUU
AAAAAAAAAAAAGCAAAA

MALAT

289

GGACUAGUUAUAAGACUGACUAGCCCGAUGG
GCCUCCCAACGGGCCCUCCUCCCCUCCUUGCA
CCGAGAUUAAU

ARC3-1

290

GGACUAGUGCAUCACAUUUAAAAGCAUCUCA
GCCUACCAUGAGAAUAAGAGAAAGAAAAUGA
AGAUCAAUAGCUUAUUCAUCUCUUUUUCUUU
UUCGUUGGUGUAAAGCCAACACCCUGUCUAA
AAAACAUAAAUUUCUUUAAUCAUUUUGCCUC
UUUUCUCUGUGCUUCAAUUAAUAAAAAAUGG
AAAGAACCUAGAUCU

ARC3-2

291

CCACUCACCAGUGUCUCUGCUGCACUCUCCU
GUGCCUCCCUGCCCCCUGGCAACUGCCACCCC
UGCGCUUUGUCCUAAUAAAAUUAAGAUGCAU
CAUAUCACCCG

MOUSE GROWTH
HORMONE

292

GCUGCCUUCUGCGGGGCUUGCCUUCUGGCCA
UGCCCUUCUUCUCUCCCUUGCACCUGUACCU
CUUGGUCUUUGAAUAAAGCCUGAGUAGGAAG
AAAAAAAAAAAA

MOUSE HEMOGLOBIN
ALPHA

293

UUCAGGGCUCACUAGAAGGCUGCACAUGGCA
GGGCAGGCUGGGAGCCAUGGAAGAGGGGGAA
GUGGAAGGGUUGGGCUAUACUCUGAUGGGU
UCUAGCCCUGCACUGCUCAGUCAACAAUAAA
AAAAUGUGCUUUGGACCCAUAAAAAAAAAAA
AAAAAAAAA

MOUSE HAPTOGLOBIN
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SEQ
D
NO.

SEQUENCE

SOURCE/NAME

294

GAGACUCAGCCCAGGAGGACCAGGAUCUUGC
CAAAGCAGUAGCAUCCCAUUUGUACCAAAAC
AGUGUUCUUGCUCUAUAAACCGUGUUAGCAG
CUCAGGAAGAUGCCGUGAAGCAUUCUUAUUA
AACCACCUGCUAUUUCAUUCAAACUGUGUUU
CUUUUUUAUUUCCUCAUUUUUCUCCCCUGCU
CCUAAAACCCAAAAUCUUCUAAAGAAUUCUA
GAAGGUAUGCGAUCAAACUUUUUAAAGAAA
GAAAAUACUUUUUGACUCAUGGUUUAAAGGC
AUCCUUUCCAUCUUGGGGAGGUCAUGGGUGC
UCCUGGCAACUUGCUUGAGGAAGAUAGGUCA
GAAAGCAGAGUGGACCAACCGUUCAAUGUUU
UACAAGCAAAACAUACACUAAGCAUGGUCUG
UAGCUAUUAAAAGCACACAAUCUGAAGGGCU
GUAGAUGCACAGUAGUGUUUUCCCAGAGCAU
GUUCAAAAGCCCUGGGUUCAAUCACAAUACU
GAAAAGUAGGCCAAAAAACAUUCUGAAAAUG
AAAUAUUUGGGUUUUUUUUUAUAACCUUUA
GUGACUAAAUAAAGACAAAUCUAAGAGACUA
AAAAAAAAAAAAAAAAA

MOUSE TRANSTHYRETIN

295

AAUAUUCUUAAUCUUUGCACCUUUUCCUACU
UUGGUGUUUGUGAAUAGAAGUAAAAAUAAA
UACGACUGCCACCUCACGAGAAUGGACUUUU
CCACUUGAAGACGAGAGACUGGAGUACAGAU
GCUACACCACUUUUGGGCAAGUGAAGGGGGA
GCAGCCAGCCACGGUGGCACAAACCUAUAUC
CUGGUGCUUUUGAAGGUAGAAGCAGGGCGGU
CAGGAGUUAAGGCCAGUUGAGGCUGGGCUGC
AGAGUGAAAGACCAUGUCUCAAGAUGGUCUU
UCUCCUCCCCAAAGUAGAAAAGAAAACCAUA
AAAACAAGAGGUAAAUAUAUUACUAUUUCA
UCUUAGAGGAUAGCAGGCAUCUUGAAAGGGU
AGAGGGACCUUAAAUUCUCAUUAUUGCCCCC
AUACUACAAACUAAAAAACAAACCCGAAUCA
AUCUCCCAUAAAGACAGAGAUUCAAAUAAGA
GUAUUAAACGUUUUAUUUCUCAAACCACUCA
CAUGCAUAAUGUUCUUAUACACAGUGUCAAA
AUAAAGAGAAAUGCAUUUUUAUACAAAAAA
AAAAAA

MOUSE ANTITHROMBIN

296

CUACAGCCCAGCCCUCUAAUAAAGCUUCAGU
UGUAUUUCACCCAUC

MOUSE COMPLEMENT C3
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SEQ
D
NO.

SEQUENCE

SOURCE/NAME

297

AAAGUUCUGCUGCACGAAGAUUCCUCCUGCG
GCGGGGGGAUUGCUCCUCCUCUGGCUUGGAA
ACCUAGCCUAGAAUCAGAUACACUUUCUUUA
GAGUAAAGCACAAGCUGAUGAGUUACGACUU
UGUGAAAUGGAUAGCCUUGAGGGGAGGCGA
AAACAGGUCCCCCAAGGCUAUCAGAUGUCAG
UGCCAAUAGACUGAAACAAGUCUGUAAAGUU
AGCAGUCAGGGGUGUUGGUUGGGGCCGGAAG
AAGAGACCCACUGAAACUGUAGCCCCUUAUC
AAAACAUAUCCUUGCUUGAAAGAAAAAUACC
AAGGACAGAAAAUGCCAUAAAAUCUUGACUU
UGCACUC

MOUSE COMPLEMENT C5

298

CCUAGAGCCACAUCCUGACCUCUCUACACCC

CUGCAGCCCCUCAACCCCAUUAUUUAUUCCU
GCCCUCCCCACCAAUGACCUUGAAAUAAAGA
CGAUUUUAUUUUCAAAAAAAAAAAAAAAAA

A

MOUSE HEPCIDIN

299

CCACCCUAAAAUGUCAUCCUUCCUUCUGAAU
UGGGUUCCUUCCAUUAAACACAGGCUGGCCU
GGCUCGUGCCUGAUGCUACAGCAAGUCCUUG
ACUCUGUGGGUUGUGUGUGUGUGUGUGUGU
GUGUGUGUGUGUGUGUGUGUGUGUGUGUGU
GUGUGUGUGUGUGUGUCUGUGUGUGUGUGU
GUCUUUAUGCCCUGAGUUUGUUGUGGACUUG
AGAUCAUAGUAUGUCUUGAUAUCUCCUCCAG
CCAUGCAAAUAGGUUGUGGGUAGAGGACUGU
GGCUGAGACCACAGACUCUGGUCCAAGAACC
AUCUGCUCUAAAAAAAAUAAAUCUGUCAUCU
CUGGAAAAUAAAGAGGACAUGCUCAAUGACU
CAGGGUCCAGC

MOUSE ALPHA-1-
ANTITRYPSIN

300

CUGAAGGGUUAGAAAGUGGGGGCUCUGUUU
UCUUUGCUCGGUUAUCCGAGAAGAAAGACAA
AACGGAAGAUGAAGGUGUCACGGAUCUUGUG
AACUUUUUAAAACUUUCAAGGUGCUAUUCCA
UUGUUCUUUGUACUGUAGCUAAAUGUAACUG
AGAUGAGUUACUGCUUUGAAAAAAUAAAGU
UUUACAUUUUUUCCACCCUUUAAAAAAAAAA
AA

MOUSE FIBRINOGEN
ALPHA CHAIN

301

GUAUCCUUCUCCUGUCCUGCAACAACAUCCA
UAUCCAGCCAGGUGGCCCUGUCUCAAGCACC
UCUCUGGCCCUCUGGUGGCCCUUGCUUAAUA
AAGAUUCUCCGAGCACAUUCUGAGUCUCUGU
GAGUGAUUC AAAAAAAA

APOLIPOPROTEIN E
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302

GGACGC

CUCAGGCACC GGAGCCAGAC CCUCCCAAGA
CCACCCAGGC CUUCCUCAAG GACUCUGCCU
CAGACCUCAG ACAGGCCACC AACGCUGUUC
AUCUUCAUUU CCCCAAGGAG ACUUCUUUCU
UUGUGCCUUG AUGUUUGAGA GUUCUUCGAG
CAAACAGUGG UUUUGCAAUG UCUCACAGGC
CCUGUUUUUG UUUUUGUUUU uGUUUUGUUU
UGUUUUGUUC UUUUUUUAAA UGCAACCAAA
GUAGAGUCAA CCUGCUCGGC AGAUGUACUU
GGAUUCUCUG AAUCGCUAUU CUGUUUGGAG
AGUUCCUUUG GGUCUUAAGC AGCCAGAGUA
CAUGGAAAUG AGAUUAUGUC AGAUCUGGAG
AAACAAGCAG GUGUUGGGAA AUAUGUGACU
UGACAUGAUA AGGGCUGGGA AUCCAGAAAU
CAAUAGUGAG AUCCAUGAAA UCAAACCCUG
ACCAGUGUGA AAAUGUAGCC UUUUGGACAG
UAAGCCUGCA AGUCUAGUGA GAACUCAGAG
AAAGCUGACC AUUCUGGUCU GAAGAUAGGC
AGCGCAUCAC AGGCAAGAAU AUCGAAGUCA
GUAGUAGGAC AGGGGUCACA UCAGAUACCA
GCUCAAAUUG CACUAGCUAU CUAGAACAGU
UUUCUCCAGG UUUGCCUGAG CCUUGAUGCA
UACCAUCGCC CUCUGCUGGU CGCAGCAGAG
AUAAGCAAGG GCUGAAAAUG GAGGCAAUCC
UUUCCCAAGG CCCUGAAAGU UGUUUUUCAU
GGUUUCAAAC UGAAUUUGGC UCAUUUGUAA
CUAACUGAUC ACGGUGCCUG GUUACACUGG
CUGCCAAGAA GGAGCGCAUG CAAUCUGAUU
CAGUGCUCUC UUCACAUCAG UUUCCUGCCU
CCCUCCCUCA UCUGCGGACA GCAUCCUAUC
UCAUCAGGCU UCCCUGUGUG UCACAAAGUA
GCAGCCACCA AGCAAAUAUA UUCCUUGAAU
UAGCACACCU GGGUGGGCCA UGUGCGCACC
AAGGAAACAG GUGCUAUAGG GAGCGCCAGG
CCAGGCUUGU CUCUUAACUG UCUCGUUCUU
CAGUGAGAGU GGGAAAGCUG UCCGGAGCUC
CCGCGCAGGA GCCUGGGUAC CCACGCAGCG
AGUCAAGGGA GUUUUCGGAG CCAGAGAGAG
AAAGAUGUGA AGGCUGUGGA GUAAGGCUGA
AACCAGCCUC CUGCCCUAUA GUCCCACACU
GCAGGGGGUG CGACUUUAAA ACAGAACUUC
AAGUUGUUAA CACUCACAAG CAUUGCAUUA
CUGUGAAGGA AGUAGCCGCA UCCAUAACAG
GAUGUGAUGG UCUACAGCUU UUCCUUUAAA
AGCUGAAAAG GUACCAUGUG UGCUCGCUAG
GCAUAUAAUC CAGAUAUGCU CCAGAGUUCU
GAGAUUCUUC CAUGAAAGGU UAACUAGAAG
CUAGAAUAUU UUUUUAUAUU UUUGUAACAA
UUGGCUUUUU UCAUGGGGGG AGGGGAGUAG

ALANINE
AMINOTRANSFERASE
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SEQ
D
NO.

SEQUENCE

SOURCE/NAME

AGGGUUAGUA UUUAUAGUCC UAACAAGUCC
AAAAAUUUUU AUAAGUGUCU UCAGAUUAUA
AAUAACCCUC CAAAUUUUGC AAUGUUUACA
UGUUUUUUUU UUAAGAUGAC AAAUAUGCUU
GAUUUGCUUU UUAAAUAAAA GUUUAGCUGU
UCUAAGAGAU UAACUUCAAG UAGGAUGGCU
GGUUAUGAUA GUUUGGAUUU UCUACAGGUU
CUGUUGCCAU GCCUUUUGGG UUUCAGCAUC
ACUCGAGUCG CAGCAUGUGG GUGGGGCUGU
GGAAACCUGG CCAGGCUGGA CCUGGUCAGC
CACACCUCAG AGACAUUGUU UCCAUUUGGA
UGUGAGCAGG CGCAGGCCUG CAUGCUCUUU
CCUACUUAGC AUCAUCAGUU CUUCCGCCUC
CUUAGCAUGG UUCUUUGUAA CAGCCAUGCU
GGGAAGCUCU GAACAAUAAA AUACUUCCAG
AGUGGU

303

AGAUUGUCGAGGCAUCGGUGGGGCCGUCACC
CUUGUUUCUUUUCCUUUUUUAAAAAAAAAAA
AAAAACAGCUUUUUUUUUUUUGAGAGAUAC
AAUUCUUUCCCCAUUUAAUUCAUCUCCAAGC
AAUUUUACAAUAGUGUCUAUCAUGUUCACCC
CAUAACCCAUACUCAUUAGGACUUAUGAUUU
AAGAUUCCUCCUACCCUGUCUUGCUUGCCGC
ACCUCAUGCUAAUCUAGUUUUUGACUCAAUA
GAUUUGCCUACUCUGGCUGUCUCAUAUAAAU
CGAAUGAAUUAUG

CYTOCHROME P450,
FAMILY 1(CYP1A2)

304

CUAGGUGGAAGGCCGAGCAAAACCUCUGCUU
ACUAAAGCUUACUGAAUAUGGGGAGAGGGCU
UAGGGUGUUUGGAAAAACUGACAGUAAUCA
AACUGGGACACUACACUGAACCACAGCUUCC
UGUCGCCCCUCAGCCCCuCCcccuuuuuuuauU
AUUAUUGUGGGUAAAAUUUUCCUGUCUGUG
GACUUCUGGAUUUUGUGACAAUAGACCAUCA
CUGCUGUGACCUUUGUUGAAAAUAAACUCGA
UACUUACUUUG

PLASMINOGEN
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SEQ

1D SEQUENCE SOURCE/NAME
NO.
AGAA
UGGCCUGAGC CUCCAGUGUU GAGUGGAGAC
UUUUCACCAG GACUCCAGCA UCAUCCCUUC
CUAUCCAUAC AGACUCCCAU GCCAAGGUCU
GUGAUCUGCU CUCCACCUGU CUCACAGAGA MOUSE MAJOR URINARY

305

AGUGCAAUCC CGUUCUCUCC AGCAUGUUAC

CUAGGAUAAC UCAUCAAGAA UCAAAGACUU
UCUUUAAAUU UCUCUUUGCC AACACAUGGA
AAUUCUCCAU UGAUUUCUUU CccuGuCCUGU
UCAAUAAAUG AUUACACUUG CACUUAAAAA
AAAAAAAA

PROTEIN 3 (MUP3)

306

CuCC

UUGGAUAGCC CAACCCGUCC CAAGAAGGAA
GCUACGGCCU GUGAAGCUGU UCUAUGGACU
UUCCUGCUAU UCUUGUGUAA GGGAAGAGAA
UGAGAUAAAG AGAGAGUGAA GAAAGCAGAG
GGGGAGGUAA AUGAGAGAGG CUGGGAAAGG
GGAAACAGAA AGCAGGGCCG GGGGAAGAGU
CUAAGUUAGA GACUCACAAA GAAACUCAAG
AGGGGCUGGG CAGUGCAGUC ACAGUCAGGC
AGCUGAGGGG CAGGGUGUCC CUGAGGGAGG
CGAGGCUCAG GCCUUGCUCC CGUCUCCCCG
UAGCUGCCUC CUGUCUGCAU GCAUUCGGUC
UGCAGUACUA CACAGUAGGU AUGCACAUGA
GCACGUAGGA CACGUGAAUG UGCCGCAUGC
AUGUGCGUGC CUGUGUGUCC AUCAUUGGCA
CUGUUGCUCA CUUGUGCUUC CUGUGAGCAC
CCUGUCUUGG UUUCAAUUAA AUGAGAAACA
UGGUCAAAAA AAAAAAAAAA AAAAA

MOUSE FVII
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SEQ
D
NO.

SEQUENCE

SOURCE/NAME

307

CCGUG

GUGACUGCCU CCCAGGAGCU GGGUCCCCAG
GGCCUGCACU GCCUGCAUAG GGGGUGAGGA
GGGCCGCAGC CACACUGCCU GGAGGAUAUC
UGAGCCUGCC AUGCCACCUG ACACAGGCUG
CUGGCCUUCC CAGAAGUCUA CGCAUUCAUU
GACACUGCUG CUCCUCCAUC AUCAGGAAGG
GAUGGCUCUG AGGUGUCUCA GCCUGACAAG
CGAGCCUCGA GGAGCUGGAG GACGGCCCAA
UCUGGGCAGU AUUGUGGACC ACCAUCCCUG
CUGUUUAGAA UAGGAAAUUU AAUGCUUGGG
ACAGGAGUGG GGAAGCUCGU GGUGCCCGCA
CCCCCCCAGU CAGAGCCUGC AGGCCUUCAA
GGAUCUGUGC UGAGCUCUGA GGCCCUAGAU
CAACACAGCU GCCUGCUGCC UCCUGCACCU
CCCCAGGCCA UUCCACCCUG CACCAGAGAC
CCACGUGCCU GUUUGAGGAU UACCCUCCCC
ACCACGGGGA UUUCCUACCC AGCUGUUCUG
CUAGGCUCGG GAGCUGAGGG GAAGCCACUC
GGGGCUCUCC UAGGCUUUCC CCUACCAAGC
CAUCCCUUCU CCCAGCCCCA GGACUGCACU
UGCAGGCCAU CUGUUCCCUU GGAUGUGUCU
UCUGAUGCCA GCCUGGCAAC UUGCAUCCAC
UAGAAAGGCC AUUUCAGGGC UCGGGUUGUC
AUCCCUGUUC CUUAGGACCU GCAACUCAUG
CCAAGACCAC ACCAUGGACA AUCCACUCCU
CUGCCUGUAG GCCCCUGACA ACuuccuuUCC
UGCUAUGAGG GAGACCUGCA GAACUCAGAA
GUCAAGGCCU GGGCAGUGUC UAGUGGAGAG
GGUACCAAGA CCAGCAGAGA GAAGCCACCU
AAGUGGCCUG GGGGCUAGCA GCCAUUCUGA
GAAAUCCUGG GUCCCGAGCA GCCCAGGGAA
ACACAGCACA CAUGACUGUC UCCUCGGGCC
UACUGCAGGG AACCUGGCCU UCAGCCAGCU
CCUUUGUCAU CCUGGACUGU AGCCUACGGC
CAACCAUAAG UGAGCCUGUA UGUUUAUUUA
ACUUUUAGUA AAGUCAGUAA AAAGCAAAAA
AAAAAAAAAA AAA

HNF-1ALPHA

308

ACAUC

UCCAGAAGGA AGAGUGGACA AAAAAAUGUG
UUGACUCUUU GGUGUGAGCC UUUUGGCUUA
ACUGUAACUG CUAGUACUUU AACCACAUGG
UGAAGAUGUC CAUGUGAGAU UUCUAUACCU
UAGGAAUAAA AACUUUUCAA CUAUUUCUCU
UCUCCUAGUC UGCUUUUUUU UUAUUAAAAA
AUACUUUUUU CCAUUU

MOUSE ALPHA-
FETOPROTEIN
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SEQ
D
NO.

SEQUENCE

SOURCE/NAME

309

UCuu

UCCAGCCCCA CCCUACAAGU GUCUCUCUAC
CAAGGUCAAU CCACACCCCA GUGAUGUUAG
CAGACCCUCC AUCUUUGAGU GGUCCUUUCA
CCCUUAAGCC UUUUGCUCUG GAGCCAUGUU
CUCAGCUUCA GCACAAUUUA CAGCUUCUCC
AAGCAUCGCC CCGUGGGAUG UUUUGAGACU
UCUCUCCUCA AUGGUGACAG UUGGUCACCC
UGUUCUGCUU CAGGGUUUCA GUACUGCUCA
GUGUUGUUUA AGAGAAUCAA AAGUUCUUAU
GGUUUGGUCU GGGAUCAAUA GGGAAACACA
GGUAGCCAAC UAGGAGGAAA UGUACUGAAU
GCUAGUACCC AAGACCUUGA GCAGGAAAGU
CACCCAGACA CCUCUGCUUU CUUUUGCCAU
CUGACCUGCA GCACUGUCAG GACAUGGCCU
GUGGCUGUGU GUUCAAACAC CCCUCCCACA
GGACUCACUU UGUCCCAACA AUUCAGAUUG
CCUAGAAAUA CCUUUCUCUU ACCUGUUUGU
UAUUUAUCAA UUUUUCCCAG UAUUUUUAUA
CGGAAAAAAU UGUAUUGAAG ACACUUUGUA
UGCAGUUGAU AAGAGGAAUU CAGUAUAAUU
AUGGUUGGUG AUUAUUUUUA UAAGCACAUG
CCAACGCUUU ACUACUGUGG AAAGACAAGU
GUUUUAAUAA AAAGAUUUAC AUUCCAUGAU
GUGGACGUCA UUUCUUUUUU UUUUUAACAU
CAUGUGUUUG GAGAG

MOUSE FIBRONECTIN

310

CAACGUCUA

GGAUGUGAAG UUUGAAGAUU UCUGAUUAGC
UUUCAUCCGG UCUUCAUCUC UAUUUAUCUU
AGAAGUUUAG UUUCCCCCAC CUCCCCUACC
UUCUCUAGGU GGACAUUAAA CCAUCGUCCA
AAGUACAUGA GAGUCACUGA CUCUGUUCAC
ACAACUGUAU GUCUUACUGA AGGUCCCUGA
AAGAUGUUUG AGGCUUGGGA UUCCAAACUU
GGUUUAUUAA ACAUAUAGUC ACCAUCUUCC
UAU

MOUSE RETINOL BINDING
PROTEIN 4, PLASMA
(RBP4)

311

GC

CCAUCACCCC ACCUGGGUGG CUGGCAUUCA
GGAACCUAAC UGAAGUCUUC UCUGCACCCC
CUGCCAACCC CUUCCCAUCU ACAGUGUUAG
UGGUCCCGGU GCCACAGAGA AGAGCCCAGU
UGGAAGCUAU ACCCGAUUUA AUUCCAGAAU
UAGUCAACCA UCAAUUAGAA UCCAUCCACC
ccccucC

MOUSE PHOSPHOLIPID
TRANSFER PROTEIN

(PLTP)
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SEQ
D
NO.

SEQUENCE

SOURCE/NAME

312

G

CAUCCUCUCA CCAGACUAUG CCCUCCUGGA
GGGGCUGGGA AUAUAGCAAG AACGAAAAGA
CUGUGCAAGG CCUAGAGCCA GCAAAGAUGC
UGAUGUAGCC AGGCCAUGCC GGAAGGAGCA
GGGUGAAGCU UCCCCUCUCC CUACAAAUGG
AACCUUGUGG AAACAGGAUG CUAAACACCU
UCUGAUGGAG CUGUUGCCUG CAGGCCACUG
GUCUUUGGGA AUUUUCAAUA AAGUGCUUGC
GAGGAAUCUC CUA

MOUSE ALANINE-
GLYOXYLATE
AMINOTRANSFERASE
(AGXT)

313

AGCCA

AGACUGUGAU ACUUCUCCUG UACCCUGUUG
ACCUCAGGGA GUGCUGACCC UGUCUGGUGA
CUUAGCACCC UCCUGUCCCC AGCACUGCUC
CUUUCAGCUG CUGGAGCUCU UGGCCUGGAC
CCCUGCUGGU GACAGGACAC CCUCUGAACA
AUCAGAAGUG GCUCCAAGUG GAGUGAGCAG
UCAUGUCCCC CAUGAAUAAA AAUUGUGAGC
AGAGGUCGCC UACAAAAAAA AAAAAAAA

ALDEHYDE
DEHYDROGENASE 1
FAMILY, MEMBER L1
(ALDHIL1)

314

A

GCUCCGGAAG UCACAAGACA CACCCUUGCC
UUAUGAGGAU CAUGCUACCA CUGCAUCAGU
CAGGAAUGAA UAAAGCUACU UUGAUUGUGG
GAAAUGCCAC AGAAAAAAAA AAAAAAA

FUMARYLACETOACETATE
HYDROLASE (FAH)

315

AGGC

CAGCCUUGCC CCUGCCCCAG AGCAGAGCUC
AAGUGACGCU ACUCCAUUCU GCAUGUUGUA
CAUUCCUAGA AACAAACCUA ACAGCGUGGA
UAGUUUCACA GCUUAAUGCU UUGCAAUGCC
CAAGGUCACU UCAUCCUCAU GCUAUAAUGC
CACUGUAUCA GGUAAUAUAU AUUUUGAGUA
GGUGAAGGAG AAAUAAACAC AUCUUUCCUU
UAUAAAUUA

FRUCTOSE
BISPHOSPHATASE 1 (FBP1)

316

GUUU

CUCCGGCUCC CAGAAGCCCA UGCUCAGGCA
AUGGCCCCUA CCCUAAGACC AUCCCCUAAU
GCAGAUAUUG CAUUUGGGUG CAGAUGUGGG
GGUCGGGCAA ACGGAGUAAA CAAUACAGUC
UGCAUUCUCC AAAAAAAAAA AA

MOUSE GLYCINE N-
METHYLTRANSFERASE
(GNMT)
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SEQ
D SEQUENCE SOURCE/NAME
NO.

GCCCCCAU

CCACACAUGG ACCACGCAAA GUGCUGGACA
CAUCAGUCAU CUCCAACUGG CUGAAAGGCU | MOUSE 4-

GAACCUCAGG GCUCCACCCA CGUCAUGGCC | HYDROXYPHENYLPYRUVI
ACGCCCCCUC UAUUACAAGA GUCCGCCUUG | C ACID DIOXYGENASE
CCUGAGUCCU CCCUGCUGAG UAAAGCUACC | (HPD)

CUCCCAGGUC CAAAAAAAAA AAAAAAAAAA
AAAAAAAAAA AAAAAAAAAA AAAAAAAA

317

Triple Stop Codon

[00184] In some embodiments, RNA molecules provided herein, including self-replicating
RNA and mRNA, may comprise a sequence immediately downstream of a coding region (i.e.,
OREF) that creates a triple stop codon. A triple stop codon is a sequence of three consecutive
stop codons. The triple stop codon can ensure total insulation of an expression cassette and
may be incorporated to enhance the efficiency of translation. In some embodiments, RNA
molecules of the disclosure may comprise a triple combination of any of the sequences UAG,
UGA, or UAA immediately downstream of an ORF described herein. The triple combination
can be three of the same codons, three different codons, or any other permutation of the three
stop codons.
Translation Enhancers and Kozak Sequences

[00185] For translation initiation, proper interactions between ribosomes and mRNAs must
be established to determine the exact position of the translation initiation region. However,
ribosomes also must dissociate from the translation initiation region to slide toward the
downstream sequence during mRNA translation. Translation enhancers upstream from
initiation sequences of mMRNAs enhance the yields of protein biosynthesis. Several studies have
investigated the effects of translation enhancers. In some embodiments, an RNA molecule
described herein, such as a self-replicating RNA or an mRNA, comprises a translation enhancer
sequence. These translation enhancer sequences enhance the translation efficiency of a self-
replicating RNA or mRNA of the disclosure and thereby provide increased production of the
protein encoded by the RNA. The translation enhancer region may be located in the 5° or 3’
UTR of a self-replicating RNA or an mRNA sequence. Examples of translation enhancer
regions include naturally-occurring enhancer regions from the TEV 5’ UTR and the Xenopus
beta-globin 3> UTR. Exemplary 5> UTR enhancer sequences include but are not limited to
those derived from mRNAs encoding human heat shock proteins (HSP) including HSP70-P2,
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HSP70-M1 HSP72-M2, HSP17.9 and HSP70-P1. Exemplary translation enhancer sequences
used in accordance with the embodiments of the present disclosure are represented by SEQ ID

NOs:226-230, as shown in Table 5.

Table 5. 5° UTR Enhancers

Name Sequence Seq ID No.:

HSP70-P2 | GUCAGCUUUCAAACUCUUUGUUUCUUGUUUGUUGAUUGAGAA | SEQID
UA NO:226

HSP70-M1 | CUCUCGCCUGAGAAAAAAAAUCCACGAACCAAUUUCUCAGCA | SEQID
ACCAGCAGCACG NO:227

HSP72-M2 | ACCUGUGAGGGUUCGAAGGAAGUAGCAGUGUUUUUUGUUCCU | SEQID
AGAGGAAGAG NO:228

HSP17.9 | ACACAGAAACAUUCGCAAAAACAAAAUCCCAGUAUCAAAAUU | SEQID
CUUCUCUUUUUUUCAUAUUUCGCAAAGAC NO:229

HSP70-P1 | CAGAAAAAUUUGCUACAUUGUUUCACAAACUUCAAAUAUUAU | SEQID
UCAUUUAUUU NO:230

[00186] In some embodiments, a self-replicating RNA or mRNA of the disclosure
comprises a Kozak sequence. As is understood in the art, a Kozak sequence is a short consensus
sequence centered around the translational initiation site of eukaryotic mRNAs that allows for
efficient initiation of translation of the self-replicating RNA or mRNA. See, for example,
Kozak, Marilyn (1988) Mol. and Cell Biol, 8:2737-2744; Kozak, Marilyn (1991) J. Biol. Chem,
266: 19867-19870; Kozak, Marilyn (1990) Proc Natl. Acad. Sci. USA, 87:8301-8305; and
Kozak, Marilyn (1989) J. Cell Biol, 108:229-241. It ensures that a protein is correctly translated
from the genetic message, mediating ribosome assembly and translation initiation. The
ribosomal translation machinery recognizes the AUG initiation codon in the context of the
Kozak sequence. A Kozak sequence may be inserted upstream of the coding sequence for the
protein of interest, downstream of a 5 UTR or inserted upstream of the coding sequence for
the protein of interest and downstream of a 5> UTR. In some embodiments, a self-replicating
RNA or mRNA described herein comprises a Kozak sequence having the sequence GCCACC
(SEQ ID NO: 231). A self-replicating RNA or mRNA described herein can comprise a partial
Kozak sequence “p” having the nucleotide sequence GCCA (SEQ ID NO: 232).
Transgenes

[00187] Transgenes included in nucleic acid molecules provided herein can encode an
antigenic protein or a fragment thereof. In some embodiments, second polynucleotides of RNA
molecules provided herein comprise a first transgene. A first transgene included in second
polynucleotides of nucleic acid molecules provided herein can encode a first antigenic protein

or a fragment thereof. A transgene included in second polynucleotides of RNA molecules
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provided herein can comprise a sequence encoding the full amino acid sequence of an antigenic
protein or a sequence encoding any suitable portion or fragment of the full amino acid sequence
of an antigenic protein. A transgene included in second polynucleotides of RNA molecules
provided herein can also include a homolog of any antigenic protein provided herein. Any
antigenic protein can be encoded by transgenes included in nucleic acid molecules provided
herein. In one aspect, the first antigenic protein is a viral protein, a bacterial protein, a fungal
protein, a protozoan protein, or a parasite protein. Transgenes included in RNA molecules
provided herein can be expressed from a subgenomic RNA derived from a self-replicating
RNA or from an mRNA.

[00188] In some aspects, the antigenic protein, when administered to a mammalian subject,
raises an immune response to a pathogen, optionally wherein the pathogen is viral, bacterial,
fungal, protozoan, or any other type of pathogen. In other aspects, the antigenic protein is
expressed on the outer surface of the pathogen; while in further aspects, the antigen may be a
non-surface antigen, e.g., useful as a T-cell epitope. The immune response may comprise an
antibody response (usually including IgG) and/or a cell mediated immune response. The
polypeptide immunogen will typically elicit an immune response that recognizes the
corresponding pathogen polypeptide, but in some embodiments, the polypeptide may act as a
mimotope to elicit an immune response that recognizes a saccharide. The immunogen can be a
surface polypeptide, e.g., an adhesin, a hemagglutinin, an envelope glycoprotein, a spike
glycoprotein, etc.

[00189] Any viral, bacterial, fungal, protozoan, parasite, or other protein can be encoded by
transgenes included in RNA molecules provided herein. A protein from any infectious agent
can be encoded by transgenes included in RNA molecules provided herein. As used herein, the
term “infectious agent” refers to any agent capable of infecting an organism, including humans
and animals, and causing disease or deterioration in health. The terms “infectious agent” and
“infectious pathogen” may be used interchangeably, unless context clearly indicates otherwise.
[00190] In some aspects, the viral protein encoded by transgenes included in RNA
molecules provided herein is a coronavirus protein, an orthomyxovirus protein, a
paramyxovirus protein, a picornavirus protein, a flavivirus protein, a filovirus protein, a
rhabdovirus protein, a togavirus protein, an arterivirus protein, a bunyavirus protein, an
arenavirus protein, a reovirus protein, a bornavirus protein, a retrovirus protein, an adenovirus
protein, a herpesvirus protein, a polyomavirus protein, a papillomavirus protein, a poxvirus
protein, or a hepadnavirus protein. In other aspects, the antigenic protein is a SARS-CoV-2

protein, an influenza virus protein, a respiratory syncytial virus (RSV) protein, a human
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immunodeficiency virus (HIV) protein, a hepatitis C virus (HCV) protein, a cytomegalovirus
(CMYV) protein, a Lassa Fever Virus (LFV) protein, an Ebola Virus (EBOV) protein, a
Mycobacterium protein, a Bacillus protein, a Yersinia protein, a Streptococcus protein, a
Pseudomonas protein, a Shigella protein, a Campylobacter protein, a Salmonella protein, a
Plasmodium protein, or a Toxoplasma protein.

[00191] In one aspect, the antigenic protein is from a prokaryotic organism, including gram
positive bacteria, gram negative bacteria, or other bacteria, such as Bacillus (e.g., Bacillus
anthracis), Mycobacterium (e.g., Mycobacterium tuberculosis, Mycobacterium Leprae),
Shigella (e.g., Shigella sonnei, Shigella dysenteriae, Shigella flexneri), Helicobacter (e.g.,
Helicobacter pylori), Salmonella (e.g., Salmonella enterica, Salmonella typhi, Salmonella
typhimurium), Neisseria (e.g., Neisseria gonorrhoeae, Neisseria meningitidis), Moraxella
(e.g., Moraxella catarrhalis), Haemophilus (e.g., Haemophilus influenzae), Klebsiella (e.g.,
Klebsiella pneumoniae), Legionella (e.g., Legionella pneumophila), Pseudomonas (e.g.,
Pseudomonas aeruginosa), Acinetobacter (e.g., Acinetobacter baumannii), Listeria (e.g.,
Listeria monocytogenes), Staphylococcus (e.g., Staphylococcus aureus), Streptococcus (e.g.,
Streptococcus  pneumoniae,  Streptococcus — pyogenes,  Streptococcus — agalactiae),
Corynebacterium (e.g., Corynebacterium diphtheria), Clostridium (e.g., Clostridium
botulinum, Clostridium tetani, Clostridium difficile), Chlamydia (e.g., Chlamydia pneumonia,
Chlamydia trachomatis), Caphylobacter (e.g., Caphylobacter jejuni), Bordetella (e.g.,
Bordetella pertussis), Enterococcus (e.g., Enterococcus faecalis, Enterococcus faecum), Vibrio
(e.g., Vibrio cholerae), Yersinia (e.g., Yersinia pestis), Burkholderia (e.g., Burkholderia
cepacia complex), Coxiella (e.g., Coxiella burnetti), Francisella (e.g., Francisella tularensis),
and Escherichia (e.g., enterotoxigenic, enterohemorrhagic or Shiga toxin-producing E. coli,
such as ETEC, EHEC, EPEC, EIEC, and EAEC)). In another aspect, the antigenic protein is
from a eukaryotic organism, including protists and fungi, such as Plasmodium (e.g.,
Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium malariae,
Plasmodium diarrhea), Candida (e.g., Candida albicans), Aspergillus (e.g., Aspergillus
Sumigatus), Cryptococcus (e.g., Cryptococcus neoformans), Histoplasma (e.g., Histoplasma
capsulatum), Pneumocystis (e.g., Pneumocystis jirovecii), and Coccidiodes (e.g., Coccidiodes
immitis).

[00192] In some aspects, the viral protein encoded by transgenes included in RNA
molecules provided herein is a coronavirus protein. In some embodiments, the antigenic

protein is a SARS-CoV-2 protein.
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[00193] In one aspect, the antigenic protein is a SARS-CoV-2 spike glycoprotein or a
fragment thereof. In another aspect, the SARS-CoV-2 spike glycoprotein is a wild-type SARS-
CoV-2 spike glycoprotein. In some aspects, the SARS-CoV-2 spike glycoprotein is prefusion
stabilized. Prefusion stabilized SARS-CoV-2 glycoproteins can include K986P, V987P, or
both K986P and V987P mutations. In some aspects, the SARS-Cov-2 spike glycoprotein is a
variant spike glycoprotein. Asused herein, the term “variant SARS-CoV-2 spike glycoprotein”
refers to any spike glycoprotein other than that of the SARS-CoV-2 Wuhan isolate(s) that
emerged in Wuhan, Chinain 2019 (Wu, F., Zhao, S., Yu, B. et al. A new coronavirus associated
with  human respiratory disease in China. Nature 579, 265-269 (2020).
doi.org/10.1038/541586-020-2008-3). Accordingly, as used herein, the terms “wild-type
SARS-CoV-2 spike glycoprotein” and “SARS-CoV-2 spike glycoprotein, Wuhan,” for
example, can be used interchangeably, unless context clearly indicates otherwise.

[00194] Exemplary variant SARS-CoV-2 spike glycoproteins include, without limitation,
the Alpha (B.1.1.7; UK), Beta (B.1.351; South Africa), Gamma (P.1; Brazil), Delta (B.1.617.2;
India), and Lambda (C.37; Peru) variants. Additional variants, including further variants of
concern, can be found at, e.g., COVID-19 Weekly Epidemiological Update, Edition 44, 15
June 2021 (who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---15-
june-2021). Any SARS-CoV-2 spike glycoprotein variant or a fragment thereof and any
SARS-CoV-2 spike glycoprotein mutant protein or a fragment thereof can be encoded by
second polynucleotides of RNA molecules provided herein. For example, the second
polynucleotide of RNA molecules provided herein can encode a SARS-CoV-2 spike protein
comprising one or more mutations as compared to a wild-type SARS-CoV-2 spike glycoprotein
sequence. Mutations can include substitutions, deletions, insertions, and others. Mutations can
be present at any position or at any combination of positions of a SARS-CoV-2 spike
glycoprotein. Any number of substitutions, insertions, deletions, or combinations thereof, can
be present at any one or more positions of a SARS-CoV-2 spike glycoprotein. As an example,
substitutions can include a change of a wild-type amino acid at any position or at any
combination of positions to any other amino acid or combination of any other amino acids.
Exemplary mutations include mutations at positions 614, 936, 320, 477, 986, 987, 988, or any
combination thereof. In one aspect, a SARS-CoV-2 spike glycoprotein or a fragment thereof
encoded by transgenes of second polynucleotides included in nucleic acid molecules provided
herein includes a D614G mutation, a D936Y mutation, a D936H mutation, a V320G mutation,
an S477N mutation, an S4771 mutation, an S477T mutation, a K986P mutation, a V987P

mutation, or any combination thereof. Additional mutations and variants can be found in the
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National Bioinformatics Center 2019 Novel Coronavirus Information Database (2019nCoVR),
National Genomics Data Center, China National Center for Bioinformation / Beijing Institute
of Genomics, Chinese Academy of Science at bigd.big.ac.cn/ncov/variation/annotation.

[00195] Variant spike glycoproteins can also include proteins referred to as “VFLIP” spike
glycoproteins, also designated “SP_FL2 DS3” (Olmedillas et al., Structure-based design of a
highly stable, covalently-linked SARS-CoV-2 spike trimer with improved structural properties
and immunogenicity, bioRxiv 2021.05.06.441046; doi.org/10.1101/2021.05.06.441046).
Thus, any antigenic protein encoded by RNA molecules provided herein can be a VFLIP
variant spike glycoprotein. Accordingly, variant spike glycoproteins can include 5 proline
substitutions. Exemplary proline substitutions include V986P and V987P, and proline
substitutions at positions 817, 892, 899, and 942 (Hsieh et al., 2020, Structure-Based Design
of PrefusionStabilized SARS-CoV-2 Spikes. Science 369 (6510): 1501-5). Any combination
of proline substitutions can be included in variant spike glycoproteins provided herein. In one
aspect, variant spike glycoproteins include proline substitutions at positions 987, 817, 892, 899,
and 942. Variant spike glycoproteins can also include a S1/S2 linker. Exemplary linkers
include GP, GGGS (SEQ ID NO:318), GPGP (SEQ ID NO:319), and GGGSGGGS (SEQ ID
NO:320). In one aspect, the linker is GGGSGGGS (SEQ ID NO:320). In another aspect,
variant spike glycoproteins include proline substitutions at positions 987, 817, 892, 899, and
942 and further include a GGGSGGGS S1/S2 linker sequence (SEQ ID NO:320) and/or a
disulfide bond Y707C-T883C (Olmedillas et al., Structure-based design of a highly stable,
covalently-linked SARS-CoV-2 spike trimer with improved structural properties and
immunogenicity, bioRxiv 2021.05.06.441046; doi.org/10.1101/2021.05.06.441046). Variant
spike glycoproteins can also include a D614G substitution. Any combination of proline
substitutions, linker sequence(s), disulfide bonds, and substitutions such as D614G can be
included in variant spike glycoproteins provided herein. In one aspect, variant spike
glycoproteins include proline substitutions at positions 987, 817, 892, 899, and 942, a
GGGSGGGS S1/82 linker sequence (SEQ ID NO:320), and a disulfide bond Y707C-T883C.
In another aspect, variant spike glycoproteins include proline substitutions at positions 987,
817, 892, 899, and 942, a GGGSGGGS S1/82 linker sequence (SEQ ID NO:320), a disulfide
bond Y707C-T883C, and a D614G substitution. Transgenes encoding any variant spike
glycoprotein described herein can be included in RNA molecules provided herein, such as self-
replicating RNA and mRNA molecules. In one aspect, one or more transgenes encoding a
variant spike glycoprotein that includes proline substitutions at positions 987, 817, 892, 899,
and 942, a GGGSGGGS S1/S2 linker sequence (SEQ ID NO:320), and a disulfide bond
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Y707C-T883C is included in self-replicating RNA molecules provided herein. In another
aspect, one or more transgenes encoding a variant spike glycoprotein that includes proline
substitutions at positions 987, 817, 892, 899, and 942, a GGGSGGGS S1/S2 linker sequence
(SEQ ID NO:320), and a disulfide bond Y707C-T883C is included in mRNA molecules
provided herein. In yet another aspect, one or more transgenes encoding a variant spike
glycoprotein that includes proline substitutions at positions 987, 817, 892, 899, and 942, a
GGGSGGGS S1/82 linker sequence (SEQ ID NO:320), a disulfide bond Y707C-T883C, and
a D614G substitution is included in self-replicating RNA molecules provided herein. In yet a
further aspect, one or more transgenes encoding a variant spike glycoprotein that includes
proline substitutions at positions 987, 817, 892, 899, and 942, a GGGSGGGS S1/S2 linker
sequence (SEQ ID NO:320), a disulfide bond Y707C-T883C, and a D614G substitution is
included in mRNA molecules provided herein.

[00196] In some aspects, the variant SARS-CoV-2 spike glycoprotein encoded by second
polynucleotides of RNA molecules provided herein has an amino acid sequence of SEQ ID
NO:SEQ ID NO: 14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:31, or SEQ
ID NO:34. In yet another aspect, the second polynucleotide of RNA molecules provided herein
encodes a SARS-VoV-2 spike glycoprotein sequence having at least 80%, at least 85%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 97.5%, at least 98%, at least 98.5%, at least 99%, at least 99.5%, at least 99.6%,
at least 99.7%, at least 99.8%, at least 99.9%, and any number or range in between, identity to
a sequence of SEQ ID NO:SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17,
SEQ ID NO:31, or SEQ ID NO:34. In another aspect, the second polynucleotide of RNA
molecules provided herein comprises a sequence of SEQ ID NO:10, SEQ ID NO:11, SEQ ID
NO:12, SEQ ID NO:13, SEQ ID NO:30, or SEQ ID NO:33. In further aspects, first transgenes
included in second polynucleotides of RNA molecules provided herein comprise a sequence
having at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 97.5%, at least 98%, at least 98.5%, at
least 99%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, at least 99.9%, and
any number or range in between, or 100% identity to a sequence of SEQ ID NO:10, SEQ ID
NO:11, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:30, or SEQ ID NO:33.

[00197] In one aspect, the antigenic protein encoded by first transgenes of second
polynucleotides included in nucleic acid molecules provided herein is an influenza virus
protein or a fragment thereof. In another aspect, the second polynucleotide includes one or

more transgenes encoding one or more influenza virus proteins or fragments thereof.
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Exemplary influenza virus proteins that can be encoded by transgenes of second
polynucleotides included in nucleic acid molecules provided herein include proteins from any
human or animal virus, including influenza A virus, influenza B virus, influenza C virus,
influenza D virus, or any combination thereof. Exemplary influenza proteins include
hemagglutinin (HA), neuraminidase (NA), M2, M1, NP, NS1, NS2, PA, PB1, PB2, and PB1-
F2. Hemagglutinin proteins from any influenza virus subtype, such as H1-H18 and any
emerging hemagglutinin, and neuraminidase proteins from any influenza virus subtype, such
as N1-N11 and any emerging neuraminidase, can be antigenic proteins encoded by transgenes
included in second polynucleotides of nucleic acid molecules provided herein. Any suitable
fragment of influenza virus proteins can be encoded by transgenes included in second
polynucleotides of nucleic acid molecules provided herein, including, for example, one or more
helper T lymphocyte (HTL) epitope, one or more cytotoxic T lymphocyte (CTL) epitope, or
any combination thereof. In some aspects, first transgenes of second polynucleotides included
in RNA molecules provided herein comprise a sequence of SEQ ID NO:46 or SEQ ID NO:52.
In other aspects, first transgenes included in second polynucleotides of RNA molecules
provided herein comprise a sequence having at least 80%, at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
97.5%, at least 98%, at least 98.5%, at least 99%, at least 99.5%, at least 99.6%, at least 99.7%,
at least 99.8%, at least 99.9%, and any number or range in between, or 100% identity to a
sequence of SEQ ID NO:46 or SEQ ID NO:52. In further aspects, first transgenes of second
polynucleotides included in RNA molecules provided herein encode a protein having at least
80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 97.5%, at least 98%, at least 98.5%, at least 99%, at
least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, at least 99.9%, and any number or
range in between, or 100% identity to a sequence of SEQ ID NO:47 or SEQ ID NO:53.
[00198] In some aspects, transgenes included in second polynucleotides of nucleic acid
molecules provided herein encode a reporter or a marker, including selectable markers.
Reporters and markers can include fluorescent proteins, such as green fluorescent protein
(GFP), red fluorescent protein (RFP), yellow fluorescent protein (YFP), luciferase enzymes,
such as firefly and Renilla luciferases, and antibiotic selection markers, for example.

[00199] In some aspects, the second polynucleotide of nucleic acid molecules provided
herein comprises at least two transgenes. Any number of transgenes can be included in second
polynucleotides of nucleic acid molecules provided herein, such as one, two, three, four, five,

six, seven, eight, nine, ten, or more transgenes. In one aspect, the second polynucleotide of
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nucleic acid molecules provided herein includes a second transgene encoding a second
antigenic protein or a fragment thereof or an immunomodulatory protein. In one aspect, the
second polynucleotide further comprises an internal ribosomal entry site (IRES), a sequence
encoding a 2A peptide, or a combination thereof, located between transgenes. As used herein,
the term “2A peptide” refers to a small (generally 18-22 amino acids) sequence that allows for
efficient, stoichiometric production of discrete protein products within a single reading frame
through a ribosomal skipping event within the 2A peptide sequence. As used herein, the term
“internal ribosomal entry site” or “IRES” refers to a nucleotide sequence that allows for the
initiation of protein translation of a messenger RNA (mRNA) sequence in the absence of an
AUG start codon or without using an AUG start codon. An IRES can be found anywhere in an
mRNA sequence, such as at or near the beginning, at or near the middle, or at or near the end
of the mRNA sequence, for example. In another aspect, the second polynucleotide further
comprises a subgenomic promoter located between transgenes. The subgenomic promoter
located between transgenes can be a further subgenomic promoter, such as a second, third,
fourth, etc. subgenomic promoter located between second and third, third and fourth, fourth
and fifth, etc. transgenes, for example.

[00200] Any number of transgenes included in second polynucleotides of nucleic acid
molecules provided herein can be expressed via any combination of 2A peptide and IRES
sequences. For example, a second transgene located 3’ of a first transgene can be expressed via
a 2A peptide sequence or via an IRES sequence. As another example, a second transgene
located 3 of a first transgene and a third transgene located 3 of the second transgene can be
expressed via 2A peptide sequences located between the first and second transgenes and the
second and third transgenes, via an IRES sequence located between the first and second
transgenes and the second and third transgenes, via a 2A peptide sequence located between the
first and second transgenes and an IRES located between the second and third transgenes, or
via an IRES sequence located between the first and second transgenes and a 2A peptide
sequence located between the second and third transgenes. Similar configurations and
combinations of 2A peptide and IRES sequences located between transgenes are contemplated
for any number of transgenes included in second polynucleotides of nucleic acid molecules
provided herein. In addition to expression via 2A peptide and IRES sequences, two or more
transgenes included in nucleic acid molecules provided herein can also be expressed from
separate subgenomic RNAs.

[00201] A second, third, fourth, fifth, sixth, seventh, eighth, ninth, tenth, etc., transgene

included in second polynucleotides of nucleic acid molecules provided herein can encode an
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immunomodulatory protein or a functional fragment or functional variant thereof Any
immunomodulatory protein or a functional fragment or functional variant thereof can be
encoded by a transgene included in second polynucleotides.

[00202]  As used herein, the terms “functional variant” or “functional fragment” refer to a
molecule, including a nucleic acid or protein, for example, that comprises a nucleotide and/or
amino acid sequence that is altered by one or more nucleotides and/or amino acids compared
to the nucleotide and/or amino acid sequences of the parent or reference molecule. For a
protein, a functional variant is still able to function in a manner that is similar to the parent
molecule. In other words, the modifications in the amino acid and/or nucleotide sequence of
the parent molecule do not significantly affect or alter the functional characteristics of the
molecule encoded by the nucleotide sequence or containing the amino acid sequence. The
functional variant may have conservative sequence modifications including nucleotide and
amino acid substitutions, additions and deletions. These modifications can be introduced by
standard techniques known in the art, such as site-directed mutagenesis and random PCR-
mediated mutagenesis. Functional variants can also include, but are not limited to, derivatives
that are substantially similar in primary structural sequence, but which contain, e.g., in vitro or
in vivo modifications, chemical and/or biochemical, that are not found in the parent molecule.
Such modifications include, inter alia, acetylation, acylation, ADP-ribosylation, amidation,
covalent attachment of flavin, covalent attachment of a heme moiety, covalent attachment of a
nucleotide or nucleotide derivative, covalent attachment of a lipid or lipid derivative, covalent
attachment of phosphotidylinositol, cross-linking, cyclization, disulfide bond formation,
demethylation, formation of covalent cross-links, formation of cysteine, formation of
pyroglutamate, formylation, gamma-carboxylation, glycosylation, GPI-anchor formation,
hydroxylation, iodination, methylation, myristoylation, oxidation, pegylation, proteolytic
processing, phosphorylation, prenylation, racemization, selenoylation, sulfation, transfer-
RNA-mediated addition of amino acids to proteins such as arginylation, ubiquitination, and the
like.

[00203] In one aspect, a second transgene included in second polynucleotides of nucleic
acid molecules provided herein encodes a cytokine, a chemokine, or an interleukin. Exemplary
cytokines include interferons, TNF-a, TGF-, G-CSF, and GM-CSF. Exemplary chemokines
include CCL3, CCL26, and CXCL7. Exemplary interleukins include IL-I, IL-2, IL-3, IL-4, IL-
5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-15, IL-18, IL-21, and IL-23. Any transgene or combination
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of transgenes encoding any cytokine, chemokine, interleukin, or combinations thereof, can be
included in second polynucleotides of nucleic acid molecules provided herein.
[00204] In one aspect, first and second transgenes included in second polynucleotides of
nucleic acid molecules provided herein encode viral proteins, bacterial proteins, fungal
proteins, protozoan proteins, parasite proteins, immunomodulatory proteins, or any
combination thereof. In yet another aspect, first, second, third, fourth, fifth, sixth, seventh,
eighth, ninth, tenth, or more transgenes included in second polynucleotides of nucleic acid
molecules provided herein encode viral proteins, bacterial proteins, fungal proteins, protozoan
proteins, parasite proteins, immunomodulatory proteins, or any combination thereof.
[00205] In some aspects, the second transgene encodes a second coronavirus protein. In
other aspects, the second transgene encodes a second influenza virus protein. In still other
aspects, the first and second transgenes encode a coronavirus protein and an influenza virus
protein, respectively. In further aspects, the first and second transgenes encode an influenza
virus protein and a coronavirus protein, respectively.

RNA and DNA Molecules

RNA Molecules — Exemplary Features

[00206] Nucleic acid molecules provided herein can be DNA molecules or RNA molecules.
It will be appreciated that T present in DNA is substituted with U in RNA, and vice versa. In
one aspect, nucleic acid molecules provided herein are RNA molecules, wherein the first
polynucleotide is located 5° of the second polynucleotide. In another aspect, RNA molecules
provided herein further include an intergenic region. The intergenic region can have at least
85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 97.5%, at least 98%, at least 98.5%, at least 99%, at least 99.5%, at
least 99.6%, at least 99.7%, at least 99.8%, at least 99.9%, and any number or range in between,
or 100% identity to a sequence of SEQ ID NO:7 or to a sequence of SEQ ID NO:43.

[00207] RNA molecules provided herein can be self-replicating RNAs. In one aspect, RNA
molecules provided herein include a sequence having at least 80%, at least 85%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%,
at least 97.5%, at least 98%, at least 98.5%, at least 99%, at least 99.5%, at least 99.6%, at least
99.7%, at least 99.8%, at least 99.9%, and any number or range in between, or 100% identity
to a sequence of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, or SEQ ID
NO:40. RNA molecules provided herein can also be mRNAs. In some aspects, RNA
molecules provided herein include a sequence having at least 80%, at least 85%, at least 90%,

at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%,
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at least 97.5%, at least 98%, at least 98.5%, at least 99%, at least 99.5%, at least 99.6%, at least
99.7%, at least 99.8%, at least 99.9%, or 100% identity to a sequence of SEQ ID NO:29, SEQ
ID NO:32, or SEQ ID NO:48. It will be appreciated that T of sequences provided herein will
be substituted with U in an RNA molecule.

[00208] An RNA molecule provided herein can be generated by in vitro transcription (IVT)
of DNA molecules provided herein. In one aspect, RNA molecules provided herein are self-
replicating RNA molecules. In another aspect, RNA molecules provided herein are mRNA
molecules. In yet another aspect, RNA molecules provided herein further comprise a 5 cap.
Any 5’ cap can be included in RNA molecules provided herein, including 5’ caps having a Cap
1 structure, a Cap 1 (m6A) structure, a Cap 2 structure, or a Cap O structure. A population or
plurality of RNA molecules provided herein can have the same 5’ cap or can have different 5’
caps. For example, a population or plurality of RNA molecules can have 5’ caps having a Cap
1 structure, a Cap 1 (m6A) structure, a Cap 2 structure, a Cap O structure, or any combination
thereof.

[00209] In one aspect, RNA molecules provided herein include a 5’ cap having Cap 1
structure. In yet another aspect, RNA molecules provided herein are self-replicating RNA
molecules comprising a 5’ cap having a Cap 1 structure. In a further aspect, RNA molecules
provided herein comprise a cap having a Cap 1 structure, wherein a m7G is linked via a 5°-5’
triphosphate to the 5° end of the 5 UTR. In yet a further aspect, RNA molecules provided
herein comprise a cap having a Cap 1 structure, wherein a m7G 1is linked via a 5°-5
triphosphate to the 5° end of the 5 UTR comprising a sequence of SEQ ID NO:5 or SEQ ID
NO:41. Any method of capping can be used, including, but not limited to using a Vaccinia
Capping enzyme (New England Biolabs, Ipswich, Mass.) and co-transcriptional capping or
capping at or shortly after initiation of in vitro transcription (IVT), by for example, including a
capping agent as part of an in vitro transcription (IVT) reaction. (Nuc. Acids Symp. (2009)
53:129).

[00210] Only those RNA molecules, such mRNAs and self-replicating RNAs that can
function as mRNAs, that carry the Cap structure are active in Cap dependent translation;
“decapitation” of mRNA results in an almost complete loss of their template activity for protein
synthesis (Nature, 255:33-37, (1975); J. Biol. Chem., vol. 253:5228-5231, (1978); and Proc.
Natl. Acad. Sci. USA, 72:1189-1193, (1975)).

[00211] Another element of eukaryotic mRNA is the presence of 2'-O-methyl nucleoside
residues at transcript position 1 (Cap 1), and in some cases, at transcript positions 1 and 2 (Cap

2). The 2'-O-methylation of mRNA provides higher efficacy of mRNA translation in vivo
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(Proc. Natl. Acad. Sci. USA, 77:3952-3956 (1980)) and further improves nuclease stability of
the 5'-capped mRNA. The mRNA with Cap 1 (and Cap 2)is a distinctive mark that allows cells
to recognize the bona fide mRNA 5' end, and in some instances, to discriminate against
transcripts emanating from infectious genetic elements (Nucleic Acid Research 43: 482-492
(2015)).

[00212] Some examples of 5' cap structures and methods for preparing mRNAs comprising
the same are given in W0O2015/051169A2, WO/2015/061491, US 2018/0273576, and US
Patent Nos. 8,093,367, 8,304,529, and U.S. 10,487,105. In some embodiments, the 5’ cap is
m7GpppAmpG, which is known in the art. In some embodiments, the 5’ cap is m7GpppG or
m7GpppGm, which are known in the art. Structural formulas for embodiments of 5’ cap
structures are provided below.

[00213] In some embodiments, a self-replicating RNA or mRNA of the disclosure
comprises a 5’ cap having the structure of Formula (Cap I).

R2

d
B! L \mRNA
n

wherein B! is a natural or modified nucleobase; R! and R? are each independently selected from

R1

(Cap D)

a halogen, OH, and OCHs; each L is independently selected from the group consisting of
phosphate, phophorothioate, and boranophosphate wherein each L is linked by diester bonds;
nis 0 or 1. and mRNA represents an mRNA of the present disclosure linked at its 5” end. In
some embodiments B! is G, m’G, or A. In some embodiments, n is 0. In some embodiments n
is 1. In some embodiments, B'is A or m®A and R! is OCH3; wherein G is guanine, m’G is 7-
methylguanine, A is adenine, and m®A is N°-methyladenine.

[00214] In some embodiments, a self-replicating RNA or mRNA of the disclosure

comprises a 5° cap having the structure of Formula (Cap II).

R'I

RS

\
mRNA  (Cap 1)
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wherein B! and B? are each independently a natural or modified nucleobase; R!, R?, and R? are
each independently selected from a halogen, OH, and OCH3, each L is independently selected
from the group consisting of phosphate, phophorothioate, and boranophosphate wherein each
L is linked by diester bonds; mRNA represents an mRNA of the present disclosure linked at
its 5> end; and nis 0 or 1.. In some embodiments B! is G, m’G, or A. In some embodiments,
n is 0. In some embodiments, n is 1. In some embodiments, B'is A or m®A and R! is OCH3;
wherein G is guanine, m’G is 7-methylguanine, A is adenine, and m°®A is N®-methyladenine.

[00215] In some embodiments, a self-replicating RNA or mRNA of the disclosure

comprises a 5’ cap having the structure of Formula (Cap III).

RZ
L{L]r .
O n 0
B1
L R3

Q g3

R1

L

mRNA R* (Cap IIN)
[00216] wherein B1, B2, and B3 are each independently a natural or modified nucleobase;
R1, R2, R3, and R4 are each independently selected from a halogen, OH, and OCH3; each L
is independently selected from the group consisting of phosphate, phosphorothioate, and
boranophosphate wherein each L is linked by diester bonds; mRNA represents an mRNA of
the present disclosure linked at its 5 end; and n is O or 1.In some embodiments, at least one of
R1, R2 R3, and R4 is OH. In some embodiments B1 is G, m7G, or A. In some embodiments,
B1lis A orm6A and R1is OCH3; wherein G is guanine, m7G is 7-methylguanine, A is adenine,
and m6A is N6-methyladenine. In some embodiments, n is 1.
[00217] In some embodiments, a self-replicating RNA or mRNA of the disclosure
comprises a m7GpppG 5’ cap analog having the structure of Formula (Cap IV).
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wherein, R!, R% and R? are each independently selected from a halogen, OH, and OCH3. each

R

L is independently selected from the group consisting of phosphate, phosphorothioate, and
boranophosphate wherein each L is linked by diester bonds; mRNA represents an mRNA of
the present disclosure linked at its 5” end; nis O or 1. In some embodiments, at least one of R},
R?, and R’ is OH. In some embodiments, the 5’ cap is m’GpppG wherein R!, R?, and R® are
each OH, nis 1, and each L is a phosphate. In some embodiments, nis 1. In some embodiments,
the 5> cap is m7GpppGm, wherein R' and R? are each OH, R*is OCH3, each L is a phosphate,
andnis 1.

[00218] In some embodiments, a self-replicating RNA or mRNA of the disclosure

comprises a m7Gpppm7G 5’ cap analog having the structure of Formula (Cap V).
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K R3
© \mRNA (Cap V)

wherein, R!, R?, and R’ are each independently selected from a halogen, OH, and OCH3; each
L is independently selected from the group consisting of phosphate, phosphorothioate, and
boranophosphate wherein each L is linked by diester bonds; mRNA represents an mRNA of
the present disclosure linked at its 5° end; and n is O or 1. In some embodiments, at least one
of R, R?, and R? is OH. In some embodiments, n is 1.

[00219] In some embodiments, a self-replicating RNA or mRNA of the disclosure

comprises a m7Gpppm7GpN, 5’ cap analog, wherein N is a natural or modified nucleotide, the

5” cap analog having the structure of Formula (Cap VI).
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wherein B? is a natural or modified nucleobase; R!, R? R3, and R* are each independently
selected from a halogen, OH, and OCH3, each L is independently selected from the group
consisting of phosphate, phosphorothioate, and boranophosphate wherein each L is linked by
diester bonds; mRNA represents an mRNA of the present disclosure linked at its 5° end; and
nis 0 or 3. In some embodiments, at least one of R!, R2, R? and R* is OH. In some
embodiments B! is G, m’G, or A. In some embodiments, B'is A or m°A and R! is OCHs;
wherein G is guanine, m’G is 7-methylguanine, A is adenine, and m°®A is N®-methyladenine.
In some embodiments, nis 1.

[00220] In some embodiments, a self-replicating RNA or mRNA of the disclosure
comprises a m7Gpppm7GpG 5’ cap analog having the structure of Formula (Cap VII).
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NH; (Cap VII)
wherein, R!, R%, R? and R* are each independently selected from a halogen, OH, and OCHs;
each L is independently selected from the group consisting of phosphate, phosphorothioate,
and boranophosphate wherein each L is linked by diester bonds; mRNA represents an mRNA
of the present disclosure linked at its 5” end; and n is 0 or 1. In some embodiments, at least one

of RL, R% R? and R* is OH. In some embodiments, n is 1.
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[00221] In some embodiments, a self-replicating RNA or mRNA of the disclosure
comprises a m7Gpppm7Gpm7G 5 cap analog having the structure of Formula (Cap VIII).

HN RS
© o /=N/
L
/ N
mRNA A
R N NH
NH; (Cap VII)

wherein, R!, R%, R? and R* are each independently selected from a halogen, OH, and OCHs;
each L is independently selected from the group consisting of phosphate, phosphorothioate,
and boranophosphate wherein each L is linked by diester bonds; mRNA represents an mRNA
of the present disclosure linked at its 5” end; nis O or 1. In some embodiments, at least one of
R! R? R’ andR*is OH. In some embodiments, n is 1.

[00222] In some embodiments, a self-replicating RNA or mRNA of the disclosure
comprises a m7GpppA 5’ cap analog having the structure of Formula (Cap IX).

R2 NH,

/SN
WNV/?\/L{'—]/L o<N | N)
N n
HZN\(}Z\ }‘2
HN [
\

3
MRNA (Cap IX)

wherein, R}, R? and R? are each independently selected from a halogen, OH, and OCH3. each
L is independently selected from the group consisting of phosphate, phosphorothioate, and
boranophosphate wherein each L is linked by diester bonds, mRNA represents an mRNA of
the present disclosure linked at its 5° end; and n is 0 or 1. In some embodiments, at least one
of R!, R?, and R? is OH. In some embodiments, n is 1.

[00223] In some embodiments, a self-replicating RNA or mRNA of the disclosure
comprises a m7GpppApN 5’ cap analog, wherein N is a natural or modified nucleotide, and

the 5” cap has the structure of Formula (Cap X).
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NH,

N

HN R3

B3

mMRNA i (Cap X)

wherein B? is a natural or modified nucleobase; R!, R?, R’, and R* are each independently
selected from a halogen, OH, and OCHj3, each L is independently selected from the group
consisting of phosphate, phosphorothioate, and boranophosphate wherein each L is linked by
diester bonds; mRNA represents an mRNA of the present disclosure linked at its 5” end; and n
is 0 or 1. In some embodiments, at least one of R, R%, R3, and R* is OH. In some embodiments
B’ is G, m’G, A or m®A; wherein G is guanine, m’G is 7-methylguanine, A is adenine, and
m®A is Né-methyladenine. In some embodiments, nis 1.

[00224] In some embodiments, a self-replicating RNA or mRNA of the disclosure
comprises a m7GpppAmpG 5’ cap analog having the structure of Formula (Cap XI).

RZ
R1IS\/ NH;
N
Mo
o
S
N 7 n
H2N~</ W
HN N v
OCHs
S o
L =N
/ ¢

N)/Kf
mRNA = o]
R4

NYNH

HN (Cap XI)

wherein, R!, R% and R* are each independently selected from a halogen, OH, and OCH3. each
L is independently selected from the group consisting of phosphate, phosphorothioate, and
boranophosphate wherein each L is linked by diester bonds; mRNA represents an mRNA of
the present disclosure linked at its 5’ end; and n is O or 1. In some embodiments, at least one
of R!, R?, and R* is OH. In some embodiments, the compound of Formula Cap XI is

m’GpppAmpG, wherein R!, R?, and R* are each OH, n is 1, and each L is a phosphate linkage.

In some embodiments, nis 1.
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[00225] In some embodiments, a self-replicating RNA or mRNA of the disclosure
comprises a m7GpppApm7G 5’ cap analog having the structure of Formula (Cap XII).

o} R®
L o /
/ /=N*
mRNA NWO
R4
N -NH
HeN (Cap XII)

wherein, R!, R% R? and R* are each independently selected from a halogen, OH, and OCHs:
each L is independently selected from the group consisting of phosphate, phosphorothioate,
and boranophosphate wherein each L is linked by diester bonds; mRNA represents an mRNA
of the present disclosure linked at its 5” end; and n is 0 orl. In some embodiments,at least one
of R!, R R? and R*is OH. In some embodiments, n is 1.

[00226] In some embodiments, a self-replicating RNA or mRNA of the disclosure
comprises a m7GpppApm7G 5’ cap analog having the structure of Formula (Cap XIII).

R2

R1
NH,
L /N
N HL S
H2N\(/ \ 2 n -
HN N
\ L
0 OCH3 Y
Q
/=N’

L NWO
/ R* Nj/NH

HN (Cap XIII)

wherein, R!, R?, and R* are each independently selected from a halogen, OH, and OCH3: each
L is independently selected from the group consisting of phosphate, phosphorothioate, and
boranophosphate wherein each L is linked by diester bonds; mRNA represents an mRNA of
the present disclosure linked at its 5’ end; and nis O or 1. In some embodiments, at least one
of R, R?, and R*is OH. In some embodiments, n is 1.

Poly-Adenine (Poly-A) Tail
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[00227] Polyadenylation is the addition of a poly(A) tail, a chain of adenine nucleotides
usually about 100-120 monomers in length, to a mRNA or an RNA that can function as an
mRNA. In eukaryotes, polyadenylation is part of the process that produces mature mRNA for
translation and begins as the transcription of a gene terminates. The 3'-most segment of a newly
made pre-mRNA is first cleaved off by a set of proteins; these proteins then synthesize the
poly(A) tail at the 3" end. The poly(A) tail is important for the nuclear export, translation, and
stability of mRNA. The tail is shortened over time, and, when it is short enough, the mRNA is
enzymatically degraded. However, in a few cell types, mRNAs with short poly(A) tails are
stored for later activation by re-polyadenylation in the cytosol.

[00228] Preferably, an RNA molecule of the disclosure comprises a 3’ tail region, which
can serve to protect the RNA from exonuclease degradation. The tail region may be a 3 poly(A)
and/or 3’poly(C) region. Preferably, the tail region is a 3’ poly(A) tail. Any self-replicating
RNA and any mRNA, and any 3’ UTR of any self-replicating RNA or mRNA provided herein
caninclude a poly(A) tail. As used herein a “3” poly(A) tail” is a polymer of sequential adenine
nucleotides that can range in size from, for example: 10 to 250 sequential adenine nucleotides;
60-125 sequential adenine nucleotides, 90-125 sequential adenine nucleotides, 95-125
sequential adenine nucleotides, 95-121 sequential adenine nucleotides, 100 to 121 sequential
adenine nucleotides, 110-121 sequential adenine nucleotides; 112-121 sequential adenine
nucleotides; 114-121 adenine sequential nucleotides, or 115 to 121 sequential adenine
nucleotides. In some aspects, a 3’ poly(a) tail as described herein includes about 10, about 20,
about 30, about 40, about 50, about 60, about 70, about 80, about 90, about 100, about 110,
about 120, about 130, about 140, about 150, about 160, about 170, about 180, about 190, about
200, about 210, about 220, about 230, 240, 250, 260, 270, 280, 290, 300, and any number or
range in between, sequential adenine nucleotides. Preferably, a 3° poly(A) tail as described
herein comprises 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107,
108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, or 125
sequential adenine nucleotides. 3’ Poly(A) tails can be added using a variety of methods known
in the art, e.g., using poly(A) polymerase to add tails to synthetic or in vitro transcribed RNA.
Other methods include the use of a transcription vector to encode poly(A) tails or the use of a
ligase (e.g., via splint ligation using a T4 RNA ligase and/or T4 DNA ligase), wherein poly(A)
may be ligated to the 3' end of a sense RNA. In some embodiments, a combination of any of
the above methods is utilized.

DNA Molecules
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[00229] In one aspect, provided herein are DNA molecules encoding the RNA molecules
disclosed herein. In another aspect, DNA molecules provided herein further comprise a
promoter. As used herein, the term “promoter” refers to a regulatory sequence that initiates
transcription. A promoter can be operably linked to first and second polynucleotides of DNA
molecules provided herein, with first and second polynucleotides of DNA molecules
corresponding to encoded first and second polynucleotides of RNA molecules provided herein.
Generally, promoters included in DNA molecules provided herein include promoters for in
vitro transcription (IVT). Any suitable promoter for in vitro transcription can be included in
DNA molecules provided herein, such as a T7 promoter, a T3 promoter, an SP6 promoter, and
others. In one aspect, DNA molecules provided herein comprise a T7 promoter. In another
aspect, the promoter is located 5° of the 5” UTR included in DNA molecules provided herein.
In yet another aspect, the promoter is a T7 promoter located 5’ of the 5” UTR included in DNA
molecules provided herein. In yet another aspect, the promoter overlaps with the 5 UTR. A
promoter and a 5” UTR can overlap by about one nucleotide, about two nucleotides, about three
nucleotides, about four nucleotides, about five nucleotides, about six nucleotides, about seven
nucleotides, about eight nucleotides, about nine nucleotides, about ten nucleotides, about 11
nucleotides, about 12 nucleotides, about 13 nucleotides, about 14 nucleotides, about 15
nucleotides, about 16 nucleotides, about 17 nucleotides, about 18 nucleotides, about 19
nucleotides, about 20 nucleotides, about 21 nucleotides, about 22 nucleotides, about 23
nucleotides, about 24 nucleotides, about 25 nucleotides, about 26 nucleotides, about 27
nucleotides, about 28 nucleotides, about 29 nucleotides, about 30 nucleotides, about 31
nucleotides, about 32 nucleotides, about 33 nucleotides, about 34 nucleotides, about 35
nucleotides, about 36 nucleotides, about 37 nucleotides, about 38 nucleotides, about 39
nucleotides, about 40 nucleotides, about 41 nucleotides, about 42 nucleotides, about 43
nucleotides, about 44 nucleotides, about 45 nucleotides, about 46 nucleotides, about 47
nucleotides, about 48 nucleotides, about 49 nucleotides, about 50 nucleotides, or more
nucleotides.

[00230] In some aspects, DNA molecules provided herein include a promoter for in vivo
transcription. Generally, the promoter for in vivo transcription is an RNA polymerase IT (RNA
pol IT) promoter. Any RNA pol II promoter can be included in DNA molecules provided herein,
including constitutive promoters, inducible promoters, and tissue-specific promoters.
Exemplary constitutive promoters include a cytomegalovirus (CMV) promoter, an

EF1lo promoter, an SV40 promoter, a PGK1 promoter, a Ubc promoter, a human beta actin
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promoter, a CAG promoter, and others. Any tissue-specific promoter can be included in DNA
molecules provided herein. In one aspect, the RNA pol II promoter is a muscle-specific
promoter, skin-specific promoter, subcutaneous tissue-specific promoter, liver-specific
promoter, spleen-specific promoter, lymph node-specific promoter, or a promoter with any
other tissue specificity. DNA molecules provided herein can also include an enhancer. Any
enhancer that increases transcription can be included in DNA molecules provided herein.

Design and Synthesis of RNA and DNA Molecules

[00231] RNA molecules provided herein can include any combination of the RNA
sequences provided herein, including, for example, any 5° UTR sequences, any sequences
encoding a polyprotein that includes nsP1, nsP2, nsP3, and nsP4, any sequences encoding any
transgene, and any 3’ UTR sequences provided herein. In some aspects, RNA molecules
provided herein are self-replicating RNA molecules. Self-replicating RNA molecules can
include sequences encoding a polyprotein that includes nsP1, nsP2, nsP3, and nsP4, for
example. In some aspects, RNA molecules provided herein are mRNA molecules. Generally,
mRNA molecules do not include sequences encoding a polyprotein for replication of the RNA.
[00232] In some aspects, RNA molecules provided herein include modified nucleotides.
For example, 0% to 100%, 1% to 100%, 25% to 100%, 50% to 100% and 75% to 100% of the
uracil nucleotides of the RNA molecules can be modified. In some aspects, 1% to 100% of the
uracil nucleotides are Nl-methylpseudouridine or 5-methoxyuridine. In some
embodiments,100% of the wuracil nucleotides are N1-methylpseudouridine. In some
embodiments, 100% of the uracil nucleotides are 5-methoxyuridine.

[00233] An RNA molecule, such as a self-replicating RNA or mRNA, of the disclosure may
be obtained by any suitable means. Methods for the manufacture of RNA molecules are known
in the art and would be readily apparent to a person of ordinary skill. An RNA molecule of the
disclosure may be prepared according to any available technique including, but not limited to
chemical synthesis, in vitro transcription (IVT) or enzymatic or chemical cleavage of a longer
precursor, etc.

[00234] In some embodiments, an RNA molecule, such as a self-replicating RNA or mRNA,
of the disclosure is produced from a primary complementary DNA (cDNA) construct. The
cDNA constructs can be produced on an RNA template by the action of a reverse transcriptase
(e.g., RNA-dependent DNA-polymerase). The process of design and synthesis of the primary
cDNA constructs described herein generally includes the steps of gene construction, RNA
production (either with or without modifications) and purification. In the IVT method, a target

polynucleotide sequence encoding an RNA molecule of the disclosure is first selected for
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incorporation into a vector which will be amplified to produce a cDNA template. Optionally,
the target polynucleotide sequence and/or any flanking sequences may be codon optimized.
The cDNA template is then used to produce an RNA molecule of the disclosure through in
vitro transcription (IVT). After production, the RNA molecule of the disclosure may undergo
purification and clean-up processes. The steps of which are provided in more detail below.
[00235] The step of gene construction may include, but is not limited to gene synthesis,
vector amplification, plasmid purification, plasmid linearization and clean-up, and cDNA
template synthesis and clean-up. Once a protein of interest is selected for production, a primary
construct is designed. Within the primary construct, a first region of linked nucleosides
encoding the polypeptide of interest may be constructed using an open reading frame (ORF)
of a selected nucleic acid (DNA or RNA) transcript. The ORF may comprise the wild type
OREF, an isoform, variant or a fragment thereof. As used herein, an “open reading frame” or
“ORF” is meant to refer to a nucleic acid sequence (DNA or RNA) which is can encode a
polypeptide of interest. ORFs often begin with the start codon, ATG and end with a nonsense
or termination codon or signal.

[00236] The cDNA templates may be transcribed to produce an RNA molecule of the
disclosure using an in vitro transcription (IVT) system. The system typically comprises a
transcription buffer, nucleotide triphosphates (NTPs), an RNase inhibitor and a polymerase.
The NTPs may be selected from, but are not limited to, those described herein including natural
and unnatural (modified) NTPs. The polymerase may be selected from, but is not limited to,
T7 RNA polymerase, T3 RNA polymerase and mutant polymerases such as, but not limited to,
polymerases able to incorporate modified nucleic acids.

[00237] The primary cDNA template or transcribed RNA sequence may also undergo
capping and/or tailing reactions. A capping reaction may be performed by methods known in
the art to add a 5' cap to the 5’ end of the primary construct. Methods for capping include, but
are not limited to, using a Vaccinia Capping enzyme (New England Biolabs, Ipswich, Mass.)
or capping at initiation of in vitro transcription, by for example, including a capping agent as
part of the IVT reaction. (Nuc. Acids Symp. (2009) 53:129). A poly(A) tailing reaction may be
performed by methods known in the art, such as, but not limited to, 2’ O-methyltransferase and
by methods as described herein. If the primary construct generated from ¢cDNA does not
include a poly-T, it may be beneficial to perform the poly(A)-tailing reaction before the primary
construct is cleaned.

[00238] Codon optimized cDNA constructs encoding the non-structural proteins and the

transgene for a self-replicating RNA are particularly suitable for generating self-replicating
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RNA sequences described herein. For example, such cDNA constructs may be used as the basis
to transcribe, in vitro, a polyribonucleotide encoding a protein of interest as part of a self-
replicating RNA. Codon optimized cDNA constructs can also be used to generate mRNAs
provided herein.

[00239] The present disclosure also provides expression vectors comprising a nucleotide
sequence encoding a self-replicating RNA or mRNA that is preferably operably linked to at
least one regulatory sequence. Regulatory sequences are art-recognized and are selected to
direct expression of the encoded polypeptide.

[00240] Accordingly, the term regulatory sequence includes promoters, enhancers, and
other expression control elements. The design of the expression vector may depend on such
factors as the choice of the host cell to be transformed and/or the type of protein desired to be
expressed.

[00241] The present disclosure also provides polynucleotides (e.g. DNA, RNA, cDNA,
mRNA, etc.) directed to a self-replicating RNA or mRNA of the disclosure that may be
operably linked to one or more regulatory nucleotide sequences in an expression construct,
such as a vector or plasmid. In certain embodiments, such constructs are DNA constructs.
Regulatory nucleotide sequences will generally be appropriate for a host cell used for
expression. Numerous types of appropriate expression vectors and suitable regulatory
sequences are known in the art for a variety of host cells.

[00242] Typically, said one or more regulatory nucleotide sequences may include, but are
not limited to, promoter sequences, leader or signal sequences, ribosomal binding sites,
transcriptional start and termination sequences, translational start and termination sequences,
and enhancer or activator sequences. Constitutive or inducible promoters as known in the art
are contemplated by the embodiments of the present disclosure. The promoters may be either
naturally occurring promoters, or hybrid promoters that combine elements of more than one
promoter.

[00243] An expression construct may be present in a cell on an episome, such as a plasmid,
or the expression construct may be inserted in a chromosome. In some embodiments, the
expression vector contains a selectable marker gene to allow the selection of transformed host
cells. Selectable marker genes are well known in the art and will vary with the host cell used.
[00244] The present disclosure also provides a host cell transfected with a self-replicating
RNA, mRNA, or DNA described herein. The self-replicating RNA, mRNA, or DNA can
encode any protein of interest, for example an antigen, including the spike glycoprotein of the

SARS-CoV-2 virus or any other viral glycoprotein, such as the influenza virus hemagglutinin
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and neuraminidase. The host cell may be any prokaryotic or eukaryotic cell. For example, a
polypeptide encoded by a self-replicating RNA or mRNA may be expressed in bacterial cells
such as E. coli, insect cells (e.g., using a baculovirus expression system), yeast, or mammalian
cells. Other suitable host cells are known to those skilled in the art.
[00245] A host cell transfected with an expression vector comprising a self-replicating RNA
or mRNA of the disclosure can be cultured under appropriate conditions to allow expression
of the self-replicating RNA or mRNA and translation of the polypeptide to occur. Once
expressed, a self-replicating RNA generally undergoes self-amplification and translation. The
polypeptide may be secreted and isolated from a mixture of cells and medium containing the
polypeptides. Alternatively, the polypeptides may be retained in the cytoplasm or in a
membrane fraction and the cells harvested, lysed and the protein isolated. A cell culture
includes host cells, media and other byproducts. Suitable media for cell culture are well known
in the art.
[00246] The expressed proteins described herein can be isolated from cell culture medium,
host cells, or both using techniques known in the art for purifying proteins, including ion-
exchange chromatography, gel filtration chromatography, ultrafiltration, electrophoresis, and
immunoaffinity purification with antibodies specific for particular epitopes of the polypeptide.
Compositions and Pharmaceutical Compositions
[00247] Provided herein, in some embodiments, are compositions comprising any of the
RNA or DNA molecules provided herein. Compositions provided herein can include a lipid.
Any lipid can be included in compositions provided herein. In one aspect, the lipid is an
ionizable cationic lipid. Any ionizable cationic lipid can be included in compositions
comprising nucleic acid molecules provided herein.
[00248] The compositions and polynucleotides of the present disclosure may be used to
immunize or vaccinate a subject against a viral infection. In some embodiments, the
compositions and polynucleotides of the present disclosure may be used to vaccinate or
immunize a subject against SARS-CoV-2, the virus causing COVID-19.
[00249]  Also provided herein, in some embodiments, are pharmaceutical compositions
comprising any of the RNA and DNA molecules provided herein and a lipid formulation. Any
lipid can be included in lipid formulations of pharmaceutical compositions provided herein. In
one aspect, lipid formulations of pharmaceutical compositions provided herein include an
ionizable cationic lipid. Exemplary ionizable cationic lipids of compositions and

pharmaceutical compositions provided herein include the following:
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[00251] In one aspect, the ionizable cationic lipid of compositions provided herein has a

structure of
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, or a pharmaceutically acceptable salt thereof.

[00252] In another aspect, the ionizable cationic lipid of compositions provided herein has

a structure of

, or a pharmaceutically acceptable salt thereof.

[00253] In one aspect, the ionizable cationic lipid included in lipid formulations of

pharmaceutical compositions provided herein has a structure of
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, or a pharmaceutically acceptable salt thereof.

[00254] In another aspect, the ionizable cationic lipid included in lipid formulations of

pharmaceutical compositions provided herein has a structure of

>

Lipid Formulations/LNPs
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J

, or a pharmaceutically acceptable salt thereof.

[00255] Therapies based on the intracellular delivery of nucleic acids to target cells face

both extracellular and intracellular barriers. Indeed, naked nucleic acid materials cannot be
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easily systemically administered due to their toxicity, low stability in serum, rapid renal
clearance, reduced uptake by target cells, phagocyte uptake and their ability in activating the
immune response, all features that preclude their clinical development. When exogenous
nucleic acid material (e.g., mRNA) enters the human biological system, it is recognized by the
reticuloendothelial system (RES) as foreign pathogens and cleared from blood circulation
before having the chance to encounter target cells within or outside the vascular system. It has
been reported that the half-life of naked nucleic acid in the blood stream is around several
minutes (Kawabata K, Takakura Y, Hashida MPharm Res. 1995 Jun; 12(6):825-30). Chemical
modification and a proper delivery method can reduce uptake by the RES and protect nucleic
acids from degradation by ubiquitous nucleases, which increase stability and efficacy of nucleic
acid-based therapies. In addition, RNAs or DNAs are anionic hydrophilic polymers that are not
favorable for uptake by cells, which are also anionic at the surface. The success of nucleic acid-
based therapies thus depends largely on the development of vehicles or vectors that can
efficiently and effectively deliver genetic material to target cells and obtain sufficient levels of
expression in vivo with minimal toxicity.

[00256] Moreover, upon internalization into a target cell, nucleic acid delivery vectors are
challenged by intracellular barriers, including endosome entrapment, lysosomal degradation,
nucleic acid unpacking from vectors, translocation across the nuclear membrane (for DNA),
release at the cytoplasm (for RNA), and so on. Successful nucleic acid-based therapy thus
depends upon the ability of the vector to deliver the nucleic acids to the target sites inside of
the cells in order to obtain sufficient levels of a desired activity such as expression of a gene.
[00257] While several gene therapies have been able to successfully utilize a viral delivery
vector (e.g., AAV), lipid-based formulations have been increasingly recognized as one of the
most promising delivery systems for RNA and other nucleic acid compounds due to their
biocompatibility and their ease of large-scale production. One of the most significant advances
in lipid-based nucleic acid therapies happened in August 2018 when Patisiran (ALN-TTR02)
was the first siRNA therapeutic approved by the Food and Drug Administration (FDA) and by
the European Commission (EC). ALN-TTRO2 is an siRNA formulation based upon the so-
called Stable Nucleic Acid Lipid Particle (SNALP) transfecting technology. Despite the
success of Patisiran, the delivery of nucleic acid therapeutics, including mRNA, via lipid
formulations is still under ongoing development.

[00258] Some art-recognized lipid-formulated delivery vehicles for nucleic acid
therapeutics include, according to various embodiments, polymer based carriers, such as

polyethyleneimine (PEI), lipid nanoparticles and liposomes, nanoliposomes, ceramide-
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containing nanoliposomes, multivesicular liposomes, proteoliposomes, both natural and
synthetically-derived exosomes, natural, synthetic and semi-synthetic lamellar bodies,
nanoparticulates, micelles, and emulsions. These lipid formulations can vary in their structure
and composition, and as can be expected in a rapidly evolving field, several different terms
have been used in the art to describe a single type of delivery vehicle. At the same time, the
terms for lipid formulations have varied as to their intended meaning throughout the scientific
literature, and this inconsistent use has caused confusion as to the exact meaning of several
terms for lipid formulations. Among the several potential lipid formulations, liposomes,
cationic liposomes, and lipid nanoparticles are specifically described in detail and defined
herein for the purposes of the present disclosure.

Liposomes
[00259] Conventional liposomes are vesicles that consist of at least one bilayer and an
internal aqueous compartment. Bilayer membranes of liposomes are typically formed by
amphiphilic molecules, such as lipids of synthetic or natural origin that comprise spatially
separated hydrophilic and hydrophobic domains (Lasic, Trends Biotechnol., 16: 307-321,
1998). Bilayer membranes of the liposomes can also be formed by amphiphilic polymers and
surfactants (e.g., polymerosomes, niosomes, etc.). They generally present as spherical vesicles
and can range in size from 20 nm to a few microns. Liposomal formulations can be prepared
as a colloidal dispersion or they can be lyophilized to reduce stability risks and to improve the
shelf-life for liposome-based drugs. Methods of preparing liposomal compositions are known
in the art and would be within the skill of an ordinary artisan.
[00260] Liposomes that have only one bilayer are referred to as being unilamellar, and those
having more than one bilayer are referred to as multilamellar. The most common types of
liposomes are small unilamellar vesicles (SUV), large unilamellar vesicle (LUV), and
multilamellar vesicles (MLV). In contrast to liposomes, lysosomes, micelles, and reversed
micelles are composed of monolayers of lipids. Generally, a liposome is thought of as having
a single interior compartment, however some formulations can be multivesicular liposomes
(MVL), which consist of numerous discontinuous internal aqueous compartments separated by
several nonconcentric lipid bilayers.
[00261] Liposomes have long been perceived as drug delivery vehicles because of their
superior biocompatibility, given that liposomes are basically analogs of biological membranes,
and can be prepared from both natural and synthetic phospholipids (Int ] Nanomedicine. 2014;
9:1833-1843). In their use as drug delivery vehicles, because a liposome has an aqueous

solution core surrounded by a hydrophobic membrane, hydrophilic solutes dissolved in the core

109



WO 2023/010128 PCT/US2022/074337

cannot readily pass through the bilayer, and hydrophobic compounds will associate with the
bilayer. Thus, a liposome can be loaded with hydrophobic and/or hydrophilic molecules. When
a liposome is used to carry a nucleic acid such as RNA, the nucleic acid will be contained
within the liposomal compartment in an aqueous phase.

Cationic Liposomes

[00262] Liposomes can be composed of cationic, anionic, and/or neutral lipids. As an
important subclass of liposomes, cationic liposomes are liposomes that are made in whole or
part from positively charged lipids, or more specifically a lipid that comprises both a cationic
group and a lipophilic portion. In addition to the general characteristics profiled above for
liposomes, the positively charged moieties of cationic lipids used in cationic liposomes provide
several advantages and some unique structural features. For example, the lipophilic portion of
the cationic lipid is hydrophobic and thus will direct itself away from the aqueous interior of
the liposome and associate with other nonpolar and hydrophobic species. Conversely, the
cationic moiety will associate with aqueous media and more importantly with polar molecules
and species with which it can complex in the aqueous interior of the cationic liposome. For
these reasons, cationic liposomes are increasingly being researched for use in gene therapy due
to their favorability towards negatively charged nucleic acids via electrostatic interactions,
resulting in complexes that offer biocompatibility, low toxicity, and the possibility of the large-
scale production required for in vivo clinical applications. Cationic lipids suitable for use in
cationic liposomes are listed herein below.

Lipid Nanoparticles

[00263] In contrast to liposomes and cationic liposomes, lipid nanoparticles (LNP) have a
structure that includes a single monolayer or bilayer of lipids that encapsulates a compound in
a solid phase. Thus, unlike liposomes, lipid nanoparticles do not have an aqueous phase or
other liquid phase in its interior, but rather the lipids from the bilayer or monolayer shell are
directly complexed to the internal compound thereby encapsulating it in a solid core. Lipid
nanoparticles are typically spherical vesicles having a relatively uniform dispersion of shape
and size. While sources vary on what size qualifies a lipid particle as being a nanoparticle, there
is some overlap in agreement that a lipid nanoparticle can have a diameter in the range of from
10 nm to 1000 nm. However, more commonly they are considered to be smaller than 120 nm
or even 100 nm.

[00264] For lipid nanoparticle nucleic acid delivery systems, the lipid shell is formulated to
include an ionizable cationic lipid which can complex to and associate with the negatively

charged backbone of the nucleic acid core. Ionizable cationic lipids with apparent pKa values
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below about 7 have the benefit of providing a cationic lipid for complexing with the nucleic
acid’s negatively charged backbone and loading into the lipid nanoparticle at pH values below
the pKa of the ionizable lipid where it is positively charged. Then, at physiological pH values,
the lipid nanoparticle can adopt a relatively neutral exterior allowing for a significant increase
in the circulation half-lives of the particles following i.v. administration. In the context of
nucleic acid delivery, lipid nanoparticles offer many advantages over other lipid-based nucleic
acid delivery systems including high nucleic acid encapsulation efficiency, potent transfection,
improved penetration into tissues to deliver therapeutics, and low levels of cytotoxicity and
immunogenicity.

[00265] Prior to the development of lipid nanoparticle delivery systems for nucleic acids,
cationic lipids were widely studied as synthetic materials for delivery of nucleic acid
medicines. In these early efforts, after mixing together at physiological pH, nucleic acids were
condensed by cationic lipids to form lipid-nucleic acid complexes known as lipoplexes.
However, lipoplexes proved to be unstable and characterized by broad size distributions
ranging from the submicron scale to a few microns. Lipoplexes, such as the Lipofectamine®
reagent, have found considerable utility for in vitro transfection. However, these first-
generation lipoplexes have not proven useful in vivo. The large particle size and positive charge
(Imparted by the cationic lipid) result in rapid plasma clearance, hemolytic and other toxicities,
as well as immune system activation.In some aspects, nucleic acid molecules provided herein
and lipids or lipid formulations provided herein form a lipid nanoparticle (LNP).

[00266] In other aspects, nucleic acid molecules provided herein are incorporated into a lipid
formulation (i.e., a lipid-based delivery vehicle).

[00267] In the context of the present disclosure, a lipid-based delivery vehicle typically
serves to transport a desired RNA to a target cell or tissue. The lipid-based delivery vehicle can
be any suitable lipid-based delivery vehicle known in the art. In some aspects, the lipid-based
delivery vehicle is a liposome, a cationic liposome, or a lipid nanoparticle containing a self-
replicating RNA or mRNA of the disclosure. In some aspects, the lipid-based delivery vehicle
comprises a nanoparticle or a bilayer of lipid molecules and a self-replicating RNA or mRNA
of the disclosure. In some aspects, the lipid bilayer further comprises a neutral lipid or a
polymer. In some aspects, the lipid formulation comprises a liquid medium. In some aspects,
the formulation further encapsulates a nucleic acid. In some aspects, the lipid formulation
further comprises a nucleic acid and a neutral lipid or a polymer. In some aspects, the lipid

formulation encapsulates the nucleic acid.
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[00268] The description provides lipid formulations comprising one or more RNA
molecules encapsulated within the lipid formulation. In some aspects, the lipid formulation
comprises liposomes. In some aspects, the lipid formulation comprises cationic liposomes. In
some aspects, the lipid formulation comprises lipid nanoparticles.

[00269] In some aspects, the self-replicating RNA or mRNA is fully encapsulated within
the lipid portion of the lipid formulation such that the RNA in the lipid formulation is resistant
in aqueous solution to nuclease degradation. In other aspects, the lipid formulations described
herein are substantially non-toxic to animals such as humans and other mammals.

[00270] The lipid formulations of the disclosure also typically have a total lipid:RNA ratio
(mass/mass ratio) of from about 1:1 to about 100:1, from about 1:1 to about 50:1, from about
2:1 to about 45:1, from about 3:1 to about 40:1, from about 5:1 to about 45:1, or from about
10:1 to about 40:1, or from about 15:1 to about 40:1, or from about 20:1 to about 40:1; or from
about 25:1 to about 45:1; or from about 30:1 to about 45:1; or from about 32:1 to about 42:1;
or from about 34:1 to about 42:1. In some aspects, the total lipid:RNA ratio (mass/mass ratio)
is from about 30:1 to about 45:1. The ratio may be any value or subvalue within the recited
ranges, including endpoints.

[00271] The lipid formulations of the present disclosure typically have a mean diameter of
from about 30 nm to about 150 nm, from about 40 nm to about 150 nm, from about 50 nm to
about 150 nm, from about 60 nm to about 130 nm, from about 70 nm to about 110 nm, from
about 70 nm to about 100 nm, from about 80 nm to about 100 nm, from about 90 nm to about
100 nm, from about 70 to about 90 nm, from about 80 nm to about 90 nm, from about 70 nm
to about 80 nm, or about 30 nm, about 35 nm, about 40 nm, about 45 nm, about 50 nm, about
55 nm, about 60 nm, about 65 nm, about 70 nm, about 75 nm, about 80 nm, about 85 nm, about
90 nm, about 95 nm, about 100 nm, about 105 nm, about 110 nm, about 115 nm, about 120
nm, about 125 nm, about 130 nm, about 135 nm, about 140 nm, about 145 nm, or about 150
nm, and are substantially non-toxic. The diameter may be any value or subvalue within the
recited ranges, including endpoints. In addition, nucleic acids, when present in the lipid
nanoparticles of the present disclosure, generally are resistant in aqueous solution to
degradation with a nuclease.

[00272] In some embodiments, the lipid nanoparticle has a size of less than about 500 nm,
less than about 400 nm, less than about 300 nm, less than about 200 nm, less than about 100
nm, or less than about 50 nm. In specific embodiments, the lipid nanoparticle has a size of

about 55 nm to about 90 nm.
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[00273] In some aspects, the lipid formulations comprise a self-replicating RNA or mRNA,
a cationic lipid (e.g, one or more cationic lipids or salts thereof described herein), a
phospholipid, and a conjugated lipid that inhibits aggregation of the particles (e.g., one or more
PEG-lipid conjugates). The lipid formulations can also include cholesterol. In one aspect, the
cationic lipid is an ionizable cationic lipid.

[00274] In the nucleic acid-lipid formulations, the RNA may be fully encapsulated within
the lipid portion of the formulation, thereby protecting the nucleic acid from nuclease
degradation. In some aspects, a lipid formulation comprising an RNA is fully encapsulated
within the lipid portion of the lipid formulation, thereby protecting the nucleic acid from
nuclease degradation. In certain aspects, the RNA in the lipid formulation is not substantially
degraded after exposure of the particle to a nuclease at 37°C for at least 20, 30, 45, or 60
minutes. In certain other aspects, the RNA in the lipid formulation is not substantially degraded
after incubation of the formulation in serum at 37°C for at least 30, 45, or 60 minutes or at least
2,3,4,5,6,7,8,9, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, or 36 hours. In some
aspects, the RNA is complexed with the lipid portion of the formulation. One of the benefits
of the formulations of the present disclosure is that the nucleic acid-lipid compositions are
substantially non-toxic to animals such as humans and other mammals.

[00275] Inthe context of nucleic acids, full encapsulation may be determined by performing
a membrane-impermeable fluorescent dye exclusion assay, which uses a dye that has enhanced
fluorescence when associated with nucleic acid. Encapsulation is determined by adding the dye
to a lipid formulation, measuring the resulting fluorescence, and comparing it to the
fluorescence observed upon addition of a small amount of nonionic detergent. Detergent-
mediated disruption of the lipid layer releases the encapsulated nucleic acid, allowing it to
interact with the membrane-impermeable dye. Nucleic acid encapsulation may be calculated
as E=(10 - I)/10, where/and 10 refers to the fluorescence intensities before and after the addition
of detergent.

[00276] In some aspects, the present disclosure provides a nucleic acid-lipid composition
comprising a plurality of nucleic acid-liposomes, nucleic acid-cationic liposomes, or nucleic
acid-lipid nanoparticles. In some aspects, the nucleic acid-lipid composition comprises a
plurality of RNA-liposomes. In some aspects, the nucleic acid-lipid composition comprises a
plurality of RNA-cationic liposomes. In some aspects, the nucleic acid-lipid composition
comprises a plurality of RNA-lipid nanoparticles.

[00277] In some aspects, the lipid formulations comprise RNA that is fully encapsulated
within the lipid portion of the formulation, such that from about 30% to about 100%, from
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about 40% to about 100%, from about 50% to about 100%, from about 60% to about 100%,
from about 70% to about 100%, from about 80% to about 100%, from about 90% to about
100%, from about 30% to about 95%, from about 40% to about 95%, from about 50% to about
95%, from about 60% to about 95%, from about 70% to about 95%, from about 80% to about
95%, from about 85% to about 95%, from about 90% to about 95%, from about 30% to about
90%, from about 40% to about 90%, from about 50% to about 90%, from about 60% to about
90%, from about 70% to about 90%, from about 80% to about 90%, or at least about 30%,
about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about 70%,
about 75%, about 80%, about 85%, about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98%, or about 99% (or any fraction thereof or range
therein) of the particles have the RNA encapsulated therein. The amount may be any value or
subvalue within the recited ranges, including endpoints. The RNA included in any RNA-lipid
composition or RNA-lipid formulation provided herein can be a self-replicating RNA or an
mRNA.
[00278] Depending on the intended use of the lipid formulation, the proportions of the
components can be varied, and the delivery efficiency of a particular formulation can be
measured using assays known in the art.
[00279] In some aspects, nucleic acid molecules provided herein are lipid formulated. The
lipid formulation is preferably selected from, but not limited to, liposomes, cationic liposomes,
and lipid nanoparticles. In one aspect, a lipid formulation is a cationic liposome or a lipid
nanoparticle (LNP) comprising:

(a) an RNA of the present disclosure,

(b) a cationic lipid,

(c) an aggregation reducing agent (such as polyethylene glycol (PEG) lipid or PEG-
modified lipid),

(d) optionally a non-cationic lipid (such as a neutral lipid), and

(e) optionally, a sterol.
[00280] In another aspect, the cationic lipid is an ionizable cationic lipid. Any ionizable
cationic lipid can be included in lipid formulations, including exemplary cationic lipids
provided herein.
[00281] In some aspects, compositions that include lipids and/or lipid formulations provided
herein include an RNA molecule comprising (A) a sequence of SEQ ID NO:1; (B) a sequence
of SEQ ID NO:2; (C) a sequence of SEQ ID NO:3; or (D) a sequence of SEQ ID NO:4. In

some aspects, compositions provided herein include an RNA molecule comprising a sequence
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of SEQ ID NO:40. In some aspects, compositions provided herein include an RNA molecule
comprising a sequence of SEQ ID NO: 29, SEQ ID NO: 32, or SEQ ID NO:48. In some
aspects, compositions provided herein include lipid nanoparticles (LNPs). In some aspects,
compositions provided herein include lyophilized LNPs.

[00282] Provided herein, in some embodiments, are lipid nanoparticle compositions
comprising a. a lipid formulation comprising i. about 45 mol% to about 55 mol% of an

ionizable cationic lipid having the structure of ATX-126:

>

[00283] ii. about 8 mol% to about 12 mol% DSPC; iii. about 35 mol% to about 42 mol%
cholesterol; and iv. about 1.25 mol% to about 1.75 mol% PEG2000-DMG; and b. an RNA
molecule having at least 80% identity to a sequence of SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:3, or SEQ ID NO:4; wherein the lipid formulation encapsulates the RNA molecule and the
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lipid nanoparticle has a size of about 60 to about 90 nm. In some aspects, the RNA molecule
included in lipid nanoparticle compositions provided herein has at least 80% identity to a
sequence of SEQ ID NO:40. In some aspects, the RNA molecule included in lipid nanoparticle
compositions provided herein has at least 80% identity to a sequence of SEQ ID NO: 29, SEQ
ID NO: 32, or SEQ ID NO:48. In some aspects, lipid nanoparticle compositions provided
herein are lyophilized. In some aspects, the RNA molecule included in lipid nanoparticle
compositions provided herein has at least 80% identity to a sequence of SEQ ID NO:29. In
some aspects, the RNA molecule included in lipid nanoparticle compositions provided herein
has at least 80% identity to a sequence of SEQ ID NO:32.
Cationic Lipids
[00284] In one aspect, the lipid nanoparticle formulation comprises (i) at least one cationic

lipid; (ii) a helper lipid; (ii1) a sterol (e.g., cholesterol); and (iv) a PEG-lipid. In another aspect,
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the cationic lipid is an ionizable cationic lipid. In yet another aspect, the lipid nanoparticle
formulation comprises (i) at least one cationic lipid; (ii) a helper lipid; (iii) a sterol (e.g.,
cholesterol); and (iv) a PEG-lipid, in a molar ratio of about 40-70% ionizable cationic lipid:
about 2-15% helper lipid: about 20-45% sterol; about 0.5-5% PEG-lipid. In a further aspect,
the cationic lipid is an ionizable cationic lipid.

[00285] In one aspect, the lipid nanoparticle formulation consists of (i) at least one cationic
lipid; (ii) a helper lipid,; (iii) a sterol (e.g., cholesterol); and (iv) a PEG-lipid. In another aspect,
the cationic lipid is an ionizable cationic lipid. In yet another aspect, the lipid nanoparticle
formulation consists of (i) at least one cationic lipid; (ii) a helper lipid; (iii) a sterol (e.g.,
cholesterol); and (iv) a PEG-lipid, in a molar ratio of about 40-70% ionizable cationic lipid:
about 2-15% helper lipid: about 20-45% sterol; about 0.5-5% PEG-lipid. In a further aspect,
the cationic lipid is an ionizable cationic lipid.

[00286] In the presently disclosed lipid formulations, the cationic lipid may be, for example,
N,N-dioleyl-N,N-dimethylammonium chloride (DODAC), N,N-distearyl-N,N-
dimethylammonium bromide (DDAB), 1,2-dioleoyltrimethylammoniumpropane chloride
(DOTAP) (also known as N-(2,3-dioleoyloxy)propyl)-N,N,N-trimethylammonium chloride
and 1,2-Dioleyloxy-3-trimethylaminopropane chloride salt), N-(I-(2,3-dioleyloxy)propyl)-
N,N,N-trimethylammonium chloride (DOTMA), N,N-dimethyl-2,3-dioleyloxy)propylamine
(DODMA), 1,2-DiLinoleyloxy-N,N-dimethylaminopropane (DLinDMA), 1,2-Dilinolenyloxy-
N,N-dimethylaminopropane (DLenDMA), 1,2-di-y-linolenyloxy-N,N-dimethylaminopropane
(y-DLenDMA), 1,2-Dilinoleylcarbamoyloxy-3-dimethylaminopropane (DLin-C-DAP), 1,2-
Dilinoleyoxy-3-(dimethylamino)acetoxypropane (DLin-DAC), 1,2-Dilinoleyoxy-3-
morpholinopropane (DLin-MA), 1,2-Dilinoleoyl-3-dimethylaminopropane (DLinDAP), 1,2-
Dilinoleylthio-3-dimethylaminopropane ~ (DLin-S-DMA), 1-Linoleoyl-2-linoleyloxy-3-
dimethylaminopropane (DLin-2-DMAP), 1,2-Dilinoleyloxy-3-trimethylaminopropane
chloride salt (DLin-TMA.CI), 1,2-Dilinoleoyl-3-trimethylaminopropane chloride salt (DLin-
TAP.Cl), 1,2-Dilinoleyloxy-3-(N-methylpiperazino)propane (DLin-MPZ), or 3-(N,N-
Dilinoleylamino)-1,2-propanediol (DLinAP), 3-(N,N-Dioleylamino)-1,2-propanediol (DOAP),
1,2-Dilinoleyloxo-3-(2-N,N- dimethylamino)ethoxypropane (DLin-EG-DMA), 2,2-Dilinoleyl-
4-dimethylaminomethyl-[1,3]-dioxolane (DLin-K-DMA) or analogs thereof, (3aR,5s,6aS)-
N,N-dimethyl-2,2-di((9Z,12Z)-octadeca-9,12-dienyl )tetrahydro-3aH-
cyclopenta[d][1,3]dioxol-5-amine, (6Z,9Z,28Z,31Z)-heptatriaconta-6,9,28,3 1-tetraen-19-yl4-
(dimethylamino)butanoate (MC3), 11'-(2-(4-(2-((2-(bis(2-hydroxydodecyl)amino)ethyl)(2-
hydroxydodecyl)amino)ethyl)piperazin-1-yl)ethylazanediyl)didodecan-2-ol (C12-200), 2,2-
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dilinoleyl-4-(2-dimethylaminoethyl)-[1,3]-dioxolane (DLin-K-C2-DMA), 2,2-dilinoleyl-4-
dimethylaminomethyl-[1,3]-dioxolane = (DLin-K-DMA), (6Z,9Z,28Z,31Z)-heptatriaconta-
6,9,28  31-tetraen-19-yl  4-(dimethylamino)  butanocate = (DLin-M-C3-DMA),  3-
((6Z,97,287,31Z)-heptatriaconta-6,9,28,3  I-tetraen-19-yloxy)-N,N-dimethylpropan-l-amine
(MC3  Ether), 4-((62,92,282,31  Z)-heptatriaconta-6,9,28,3 1-tetraen-19-yloxy)-N,N-
dimethylbutan-l-amine (MC4 Ether), or any combination thereof. Other cationic lipids include,
but are not limited to, N,N-distearyl-N,N-dimethylammonium bromide (DDAB), 3P-(N-
(N',N'-dimethylaminoethane)- carbamoyl)cholesterol (DC-Choi), N-(1-(2,3-
dioleyloxy)propyl)-N-2-(sperminecarboxamido)ethyl)-N,N-dimethylammonium
trifluoracetate (DOSPA), dioctadecylamidoglycyl carboxyspermine (DOGS), 1,2-dileoyl-sn-3-
phosphoethanolamine (DOPE), 1,2-dioleoyl-3-dimethylammonium propane (DODAP), N-(1,2-
dimyristyloxyprop-3-yl)-N,N-dimethyl-N-hydroxyethyl ammonium bromide (DMRIE), and
2,2-Dilinoleyl-4-dimethylaminoethyl-[1,3]-dioxolane (XTC). Additionally, commercial
preparations of cationic lipids can be used, such as, e.g., LIPOFECTIN (including DOTMA
and DOPE, available from GIBCO/BRL), and Lipofectamine (comprising DOSPA and DOPE,
available from GIBCO/BRL).

[00287]  Other suitable cationic lipids are disclosed in International Publication Nos. WO
09/086558, WO 09/127060, WO 10/048536, WO 10/054406, WO 10/088537, WO 10/129709,
and WO 2011/153493; U.S. Patent Publication Nos. 2011/0256175, 2012/0128760, and
2012/0027803; U.S. Patent Nos. 8,158,601; and Love et al., PNAS, 107(5), 1864-69, 2010, the
contents of which are herein incorporated by reference.

[00288] The RNA-lipid formulations of the present disclosure can comprise a helper lipid,
which can be referred to as a neutral helper lipid, non-cationic lipid, non-cationic helper lipid,
anionic lipid, anionic helper lipid, or a neutral lipid. It has been found that lipid formulations,
particularly cationic liposomes and lipid nanoparticles have increased cellular uptake if helper
lipids are present in the formulation. (Curr. Drug Metab. 2014; 15(9):882-92). For example,
some studies have indicated that neutral and zwitterionic lipids such as 1,2-dioleoylsn-glycero-
3-phosphatidylcholine (DOPC), Di-Oleoyl-Phosphatidyl-Ethanoalamine (DOPE) and 1,2-
DiStearoyl-sn-glycero-3-PhosphoCholine (DSPC), being more fusogenic (i.e., facilitating
fusion) than cationic lipids, can affect the polymorphic features of lipid-nucleic acid
complexes, promoting the transition from a lamellar to a hexagonal phase, and thus inducing
fusion and a disruption of the cellular membrane. (Nanomedicine (Lond). 2014 Jan; 9(1):105-
20). In addition, the use of helper lipids can help to reduce any potential detrimental effects

from using many prevalent cationic lipids such as toxicity and immunogenicity.
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[00289] Non-limiting examples of non-cationic lipids suitable for lipid formulations of the
present disclosure include phospholipids such as lecithin, phosphatidylethanolamine,
lysolecithin, lysophosphatidylethanolamine, phosphatidylserine, phosphatidylinositol,
sphingomyelin, egg sphingomyelin (ESM), cephalin, cardiolipin, phosphatidic acid,
cerebrosides, dicetylphosphate, distearoylphosphatidylcholine (DSPC),
dioleoylphosphatidylcholine (DOPQC), dipalmitoylphosphatidylcholine (DPPC),
dioleoylphosphatidylglycerol (DOPQG), dipalmitoylphosphatidylglycerol (DPPG),
dioleoylphosphatidylethanolamine (DOPE), palmitoyloleoyl-phosphatidylcholine (POPC),
palmitoyloleoyl-phosphatidylethanolamine (POPE), palmitoyloleyol-phosphatidylglycerol
(POPQG), dioleoylphosphatidylethanolamine 4-(N-maleimidomethyl)-cyclohexane-1-
carboxylate (DOPE-mal), dipalmitoyl-phosphatidylethanolamine (DPPE), dimyristoyl-
phosphatidylethanolamine ~ (DMPE),  distearoyl-phosphatidylethanolamine ~ (DSPE),
monomethyl-phosphatidylethanolamine,  dimethyl-phosphatidylethanolamine, dielaidoyl-
phosphatidylethanolamine  (DEPE), stearoyloleoyl-phosphatidylethanolamine  (SOPE),
lysophosphatidylcholine, dilinoleoylphosphatidylcholine, and mixtures thereof. Other
diacylphosphatidylcholine and diacylphosphatidylethanolamine phospholipids can also be
used. The acyl groups in these lipids are preferably acyl groups derived from fatty acids having
C10-C24 carbon chains, e.g., lauroyl, myristoyl, palmitoyl, stearoyl, or oleoyl.

[00290] Additional examples of non-cationic lipids include sterols such as cholesterol and
derivatives thereof. As a helper lipid, cholesterol increases the spacing of the charges of the
lipid layer interfacing with the nucleic acid making the charge distribution match that of the
nucleic acid more closely. (J. R. Soc. Interface. 2012 Mar 7; 9(68): 548-561). Non-limiting
examples of cholesterol derivatives include polar analogues such as Sa-cholestanol, 5a-
coprostanol, cholesteryl-(2'-hydroxy)-ethyl ether, cholesteryl-(4'- hydroxy)-butyl ether, and 6-
ketocholestanol; non-polar analogues such as Sa-cholestane, cholestenone, So-cholestanone,
Sa-cholestanone, and cholesteryl decanoate; and mixtures thereof. In some aspects, the
cholesterol derivative is a polar analogue such as cholesteryl-(4'-hydroxy)-butyl ether.
[00291] In some aspects, the helper lipid present in the lipid formulation comprises or
consists of a mixture of one or more phospholipids and cholesterol or a derivative thereof. In
other aspects, the neutral lipid present in the lipid formulation comprises or consists of one or
more phospholipids, e.g., a cholesterol-free lipid formulation. In yet other aspects, the neutral
lipid present in the lipid formulation comprises or consists of cholesterol or a derivative thereof,

e.g., a phospholipid-free lipid formulation.
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[00292] Other examples of helper lipids include nonphosphorous containing lipids such as,
e.g., stearylamine, dodecylamine, hexadecylamine, acetyl palmitate, glycerol ricinoleate,
hexadecyl stearate, isopropyl myristate, amphoteric acrylic polymers, triethanolamine-lauryl
sulfate, alkyl-aryl sulfate polyethyloxylated fatty acid amides, dioctadecyldimethyl ammonium
bromide, ceramide, and sphingomyelin.

[00293]  Other suitable cationic lipids include those having alternative fatty acid groups and
other dialkylamino groups, including those, in which the alkyl substituents are different (e.g.,
N-ethyl- N-methylamino-, and N-propyl-N-ethylamino-). These lipids are part of a subcategory
of cationic lipids referred to as amino lipids. In some embodiments of the lipid formulations
described herein, the cationic lipid is an amino lipid. In general, amino lipids having less
saturated acyl chains are more easily sized, particularly when the complexes must be sized
below about 0.3 microns, for purposes of filter sterilization. Amino lipids containing
unsaturated fatty acids with carbon chain lengths in the range of C14 to C22 may be used.
Other scaffolds can also be used to separate the amino group and the fatty acid or fatty alkyl
portion of the amino lipid.

[00294] In some embodiments, the lipid formulation comprises the cationic lipid with
Formula I according to the patent application PCT/EP2017/064066. In this context, the
disclosure of PCT/EP2017/064066 is also incorporated herein by reference.

[00295] In some embodiments, amino or cationic lipids of the present disclosure are
ionizable and have at least one protonatable or deprotonatable group, such that the lipid is
positively charged at a pH at or below physiological pH (e.g., pH 7.4), and neutral at a second
pH, preferably at or above physiological pH. Of course, it will be understood that the addition
or removal of protons as a function of pH is an equilibrium process, and that the reference to a
charged or a neutral lipid refers to the nature of the predominant species and does not require
that all of the lipid be present in the charged or neutral form. Lipids that have more than one
protonatable or deprotonatable group, or which are zwitterionic, are not excluded from use in
the disclosure. In certain embodiments, the protonatable lipids have a pKa of the protonatable
group in the range of about 4 to about 11. In some embodiments, the ionizable cationic lipid
has a pKa of about 5 to about 7. In some embodiments, the pKa of an ionizable cationic lipid
is about 6 to about 7.

[00296] In some embodiments, the lipid formulation comprises an ionizable cationic lipid

of Formula I:
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or a pharmaceutically acceptable salt or solvate thereof, wherein R5 and R6 are each
independently selected from the group consisting of a linear or branched C1-C31 alkyl, C2-
C31 alkenyl or C2-C31 alkynyl and cholesteryl; L5 and L6 are each independently selected
from the group consisting of a linear C1-C20 alkyl and C2-C20 alkenyl, X5 is -C(O)O-,
whereby -C(0)O-R6 is formed or -OC(0)- whereby -OC(0O)-R6 is formed; X6 is -C(O)O-
whereby -C(0)O-R5 is formed or -OC(O)- whereby -OC(O)-RS5 is formed; X7 is S or O; L7 is
absent or lower alkyl, R41is a linear or branched C1-C6 alkyl; and R7 and R8 are each
independently selected from the group consisting of a hydrogen and a linear or branched C1-
C6 alkyl.

[00297] In some embodiments, X7 is S.

[00298] In some embodiments, X5 is -C(O)O-, whereby -C(O)O-R6 is formed and X6 is -
C(0)O- whereby -C(0)O-R5 is formed.

[00299] In some embodiments, R7 and R8 are each independently selected from the group
consisting of methyl, ethyl and isopropyl.

[00300] In some embodiments, LS and L6 are each independently a C1-C10 alkyl. In some
embodiments, L5 is C1-C3 alkyl, and L6 is C1-C5 alkyl. In some embodiments, L6 is C1-C2
alkyl. In some embodiments, LS and L6 are each a linear C7 alkyl. In some embodiments,
L5 and L6 are each a linear C9 alkyl.

[00301] In some embodiments, RS and R6 are each independently an alkenyl. In some
embodiments, R6is alkenyl. In some embodiments, R6 is C2-C9 alkenyl. In some
embodiments, the alkenyl comprises a single double bond. In some embodiments, RS and
R6 are each alkyl. In some embodiments, R5 is a branched alkyl. In some embodiments, R5 and
R6 are each independently selected from the group consisting of a C9 alkyl, C9 alkenyl and C9
alkynyl. In some embodiments, R5 and R6 are each independently selected from the group
consisting of a C11 alkyl, C11 alkenyl and C11 alkynyl. In some embodiments, R5 and R6 are
each independently selected from the group consisting of a C7 alkyl, C7 alkenyl and C7
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alkynyl. In some embodiments, RS is —CH((CH2)pCH3)2 or —CH((CH2)pCH3)((CH2)p-
1CH3), wherein p is 4-8. In some embodiments, p is 5 and L5 is a C1-C3 alkyl. In some
embodiments, p is 6 and L5 is a C3 alkyl. In some embodiments, p is 7. In some embodiments,
p is 8 and L5 is a CI-C3 alkyl. In some embodiments, R5 consists of -
CH((CH2)pCH3)((CH2)p-1CH3), wherein p is 7 or 8.

[00302] In some embodiments, R4 is ethylene or propylene. In some embodiments, R4 is n-
propylene or isobutylene.

[00303] Insome embodiments, L7 is absent, R4 is ethylene, X7 is S and R7 and R8 are each
methyl. In some embodiments, L7 is absent, R4 is n-propylene, X7is S and R7 and R8 are each
methyl. In some embodiments, L7 is absent, R4 is ethylene, X7 is S and R7 and RS are each
ethyl.

[00304] In some embodiments, X7 is S, X5 is -C(O)O-, whereby -C(O)O-R6 is formed,
X6 is -C(O)O- whereby -C(O)O-R5 is formed, LS and L6 are each independently a linear C3-
C7 alkyl, L7 is absent, RS is -CH((CH2)pCH3)2, and R6 is C7-C12 alkenyl. In some further
embodiments, p is 6 and R6 is C9 alkenyl.

[00305] In embodiments, any one or more lipids recited herein may be expressly excluded.
[00306] In some aspects, the helper lipid comprises from about 2 mol% to about 20 mol%,
from about 3 mol% to about 18 mol%, from about 4 mol% to about 16 mol%, about 5 mol%
to about 14 mol%, from about 6 mol% to about 12 mol%, from about 5 mol% to about 10
mol%, from about 5 mol% to about 9 mol%, or about 2 mol%, about 3 mol%, about 4 mol%,
about 5 mol%, about 6 mol%, about 7 mol%, about 8 mol%, about 9 mol%, about 10 mol%,
about 11 mol%, or about 12 mol% (or any fraction thereof or the range therein) of the total
lipid present in the lipid formulation.

[00307] Thelipid portion, or the cholesterol or cholesterol derivative in the lipid formulation
may comprise up to about 40 mol%, about 45 mol%, about 50 mol%, about 55 mol%, or about
60 mol% of the total lipid present in the lipid formulation. In some aspects, the cholesterol or
cholesterol derivative comprises about 15 mol% to about 45 mol%, about 20 mol% to about
40 mol%, about 25 mol% to about 35 mol%, or about 28 mol% to about 35 mol%; or about 25
mol%, about 26 mol%, about 27 mol%, about 28 mol%o, about 29 mol%, about 30 mol%, about
31 mol%, about 32 mol%, about 33 mol%, about 34 mol%, about 35 mol%, about 36 mol%,
or about 37 mol% of the total lipid present in the lipid formulation.

[00308] In specific embodiments, the lipid portion of the lipid formulation is about 35 mol%

to about 42 mol% cholesterol.
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[00309] In some aspects, the phospholipid component in the mixture may comprise from
about 2 mol% to about 20 mol%, from about 3 mol% to about 18 mol%, from about 4 mol %
to about 16 mol %, about 5 mol % to about 14 mol %, from about 6 mol % to about 12 mol%,
from about 5 mol% to about 10 mol%, from about 5 mol% to about 9 mol%, or about 2 mol%,
about 3 mol%, about 4 mol%, about 5 mol%, about 6 mol%, about 7 mol%, about 8 mol%,
about 9 mol%, about 10 mol%, about 11 mol%, or about 12 mol% (or any fraction thereof or
the range therein) of the total lipid present in the lipid formulation.

[00310] In certain embodiments, the lipid portion of the lipid formulation comprises about,
but is not necessarily limited to, 40 mol% to about 60 mol% of the ionizable cationic lipid,
about 4 mol% to about 16 mol% DSPC, about 30 mol% to about 47 mol% cholesterol, and
about 0.5 mol% to about 3 mol% PEG2000-DMG.

[00311] In certain embodiments, the lipid portion of the lipid formulation may comprise,
but is not necessarily limited to, about 42 mol% to about 58 mol% of the ionizable cationic
lipid, about 6 mol% to about 14 mol% DSPC, about 32 mol% to about 44 mol% cholesterol,
and about 1 mol% to about 2 mol% PEG2000-DMG.

[00312] In certain embodiments, the lipid portion of the lipid formulation may comprise,
but is not necessarily limited to, about 45 mol% to about 55 mol% of the ionizable cationic
lipid, about 8 mol% to about 12 mol% DSPC, about 35 mol% to about 42 mol% cholesterol,
and about 1.25 mol% to about 1.75 mol% PEG2000-DMG.

[00313] The percentage of helper lipid present in the lipid formulation is a target amount,
and the actual amount of helper lipid present in the formulation may vary, for example, by £ 5
mol%.

[00314] A lipid formulation that includes a cationic lipid compound or ionizable cationic
lipid compound may be on a molar basis about 30-70% cationic lipid compound, about 25-40
% cholesterol, about 2-15% helper lipid, and about 0.5-5% of a polyethylene glycol (PEG)
lipid, wherein the percent is of the total lipid present in the formulation. In some aspects, the
composition is about 40-65% cationic lipid compound, about 25- 35% cholesterol, about 3-9%
helper lipid, and about 0.5-3% of a PEG-lipid, wherein the percent is of the total lipid present
in the formulation.

[00315] The formulation may be a lipid particle formulation, for example containing 8-30%
nucleic acid compound, 5-30% helper lipid, and 0-20% cholesterol; 4-25% cationic lipid, 4-
25% helper lipid, 2- 25% cholesterol, 10- 35% cholesterol-PEG, and 5% cholesterol-amine; or
2-30% cationic lipid, 2-30% helper lipid, 1-15% cholesterol, 2-35% cholesterol-PEG, and 1-

122



WO 2023/010128 PCT/US2022/074337

20% cholesterol-amine; or up to 90% cationic lipid and 2-10% helper lipids, or even 100%
cationic lipid.

Lipid Conjugates

[00316] Thelipid formulations described herein may further comprise a lipid conjugate. The
conjugated lipid is useful in that it prevents the aggregation of particles. Suitable conjugated
lipids include, but are not limited to, PEG-lipid conjugates, cationic-polymer-lipid conjugates,
and mixtures thereof. Furthermore, lipid delivery vehicles can be used for specific targeting by
attaching ligands (e.g., antibodies, peptides, and carbohydrates) to its surface or to the terminal
end of the attached PEG chains (Front Pharmacol. 2015 Dec 1; 6:286).

[00317] In some aspects, the lipid conjugate is a PEG-lipid. The inclusion of polyethylene
glycol (PEG) in a lipid formulation as a coating or surface ligand, a technique referred to as
PEGylation, helps to protect nanoparticles from the immune system and their escape from RES
uptake (Nanomedicine (Lond). 2011 Jun; 6(4):715-28). PEGylation has been used to stabilize
lipid formulations and their payloads through physical, chemical, and biological mechanisms.
Detergent-like PEG lipids (e.g., PEG-DSPE) can enter the lipid formulation to form a hydrated
layer and steric barrier on the surface. Based on the degree of PEGylation, the surface layer
can be generally divided into two types, brush-like and mushroom-like layers. For PEG-DSPE-
stabilized formulations, PEG will take on the mushroom conformation at a low degree of
PEGylation (usually less than 5 mol%) and will shift to brush conformation as the content of
PEG-DSPE is increased past a certain level (Journal of Nanomaterials. 2011;2011:12).
PEGylation leads to a significant increase in the circulation half-life of lipid formulations
(Annu. Rev. Biomed. Eng. 2011 Aug 15; 13():507-30; J. Control Release. 2010 Aug 3;
145(3):178-81).

[00318] Examples of PEG-lipids include, but are not limited to, PEG coupled to
dialkyloxypropyls (PEG-DAA), PEG coupled to diacylglycerol (PEG-DAG),
methoxypolyethyleneglycol (PEG-DMG or PEG2000-DMG), PEG coupled to phospholipids
such as phosphatidylethanolamine (PEG-PE), PEG conjugated to ceramides, PEG conjugated
to cholesterol or a derivative thereof, and mixtures thereof.

[00319] PEG is a linear, water-soluble polymer of ethylene PEG repeating units with two
terminal hydroxyl groups. PEGs are classified by their molecular weights and include the
following: monomethoxypolyethylene glycol (MePEG-OH), monomethoxypolyethylene
glycol- succinate (MePEG-S), monomethoxypolyethylene glycol-succinimidyl succinate
(MePEG-S-NHS), monomethoxypolyethylene glycol-amine (MePEG-NH2),
monomethoxypolyethylene glycol-tresylate (MePEG-TRES), monomethoxypolyethylene
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glycol-imidazolyl-carbonyl (MePEG-IM), as well as such compounds containing a terminal
hydroxyl group instead of a terminal methoxy group (e.g., HO-PEG-S, HO-PEG-S-NHS, HO-
PEG-NH2).

[00320] The PEG moiety of the PEG-lipid conjugates described herein may comprise an
average molecular weight ranging from about 550 daltons to about 10,000 daltons. In certain
aspects, the PEG moiety has an average molecular weight of from about 750 daltons to about
5,000 daltons (e.g., from about 1,000 daltons to about 5,000 daltons, from about 1,500 daltons
to about 3,000 daltons, from about 750 daltons to about 3,000 daltons, from about 750 daltons
to about 2,000 daltons). In some aspects, the PEG moiety has an average molecular weight of
about 2,000 daltons or about 750 daltons. The average molecular weight may be any value or
subvalue within the recited ranges, including endpoints.

[00321] In certain aspects, the PEG can be optionally substituted by an alkyl, alkoxy, acyl,
or aryl group. The PEG can be conjugated directly to the lipid or may be linked to the lipid via
a linker moiety. Any linker moiety suitable for coupling the PEG to a lipid can be used
including, e.g., non-ester-containing linker moieties and ester-containing linker moieties. In
one aspect, the linker moiety is a non-ester-containing linker moiety. Exemplary non-ester-
containing linker moieties include, but are not limited to, amido (-C(O)NH-), amino (-NR-),
carbonyl (-C(0O)-), carbamate (-NHC(O)O-), urea (-(NHC(O)NH-), disulfide (-S-S-), ether (-O-
), succinyl (-(O)CCH2CH2C(0)-), succinamidyl (-NHC(O)CH2CH2C(O)NH-), ether, as well
as combinations thereof (such as a linker containing both a carbamate linker moiety and an
amido linker moiety). In one aspect, a carbamate linker is used to couple the PEG to the lipid.
[00322] In some aspects, an ester-containing linker moiety is used to couple the PEG to the
lipid. Exemplary ester-containing linker moieties include, e.g, carbonate
(-OC(0)0-), succinoyl, phosphate esters (-O-(O)POH-O-), sulfonate esters, and combinations
thereof.

[00323] Phosphatidylethanolamines having a variety of acyl chain groups of varying chain
lengths and degrees of saturation can be conjugated to PEG to form the lipid conjugate. Such
phosphatidylethanolamines are commercially available or can be isolated or synthesized using
conventional techniques known to those of skill in the art. Phosphatidylethanolamines
containing saturated or unsaturated fatty acids with carbon chain lengths in the range of Cio to
Cao are preferred. Phosphatidylethanolamines with mono- or di-unsaturated fatty acids and
mixtures of saturated and unsaturated fatty acids can also be wused. Suitable

phosphatidylethanolamines  include, but are not limited to, dimyristoyl-
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phosphatidylethanolamine (DMPE), dipalmitoyl-phosphatidylethanolamine (DPPE), dioleoyl-
phosphatidylethanolamine (DOPE), and distearoyl-phosphatidylethanolamine (DSPE).
[00324] In some aspects, the PEG-DAA conjugate is a PEG-didecyloxypropyl (C10)
conjugate, a PEG-dilauryloxypropyl (C12) conjugate, a PEG-dimyristyloxypropyl (C14)
conjugate, a PEG-dipalmityloxypropyl (C16) conjugate, or a PEG-distearyloxypropyl (C18)
conjugate. In some aspects, the PEG has an average molecular weight of about 750 or about
2,000 daltons. In some aspects, the terminal hydroxyl group of the PEG is substituted with a
methyl group.

[00325] In addition to the foregoing, other hydrophilic polymers can be used in place of
PEG. Examples of suitable polymers that can be used in place of PEG include, but are not
limited to, polyvinylpyrrolidone, polymethyloxazoline, polyethyloxazoline,
polyhydroxypropyl, methacrylamide, polymethacrylamide, and polydimethylacrylamide,
polylactic acid, polyglycolic acid, and derivatized celluloses such as hydroxymethylcellulose
or hydroxyethylcellulose.

[00326] In some aspects, the lipid conjugate (e.g., PEG-lipid) comprises from about 0.1
mol% to about 2 mol%, from about 0.5 mol% to about 2 mol%, from about 1 mol% to about 2
mol%, from about 0.6 mol% to about 1.9 mol%, from about 0.7 mol% to about 1.8 mol%, from
about 0.8 mol% to about 1.7 mol%, from about 0.9 mol% to about 1.6 mol%, from about 0.9
mol% to about 1.8 mol%, from about 1 mol% to about 1.8 mol%, from about 1 mol% to about
1.7 mol%, from about 1.2 mol% to about 1.8 mol%, from about 1.2 mol% to about 1.7 mol%,
from about 1.3 mol% to about 1.6 mol%, or from about 1.4 mol% to about 1.6 mol% (or any
fraction thereof or range therein) of the total lipid present in the lipid formulation. In other
embodiments, the lipid conjugate (e.g., PEG-lipid) comprises about 0.5%, 0.6%, 0.7%, 0.8%,
0.9%, 1.0%, 1.2%, 1.3%, 1.4%, 1.5%, 1.6%, 1.7%, 1.8%, 1.9%, 2.0%, 2.5%, 3.0%, 3.5%,
4.0%, 4.5%, or 5%, (or any fraction thereof or range therein) of the total lipid present in the
lipid formulation. The amount may be any value or subvalue within the recited ranges,
including endpoints.

[00327] The percentage of lipid conjugate (e.g., PEG-lipid) present in the lipid formulations
of the disclosure is a target amount, and the actual amount of lipid conjugate present in the
formulation may vary, for example, by + 0.5 mol%. One of ordinary skill in the art will
appreciate that the concentration of the lipid conjugate can be varied depending on the lipid

conjugate employed and the rate at which the lipid formulation is to become fusogenic.
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[00328] In some embodiments, the lipid formulation for any of the compositions described
herein comprises a lipoplex, a liposome, a lipid nanoparticle, a polymer-based particle, an
exosome, a lamellar body, a micelle, or an emulsion.

Mechanism of Action for Cellular Uptake of Lipid Formulations

[00329] In some aspects, lipid formulations for the intracellular delivery of nucleic acids,
particularly liposomes, cationic liposomes, and lipid nanoparticles, are designed for cellular
uptake by penetrating target cells through exploitation of the target cells’ endocytic
mechanisms where the contents of the lipid delivery vehicle are delivered to the cytosol of the
target cell. (Nucleic Acid Therapeutics, 28(3):146-157, 2018). Prior to endocytosis,
functionalized ligands such as PEG-lipid at the surface of the lipid delivery vehicle are shed
from the surface, which triggers internalization into the target cell. During endocytosis, some
part of the plasma membrane of the cell surrounds the vector and engulfs it into a vesicle that
then pinches off from the cell membrane, enters the cytosol and ultimately enters and moves
through the endolysosomal pathway. For ionizable cationic lipid-containing delivery vehicles,
the increased acidity as the endosome ages results in a vehicle with a strong positive charge on
the surface. Interactions between the delivery vehicle and the endosomal membrane then result
in a membrane fusion event that leads to cytosolic delivery of the payload. For RNA payloads,
the cell’s own internal translation processes will then translate the RNA into the encoded
protein. The encoded protein can further undergo postranslational processing, including
transportation to a targeted organelle or location within the cell or excretion from the cell.
[00330] By controlling the composition and concentration of the lipid conjugate, one can
control the rate at which the lipid conjugate exchanges out of the lipid formulation and, in turn,
the rate at which the lipid formulation becomes fusogenic. In addition, other variables
including, e.g., pH, temperature, or ionic strength, can be used to vary and/or control the rate
at which the lipid formulation becomes fusogenic. Other methods which can be used to control
the rate at which the lipid formulation becomes fusogenic will become apparent to those of
skill in the art upon reading this disclosure. Also, by controlling the composition and
concentration of the lipid conjugate, one can control the liposomal or lipid particle size.

Lipid Formulation Manufacture

[00331] There are many different methods for the preparation of lipid formulations
comprising a nucleic acid. (Curr. Drug Metabol. 2014, 15, 882-892; Chem. Phys. Lipids 2014,
177, 8-18; Int. J. Pharm. Stud. Res. 2012, 3, 14-20). The techniques of thin film hydration,

double emulsion, reverse phase evaporation, microfluidic preparation, dual assymetric
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centrifugation, ethanol injection, detergent dialysis, spontaneous vesicle formation by ethanol
dilution, and encapsulation in preformed liposomes are briefly described herein.

Thin Film Hydration
[00332] In Thin Film Hydration (TFH) or the Bangham method, the lipids are dissolved in

an organic solvent, then evaporated through the use of a rotary evaporator leading to a thin
lipid layer formation. After the layer hydration by an aqueous buffer solution containing the
compound to be loaded, Multilamellar Vesicles (MLVs) are formed, which can be reduced in
size to produce Small or Large Unilamellar vesicles (LUV and SUV) by extrusion through
membranes or by the sonication of the starting MLV.

Double Emulsion

[00333] Lipid formulations can also be prepared through the Double Emulsion technique,
which involves lipids dissolution in a water/organic solvent mixture. The organic solution,
containing water droplets, is mixed with an excess of aqueous medium, leading to a water-in-
oil-in-water (W/O/W) double emulsion formation. After mechanical vigorous shaking, part of
the water droplets collapse, giving Large Unilamellar Vesicles (LUVs).

Reverse Phase Evaporation

[00334] The Reverse Phase Evaporation (REV) method also allows one to achieve LUVs

loaded with nucleic acid. In this technique a two-phase system is formed by phospholipids
dissolution in organic solvents and aqueous buffer. The resulting suspension is then sonicated
briefly until the mixture becomes a clear one-phase dispersion. The lipid formulation is
achieved after the organic solvent evaporation under reduced pressure. This technique has been
used to encapsulate different large and small hydrophilic molecules including nucleic acids.

Microfluidic Preparation

[00335] The Microfluidic method, unlike other bulk techniques, gives the possibility of
controlling the lipid hydration process. The method can be classified in continuous-flow
microfluidic and droplet-based microfluidic, according to the way in which the flow is
manipulated. In the microfluidic hydrodynamic focusing (MHF) method, which operates in a
continuous flow mode, lipids are dissolved in isopropyl alcohol which is hydrodynamically
focused in a microchannel cross junction between two aqueous buffer streams. Vesicles size
can be controlled by modulating the flow rates, thus controlling the lipids solution/buffer
dilution process. The method can be used for producing oligonucleotide (ON) lipid
formulations by using a microfluidic device consisting of three-inlet and one-outlet ports.

Dual Asymmetric Centrifugation
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[00336] Dual Asymmetric Centrifugation (DAC) differs from more common centrifugation
as it uses an additional rotation around its own vertical axis. An efficient homogenization is
achieved due to the two overlaying movements generated: the sample is pushed outwards, as
in a normal centrifuge, and then it is pushed towards the center of the vial due to the additional
rotation. By mixing lipids and an NaCl-solution a viscous vesicular phospholipid gel (VPC) is
achieved, which is then diluted to obtain a lipid formulation dispersion. The lipid formulation
size can be regulated by optimizing DAC speed, lipid concentration and homogenization time.

Ethanol Injection

[00337] The Ethanol Injection (EI) method can be used for nucleic acid encapsulation. This
method provides the rapid injection of an ethanolic solution, in which lipids are dissolved, into
an aqueous medium containing nucleic acids to be encapsulated, through the use of a needle.
Vesicles are spontaneously formed when the phospholipids are dispersed throughout the
medium.

Detergent Dialysis

[00338] The Detergent dialysis method can be used to encapsulate nucleic acids. Briefly
lipid and plasmid are solubilized in a detergent solution of appropriate ionic strength, after
removing the detergent by dialysis, a stabilized lipid formulation is formed. Unencapsulated
nucleic acid is then removed by ion-exchange chromatography and empty vesicles by sucrose
density gradient centrifugation. The technique is highly sensitive to the cationic lipid content
and to the salt concentration of the dialysis buffer, and the method is also difficult to scale.

Spontaneous Vesicle Formation by Ethanol Dilution

[00339] Stable lipid formulations can also be produced through the Spontaneous Vesicle
Formation by Ethanol Dilution method in which a stepwise or dropwise ethanol dilution
provides the instantaneous formation of vesicles loaded with nucleic acid by the controlled
addition of lipid dissolved in ethanol to a rapidly mixing aqueous buffer containing the nucleic
acid.

Encapsulation in Preformed Liposomes

[00340] The entrapment of nucleic acids can also be obtained starting with preformed
liposomes through two different methods: (1) A simple mixing of cationic liposomes with
nucleic acids which gives electrostatic complexes called “lipoplexes”, where they can be
successfully used to transfect cell cultures, but are characterized by their low encapsulation
efficiency and poor performance in vivo, and (2) a liposomal destabilization, slowly adding
absolute ethanol to a suspension of cationic vesicles up to a concentration of 40% v/v followed

by the dropwise addition of nucleic acids achieving loaded vesicles; however, the two main
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steps characterizing the encapsulation process are too sensitive, and the particles have to be
downsized.

Excipients
[00341] The pharmaceutical compositions disclosed herein can be formulated using one or
more excipients to: (1) increase stability; (2) increase cell transfection; (3) permit a sustained
or delayed release (e.g., from a depot formulation of the polynucleotide, primary construct, or
RNA); (4) alter the biodistribution (e.g., target the polynucleotide, primary construct, or RNA
to specific tissues or cell types); (5) increase the translation of encoded protein in vivo; and/or
(6) alter the release profile of encoded protein in vivo.
[00342] The pharmaceutical compositions described herein may be prepared by any method
known or hereafter developed in the art of pharmacology. In general, such preparatory methods
include the step of associating the active ingredient (i.e., nucleic acid) with an excipient and/or
one or more other accessory ingredients. A pharmaceutical composition in accordance with the
present disclosure may be prepared, packaged, and/or sold in bulk, as a single unit dose, and/or
as a plurality of single unit doses.
[00343] Pharmaceutical compositions may additionally comprise a pharmaceutically
acceptable excipient, which, as used herein, includes, but is not limited to, any and all solvents,
dispersion media, diluents, or other liquid vehicles, dispersion or suspension aids, surface
active agents, isotonic agents, thickening or emulsifying agents, preservatives, and the like, as
suited to the particular dosage form desired.
[00344] In addition to traditional excipients such as any and all solvents, dispersion media,
diluents, or other liquid vehicles, dispersion or suspension aids, surface active agents, isotonic
agents, thickening or emulsifying agents, preservatives, excipients of the present disclosure can
include, without limitation, liposomes, lipid nanoparticles, polymers, lipoplexes, core-shell
nanoparticles, peptides, proteins, cells transfected with primary DNA construct, or RNA (e.g.,
for transplantation into a subject), hyaluronidase, nanoparticle mimics and combinations
thereof.
[00345]  Accordingly, the pharmaceutical compositions described herein can include one or
more excipients, each in an amount that together increases the stability of the nucleic acid in
the lipid formulation, increases cell transfection by the nucleic acid, increases the expression
of the encoded protein, and/or alters the release profile of encoded proteins. Further, the RNA
of the present disclosure may be formulated using self-assembled nucleic acid nanoparticles.
[00346] Various excipients for formulating pharmaceutical compositions and techniques for

preparing the composition are known in the art (see Remington: The Science and Practice of
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Pharmacy, 21st Edition, A. R. Gennaro, Lippincott, Williams & Wilkins, Baltimore, Md.,
2006; incorporated herein by reference in its entirety). The use of a conventional excipient
medium may be contemplated within the scope of the embodiments of the present disclosure,
except insofar as any conventional excipient medium may be incompatible with a substance or
its derivatives, such as by producing any undesirable biological effect or otherwise interacting
in a deleterious manner with any other component(s) of the pharmaceutical composition.
[00347] The pharmaceutical compositions of this disclosure may further contain as
pharmaceutically acceptable carriers substances as required to approximate physiological
conditions, such as pH adjusting and buffering agents, tonicity adjusting agents, and wetting
agents, for example, sodium acetate, sodium lactate, sodium chloride, potassium chloride,
calcium chloride, sorbitan monolaurate, triethanolamine oleate, and mixtures thereof. For solid
compositions, conventional nontoxic pharmaceutically acceptable carriers can be used which
include, for example, pharmaceutical grades of mannitol, lactose, starch, magnesium stearate,
sodium saccharin, talcum, cellulose, glucose, sucrose, magnesium carbonate, and the like.
[00348] In certain embodiments of the disclosure, the RNA-lipid formulation may be
administered in a time release formulation, for example in a composition which includes a slow
release polymer. The active agent can be prepared with carriers that will protect against rapid
release, for example a controlled release vehicle such as a polymer, microencapsulated delivery
system, or a bioadhesive gel. Prolonged delivery of the RNA, in various compositions of the
disclosure can be brought about by including in the composition agents that delay absorption,
for example, aluminum monostearate hydrogels and gelatin.

Methods of Inducing Immune Responses
[00349] Provided herein, in some embodiments, are methods of inducing an immune
response in a subject. Any type of immune response can be induced using the methods provided
herein, including adaptive and innate immune responses. In one aspect, immune responses
induced using the methods provided herein include an antibody response, a cellular immune
response, or both an antibody response and a cellular immune response.
[00350] Methods of inducing an immune response provided herein include administering
to a subject an effective amount of any RNA or DNA molecule, i.e., nucleic acid molecule,
provided herein. In one aspect, methods of inducing an immune response include administering
to a subject an effective amount of any composition comprising an RNA molecule and a lipid
provided herein. In another aspect, methods of inducing an immune response include
administering to a subject an effective amount of any pharmaceutical composition comprising

an RNA molecule and a lipid formulation provided herein. In some aspects, RNA molecules,
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compositions, and pharmaceutical composition provided here are vaccines that can elicit a
protective or a therapeutic immune response, for example.

[00351] As used herein, the term “subject” refers to any individual or patient on which the
methods disclosed herein are performed. The term “subject” can be used interchangeably with
the term “individual” or “patient.” The subject can be a human, although the subject may be an
animal, as will be appreciated by those in the art. Thus, other animals, including mammals such
as rodents (including mice, rats, hamsters and guinea pigs), cats, dogs, rabbits, farm animals
including cows, horses, goats, sheep, pigs, etc., and primates (including monkeys,
chimpanzees, orangutans and gorillas) are included within the definition of subject. As used
herein, the term “effective amount” or “therapeutically effective amount” refers to that amount
of an RNA molecule, composition, or pharmaceutical composition described herein that is
sufficient to effect the intended application, including but not limited to inducing an immune
response and/or disease treatment, as defined herein. The therapeutically effective amount may
vary depending upon the .intended application (e.g., inducing an immune response, treatment,
application in vivo), or the subject or patient and disease condition being treated, e.g., the
weight and age of the subject, the species, the severity of the disease condition, the manner of
administration and the like, which can readily be determined by one of ordinary skill in the art.
The term also applies to a dose that will induce a particular response in a target cell. The
specific dose will vary depending on the particular RNA molecule, composition, or
pharmaceutical composition chosen, the dosing regimen to be followed, whether it is
administered in combination with other compounds, timing of administration, the tissue to
which it is administered, and the physical delivery system in which it is carried.

[00352] Exemplary doses of nucleic molecules that can be administered include about 0.01
ug, about 0.02 g, about 0.03 g, about 0.04 ug, about 0.05 ug, about 0.06 ug, about 0.07 ug,
about 0.08 pug, about 0.09 ug, about 0.1 ug, about 0.2 pg, about 0.3 pg, about 0.4 ug, about 0.5
ug, about 0.6 ug, about 0.7 ug, about 0.8 pg, about 0.9 pg, about 1.0 pg, about 1.5 pg, about
2.0 ug, about 2.5 pg, about 3.0 ug, about 3.5 pg, about 4.0 ug, about 4.5 ug, about 5.0 ug,
about 5.5 pg, about 6.0 pg, about 6.5 pg, about 7.0 ug, about 7.5 pg, about 8.0 ug, about 8.5
ug, about 9.0 ug, about 9.5 ug, about 10 pg, about 11 pg, about 12 pg, about 13 p, about 14
ug, about 15 pg, about 16 g, about 17 ug, about 18 g, about 19 pg, about 20 g, about 21
ug, about 22 pg, about 23 ug, about 24 ug, about 25 g, about 26 pg, about 27 g, about 28
ug, about 29 pg, about 30 pg, about 35 nug, about 40 pg, about 45 pg, about 50 pg, about 55
ug, about 60 pug, about 65 pg, about 70 ug, about 75 g, about 80 pg, about 85 g, about 90
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ug, about 95 g, about 100 pg, about 125 pg, about 150 g, about 175 pg, about 200 pg, about
250 pg, about 300 pg, about 350 nug, about 400 ng, about 450 pg, about 500 g, about 600 g,
about 700 pg, about 800 ug, about 900 ug, about 1,000 pg, or more, and any number or range
in between. In one aspect, the nucleic acid molecules are RNA molecules. In another aspect,
the nucleic acid molecules are DNA molecules. Nucleic acid molecules can have a unit dosage
comprising about 0.01 pug to about 1,000 g or more nucleic acid in a single dose.

[00353] In some aspects, compositions provided herein that can be administered include
about 0.01 ug, about 0.02 pg, about 0.03 pg, about 0.04 pg, about 0.05 g, about 0.06 ug,
about 0.07 ug, about 0.08 g, about 0.09 pg, about 0.1 ug, about 0.2 ug, about 0.3 g, about
0.4 ng, about 0.5 pg, about 0.6 ug, about 0.7 ug, about 0.8 pug, about 0.9 pg, about 1.0 ug,
about 1.5 pg, about 2.0 pg, about 2.5 ug, about 3.0 ug, about 3.5 pg, about 4.0 pg, about 4.5
ug, about 5.0 g, about 5.5 pg, about 6.0 ug, about 6.5 g, about 7.0 pg, about 7.5 ug, about
8.0 ug, about 8.5 pg, about 9.0 ug, about 9.5 ug, about 10 pug, about 11 pg, about 12 pg, about
13 ug, about 14 pg, about 15 g, about 16 pg, about 17 pg, about 18 pg, about 19 pg, about
20 ug, about 21 ug, about 22 pg, about 23 ug, about 24 pg, about 25 ug, about 26 g, about
27 ug, about 28 ug, about 29 pg, about 30 ug, about 35 pg, about 40 ug, about 45 g, about
50 ug, about 55 ug, about 60 ug, about 65 g, about 70 ug, about 75 ug, about 80 ug, about
85 ug, about 90 ug, about 95 pg, about 100 pg, about 125 ug, about 150 ug, about 175 ug,
about 200 ug, about 250 ug, about 300 pg, about 350 pg, about 400 pg, about 450 g, about
500 pg, about 600 pg, about 700 pg, about 800 pg, about 900 pg, about 1,000 pg, or more, and
any number or range in between, nucleic acid and lipid. In other aspects, pharmaceutical
compositions provided herein that can be administered include about 0.01 ng, about 0.02 ng,
about 0.03 pg, about 0.04 ng, about 0.05 pg, about 0.06 pg, about 0.07 ug, about 0.08 ug,
about 0.09 ug, about 0.1 pg, about 0.2 ug, about 0.3 g, about 0.4 ug, about 0.5 ug, about 0.6
ug, about 0.7 ug, about 0.8 pug, about 0.9 pg, about 1.0 pg, about 1.5 pg, about 2.0 pg, about
2.5 ug, about 3.0 pg, about 3.5 ug, about 4.0 pg, about 4.5 ug, about 5.0 ug, about 5.5 ug,
about 6.0 pg, about 6.5 pg, about 7.0 pg, about 7.5 ug, about 8.0 pg, about 8.5 ug, about 9.0
ug, about 9.5 g, about 10 pg, about 11 ug, about 12 pg, about 13 g, about 14 pg, about 15
ug, about 16 g, about 17 pg, about 18 pg, about 19 ug, about 20 ug, about 21 ug, about 22
ug, about 23 pg, about 24 g, about 25 ug, about 26 ng, about 27 pg, about 28 g, about 29
ug, about 30 pg, about 35 g, about 40 ug, about 45 g, about 50 pg, about 55 g, about 60
ug, about 65 pg, about 70 pg, about 75 ng, about 80 pg, about 85 g, about 90 pg, about 95
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ug, about 100 pg, about 125 pg, about 150 pg, about 175 pg, about 200 pg, about 250 g,
about 300 nug, about 350 ug, about 400 pg, about 450 pg, about 500 pg, about 600 ug, about
700 ug, about 800 ug, about 900 ug, about 1,000 ug, or more, and any number or range in
between, nucleic acid and lipid formulation.

[00354] In one aspect, compositions provided herein can have a unit dosage comprising
about 0.01 ug to about 1,000 pg or more nucleic acid and lipid in a single dose. In another
aspect, pharmaceutical compositions provided herein can have a unit dosage comprising about
0.01 pugto about 1,000 pg or more nucleic acid and lipid formulation in a single dose. A vaccine
unit dosage can correspond to the unit dosage of nucleic acid molecules, compositions, or
pharmaceutical compositions provided herein and that can be administered to a subject. In one
aspect, vaccine compositions of the instant disclosure have a unit dosage comprising about 0.01
ug to about 1,000 pg or more nucleic acid and lipid formulation in a single dose. In another
aspect, vaccine compositions of the instant disclosure have a unit dosage comprising about 0.01
ug to about 50 ug nucleic acid and lipid formulation in a single dose. In yet another aspect,
vaccine compositions of the instant disclosure have a unit dosage comprising about 0.2 ug to
about 20 ug nucleic acid and lipid formulation in a single dose.

[00355] A dosage form of the composition of this disclosure can be solid, which can be
reconstituted in a liquid prior to administration. The solid can be administered as a powder.
The solid can be in the form of a capsule, tablet, or gel. In some embodiments, the
pharmaceutical composition comprises a nucleic acid lipid formulation that has been
lyophilized. In some embodiments, the lyophilized composition may comprise one or more
lyoprotectants, such as, including but not necessarily limited to, glucose, trehalose, sucrose,
maltose, lactose, mannitol, inositol, hydroxypropyl-p-cyclodextrin, and/or polyethylene glycol.
In some embodiments, the lyophilized composition comprises a poloxamer, potassium sorbate,
sucrose, or any combination thereof. In specific embodiments, the poloxamer is poloxamer
188. In some embodiments, the lyophilized compositions described herein may comprise about
0.01 to about 1.0% w/w of a poloxamer. In some embodiments, the lyophilized compositions
described herein may comprise about 1.0 to about 5.0% w/w of potassium sorbate. The
percentages may be any value or subvalue within the recited ranges, including endpoints.
[00356] In some embodiments, the lyophilized composition may comprise about 0.01 to
about 1.0 % w/w of the nucleic acid molecule. In some embodiments, the composition may
comprise about 1.0 to about 5.0 % w/w lipids. In some embodiments, the composition may

comprise about 0.5 to about 2.5 % w/w of TRIS buffer. In some embodiments, the composition
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may comprise about 0.75 to about 2.75 % w/w of NaCl. In some embodiments, the composition
may comprise about 85 to about 95 % w/w of a sugar. The percentages may be any value or
subvalue within the recited ranges, including endpoints.

[00357] In a preferred embodiment, the dosage form of the pharmaceutical compositions
described herein can be a liquid suspension of RNA lipid nanoparticles described herein. In
some embodiments, the RNA of RNA lipid nanoparticles is a self-replicating RNA. In some
embodiments, the RNA of RNA lipid nanoparticles is an mRNA. In some embodiments, the
liquid suspension is in a buffered solution. In some embodiments, the buffered solution
comprises a buffer selected from the group consisting of HEPES, MOPS, TES, and TRIS. In
some embodiments, the buffer has a pH of about 7.4. In some preferred embodiments, the
buffer is HEPES. In some further embodiments, the buffered solution further comprises a
cryoprotectant. In some embodiments, the cryoprotectant is selected from a sugar and glycerol
or a combination of a sugar and glycerol. In some embodiments, the sugar is a dimeric sugar.
In some embodiments, the sugar is sucrose. In some preferred embodiments, the buffer
comprises HEPES, sucrose, and glycerol at a pH of 7.4. In certain embodiments, the
composition comprises a HEPES, MOPS, TES, or TRIS buffer at a pH of about 7.0 to about
8.5. In some embodiments, the HEPES, MOPS, TES, or TRIS buffer may at a concentration
ranging from 7 mg/ml to about 15 mg/ml. The pH or concentration may be any value or
subvalue within the recited ranges, including endpoints.

[00358] In some embodiments, the suspension is frozen during storage and thawed prior to
administration. In some embodiments, the suspension is frozen at a temperature below about
70 °C. In some embodiments, the suspension is diluted with sterile water during intravenous
administration. In some embodiments, intravenous administration comprises diluting the
suspension with about 2 volumes to about 6 volumes of sterile water. In some embodiments,
the suspension comprises about 0.1 mg to about 3.0 mg RNA/mL, about 15 mg/mL to about
25 mg/mL of an ionizable cationic lipid, about 0.5 mg/mL to about 2.5 mg/mL of a PEG-lipid,
about 1.8 mg/mL to about 3.5 mg/mL of a helper lipid, about 4.5 mg/mL to about 7.5 mg/mL
of a cholesterol, about 7 mg/mL to about 15 mg/mL of a buffer, about 2.0 mg/mL to about 4.0
mg/mL of NaCl, about 70 mg/mL to about 110 mg/mL of sucrose, and about 50 mg/mL to
about 70 mg/mL of glycerol. In some embodiments, a lyophilized RNA-lipid nanoparticle
formulation can be resuspended in a buffer as described herein.

[00359] In some embodiments, the compositions of the disclosure are administered to a
subject such that a RNA concentration of at least about 0.05 mg/kg, at least about 0.1 mg/kg,
at least about 0.5 mg/kg, at least about 1.0 mg/kg, at least about 2.0 mg/kg, at least about 3.0
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mg/kg, at least about 4.0 mg/kg, at least about 5.0 mg/kg of body weight is administered in a
single dose or as part of single treatment cycle. In some embodiments, the compositions of the
disclosure are administered to a subject such that a total amount of at least about 0.1 mg, at
least about 0.5 mg, at least about 1.0 mg, at least about 2.0 mg, at least about 3.0 mg, at least
about 4.0 mg, at least about 5.0 mg, at least about 6.0 mg, at least about 7.0 mg, at least about
8.0 mg, at least about 9.0 mg, at least about 10 mg, at least about 15 mg, at least about 20 mg,
at least about 25 mg, at least about 30 mg, at least about 35 mg, at least about 40 mg, at least
about 45 mg, at least about 50 mg, at least about 55 mg, at least about 60 mg, at least about 65
mg, at least about 70 mg, at least about 75 mg, at least about 80 mg, at least about 85 mg, at
least about 90 mg, at least about 95 mg, at least about 100 mg, at least about 105 mg, at least
about 110 mg, at least about 115 mg, at least about 120 mg, or at least about 125 mg RNA is
administered in one or more doses up to a maximum dose of about 300 mg, about 350 mg,
about 400 mg, about 450 mg, or about 500 mg RNA.

[00360] Any route of administration can be included in methods provided herein. In some
aspects, nucleic acid molecules, 7.e., RNA or DNA molecules, compositions, and
pharmaceutical compositions provided herein are administered intramuscularly,
subcutaneously, intradermally, transdermally, intranasally, orally, sublingually, intravenously,
intraperitoneally, topically, by aerosol, or by a pulmonary route, such as by inhalation or by
nebulization, for example. In some embodiments, the pharmaceutical compositions described
are administered systemically. Suitable routes of administration include, for example, oral,
rectal, vaginal, transmucosal, pulmonary including intratracheal or inhaled, or intestinal
administration, parenteral delivery, including intradermal, transdermal (topical),
intramuscular, subcutaneous, intramedullary injections, as well as intrathecal, direct
intraventricular, intravenous, intraperitoneal, or intranasal. In particular embodiments, the
intramuscular administration is to a muscle selected from the group consisting of skeletal
muscle, smooth muscle and cardiac muscle. In some embodiments, the pharmaceutical
composition is administered intravenously.

[00361] Pharmaceutical compositions may be administered to any desired tissue. In some
embodiments, the RNA delivered is expressed in a tissue different from the tissue in which the
lipid formulation or pharmaceutical composition was administered. In preferred embodiments,
RNA is delivered and expressed in the liver.

[00362] In other aspects, nucleic acid molecules, ie., RNA or DNA molecules,
compositions, and pharmaceutical compositions provided herein are administered

intramuscularly.
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[00363] In some aspects, the subject in which an immune response is induced is a healthy
subject. As used herein, the term “healthy subject” refers to a subject not having a condition or
disease, including an infectious disease or cancer, for example, or not having a condition or
disease against which an immune response is induced. Accordingly, in some aspects, a nucleic
acid molecule, composition, or pharmaceutical composition provided herein is administered
prophylactically to prevent an infectious disease, for example. A nucleic acid molecule,
composition, or pharmaceutical composition provided herein can also be administered
therapeutically, i.e., to treat a condition or disease, such as an infection, after the onset of the
condition or disease.

2

[00364] Asused herein, the terms “treat,” “treatment,” “therapy,” “therapeutic,” and the like
refer to obtaining a desired pharmacologic and/or physiologic effect, including, but not limited
to, alleviating, delaying or slowing the progression, reducing the effects or symptoms,
preventing onset, inhibiting, ameliorating the onset of a diseases or disorder, obtaining a
beneficial or desired result with respect to a disease, disorder, or medical condition, such as a
therapeutic benefit and/or a prophylactic benefit. “Treatment,” as used herein, includes any
treatment of a disease in a mammal, particularly in a human, and includes: (a) preventing the
disease from occurring in a subject, including a subject which is predisposed to the disease or
at risk of acquiring the disease but has not yet been diagnosed as having it; (b) inhibiting the
disease, i.e., arresting its development; and (c) relieving the disease, i.e., causing regression of
the disease. A therapeutic benefit includes eradication or amelioration of the underlying
disorder being treated. Also, a therapeutic benefit is achieved with the eradication or
amelioration of one or more of the physiological symptoms associated with the underlying
disorder such that an improvement is observed in the subject, notwithstanding that the subject
may still be afflicted with the underlying disorder. In some aspects, for prophylactic benefit,
treatment or compositions for treatment, including pharmaceutical compositions, are
administered to a subject at risk of developing a particular disease, or to a subject reporting one
or more of the physiological symptoms of a disease, even though a diagnosis of this disease
may not have been made. The methods of the present disclosure may be used with any mammal
or other animal. In some aspects, treatment results in a decrease or cessation of symptoms. A
prophylactic effect includes delaying or eliminating the appearance of a disease or condition,
delaying or eliminating the onset of symptoms of a disease or condition, slowing, halting, or
reversing the progression of a disease or condition, or any combination thereof.

[00365] Nucleic acid molecules, i.e., RNA or DNA molecules, compositions, and

pharmaceutical compositions provided herein can be administered once or multiple times.
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Accordingly, nucleic acid molecules, compositions, and pharmaceutical compositions
provided herein can be administered one, two, three, four, five, six, seven, eight, nine, ten, or
more times. Timing between two or more administrations can be one week, two weeks, three
weeks, four weeks, five weeks, six weeks, seven weeks, eight weeks, nine weeks, weeks, ten
weeks, 11 weeks, 12 weeks, 13 weeks, 14 weeks, 15 weeks, 16 weeks, 17 weeks, 18 weeks, 19
weeks, 20 weeks, 21 weeks, 22 weeks, 23 weeks, 24 weeks, 25 weeks, 26 weeks, 27 weeks, 28
weeks, 29 weeks, 30 weeks, 31 weeks, 32 weeks, 33 weeks, 34 weeks, 35 weeks, 36 weeks, 37
weeks, 38 weeks, 39 weeks, 40 weeks, 41 weeks, 42 weeks, 43 weeks, 44 weeks, 45 weeks, 46
weeks, 47 weeks, 48 weeks, 49 weeks, 50 weeks, 51 weeks, 52 weeks, or more weeks, and any
number or range in between. In some aspects, timing between two or more administrations is
one month, two months, three months, four months, five months, six months, seven months,
eight months, nine months, ten months, 11 months, 12 months, 13 months, 14 months, 15
months, 16 months, 17 months, 18 months, 19 months, 20 months, 21 months, 22 months, 23
months, 24 months, or more months, and any number or range in between. In other aspects,
timing between two or more administrations can be one year, two years, three years, four years,
five years, six years, seven years, eight years, nine years, ten years, or more years, and any
number or range in between, Timing between the first and any subsequent administration can
be the same or different. In one aspect, nucleic acid molecules, compositions, or pharmaceutical
compositions provided herein are administered once.

[00366] More than one nucleic acid molecule, composition, or pharmaceutical composition
can be administered in the methods provided herein. In one aspect, two or more nucleic acid
molecules, compositions, or pharmaceutical compositions provided herein are administered
simultaneously. In another aspect, two or more nucleic acid molecules, compositions, or
pharmaceutical compositions provided herein are administered sequentially. Simultaneous and
sequential administrations can include any number and any combination of nucleic acid
molecules, compositions, or pharmaceutical compositions provided herein. Multiple nucleic
acid molecules, compositions, or pharmaceutical compositions that are administered together
or sequentially can include transgenes encoding different antigenic proteins or fragments
thereof. In this manner, immune responses against different antigenic targets can be induced.
Two, three, four, five, six, seven, eight, nine, ten, or more nucleic acid molecules,
compositions, or pharmaceutical compositions including transgenes encoding different
antigenic proteins or fragments thereof can be administered simultaneously or sequentially.
Any combination of nucleic acid molecules, compositions, and pharmaceutical compositions

including any combination of transgenes can be administered simultaneously or sequentially.
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In some aspects, administration is simultaneous. In other aspects, administration is sequential.
Timing between two or more administrations can be one week, two weeks, three weeks, four
weeks, five weeks, six weeks, seven weeks, eight weeks, nine weeks, weeks, ten weeks, 11
weeks, 12 weeks, 13 weeks, 14 weeks, 15 weeks, 16 weeks, 17 weeks, 18 weeks, 19 weeks, 20
weeks, 21 weeks, 22 weeks, 23 weeks, 24 weeks, 25 weeks, 26 weeks, 27 weeks, 28 weeks, 29
weeks, 30 weeks, 31 weeks, 32 weeks, 33 weeks, 34 weeks, 35 weeks, 36 weeks, 37 weeks, 38
weeks, 39 weeks, 40 weeks, 41 weeks, 42 weeks, 43 weeks, 44 weeks, 45 weeks, 46 weeks, 47
weeks, 48 weeks, 49 weeks, 50 weeks, 51 weeks, 52 weeks, or more weeks, and any number
or range in between. In some aspects, timing between two or more administrations is one
month, two months, three months, four months, five months, six months, seven months, eight
months, nine months, ten months, 11 months, 12 months, 13 months, 14 months, 15 months,
months, 16 months, 17 months, 18 months, 19 months, 20 months, 21 months, 22 months, 23
months, 24 months, or more months, and any number or range in between. In other aspects,
timing between two or more administrations can be one year, two years, three years, four years,
five years, six years, seven years, eight years, nine years, ten years, or more years, and any
number or range in between, Timing between the first and any subsequent administration can
be the same or different. Nucleic acid molecules, compositions, and pharmaceutical
compositions provided herein can be administered with any other vaccine or treatment.
[00367] Following administration of the composition to the subject, the protein product
encoded by the RNA of the disclosure (e.g., an antigen) is detectable in the target tissues for at
least about one to seven days or longer. The amount of protein product necessary to achieve a
therapeutic effect will vary depending on antibody titer necessary to generate an immunity to
pathogen or disease such as COVID-19 in the patient. For example, the protein product may
be detectable in the target tissues at a concentration (e.g., a therapeutic concentration) of at
least about 0.025-1.5 pg/ml (e.g., at least about 0.050 pg/ml, at least about 0.075 pg/ml, at least
about 0.1 pg/ml, at least about 0.2 pg/ml, at least about 0.3 ug/ml, at least about 0.4 ug/ml, at
least about 0.5 pg/ml, at least about 0.6 pg/ml, at least about 0.7 pg/ml, at least about 0.8 pg/ml,
at least about 0.9 ug/ml, at least about 1.0 ug/ml, at least about 1.1 pg/ml, at least about 1.2
ug/ml, at least about 1.3 pug/ml, at least about 1.4 pg/ml, or at least about 1.5 ug/ml), for at least
about 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 35, 40, 45 days or longer following administration of the composition to the
subject.

[00368] In some embodiments, the composition described herein may be administered one

time. In some embodiments, the composition described herein may be administered two times.
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[00369] In some embodiments, the composition may be administered in the form of a
booster dose, to a subject who was previously vaccinated against coronavirus.
[00370] In some embodiments, a pharmaceutical composition of the present disclosure is
administered to a subject once per month. In some embodiments, a pharmaceutical composition
of the present disclosure is administered to a subject twice per month. In some embodiments,
a pharmaceutical composition of the present disclosure is administered to a subject three times
per month. In some embodiments, a pharmaceutical composition of the present disclosure is
administered to a subject four times per month.
[00371] Alternatively, the compositions of the present disclosure may be administered in a
local rather than systemic manner, for example, via injection of the pharmaceutical
composition directly into a targeted tissue, preferably in a depot or sustained release
formulation. Local delivery can be affected in various ways, depending on the tissue to be
targeted. For example, aerosols containing compositions of the present disclosure can be
inhaled (for nasal, tracheal, or bronchial delivery);, compositions of the present disclosure can
be injected into the site of injury, disease manifestation, or pain, for example; compositions
can be provided in lozenges for oral, tracheal, or esophageal application; can be supplied in
liquid, tablet or capsule form for administration to the stomach or intestines, can be supplied in
suppository form for rectal or vaginal application; or can even be delivered to the eye by use
of creams, drops, or even injection. Formulations containing compositions of the present
disclosure complexed with therapeutic molecules or ligands can even be surgically
administered, for example in association with a polymer or other structure or substance that
can allow the compositions to diffuse from the site of implantation to surrounding cells.
Alternatively, they can be applied surgically without the use of polymers or supports.
Combinations
[00372] The RNA, such as a self-replicating RNA or mRNA provided herein, formulations
thereof, or encoded proteins described herein may be used in combination with one or more
other therapeutic, prophylactic, diagnostic, or imaging agents. By “in combination with,” it is
not intended to imply that the agents must be administered at the same time and/or formulated
for delivery together, although these methods of delivery are within the scope of the present
disclosure. Compositions can be administered concurrently with, prior to, or subsequent to, one
or more other desired therapeutics or medical procedures. In general, each agent will be
administered at a dose and/or on a time schedule determined for that agent. Preferably, the
methods of treatment of the present disclosure encompass the delivery of pharmaceutical,

prophylactic, diagnostic, or imaging compositions in combination with agents that may
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improve their bioavailability, reduce and/or modify their metabolism, inhibit their excretion,
and/or modify their distribution within the body. As a non-limiting example, an RNA molecule
of the disclosure may be used in combination with a pharmaceutical agent for immunizing or
vaccinating a subject. In general, it is expected that agents utilized in combination with the
presently disclosed RNA molecules and formulations thereof be utilized at levels that do not
exceed the levels at which they are utilized individually. In some embodiments, the levels
utilized in combination will be lower than those utilized individually. In one embodiment, the
combinations, each or together may be administered according to the split dosing regimens as
are known in the art.
Ranges

[00373] Throughout this disclosure, various aspects can be presented in range format. It
should be understood that any description in range format is merely for convenience and
brevity and not meant to be limiting. Accordingly, the description of a range should be
considered to have specifically disclosed all possible subranges as well as individual numerical
values within that range. For example, description of a range such as from 1 to 6 should be
considered to have specifically disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to
5, from 2 to 4, from 2 to 6, from 3 to 6, etc., as well as individual numbers within that range,
for example 1, 2, 2.1, 22, 2.5, 3, 4, 475, 48, 4.85, 495, 5, 5.5, 5.75, 5.9, 5.00, and 6. This
applies to a range of any breadth.

EXAMPLE 1

[00374] This example describes SARS-CoV-2 RNA vaccine design and construction.

[00375]  Self-replicating RNA vaccines that encode SARS-CoV-2 spike glycoprotein
variants were designed and constructed. Figure 1 shows a schematic of an exemplary self-
replicating RNA (not to scale) of approximately 11,860 kb. Self-replicating RNA vaccines
designed for the studies described herein are typically single-stranded molecules that include a
5’ cap, a 5 untranslated region (UTR), an open reading frame encoding the replicase
polyprotein derived from Venezuela Equine Encephalitis Virus (VEEV) that includes the nsP1,
nsP2, nsP3, and nsP4 proteins, a transgene 5° UTR located in the intergenic region that also
includes a part of the subgenomic promoter sequence in the negative orientation, an open
reading frame of a transgene encoding the primary structure of an antigenic protein, a 3° UTR,
and a poly A tail. The relative location of the open reading frames encoding the replicase
polyprotein and a transgene, such as a SARS-CoV-2 spike glycoprotein, are shown (Figure
1A). The SARS-CoV-2 spike glycoprotein is divided into two domains, S1 and S2. The ACE2
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receptor binding domain is located within the S1 domain. The S2 domain includes an
intracellular fusion domain, a transmembrane domain, and a cytoplasmic domain. Self-
replicating RNA vaccines are generally made from naturally occurring unmodified RNA bases:
adenine, guanine, cytosine, and uracil. The 5’ cap of self-replicating RNA vaccines designed
as described herein typically has a Cap1 structure (CAP1, m7G(5")pppA(2’-OMe)pU, with U
in RNA denoted as T in DNA and vice versa).

[00376] To address the ongoing threat posed by emergence of variant stains of SARS-CoV-
2, self-replicating RNA vaccines targeting the D614G and the South African (D614G, D80A,
D215G, N501Y, K417N, E484K, A701V point mutations) variants and suitable for delivery
using lipid nanoparticles (LNPs) were designed. In addition to these point mutations in the
spike protein, sequences encoding the SARS-CoV-2 glycoprotein transgene included codon
changes that result in prolines at positions 986 and 987 (K986P and V987P mutations),
stabilizing the SARS-CoV-2 glycoprotein in a prefusion conformation and increasing
immunogenicity of the S1 receptor binding domain (Baden, etal., 2021, N Engl ] Med 384:403-
416 & Polack, et al., 2020, N Engl ] Med 383:2603-2615; Keech, et al., 2020, N Engl J Med,
383:2320-2332). Furin cleavage sites of SARS-CoV-2 glycoproteins were inactivated by
including R682G, R683S, and R685S mutations, thereby changing the RRAR motif at the
S1/82 cleavage junction to GSAS (Wrapp, et al. 2020, Science, 367: 1260-1263). The RRAR
motif can also be changed to RRAG or GRAR to inactivate furin cleavage. Transgene
sequences encoding variant SARS-CoV-2 spike glycoproteins included in self-replicating
RNA vaccines were as follows: SEQ ID NO:10, encoding South Africa variant B.1.351 (Beta);
SEQ ID NO:11, encoding a SARS-CoV-2 spike glycoprotein having a D614G mutation (B.1);
SEQ ID NO:12, encoding UK. variant B.1.1.7 (Alpha); SEQ ID NO:13, encoding Brazil
variant P1 (Gamma).

[00377]  Self-replicating RNA vaccines included codon-optimized nsP1, nsP2, nsP3, and
nsP4 (i.e., replicase) and codon-optimized transgene sequences. Codon-optimized replicase
and transgene sequences were included in self-replicating RNA vaccines to increase the
amount and duration of SARS-CoV-2 glycoprotein expression by increasing translation
without changing the encoded amino acid sequences. For example, a sequence of SEQ ID
NO:6 was obtained using an hCAI algorithm with an input sequence of SEQ ID NO:20
(nucleotides 463-7455), resulting in an intermediate sequence of SEQ ID NO:185. Useof a
luciferase open reading frame (ORF) resulted in a self-replicating RNA sequence of SEQ ID
NO:186, followed by deletion of T7 promoter and BspQ1 restriction enzyme site sequences.

Table 6 summarizes steps and parameters of codon-optimization.
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Table 6. Codon-optimization steps and parameters - nsP1-nsP4
Name | Design | Codon_t | Cod | CAI T con [ORF |ORF2 | ORF3 | ORF3_ | Restriction
_type |able on_c tent 2 nu | _mean | _num |mean_l |_site_matc
hang mber |_lengt | ber ength | hes
ed h
VEEV |single | Genome |0 0.9758 | 0.1299 |2 18.5 0 0 15
_hCAI | step 04612 | 87129 (BspQI=0|B
_input 24963 | 98713 spQI=0/Nco
sequen 9 [=0[Xhol=0|
ce AflII=0|Bsa
[=0/Bsal=1
0|BsrGI=5)
Full C |single [Genome |175 |1 0.1216 {0 0 0 0 26
Al step 93121 (BspQI=0|B
69312 spQI=5|Nco
2 I=2[Xhol=0|
AfllI=0/Bsa
[=0/Bsal=1
4|BsrGI=5)
Full C |single [Genome |175 |1 0.1216 (0 0 0 0 26
Al ste | step 93121 (BspQI=0|B
p2_pol 69312 spQI=5|Nco
ymeras 2 [=2[Xhol=0|
e_moti AfllI=0|Bsa
fs [=0|Bsal=1
4|BsrGI=5)
Full C |single |Genome |183 [0.9981 |0.1226 |0 0 0 0 26
Al ste | step 48600 |94122 (BspQI=0|B
p3b_tri 04449 | 69412 spQI=5|Nco
codon 1 3 [=2Xhol=0|
_repea AfllI=0|Bsa
ts [=0/Bsal=1
4|BsrGI=5)
Full C |single |Genome |[199 [0.9953 |0.1284 |0 0 0 0 26
Al ste | step 97894 | 14128 (BspQI=0|B
p4 _ho 40578 | 41412 spQI=5|Nco
mopol 9 8 [=2[Xhol=0|
ymers AfllI=0/Bsa
[=0/Bsal=1
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Name | Design | Codon_t | Cod | CAI T con [ORF |ORF2 | ORF3 | ORF3_ | Restriction
_type |able on_c tent 2 nu | mean | num |mean_l | site matc

hang mber |_lengt | ber ength | hes
ed h

Full C [single |Genome |[212 [0.9931 |0.1297 |0 0 0 0 0

Al ste |step 44631 (01129

p6_Re 33230 | 70113

strictio 6

n_sites

[00378] The miRanda algorithm (Enright, A.J., John, B., Gaul, U. et al. MicroRNA targets
in Drosophila. Genome Biol 5, R1 (2003). doi.org/10.1186/gb-2003-5-1-r1) was then used to
identify putative microRNA (miRNA) binding sites in the VEEV non-structural protein coding
region (Figure 1B, Table 6). The sequences of skeletal muscle and dendritic cell miRNA
binding sites corresponding to SEQ ID NOs.:54-184 were entered into miRanda to identify
putative miRNA binding sites in a self-replicating RNA target sequence that included codon-
optimized nsP1, nsP2, nsP3, and nsP4 (i.e., replicase) sequences and a luciferase transgene
(SEQ ID NO:186). 15 putative miRNA binding sites representing targets for miRNAs in
mouse and human dendritic cells and mouse and human skeletal muscle were identified (Figure
1B, Table 6).

[00379] Exemplary miRNA binding sites in the VEEV nsP1, nsP2, nsP3, and nsP4 regions
identified using miRanda are shown in Table 7. The relative positions of putative miRNA
binding sites are provided, with nucleotide numbering of nsP1, nsP2, nsP3, and nsP4 serving

as a reference.

Table 7. Putative miRNA binding sites in the VEEV non-structural protein coding region.

Non-structural protein sequence (nsP, Position miRNA SEQ ID NO
bold) or miRNA target sequence (nt)!

nsP1 1..1605

hsa-miR-22-3p 1224..1245 SEQ ID NO:101
nsP2 1606..3987

mmu-miR-24-3p 1670..1691° | SEQ ID NO:131
hsa-miR-24-3p 1670..1691° | SEQ ID NO:171
mmu-miR-16-5p 2301..2322* | SEQID NO:114
hsa-miR-16-5p 2301..2322% | SEQ ID NO:175
mmu-miR-16-5p 2823.2844" | SEQID NO:114
hsa-miR-16-5p 2823.2844" | SEQ ID NO:175
hsa-miR-486-3p 3406..3428 SEQ ID NO:81
nsP3 3988..5658
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Non-structural protein sequence (nsP, Position miRNA SEQ ID NO
bold) or miRNA target sequence (nt)!
mmu-miR-423-3p 4494.4514" | SEQ ID NO:72
hsa-miR-423-3p 4494.4514" | SEQ ID NO:83, SEQ ID
NO:142
hsa-miR-486-5p 4869..4891 SEQ ID NO:80
mmu-miR-24-3p 5079..5100° | SEQ ID NO:131
hsa-miR-24-3p 5079..5100* | SEQID NO:171
hsa-miR-10a-5p 5470..5493" | SEQ ID NO:102
hsa-miR-10b-5p 5470..5493" | SEQID NO:103
mmu-miR-10a-5p 5470..5493" | SEQ ID NO:58, SEQ ID
NO:112
hsa-miR-10a-5p 5572..5595% | SEQ ID NO:102
hsa-miR-10b-5p 5572..5595% | SEQ ID NO:103
mmu-miR-10a-5p 5572..5595% | SEQ ID NO:58, SEQ ID
NO:112
nsP4 5659..7479
mmu-miR-29a-3p 5718..5739 SEQID NO:113
mmu-miR-423-3p 5728..5753" | SEQID NO:72
hsa-miR-423-3p 5728..5753" | SEQ ID NO:83, SEQ ID
NO:142
mmu-miR-103-3p 6470..6491* | SEQ ID NO:128
hsa-miR-103a-3p 6470..6491* | SEQ ID NO:156
hsa-miR-107 6470..6491* | SEQ ID NO:157
mmu-miR-16-5p 6651..6672" | SEQID NO:114
hsa-miR-16-5p 6651..6672" | SEQ ID NO:175
mmu-miR-10b-5p 7313..7335* | SEQ ID NO:59
hsa-miR-10b-5p 7313..7335% | SEQ ID NO:103
mmu-miR-10a-5p 7318..7335% | SEQ ID NO:58, SEQ ID
NO:112
hsa-miR-10a-5p 7318..7335% | SEQ ID NO:102

'Symbols *, #, ~, and $ indicate identical nucleotide positions for miRNAs within each of the non-
structural coding sequences encoding nsP1, nsP2, nsP3, and nsP4

[00380] Identified seed sequences of putative miRNA target sites were manually mutated in
silico to synonymous codons to eliminate or reduce miRNA binding. Elimination of miRNA
binding sites was confirmed using miRanda. Without being limited by theory, mutation of
miRNA binding sites to eliminate or reduce miRNA binding based on predictions using
miRanda should result in increased expression of sequences encoding VEEV non-structural
proteins. Codon-optimized sequences encoding SARS-CoV-2 spike glycoprotein and its
variants were introduced into self-replicating RNA backbones having codon-optimized nsP1-
4 sequences and mutated miRNA binding sites.

[00381] Exemplary mutations of putative miRNA binding sites in the nsP1-nsP4 coding

region of self-replicating RNAs are summarized in Table 8. Mutations made in 15 putative
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miRNA binding sites identified in the VEEV nsP1, nsP2, nsP3, and nsP4 regions are shown.
The relative positions of putative miRNA binding sites are provided, with nucleotide
numbering of nsP1, nsP2, nsP3, and nsP4 serving as a reference and point mutations shown
below putative miRNAs and their positions in bold italics.

Table 8. Exemplary mutations of putative miRNA binding sites in the VEEV nsP1, nsP2,
nsP3, and nsP4 regions.

miRNA Binding
nsP Site (Number) miRNA Position (nt)!
nsP1 1..1605
1 hsa-miR-22-3p 1224..1245
hsa-miR-22-3p 1224..1245
Ato C 1237
GtoA 1239
nsP2 1606..3987
2 mmu-miR-24-3p 1670..1691
hsa-miR-24-3p 1670..1691
Gto C 1686
3 mmu-miR-16-5p 2301..2322
hsa-miR-16-5p 2301..2322
Gt C 2319
4 mmu-miR-16-5p 2823..2844
hsa-miR-16-5p 2823..2844
Gto C 2838
5 hsa-miR-486-3p 3406..3428
CtoA 3426
nsP3 3988..5658
6 mmu-miR-423-3p 4494..4514
hsa-miR-423-3p 44944514
CtoG 4509
7 hsa-miR-486-5p 4869..4891
AtoC 4888
8 mmu-miR-24-3p 5079..5100
hsa-miR-24-3p 5079..5100
CtoG 5091
TtoC 5094
9 hsa-miR-10a-5p 5470..5493
hsa-miR-10b-5p 5470..5493
mmu-miR-10a-5p 5470..5493
Ato C 5488
10 hsa-miR-10a-5p 5572..5595
mmu-miR-10a-5p 5572..5595
hsa-miR-10b-5P 5572..5595
mmu-miR-10b-5P 5572..5595
Ato C 5590
nsP4 5659..7479
11 mmu-miR-29a-3p 5718..5739
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miRNA Binding
nsP Site (Number) miRNA Position (nt)"

GtoC 5736

12 mmu-miR-423-3p 5728..5753
hsa-miR-423-3p 5728..5753
CtoG 5748

13 mmu-miR-103-3p 6470..6491
hsa-miR-103a-3p 6470..6491
hsa-miR-107 6470..6491
GtoC 6489

14 mmu-miR-16-5p 6651..6672
hsa-miR-16-5p 6651..6672
GtoC 6666

15 mmu-miR-10b-5p 7313..7335
hsa-miR-10b-5p 7313..7335
mmu-miR-10a-5p 7318..7335
hsa-miR-10a-5p 7318..7335
AtoC 7330

'Point mutations within miRNA binding sites are shown in bold italics

[00382]

Exemplary features of self-replicating RNA vaccines are summarized in Table 9.

Table 9. Exemplary features of self-replicating RNA vaccines.

CoV-2 Variant

D614G, D80A, D215G, K417N,
A701V, N501Y, E484K

Feature Sequence and/or Domain Effect

Codon Replicon Increased amount and duration

Optimization Spike Glycoprotein of spike glycoprotein
expression due to increased
translation efficiency with no
change to amino acid sequence

Prefusion Spike Glycoprotein Increased immunogenicity of

Stabilization K986P; VO87P S1 receptor binding domain

Inactivation of Spike Glycoprotein Increased immunogenicity of

Furin Cleavage R682G; R683S, R685S (codons for | spike glycoprotein

Site RRAR changed to GSAS)

G Clade SARS- Spike Glycoprotein Expands neutralizing antibody

CoV-2 Variant D614G titers to G clade spike

(B.1) glycoprotein variant while
maintaining immunogenicity to
Wuhan spike glycoprotein

B.1.351 SARS- Spike Glycoprotein Increased neutralizing antibody

titers to B.1.351 South African
spike glycoprotein variant
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[00383] Table 10 summarizes features of self-replicating RNA constructs encoding SARS-

CoV-2 South Africa and D614G spike glycoprotein variants.

Table 10. Features of self-replicating RNA constructs encoding SARS-CoV-2 South

Africa and D614G spike glycoprotein variants.

RNA/Feature Self-Replicating RNA Encoding | Self-Replicating RNA
SARS-CoV-2 D614G spike Encoding SARS-CoV-2 South
glycoprotein variant (also Africa spike glycoprotein
designated mRNA-2105 or variants (also designated South
ARCT-154) i&é‘g;ca mRNA-2106 or ARCT-

RNA Construct Codon optimization designedto Codon optimization designed

-Replicon minimize the number of uridines | to minimize the number of

. for both replicon and spike uridines for both replicon and

-Spike glycoprotein and at the same spike glycoprotein and at the
time select codons most same time select codons most
frequently used by human cells* | frequently used by human

cells*
microRNA target

-Additional changed to reduce RNA microRNA target changed to

modifications transcript turnover and to reduce RNA transcript turnover
mitigate miRNA- and to mitigate miRNA-
mediated translation mediated translation repression
repression** ok

Spike Prefusion stabilized by the Prefusion stabilized by the

glycoprotein following changing codon following changingcodon

conformation sequences for amino acids at sequences 986 and 987 to encode
positions 986 and 987 to for prolines***
encode for prolines***

Furin Cleavage Site | Codons for RRAR changed to Codons for RRAR changed to
GSAS to prevent furin proteolytic | GSAS to prevent furin
cleavage at S1/S2%*** proteolytic cleavage at

S1/82%xxx*
Point Mutations D614G D614G, D80A, D215G, N501Y,
K417N, E484K, A701V

*The codon optimization method reduces the number of uridines in the RNA transcript. Without being
limited by theory, the purpose is to reduce innate immune activation and increase translation efficiency
of open reading frames while maintaining a high level of antigen expression. These RNA sequence
changes by the optimization method do not alter the amino acid sequence of the replicon or antigen
upon translation of the RNA transcript.

**Change in sequence to eliminate a potential micro RNA target sequence (in mouse and human
dendritic cells and skeletal muscle cells) may decrease the turnover rate of the transcript and/or reduce
miRNA-mediated translation repression, thereby increasing antigen expression.

***The two proline substitutions at codons for amino acids at positions 986 and 987 in the spike
glycoprotein result in the ACE2 receptor binding domain of the spike glycoprotein to be inthe “Up” or
“down” or buried state (Corbett et. al 2020 bioRxiv doi:

unburied state  vs.
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doi.org/10.1101/2020.06.11.145920, Nature. 2020 Oct, 586(7830): 567-571; Sahin et. al. 2020
medRxiv doi: doi.org/10.1101/2020.12.09.20245175, Nature. 2021, 595, 572-577).

*#**Changing the RRAR sequence at the S1/S2 domain to GSAS prevents furin cleavage. Furin
cleavage at the S1 and S2 domains results in only ionic, hydrophobic and Van der Waals radii
association of the S1 domain with the S2 domain, i.e., non-covalent interaction. Inactivation of the
cleavage site increases antibody neutralization titers (Kalnin, et. al. 2020 bioRxiv doi:

doi.org/10.1101/2020.10.14.337535; npj Vaccines 6, 61 (2021)).

[00384] In addition to self-replicating RNA vaccines encoding SARS-CoV-2 South Africa
and D614G spike glycoprotein variants (e.g., SEQ ID NO:1 and SEQ ID NO:2, respectively,
for the full-length self-replicating RNA sequence, with U in RNA shown as T in DNA and vice
versa), self-replicating RNA vaccines encoding SARS-CoV-2 UK B.1.1.7 and Brazil P.1 spike
glycoprotein variants were designed (SEQ ID NO:3 and SEQ ID NO:4, respectively, for the
full-length self-replicating RNA sequence, with U in RNA shown as T in DNA and vice versa).
Sequences of construct features, such as 5> UTR, 3° UTR, and transgene sequences, are
provided below in addition to full-length construct sequences.

[00385] Messenger RNA (mRNA) vaccines that encode an antigenic protein such as a
SARS-CoV-2 spike glycoprotein or another viral glycoprotein were also designed. mRNA
vaccines typically include a 5 UTR, an open reading frame encoding an antigenic protein, a
3’ UTR, and a poly-A tail. Other sequence elements of mRNA vaccines generally include a
Kozak sequence and translational enhancers located in untranslated regions, either the 5° UTR,
the 3 UTR, or both.

[00386] mRNA vaccines encoding SARS-CoV-2 South Africa and D614G spike
glycoprotein variants were designed and constructed (SEQ ID NO:29 and SEQ ID NO:32,
respectively, for the full-length mRNA sequences, with U in RNA shown as T in DNA and
vice versa). mRNA constructs included a 5° TEV UTR (SEQ ID NO:35) and a 3° Xenopus
beta-globin (Xbg) UTR (SEQ ID NO:36 with poly-A tail; SEQ ID NO:37 without poly-A tail).
[00387]  Self-replicating RNA and mRNA vaccines encoding any SARS-CoV-2 spike
glycoprotein variant, any SARS-CoV-2 spike glycoprotein having any mutation or any
combination of mutations, or any other viral glycoprotein can be designed and constructed
similar to the constructs described above. SARS-CoV-2 spike glycoprotein variants, SARS-
CoV-2 spike glycoproteins having a mutation or a combination of mutations, or any other viral
glycoproteins can be included in self-replicating RNA and mRNA vaccines having a backbone
that includes any combination of the features described above. Exemplary SARS-CoV-2 spike

glycoprotein variants and SARS-CoV-2 spike glycoprotein mutations that can be encoded are
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shown in Table 11. Additional SARS-CoV-2 spike glycoprotein variants can be found at, e.g.,
outbreak.info/situation-reports. Exemplary RNA molecules that encode a hemagglutinin (HA)
of influenza virus were designed and prepared, including a self-replicating RNA having a

sequence of SEQ ID NO:40 and an mRNA having a sequence of SEQ ID NO:48.
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Table 11. Exemplary SARS-CoV-2 Spike Glyoproteins*

SARS-CoV-2 Glycoprotein WHO Label
(Variant/First Identified)

Exemplary Mutation(s)

Variants of Concern or with Potential to Become Variant of Concern

Alpha (B.1.1.7; UK)

69del, 70del, 144del, (E484K*), (S494P*),
N501Y, A570D, D614G, P681H, T716l,
S982A, D1118H (K1191N¥)

Beta (B.1.351; South Africa)

D80A, D215G, 241del, 242del, 243del,
K417N, E484K, N501Y, D614G, A701V

Delta (B.1.617.2; India)

T19R, (V70F*), T95I, G142D, E156-, F157-
, R158G, (A222V*), (W258L*), (K417N*),
L452R, T478K, D614G, P681R, D9SON

Gamma (P1; Brazil, Japan)

LI8F, T20N, P26S, D138Y, R190S, K417T,
E484K, N501Y, D614G, H655Y, T10271

Lambda (C.37; Peru)

G75V, T76I, A246-252, L452Q, F490S,
D614G, T859N

Variants of Interest

Epsilon (B.1.427; United States — California)

L452R, D614G

Epsilon (B.1.429; United States — California)

S13L, W152C, L452R, D614G

Eta (B.1.525; United Kingdom/Nigeria)

A67V, 69del, 70del, 144del,
D614G, Q677H, F888L

E484K,

Iota (B.1.526; United States — New York)

L5F, (D80G*), T95I, (Y144-*), (F1578%),

D253G, (L452R*), (S477N*), E484K,
D614G, A701V, (T859N*), (D9SOH*),
(Q957R*)

Kappa (B.1.617.1; India)

(T95I), G142D, E154K, L452R, E484Q,
D614G, P681R, Q1071H

N/A (B.1.617.3; India)

TI9R, G142D, L452R, E484Q, D614G,
P681R, D9SON

Zeta (P.2; Brazil)

E484K, (F565L%*), D614G, V1176F

Theta (P.3; Philippines)

E484K, N501Y, D614G, P681H, E1092K,
H1101Y, V1176F

#cdc.gov/coronavirus/2019-ncov/variants/variant-info. html; Robertson, Sally (27 June 2021). “Lambda
lincage of SARS-CoV-2 has potential to become variant of concemn.” news-medical.net;
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outbreak.info/situation-reports.
(*) =not detected in all sequences

EXAMPLE 2

[00388] This example describes expression and potency of SARS-CoV-2 RNA vaccine
constructs.

[00389] Initial experiments were performed to establish assay conditions to determine
protein expression from SARS-CoV-2 RNA vaccine constructs. Hep3b cells were transfected
with 125ng, 62.5ng, or 31.25ng of self-replicating RNA encoding a SARS-CoV-2 Wuhan spike
glycoprotein (mARM3015; SEQ ID NO:18) or a self-replicating RNA encoding a SARS-CoV-
2 D614G spike glycoprotein variant (nARM3280; SEQ ID NO:2) (Figure 2A). Throughout
this disclosure, RNAs designated with a suffix of “.1” were synthesized in the presence of N'-
methylpseudouridine (N1MPU), resulting in 100% of the uridines being N1MPU, while RNAs
designated with a suffix of “.5” did not include modified nucleotides, unless otherwise
indicated. Cells were harvested by scraping into buffer that included 10 mM PBS and 50 mM
EDTA or by trypsinization. Total protein was isolated and protein concentration determined
by BCA assay performed in duplicate, with duplicates yielding comparable results. Proteins
were separated by polyacrylamide gel electrophoresis and transferred to membranes at 45 V
for 1.5 hours for Western blotting using an antibody detecting the SARS-CoV-2 spike
glycoprotein.

[00390] Total protein was comparable for cells transfected with SARS-CoV-2 vaccine
constructs encoding either a SARS-CoV-2 Wuhan spike glycoprotein or a SARS-CoV-2
D614G spike glycoprotein variant. Similar banding patterns were observed for the self-
replicating RNA vaccine construct expressing the SARS-CoV-2 Wuhan spike glycoprotein for
cells harvested with or without trypsinization, with bands corresponding to full-length spike
and S1 and S2 domains (Figure 2A, arrows). By contrast, bands corresponding to S1 and S2
were observed for protein extracts prepared from cells harvested by trypsinization that were
not observed for protein extracts prepared from cells without trypsinization (Figure 2A) for the
SARS-CoV-2 D614G spike glycoprotein variant. Without being limited by theory, these
results indicate that harvesting of cells by trypsinization may alter the banding pattern seen for
the SARS-CoV-2 D614G spike glycoprotein variant, while trypsinization has no detectable
effect on the SARS-CoV-2 Wuhan spike glycoprotein. Unlike the SARS-CoV-2 D614G spike
glycoprotein variant expressed from the self-replicating RNA construct of SEQ ID NO:2, the
SARS-CoV-2 Wuhan spike glycoprotein expressed from the self-replicating RNA construct of
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SEQ ID NO:18 did not include the two proline modifications that stabilize the spike
glycoprotein in a prefusion conformation and the inactivated furin cleavage site (described in
Example 1, above). Without being limited by theory, these differences may contribute to
trypsin sensitivity in addition to variant-specific point mutations.

[00391] Figure 2B shows quantitation of SARS-CoV-2 spike protein expressed from the
indicated construct based on S1 signal using protein extracts prepared from cells that were
transfected as described above and harvested without trypsinization. Comparable levels of
SARS-CoV-2 spike protein was seen for the constructs expressing the SARS-CoV-2 Wuhan
glycoprotein or D614G spike glycoprotein variant.

[00392]

(mARM3280; SEQ ID NO:2) or South Africa (mARM3326; SEQ ID NO:1) variant spike

Potency of self-replicating RNA vaccine constructs encoding SARS-CoV-2 D614

glycoproteins was studied next. An mRNA construct encoding the SARS-CoV-2 D614 variant
spike glycoprotein (mARM3290; SEQ ID NO:32) was also included in these studies (Figures
3A-C). 700,000 Hep3B cells were plated in 6-well plates the day before transfection, followed
by transfection with 31.3ng, 62.5ng, or 125ng of self-replicating RNA or mRNA in
quadruplicate. The day after transfection, cells were treated with EDTA and scraped, followed
by sonication to lyse cells in the absence of trypsin. Lysates were treated with PNGase and S1
and S2 protein levels were determined by Western blot using an anti-S1 rabbit polyclonal
antibody (Sino Biological, 40150-T62-COV2). Western blot results for the indicated
constructs are shown in Figures 3A-C, with full-length spike glycoprotein indicated by the
arrow. Figure 3D shows quantitation of SARS-CoV-2 spike glycoprotein expression detected
(y-axis) from the indicated construct as a function of amount of RNA transfected (x-axis). Data
analysis of cell-based potency for four replicates is shown in Table 12, expressed as relative

potency as compared to references representing previously characterized constructs.

Table 12. Analysis of Cell Based Potency

Construct Slope + SE Goodness of Fit (R- | Relative Potency of
Square) Samples vs
References
33255 11.44+0.52 0.998 148%
3280.5 10.89 +3.34 0914 149%
3290.1 2.1+£0.17 0.993 163%
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[00393]

characterized constructs, and samples (y-axis) as a function of RNA amount transfected (x-

axis) for the indicated construct are shown in Figures 4A-C, with data shown in Tables 13-15.

Table 13. Comparison of Reference to Sample 3325.5

PCT/US2022/074337

Results of analysis comparing signals obtained for references, i.e., internally

Construct/Sample Slope + SE (Mean) | Goodness of Fit (R- | Relative Potency
Square) of Samples vs
References (two
each)
33255 13.65+1.09 0.993 148%
Reference 9.23+£0.03 1 N/A

Table 14. Comparison of Reference to Sample 3380.5

Construct/Sample Slope + SE (Mean) | Goodness of Fit (R- | Relative Potency
Square) of Samples vs
References (two
each)
3380.5 13.03 £2.00 0.977 149%
Reference 8.75 +4.67 0.778 N/A

Table 15. Comparison of Reference to Sample 3290.1

Construct/Sample Slope + SE (Mean) | Goodness of Fit (R- | Relative Potency
Square) of Samples vs
References (two
each)
3290.1 2.60+0.09 0.999 163%
Reference 1.59+0.24 0.977 N/A

[00394]

mRNA constructs encoding SARS-CoV-2 spike glycoprotein variants.

[00395]

EXAMPLE 3

spike glycoprotein variants in mice.
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To determine immunogenicity of RNA constructs encoding SARS-CoV-2 spike

glycoprotein variants, Balb/C female mice were administered the indicated RNA as shown in

Table 16.

Table 16. Administration of RNA Vaccines to Mice.

stabilized, furin

RNA / SARS- Description Dose (ng) | Administration | Number | Boost
CoV-2 Route of Mice
glycoprotein
PBS N/A N/A i.m.; rectus 5 N/A
femoris
(bilateral
administration)
Self-replicating SEQ ID NO:2 2 i.m.; rectus 5 No
RNA /D614G (ARCT-154/ femoris
mARM3280.5); (bilateral
. administration)
pre-fusion
stabilized, furin
cleavage site
inactivated
Self-replicating SEQID NO:18 2 i.m.; rectus 5 No
RNA / Wuhan (ARCT-021/ femoris
(wild-type) mARM3015.5) (bilateral
administration)
Self-replicating SEQ ID NO:1 2 i.m.; rectus 5 No
RNA / South (ARCT-165/ femoris
Africa variant mARM3325.5); (bilateral
(B.1.351; Beta) pre-fusion administration)
stabilized, furin
cleavage site
inactivated
mRNA/D614G SEQ ID NO:32 2 i.m.; rectus 5 Day 28
(ARCT-143/ femoris
mARM3290.1); (bilateral
pre-fusion administration)
stabilized, furin
cleavage site
inactivated
mRNA/D614G SEQ ID NO:32 15 i.m.; rectus 5 Day 28
(ARCT-143/ femoris
mARM3290.1); (bilateral
: administration)
pre-fusion
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RNA / SARS- Description Dose (ug) | Administration | Number | Boost
CoV-2 Route of Mice
glycoprotein

cleavage site
inactivated

[00397] Serum was obtained at day O (pre-bleed) and at days 14, 28, 42 and 56 after the first
immunization. Serum was probed simultaneously for responses to four SARS-CoV-2 spike
glycoprotein variants: SARS-CoV-2 spike (Wuhan, wild-type), SARS-CoV-2 spike (P.1,
Brazil, Gamma), SARS-CoV-2 spike (B.1.351, South Africa, Beta) and SARS-CoV-2 spike
(B.1.1.7, UK, Alpha). V-PLEX SARS-CoV-2 Panel 5 IgG and ACE2 Kits from MSD (Cat#
K15429U and K15432U) were used for measuring serum IgG antibody levels. For total IgG
binding, serum was diluted 1:10,000 in kit Dilution 100 buffer (MSD, Cat# RS0AA). A goat
anti-mouse IgG antibody (MSD, Cat# R32AC) was used for signal detection. Results were
reported as AU/ml using a human serum-based reference standard. For surrogate virus
neutralization test (sSVNT) assays, serum was diluted 1:200 in the kit Dilution 100 buffer (MSD,
Cat# RS0AA), and results were reported as ACE2-binding percent inhibition using the
following formula: 1- (average sample signal/average Diluent 100 only signal) x100. ACE2
Calibration Reagent (included in the MSD kit) was used a positive control, showing 100%
inhibition.

[00398] Results for total IgG and neutralizing antibodies upon immunization with lipid-
formulated self-replicating RNA encoding a wild-type (Wuhan) SARS-CoV-2 spike
glycoprotein (SEQ ID NO:18; ARCT-021 / mARM3015.5), a SARS-CoV-2 D614 variant
spike glycoprotein (SEQ ID NO:2; ARCT-154 / mARM3280), or a SARS-CoV-2 South Africa
variant glycoprotein (SEQ ID NO:1; ARCT-165 / mARM3325) are shown in Figures SA-F.
Results for total IgG and neutralizing antibodies upon immunization with 2ug or 15ug of lipid-
formulated mRNA encoding a SARS-CoV-2 D614 variant spike glycoprotein (SEQ ID NO:32;
ARCT-143 / mARM3290) are shown in Figures 6A-D.

[00399] Immunization of mice with lipid-formulated self-replicating RNA encoding a wild-
type (Wuhan) SARS-CoV-2 spike glycoprotein (SEQ ID NO:18; ARCT-021 / mARM3015.5;
Figures SA-B), a SARS-CoV-2 D614 variant spike glycoprotein (SEQ ID NO:2; ARCT-154/
mARM3280; Figures 5C-D), or a SARS-CoV-2 South Africa variant spike glycoprotein (SEQ
ID NO:1; ARCT-165 / mARM3325; Figures S5E-F) elicited a SARS-CoV-2 specific IgG and
neutralizing antibody responses against both wild-type and variant SARS-CoV-2 spike
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glycoproteins, including Wuhan (wild-type), UK (B.1.1.7; Alpha), Brazil (P1; Gamma), and
South Africa (B.1.351; Beta) variants. Greater IgG and neutralizing antibody responses to both
wild-type and variant SARS-CoV-2 spike glycoproteins were seen upon immunization with
lipid-formulated self-replicating RNA encoding a SARS-CoV-2 D614 variant spike
glycoprotein (SEQ ID NO:2; ARCT-154 / mARM3280; Figures 5C-D) or a SARS-CoV-2
South Africa variant spike glycoprotein (SEQ ID NO:1; ARCT-165/ mARM3325; Figures SE-
F) as compared to immunization with lipid-formulated self-replicating RNA encoding a wild-
type (Wuhan) SARS-CoV-2 spike glycoprotein (SEQ ID NO:18; ARCT-021 / mARM3015.5;
Figures SA-B).

[00400] Immunization of mice with 2ug or 15ug of lipid-formulated mRNA encoding a
SARS-CoV-2 D614 variant spike glycoprotein (SEQ ID NO: 32; ARCT-143 / mARM3290)
that included a boost at day 28 also resulted in higher specific IgG levels against both wild-
type and different variant SARS-CoV-2 spike glycoproteins as compared to immunization with
self-replicating RNA encoding a wild-type (Wuhan) SARS-CoV-2 spike glycoprotein (SEQ
ID NO:18; ARCT-021 / mARM3015.5; Figure SA; Figures 6A-B). Neutralizing antibody
levels upon immunization with mRNA encoding SARS-CoV-2 D614G spike glycoprotein
were likewise greater as compared to neutralizing antibody levels seen upon immunization with
self-replicating RNA encoding wild-type (Wuhan) SARS-CoV-2 spike glycoprotein (Figure
5B; Figures 6C-D).

[00401] These results show that immunization of mice with self-replicating RNA or mRNA
encoding SARS-CoV-2 variant D614G or variant South Africa spike glycoproteins elicits
effective humoral immune responses, including neutralizing antibodies that were effective

against wild-type and numerous SARS-CoV-2 variant glycoproteins.

EXAMPLE 4
[00402] This example describes immunogenicity of RNA vaccines encoding SARS-CoV-2
spike glycoprotein variants in non-human primates (NHPs).
[00403] To determine immunogenicity of RNA constructs encoding SARS-CoV-2 spike
glycoprotein variants in NHPs, the indicated RNA constructs were administered as shown in

Table 17.
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Table 17. Administration of RNA Vaccines to NHPs.
RNA / SARS- Description Dose | Dose Dose Administration Number
CoV-2 Level | Volume | Concentration | Days of NHPs
glycoprotein (ng) (ml) (ng/ml) (Males)
Control (PBS) N/A N/A 0.5 N/A 1 and 29 2
Self-replicating | SEQID NO:18 | 7.5 0.5 15 1 and 29 4
RNA /Wuhan | (ARCT-021/
mARM3015.5)
Self-replicating | SEQ ID NO:2 7.5 0.5 15 1 and 29 4
RNA /D614G | (ARCT-154/
mARM3280.5);
pre-fusion
stabilized, furin
cleavage site
inactivated
Self-replicating | SL@IPNO:L 175 15 15 1 and 29 4
RNA /South | (ARCT-165/
. . mARM3325.5);
Africa variant
pre-fusion
stabilized, furin
cleavage site
inactivated
mRNA/D614G | SEQID NO:32 | 30 05 60 1 and 29 4
(ARCT-143 /
mARM3290.1);
pre-fusion
stabilized, furin
cleavage site
inactivated
[00404] Serum was obtained at day O (pre-bleed) and at days 15, 29, and 43 after the first

immunization. Serum was probed simultaneously for responses to four SARS-CoV-2 spike
glycoprotein variants: SARS-CoV-2 spike (Wuhan, wild-type), SARS-CoV-2 spike (P.1,
Brazil, Gamma), SARS-CoV-2 spike (B.1.351, South Africa, Beta) and SARS-CoV-2 spike
(B.1.1.7, UK, Alpha). V-PLEX SARS-CoV-2 Panel 5 IgG and ACE2 Kits from MSD (Cat#
K15429U and K15432U) were used for measuring serum IgG antibody levels. For total IgG
binding, serum was diluted 1:1,000 in kit Dilution 100 buffer (MSD, Cat# RS0AA). A SULFO-
TAG anti-human IgG antibody (included in MSD kit Cat# K15429U) was used for signal
detection. Results were reported as AU/ml using a human serum-based reference standard. For
sVNT assays, serum was diluted 1:100 or 1:200 in the kit Dilution 100 buffer (MSD, Cat#
R50AA), and results were reported as ACE2-binding percent inhibition using the following
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formula: 1- (average sample signal/average Diluent 100 only signal) x100. ACE2 Calibration
Reagent (included in the MSD kit) was used a positive control, showing 100% inhibition.
[00405] Results for total IgG and neutralizing antibodies upon immunization with lipid-
formulated self-replicating RNA encoding a wild-type (Wuhan) SARS-CoV-2 spike
glycoprotein (SEQ ID NO:18; ARCT-021 / mARM3015.5), a SARS-CoV-2 D614 variant
spike glycoprotein (SEQ ID NO:2; ARCT-154 / mARM3280), or a SARS-CoV-2 South Africa
variant spike glycoprotein (SEQ ID NO:1; ARCT-165 / mARM3325) are shown in Figures
7A-F. Results for total IgG and neutralizing antibodies upon immunization with lipid-
formulated mRNA encoding a SARS-CoV-2 D614 variant spike glycoprotein (SEQ ID NO:
32; ARCT-143 / mARM3290) are shown in Figures 7G-H.

[00406] Immunization of NHPs with lipid-formulated self-replicating RNA encoding a
wild-type (Wuhan) SARS-CoV-2 spike glycoprotein (SEQ ID NO:18; ARCT-021 /
mARM3015.5; Figures 7A-B), a SARS-CoV-2 D614 variant spike glycoprotein (SEQ ID
NO:2; ARCT-154 / mARM3280; Figures 7C-D), or a SARS-CoV-2 South Africa variant spike
glycoprotein (SEQ ID NO:1; ARCT-165 / mARM3325; Figures 7E-F) elicited a SARS-CoV-
2 specific IgG and neutralizing antibody responses against both wild-type and variant SARS-
CoV-2 glycoproteins, including Wuhan (wild-type), UK (B.1.1.7; Alpha), Brazil (P1; Gamma),
and South Africa (B.1.351; Beta) variants. Greater IgG and neutralizing antibody responses to
both wild-type and variant SARS-CoV-2 glycoproteins were seen upon immunization with
lipid-formulated self-replicating RNA encoding a SARS-CoV-2 D614 variant spike
glycoprotein (SEQ ID NO:2; ARCT-154 / mARM3280; Figures 7C-D) or a SARS-CoV-2
South Africa variant glycoprotein (SEQ ID NO:1; ARCT-165 / mARM3325; Figures 7E-F) as
compared to immunization with lipid-formulated self-replicating RNA encoding a wild-type
(Wuhan) SARS-CoV-2 spike glycoprotein (SEQ ID NO:18; ARCT-021 / mARM3015.5;
Figures 7A-B).

[00407] Immunization of NHPs with lipid-formulated mRNA encoding a SARS-CoV-2
D614 variant spike glycoprotein (SEQ ID NO: 32; ARCT-143 / mARM3290) also resulted in
higher specific IgG levels against both wild-type and different SARS-CoV-2 variant spike
glycoproteins as compared to immunization with self-replicating RNA encoding a wild-type
(Wuhan) SARS-CoV-2 spike glycoprotein (SEQ ID NO:18; ARCT-021 / mARM3015.5
(Figures 7A; Figure 7G). Neutralizing antibody levels upon immunization with mRNA
encoding SARS-CoV-2 D614G spike glycoprotein were likewise greater as compared to
neutralizing antibody levels seen upon immunization with self-replicating RNA encoding wild-

type (Wuhan) SARS-CoV-2 spike glycoprotein (Figure 7B; Figure 7H).
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[00408] These results show that immunization of NHPs with self-replicating RNA or
mRNA encoding SARS-CoV-2 variant D614G or variant South Africa spike glycoproteins
elicits effective humoral immune responses, including neutralizing antibodies that were
effective against wild-type and numerous SARS-CoV-2 variant glycoproteins.
EXAMPLE 5

[00409] This example describes immunogenicity of influenza hemagglutinin (HA)
expressed from self-replicating RNA or mRNA.

[00410]  Self-replicating RNA and mRNA vaccine constructs were designed to encode the
full-length hemagglutinin (HA) protein from influenza virus A/California/07/2009 (H1NT1)
(HA amino acid sequence: SEQ ID NOs: 47 and 53 for self-replicating RNA and mRNA,
respectively; nucleic acid sequence: SEQ ID NOs: 46 and 52 for self-replicating RNA and
mRNA, respectively). As described above for Example 1, the mRNA vaccine construct
encoding HA included a tobacco etch virus (TEV) 5” UTR (SEQ ID NO:49) and a Xenopus
beta-globin (Xbg) 3° UTR (SEQ ID NO:50 (without poly-A tail); SEQ ID NO:52 (with poly-
A tail)). Both self-replicating RNA (SEQ ID NO:40; entire RNA mARM3124) and mRNA
(SEQ ID NO:48; entire RNA sequence mARM3038) vaccine constructs were encapsulated in
the same lipid nanoparticle (LNP) composition that included four lipid excipients (an ionizable
cationic lipid, 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC), cholesterol, and
PEG2000-DMG) dispersed in HEPES buffer (pH 8.0) containing sodium chloride and the
cryoprotectants sucrose and glycerol. The N:P ratio of complexing lipid and RNA was

approximately 9:1. The ionizable cationic lipid had the following structure:

b

[00411] Five female, 8-10 week old Balb/c mice were injected intramuscularly with 2ug of
mRNA or self-replicating RNA encoding HA. Mice were bled on days 14, 28, 42, and 56,

)—\_\N_{

e

followed by hemagglutination inhibition (HAI) assay using serially diluted sera. The reciprocal

of the highest dilution of serum that caused inhibition of hemagglutination was considered the
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HALI titer, with a titer of 1/40 being protective against influenza virus infection and four-fold
higher titers than baseline indicating seroconversion.

[00412] Results in Figure 8 show that protective HAI titers were obtained with self-
replicating RNA and mRNA encoding HA. HALI titers for the self-replicating RNA construct
encoding HA were greater than HAI titers for the mRNA encoding HA at all time points. In
addition, protective HAI titers were seen for the self-replicating RNA construct encoding HA
beginning at day 14 that were maintained at least until day 56. mRNA encoding HA showed
protective HAI titers at day 56.

[00413] These results show that both the self-replicating RNA and mRNA constructs
encoding HA elicited protective HA antibody titers, with self-replicating RNA eliciting

protective HAI titers earlier after immunization as compared to mRNA.

EXAMPLE 6

Lvophilization of Self-Replicating RNA-Lipid Nanoparticle Formulation Materials and
Methods Generally

[00414] The processes performed in this example were conducted using lipid nanoparticle
compositions that were manufactured according to well-known processes, for example, those
described in U.S. App. No. 16/823,212, the contents of which are incorporated by reference for
the specific purpose of teaching lipid nanoparticle manufacturing processes. The lipid
nanoparticle compositions and the lyophilized products were characterized for several
properties. The materials and methods for these characterization processes as well as a general
method of manufacturing the lipid nanoparticle compositions that were used for lyophilization
experiments are provided in this example.

Lipid Nanoparticle Manufacture

[00415] Lipid nanoparticle formulations used in this example were manufactured by mixing
lipids (ionizable cationic lipid (ATX-126): helper lipid: cholesterol: PEG-lipid) in ethanol with
RNA dissolved in citrate buffer. The mixed material was instantaneously diluted with
Phosphate Buffer. Ethanol was removed by dialysis against phosphate buffer using regenerated
cellulose membrane (100 kD MWCO) or by tangential flow filtration (TFF) using modified
polyethersulfone (mPES) hollow fiber membranes (100 kD MWCO). Once the ethanol was
completely removed, the buffer was exchanged with HEPES (4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid) buffer containing 10-300 (for example, 40-60) mM NaCl and
5-15% sucrose, pH 7.3. The formulation was concentrated followed by 0.2 pum filtration using

PES filters. The RNA concentration in the formulation was then measured by RiboGreen
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fluorimetric assay, and the concentration was adjusted to a final desired concentration by
diluting with HEPES buffer containing 10-100 (for example 40-60) mM NaCl, 0-15% sucrose,
pH 7.2-8.5 containing glycerol. If not used immediately for further studies, the final
formulation was then filtered through a 0.2 pum filter and filled into glass vials, stoppered,
capped and placed at -70 + 5 °C. The lipid nanoparticles formulations were characterized for
their pH and osmolality. Lipid content and RNA content were measured by high performance
liquid chromatography (HPLC), and mRNA integrity by was measured by fragment analyzer.
Dynamic Light Scattering (DLS)

[00416] The average particle size (z) and polydispersity index (PDI) of lipid nanoparticle
formulations used in the Examples was measured by dynamic light scattering on a Malvern
Zetasizer Nano ZS (United Kingdom).

RiboGreen Assay

[00417] The encapsulation efficiency of the lipid nanoparticle formulations was
characterized using the RiboGreen fluorometric assay. RiboGreen is a proprietary fluorescent
dye (Molecular Probes/Invitrogen a division of Life Technologies, now part of Thermo Fisher
Scientific of Eugene, Oregon, United States) that is used in the detection and quantification of
nucleic acids, including both RNA and DNA. In its free form, RiboGreen exhibits little
fluorescence and possesses a negligible absorbance signature. When bound to nucleic acids,
the dye fluoresces with an intensity that is several orders of magnitude greater than the unbound
form. The fluorescence can then be detected by a sensor (fluorimeter) and the nucleic acid can
be quantified.

Lyophilization Process

[00418] Self-Replicating RNAs (aka Replicon RNA) are typically larger than the average
mRNA, and tests were designed to determine whether self-replicating RNA lipid nanoparticle
formulations could be successfully lyophilized. The quality of lyophilized lipid nanoparticle
formulations was assessed by analyzing the formulations post-lyophilization and comparing
this to the lipid nanoparticle formulation prior to lyophilization as well as after a conventional
freeze/thaw cycle (i.e., frozen at ~ -70 °C then allowed to thaw at room temperature).

[00419] The analysis of the lipid nanoparticle formulations included the analysis of particle
size and polydispersity (PDI) and encapsulation efficiency (%Encap). The particle size post-
lyophilization was compared to the particle size pre-lyophilization and the difference can be
reported as a delta (8). The various compositions tested were screened as to whether a threshold
of properties was met including minimal particle size increase (6 < 10 nm), the maintenance of

PDI (< 0.2), and maintenance of high encapsulation efficiency (> 85%).
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[00420] The lipid nanoparticle formulations were prepared as described above, with self-
replicating RNA (SEQ ID NO:18). The resulting lipid nanoparticle formulation was then
processed with a buffer exchange to form a prelyophilization suspension having a
concentration of 0.05 to 2.0 mg/mL self-replicating RNA, 0.01 to 0.05 M potassium sorbate,
0.01 t0 0.10 % w/v Poloxamer 188 (Kolliphor®), 14 to 18% w/v sucrose, 25 to 75 mM NaCl,
and 15 to 25 mM pH 8.0 Tris buffer. The prelyophilization formulation was then lyophilized
in a Millrock Revo Freeze Dryer (Model No. RV8584), using aliquots of 2.0 mL of suspension
and the lyophilization cycle provided in Table 18 below.

Table 18. Lyophilization Cycle for Self-Replicating RNA-Lipid Nanoparticle

Formulation.
Freeze drying cycle
shelf step duration | chamber vacuum
Step temperature
(°C, £2°C) (h:min) (mbar)
Initial Freezing -50 4:00 atmosphere
Evacuation -50 00:30 - 01:45 | Jrom aimosph.
pressure to 0.05
Primary drying (ramp down) -50>0 63:00 0.05
Secondary drying (ramp up) 0> +25 39:30 0.05
Backfill with N2 and stoppering 25 00:10 - 00:20 700 £+ 50
Aeration with air 5 00:10 - 00:20 atmosphere

[00421] The lyophilized particles prepared following the methods described above were
reconstituted in 2 mL of water and characterized using DLS and RiboGreen. The results
provided in Table 19 below show that the lyophilized compositions were found to produce
lyophilized lipid nanoparticle formulations with adequate size, polydispersity, and delta values

(~5.3 nm) upon reconstitution.

Table 19. Self-Replicating RNA-Lipid Nanoparticle Characteristics Pre- and Post-LYO.

Average Particle Size (nm) PDI encap (%)
Pre-LYO 76.3 0.129 97
Post-LYO 81.6 0.152 93

[00422] Any self-replicating RNA and any mRNA can be prepared as a lyophilized
formulation using the processes described above, including any self-replicating RNA and any

mRNA delivering antigenic proteins provided herein. Furthermore, lyophilized formulations
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can be administered to induce immune responses to encoded antigenic proteins, such as SARS-

CoV-2 spike glycoproteins and variants thereof.

EXAMPLE 7
[00423] This example describes immunogenicity of liquid and lyophilized self-replicating
RNA formulations.
[00424] Immunogenicity of self-replicating RNA (SEQ ID NO:18) formulated as a
lyophilized lipid nanoparticle (LYO-LNP) was tested in BALB/c mice in two separate
preclinical studies and compared with the liquid (frozen) LNP formulation (Liquid-LNP). Each
study included the use of a PBS dosing group as a negative control and a Liquid dosing group
(Liquid-LNP) as a positive control. Both LYO-LNP and Liquid-LNP formulations were dosed
at 0.2 and 2 pg. There were n=5 animals per dose group in each study. Test formulations were
administered intramuscularly (IM) and serum was collected at various timepoints (Days 10,
19, 31 for the first study and Days 10, 20, 30 for the second study) post-immunization to
measure the production of anti-SARS-CoV-2 spike protein IgG using a Luminex bead
fluorescent assay.
[00425] In both studies, anti-SARS-CoV-2 spike protein IgGs were detected in serum in a
time- and dose-dependent manner for both Liquid-LNP and LYO-LNP formulations, whereas
PBS injection did not elicit an immunogenic response (Figures 9A-9D). There was no statistical
difference in immunogenicity seen between Liquid-LNP and LYO-LNP dose groups in the
first study, whereas LYO-LNP produced statistically different and greater IgG than Liquid-
LNP in the second study. Without being limited by theory, under-powering (n=5/group) of
these two separate studies may have contributed to the statistical differences in immunogenicity
results observed in the two studies. In combining the results of both studies, no statistically
significant differences were observed between Liquid-LNP and LY O-LNP formulations at the
0.2 and 2 pg dose levels (Figure 10A, 10B). Taken together, the results of these studies
demonstrate that the immunogenicity of the liquid and lyophilized formulations were
comparable.
[00426] In summary, the liquid and lyophilized formulations of a self-replicating RNA
vaccine (SEQ ID NO:18) showed comparable immunogenicity. The vaccine can induce
effective, adaptive humoral (neutralizing antibodies) and cellular (CD8+) immune responses
targeting the SARS-CoV-2 spike (S) glycoprotein. The vaccine also elicited induction of anti-
spike glycoprotein antibodies (IgG) levels that were higher than those seen for a conventional

mRNA vaccine and induced production of IgG antibodies at a faster rate than a conventional
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mRNA vaccine. It continued to elicit increasing levels of IgG up to 50 days post vaccination
whereas the conventional mRNA vaccine plateaued by day 10 post vaccination. It produced an
RNA dose-dependent increase in CD8+ T lymphocytes and a balanced, Th1 dominant CD4+

T helper cell immune response with no skew towards a Th2 response.

SEQUENCES

SEQ ID NO:1 - mARM3325 (South Africa B.1.351)
atgggcggcgcatgagagaageccagaccaattacctacccaaaatggagaaagttcacgttgacatcgaggaagacagececattc
ctcagagctttgcageggagettecegeagtttgaggtagaagccaageaggteactgataatgaccatgetaatgecagagegtttte
gcatctggcttcaaaactgatcgaaacggaggtggacccatccgacacgatecttgacattggaagtgegeccgeccgeagaatGT
ATTCTAAGCACAAGTATCATTGTATCtgtccgatgagatgtgcggaagatccggacagattgtataagtatge
aactaagctgaagaaaaactgtaaggaaataactgataaggaattggacaagaaaatgaaggagcetggecgecgtcatgagegace
ctgacctggaaactgagactatgtgectccacgacgacgagtegtgtegetacgaagggeaagtegetgtttaccaggatgtatacge
CGTcGACGGCCCCACCAGCCTGTACCACCAGGCCAACAAGGGCGTGAGGGTGGC
CTACTGGATCGGCTTCGACACCACACCCTTCATGTTCAAGAACCTGGCCGGCGCC
TACCCCAGCTACAGCACCAACTGGGCCGACGAGACAGTGCTGACCGCCAGGAAC
ATCGGCCTGTGCAGCAGCGACGTGATGGAGAGGAGCCGGAGGGGCATGAGCATC
CTGAGGAAGAAGTACCTGAAGCCCAGCAACAACGTGCTGTTCAGCGTGGGCAGC
ACCATCTACCACGAGAAGAGGGACCTGCTGAGGAGCTGGCACCTGCCCAGCGTG
TTCCACCTGAGGGGCAAGCAGAACTACACCTGCAGGTGCGAGACAATCGTGAGC
TGCGACGGCTACGTGGTGAAGAGGATCGCCATCAGCCCCGGCCTGTACGGCAAG
CCCAGCGGCTACGCCGCCACCATGCACAGGGAGGGCTTCCTGTGCTGCAAGGTG
ACCGACACCCTGAACGGCGAGAGGGTGAGCTTCCCCGTGTGCACCTACGTGCCC
GCCACCCTGTGCGACCAGATGACCGGCATCCTGGCCACCGACGTGAGCGCCGAC
GACGCCCAGAAGCTGCTGGTGGGCCTGAACCAGAGGATCGTGGTGAACGGCAGG
ACCCAGAGGAACACCAACACCATGAAGAACTACCTGCTGCCCGTGGTGGCCCAG
GCCTTCGCCAGGTGGGCCAAGGAGTACAAGGAGGACCAGGAGGACGAGAGGCC
CCTGGGCCTGAGGGACcGaCAGCTGGTGATGGGCTGCTGCTGGGCCTTCAGGCGG
CACAAGATCACCAGCATCTACAAGAGGCCCGACACCCAGACCATCATCAAGGTG
AACAGCGACTTCCACAGCTTCGTGCTGCCCAGGATCGGCAGCAACACCCTGGAG
ATCGGCCTGAGGACCCGGATCAGGAAGATGCTGGAGGAGCACAAGGAGCCCAG
CCCTCTGATCACCGCCGAGGACGTGCAGGAGGCCAAGTGCGCCGCCGACGAGGC
CAAGGAGGTGAGGGAGGCCGAGGAGCTGAGGGCCGCCCTGCCTCCCCTGGCCGC
CGACGTGGAGGAGCCCACCCTGGAGGCCGACGTGGACCTGATGCTGCAGGAGGC
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CGGCGCCGGCAGCGTGGAGACACCCAGGGGCCTGATCAAGGTGACCAGCTACGA
CGGCGAGGACAAGATCGGCAGCTACGCCGTGCTcAGCCCTCAGGCCGTGCTGAA
GTCCGAGAAGCTGAGCTGCATCCACCCTCTGGCCGAGCAGGTGATCGTGATCAC
CCACAGCGGCAGGAAGGGCAGGTACGCCGTGGAGCCCTACCACGGCAAGGTGGT
GGTCCCCGAGGGCCACGCCATCCCCGTGCAGGACTTCCAGGCCCTGAGCGAGAG
CGCCACCATCGTGTATAACGAGAGGGAGTTCGTGAACAGGTACCTGCACCACAT
CGCCACCCACGGCGGCGCCCTGAACACCGACGAGGAGTACTACAAGACCGTGAA
GCCCAGCGAGCACGACGGCGAGTACCTGTACGACATCGACAGGAAGCAGTGCGT
GAAGAAGGAGCTGGTGACCGGCCTGGGCCTGACCGGCGAGCTGGTGGACCCTCC
CTTCCACGAGTTCGCCTACGAGAGCCTGAGGACCAGGCCCGCCGCTCCCTACCAG
GTGCCCACCATCGGCGTGTACGGCGTGCCCGGCAGCGGCAAGAGCGGCATCATC
AAGAGCGCCGTGACCAAGAAGGACCTGGTGGTGAGCGCCAAGAAGGAGAACTG
CGCCGAGATCATCAGGGACGTGAAGAAGATGAAGGGCCTGGACGTGAACGCCA
GGACCGTGGACAGCGTGCTcCTGAACGGCTGCAAGCACCCCGTGGAGACACTGT
ATATCGACGAGGCCTTCGCCTGCCACGCCGGCACCCTGAGGGCCCTGATCGCCAT
CATCAGGCCCAAGAAGGCCGTGCTGTGCGGCGACCCCAAGCAGTGCGGCTTCTT
CAACATGATGTGCCTGAAGGTGCACTTCAACCACGAGATCTGCACCCAGGTGTTC
CACAAGAGCATCAGCAGGCGGTGCACCAAGAGCGTGACCAGCGTGGTGAGCACC
CTGTTCTACGACAAGAAGATGAGGACCACCAACCCCAAGGAGACAAAGATCGTG
ATCGACACCACCGGCAGCACCAAGCCCAAGCAGGACGACCTGATCCTGACCTGC
TTCAGGGGCTGGGTGAAGCAGCTGCAGATCGACTACAAGGGCAACGAGATCATG
ACCGCCGCCGCTAGCCAGGGCCTGACCAGGAAGGGCGTGTACGCCGTGAGGTAC
AAGGTGAACGAGAATCCCCTGTACGCCCCTACCAGCGAGCACGTGAACGTcCTGC
TGACCAGGACCGAGGACAGGATCGTGTGGAAGACCCTGGCCGGCGACCCCTGGA
TCAAGACCCTGACCGCCAAGTACCCCGGCAACTTCACCGCCACCATCGAGGAGT
GGCAGGCCGAGCACGACGCCATCATGAGGCACATCCTGGAGAGGCCCGACCCCA
CCGACGTGTTCCAGAACAAGGCCAACGTGTGCTGGGCCAAGGCCCTGGTGCCCG
TGCTGAAGACCGCCGGCATCGACATGACCACCGAGCAGTGGAACACCGTGGACT
ACTTCGAGACAGACAAGGCCCACAGCGCCGAGATCGTGCTGAACCAGCTGTGCG
TGAGGTTCTTCGGCCTGGACCTGGACAGCGGCCTGTTCAGCGCCCCTACCGTGCC
CCTGAGCATCAGGAACAACCACTGGGACAACAGCCCCAGCCCCAACATGTACGG
CCTGAACAAGGAGGTGGTGAGGCAGCTGAGCAGGCGGTACCCTCAGCTGCCCAG
GGCCGTGGCCACCGGCAGGGTGTACGACATGAACACCGGCACCCTGAGGAACTA
CGACCCCAGGATCAACCTGGTGCCCGTGAACAGGCGGCTGCCaCACGCCCTGGTG
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CTGCACCACAACGAGCACCCTCAGAGCGACTTCAGCAGCTTCGTGAGCAAGCTG
AAGGGCAGGACCGTGCTGGTGGTGGGCGAGAAGCTGAGCGTGCCCGGCAAGAT
GGTGGACTGGCTGAGCGACAGGCCCGAGGCCACCTTCCGGGCCAGGCTGGACCT
GGGCATCCCCGGCGACGTGCCCAAGTACGACATCATCTTCGTGAACGTGAGGAC
CCCTTACAAGTACCACCACTACCAGCAGTGCGAGGACCACGCCATCAAGCTGAG
CATGCTGACCAAGAAGGCCTGCCTGCACCTGAACCCCGGCGGCACCTGCGTGAG
CATCGGCTACGGCTACGCCGACAGGGCCAGCGAGAGCATCATCGGCGCCATCGC
CAGGCTGTTCAAGTTCAGCAGGGTGTGCAAGCCCAAGAGCAGCCTGGAGGAGAC
AGAGGTGCTGTTCGTGTTCATCGGCTACGACCGGAAGGCCAGGACCCACAACCC
CTACAAGCTGAGCAGCACCCTGACCAACATCTACACCGGCAGCAGGCTGCACGA
GGCCGGCTGCGCCCCTAGCTACCACGTGGTGAGGGGCGACATCGCCACCGCCAC
CGAGGGCGTGATCATCAACGCCGCCAACAGCAAGGGCCAGCCCGGCGGCGGGAGT
GTGCGGCGCCCTGTATAAGAAGTTCCCCGAGAGCTTCGACCTGCAGCCCATCGA
GGTGGGCAAGGCCAGGCTGGTGAAGGGCGCCGCCAAGCACATCATCCACGCCGT
GGGCCCCAACTTCAACAAGGTGAGCGAGGTGGAGGGCGACAAGCAGCTGGCCG
AGGCCTACGAGAGCATCGCCAAGATCGTGAACGACAACAACTACAAGAGCGTGG
CCATCCCTCTGCTGAGCACCGGCATCTTCAGCGGCAACAAGGACAGGCTGACCC
AGAGCCTGAACCACCTGCTGACCGCCCTGGACACCACCGACGCCGACGTGGCCA
TCTACTGCAGGGACAAGAAGTGGGAGATGACCCTGAAGGAGGCCGTGGCCAGGC
GGGAGGCCGTGGAGGAGATCTGCATCAGCGACGACAGCAGCGTGACgGAGCCCG
ACGCCGAGCTGGTGAGGGTGCACCCCAAGAGCAGCCTGGCCGGCAGGAAGGGCT
ACAGCACCAGCGACGGCAAGACCTTCAGCTACCTGGAGGGCACCAAGTTCCACC
AGGCCGCCAAGGACATCGCCGAGATCAACGCCATGTGGCCCGTGGCCACCGAGG
CCAACGAGCAGGTGTGCATGTATATCCTGGGCGAGAGCATGAGCAGCATCAGGA
GCAAGTGCCCCGTGGAGGAGAGCGAGGCCAGCACCCCTCCCAGCACCCTGCCCT
GCCTGTGCATCCACGCCATGACCCCTGAGAGGGTGCAGCGGCTGAAGGCCAGCA
GGCCCGAGCAGATCACCGTGTGCAGCAGCTTCCCTCTGCCCAAGTACCGGATCAC
CGGCGTGCAGAAGATCCAGTGCAGCCAGCCCATCCTGTTCAGCCCCAAGGTGCC
CGCCTACATCCACCCCAGGAAGTACCTGGTGGAGACACCCCCCGTGGACGAGAC
ACCCGAGCCCAGCGCCGAGAACCAGAGCACCGAGGGCACCCCTGAGCAGCCTCC
CCTGATCACCGAGGACGAGACAAGGACCAGGACgCCcGAGCCCATCATCATTGA
GGAGGAAGAGGAGGACAGCATCAGCCTGCTGAGCGACGGCCCCACCCACCAGG
TGCTGCAGGTGGAGGCCGACATCCACGGCCCTCCCAGCGTGAGCAGCTCCAGCT
GGAGCATCCCTCACGCCAGCGACTTCGACGTGGACAGCCTGAGCATCCTGGACA
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CCCTGGAGGGCGCCAGCGTGACCAGCGGCGCCACCAGCGCCGAGACAAACAGCT
ACTTCGCCAAGAGCATGGAGTTCCTGGCCAGGCCCGTGCCCGCCCCTAGGACCGT
GTTCAGGAACCCTCCCCACCCCGCCCCTAGGACCAGGACCCCTAGCCTGGCCCCT
AGCAGGGCCTGCAGCAGGACCAGCCTGGTGAGCACCCCTCCCGGCGTGAACCGG
GTGATCACCAGGGAGGAGCTGGAGGCCCTGACCCCTAGCAGGACCCCTAGCAGG
AGCGTGAGCAGGACCAGCCTGGTGAGCAACCCTCCCGGCGTGAACCGGGTGATC
ACCAGGGAGGAGTTCGAGGCCTTCGTGGCCCAGCAGCAAAGGCGGTTCGACGCC
GGCGCCTACATCTTCAGCAGCGACACCGGCCAGGGCCACCTGCAGCAGAAGTCC
GTGAGGCAGACCGTGCTGAGCGAGGTGGTcCTGGAGAGGACgGAGCTGGAGATC
AGCTACGCCCCTAGGCTGGACCAGGAGAAGGAGGAGCTGCTGAGGAAGAAGCT
GCAGCTGAACCCCACCCCTGCCAACAGGAGCAGGTACCAGAGCAGGAAGGTGG
AGAACATGAAGGCCATCACCGCCAGGCGGATCCTGCAGGGCCTGGGCCACTACC
TGAAGGCCGAGGGCAAGGTGGAGTGCTACAGGACCCTGCACCCCGTGCCCCTGT
ACTCCAGCTCCGTGAACAGGGCCTTCAGCAGCCCCAAGGTGGCCGTGGAGGCCT
GCAACGCCATGCTGAAGGAGAACTTCCCCACCGTGGCCAGCTACTGCATCATCCC
CGAGTACGACGCCTACCTGGACATGGTGGACGGCGCCAGCTGCTGCCTGGACAC
CGCCAGCTTCTGCCCCGCCAAGCTGAGGAGCTTCCCCAAGAAGCACAGCTACCT
GGAGCCCACCATCAGGAGCGCCGTGCCCAGCGCCATCCAGAACACCCTGCAGAA
CGTGCTGGCCGCCGCTACCAAGAGGAACTGCAACGTGACCCAGATGAGGGAGCT
GCCCGTGCTGGACAGCGCCGCCTTCAACGTGGAGTGCTTCAAGAAGTACGCCTG
CAACAACGAGTACTGGGAGACATTCAAGGAGAACCCCATCAGGCTGACCGAGGA
GAACGTGGTGAACTACATCACCAAGCTGAAGGGCCCCAAGGCCGCCGCTCTGTT
CGCCAAGACCCACAACCTGAACATGCTcCAGGACATCCCTATGGACAGGTTCGTG
ATGGACCTGAAGAGGGACGTGAAGGTGACCCCTGGCACCAAGCACACCGAGGA
GAGGCCCAAGGTGCAGGTGATCCAGGCCGCCGACCCTCTGGCCACCGCCTACCT
GTGCGGCATCCACAGGGAGCTGGTGAGGCGGCTGAACGCCGTcCTGCTGCCCAA
CATCCACACCCTGTTCGACATGAGCGCCGAGGACTTCGACGCCATCATCGCCGAG
CACTTCCAGCCCGGCGACTGCGTGCTGGAGACAGACATCGCCAGCTTCGACAAG
AGCGAGGACGACGCTATGGCCCTGACCGCCCTGATGATCCTGGAGGACCTGGGC
GTGGACGCCGAGCTGCTGACCCTGATCGAGGCCGCCTTCGGCGAGATCAGCAGC
ATCCACCTGCCCACCAAGACCAAGTTCAAGTTCGGCGCCATGATGAAGTCCGGC
ATGTTCCTGACCCTGTTCGTGAACACCGTGATCAACATCGTGATCGCCAGCAGGG
TGCTGCGGGAGAGGCTGACCGGCAGCCCCTGCGCCGCCTTCATCGGCGACGACA
ACATCGTGAAGGGCGTGAAGTCCGACAAGCTGATGGCCGACAGGTGCGCCACCT
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GGCTGAACATGGAGGTGAAGATCATCGACGCCGTGGTGGGCGAGAAGGCCCCTT
ACTTCTGCGGCGGCTTCATCCTGTGCGACAGCGTGACCGGCACCGCCTGCAGGGT
GGCCGACCCTCTGAAGAGGCTGTTCAAGCTGGGCAAGCCCCTGGCCGCCGACGA
CGAGCACGACGACGATAGGCGGAGGGCCCTGCACGAGGAGAGCACCAGGTGGA
ACcGGGTGGGCATCCTGAGCGAGCTGTGCAAGGCCGTGGAGAGCAGGTACGAGA
CAGTGGGCACCAGCATCATCGTGATGGCCATGACCACCCTGGCCAGCAGCGTCcAA
GTCCTTCAGCTACCTGAGGGGGGCCCCTATAACTCTCTACGGCTAACCTGAATGG
ACTACGACATAGTCTAGTCCGCCAAGGCCGCCACCATGTTCGTGTTCCTGGTGCT
GCTGCCCCTGGTGTCTAGCCAGTGCGTGAACCTGACCACCAGGACCCAGCTGCCT
CCCGCCTACACCAACAGCTTCACCAGGGGCGTGTACTACCCCGACAAGGTGTTCA
GGAGCAGCGTGCTGCACAGCACCCAGGACCTGTTCCTGCCCTTCTTCAGCAACGT
GACCTGGTTCCACGCCATCCACGTGAGCGGCACCAACGGCACCAAGAGGTTCGeC
AACCCCGTGCTGCCCTTCAACGACGGCGTGTACTTCGCCAGCACCGAGAAGTCCA
ACATCATCAGGGGCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGCC
TGCTGATCGTGAACAACGCCACCAACGTGGTGATCAAGGTGTGCGAGTTCCAGTT
CTGCAACGACCCCTTCCTGGGCGTGTACTACCACAAGAACAACAAGAGCTGGAT
GGAGAGCGAGTTCAGGGTGTACTCCAGCGCCAACAACTGCACCTTCGAGTACGT
GAGCCAGCCCTTCCTGATGGACCTGGAGGGCAAGCAGGGCAACTTCAAGAACCT
GAGGGAGTTCGTGTTCAAGAACATCGACGGCTACTTCAAGATCTACAGCAAGCA
CACCCCTATCAACCTGGTGAGGGgCCTGCCCCAGGGCTTCAGCGCCCTGGAGCCC
CTGGTGGACCTGCCCATCGGCATCAACATCACCAGGTTCCAGACCCTGCTGGCCC
TGCACAGGAGCTACCTGACCCCTGGCGACAGCAGCTCCGGCTGGACCGCCGGCG
CCGCCGCTTACTACGTGGGCTACCTGCAGCCCAGGACCTTCCTGCTGAAGTACAA
CGAGAACGGCACCATCACCGACGCCGTGGACTGCGCCCTGGACCCTCTGAGCGA
GACAAAGTGCACCCTGAAGTCCTTCACCGTGGAGAAGGGCATCTACCAGACCAG
CAACTTCAGGGTGCAGCCCACCGAGAGCATCGTGAGGTTCCCCAACATCACCAA
CCTGTGCCCCTTCGGCGAGGTGTTCAACGCCACCAGGTTCGCCAGCGTGTACGCC
TGGAACAGGAAGAGGATCAGCAACTGCGTGGCCGACTACAGCGTGCTGTATAAC
AGCGCCAGCTTCAGCACCTTCAAGTGCTACGGCGTGAGCCCCACCAAGCTGAAC
GACCTGTGCTTCACCAACGTGTACGCCGACAGCTTCGTGATCAGGGGCGACGAG
GTGAGGCAGATCGCCCCTGGCCAGACCGGCAACATCGCCGACTACAACTACAAG
CTGCCCGACGACTTCACCGGCTGCGTGATCGCCTGGAACAGCAACAACCTGGAC
AGCAAGGTGGGCGGCAACTACAACTACCTGTACCGGCTGTTCAGAAAGAGCAAC
CTGAAGCCCTTCGAGAGGGACATCAGCACCGAGATCTACCAGGCCGGCAGCACC
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CCTTGCAACGGCGTGaAGGGCTTCAACTGCTACTTCCCTCTGCAGAGCTACGGCT
TCCAGCCCACCIACGGCGTGGGCTACCAGCCCTACAGGGTGGTGGTCCTGAGCTT
CGAGCTGCTGCACGCCCCTGCCACCGTGTGCGGCCCCAAGAAGTCCACCAACCT
GGTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGCCTGACCGGCACCGGCGT
GCTGACCGAGAGCAACAAGAAGTTCCTGCCCTTCCAGCAGTTCGGCAGGGACAT
CGCCGACACCACCGACGCCGTGAGGGACCCTCAGACCCTGGAGATCCTGGACAT
CACCCCTTGCAGCTTCGGCGGCGTGAGCGTGATCACCCCTGGCACCAACACCAGC
AACCAGGTGGCCGTGCTGTACCAGggcGTGAACTGCACCGAGGTGCCCGTGGCCA
TCCACGCCGACCAGCTGACCCCTACCTGGAGGGTGTACTCCACCGGCAGCAACG
TGTTCCAGACCAGGGCCGGCTGCCTGATCGGCGCCGAGCACGTGAACAACAGCT
ACGAGTGCGACATCCCCATCGGCGCCGGCATCTGCGCCAGCTACCAGACCCAGA
CCAACAGCCCCgGGaGecGCCAGCAGCGTGGCCAGCCAGAGCATCATCGCCTACAC
CATGAGCCTGGGCGtgGAGAACAGCGTGGCCTACAGCAACAACAGCATCGCCATC
CCCACCAACTTCACCATCAGCGTGACCACCGAGATCCTGCCCGTGAGCATGACCA
AGACCAGCGTGGACTGCACCATGTATATCTGCGGCGACAGCACCGAGTGCAGCA
ACCTGCTGCTCCAGTACGGCAGCTTCTGCACCCAGCTGAACAGGGCCCTGACCGG
CATCGCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAGGTGAAGCA
GATCTACAAGACCCCTCCCATCAAGGACTTCGGCGGCTTCAACTTCAGCCAGATC
CTGCCCGACCCCAGCAAGCCCAGCAAGAGGAGCTTCATCGAGGACCTGCTGTTC
AACAAGGTGACCCTGGCCGACGCCGGCTTCATCAAGCAGTACGGCGACTGCCTG
GGCGACATCGCCGCCAGGGACCTGATCTGCGCCCAGAAGTTCAACGGCCTGACC
GTGCTGCCTCCCCTGCTGACCGACGAGATGATCGCCCAGTACACCAGCGCCCTGC
TGGCCGGCACCATCACCAGCGGCTGGACCTTCGGCGCCGGCGCCGCCCTGCAGA
TCCCCTTCGCCATGCAGATGGCCTACAGGTTCAACGGCATCGGCGTGACCCAGAA
CGTGCTGTACGAGAACCAGAAGCTGATCGCCAACCAGTTCAACAGCGCCATCGG
CAAGATCCAGGACAGCCTGAGCAGCACCGCCAGCGCCCTGGGCAAGCTGCAGGA
CGTGGTGAACCAGAACGCCCAGGCCCTGAACACCCTGGTGAAGCAGCTGAGCAG
CAACTTCGGCGCCATCAGCAGCGTGCTGAACGACATCCTGAGCAGGCTGGACccac
ccGAGGCCGAGGTGCAGATCGACAGGCTGATCACCGGCAGGCTGCAGAGCCTGC
AGACCTACGTGACCCAGCAGCTGATCAGGGCCGCCGAGATCAGGGCCAGCGCCA
ACCTGGCCGCCACCAAGATGAGCGAGTGCGTGCTGGGCCAGAGCAAGAGGGTGG
ACTTCTGCGGCAAGGGCTACCACCTGATGAGCTTCCCTCAGAGCGCCCCTCACGG
CGTGGTGTTCCTGCACGTGACCTACGTGCCCGCCCAGGAGAAGAACTTCACCACA
GCCCCTGCCATCTGCCACGACGGCAAGGCCCACTTCCCCAGGGAGGGCGTGTTC
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GTGAGCAACGGCACCCACTGGTTCGTGACCCAGAGGAACTTCTACGAGCCCCAG
ATCATCACCACCGACAACACCTTCGTGAGCGGCAACTGCGACGTGGTGATCGGC
ATCGTGAACAACACCGTGTACGACCCTCTGCAGCCCGAGCTGGACAGCTTCAAG
GAGGAGCTGGACAAGTACTTCAAGAACCACACCAGCCCCGACGTGGACCTGGGC
GACATCAGCGGCATCAACGCCAGCGTGGTGAACATCCAGAAGGAGATCGACAGG
CTGAACGAGGTGGCCAAGAACCTGAACGAGAGCCTGATCGACCTGCAGGAGCTG
GGCAAGTACGAGCAGTACATCAAGTGGCCCTGGTACATCTGGCTGGGCTTCATC
GCCGGCCTGATCGCCATCGTGATGGTGACCATCATGCTGTGCTGCATGACCAGCT
GCTGCAGCTGCCTGAAGGGCTGCTGCAGCTGCGGCAGCTGCTGCAAGTTCGACG
AGGACGACAGCGAGCCCGTGCTGAAGGGCGTGAAGCTGCACTACACCTaAacTCG
AGTATGTTACGTGCAAAGGTGATTGTCACCCCCCGAAAGACCATATTGTGACACA
CCCTCAGTATCACGCCCAAACATTTACAGCCGCGGTGTCAAAAACCGCGTGGAC
GTGGTTAACATCCCTGCTGGGAGGATCAGCCGTAATTATTATAATTGGCTTGGTG
CTGGCTACTATTGTGGCCATGTACGTGCTGACCAACCAGAAACATAATTGAATAC
AGCAGCAATTGGCAAGCTGCTTACATAGAACTCGCGGCGATTGGCATGCCGCCTT
AAAATTTTTATTTTATTTTTTCTTTTCTTTTCCGAATCGGATTTTGTTTTTAATATTT
CAAAAAAAAAAAAAAAAAAAAAAAAATCtagAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAaaaaaaaaaaaaaaaaaaaa

SEQ ID NO:2 - mARM3280 (D614G)
atgggcggcegcatgagagaageccagaccaattacctacccaaaatggagaaagttcacgttgacatcgaggaagacagececattc
ctcagagctttgcageggagetteccgeagtttgaggtagaagccaageaggteactgataatgaccatgctaatgecagagegtttte
geatctggcttcaaaactgatcgaaacggaggtggacccatccgacacgatecttgacattggaagtgegeccgeccgeagaatGT
ATTCTAAGCACAAGTATCATTGTATCtgtccgatgagatgtecggaagatccggacagattgtataagtatge
aactaagctgaagaaaaactgtaaggaaataactgataaggaattggacaagaaaatgaaggagetggecgecgtcatgagegace
ctgacctggaaactgagactatgtgcctccacgacgacgagtcgtgtcgetacgaagggcaagtegetgtitaccaggatgtatacge
CGTcGACGGCCCCACCAGCCTGTACCACCAGGCCAACAAGGGCGTGAGGGTGGC
CTACTGGATCGGCTTCGACACCACACCCTTCATGTTCAAGAACCTGGCCGGCGCC
TACCCCAGCTACAGCACCAACTGGGCCGACGAGACAGTGCTGACCGCCAGGAAC
ATCGGCCTGTGCAGCAGCGACGTGATGGAGAGGAGCCGGAGGGGCATGAGCATC
CTGAGGAAGAAGTACCTGAAGCCCAGCAACAACGTGCTGTTCAGCGTGGGCAGC
ACCATCTACCACGAGAAGAGGGACCTGCTGAGGAGCTGGCACCTGCCCAGCGTG
TTCCACCTGAGGGGCAAGCAGAACTACACCTGCAGGTGCGAGACAATCGTGAGC
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TGCGACGGCTACGTGGTGAAGAGGATCGCCATCAGCCCCGGCCTGTACGGCAAG
CCCAGCGGCTACGCCGCCACCATGCACAGGGAGGGCTTCCTGTGCTGCAAGGTG
ACCGACACCCTGAACGGCGAGAGGGTGAGCTTCCCCGTGTGCACCTACGTGCCC
GCCACCCTGTGCGACCAGATGACCGGCATCCTGGCCACCGACGTGAGCGCCGAC
GACGCCCAGAAGCTGCTGGTGGGCCTGAACCAGAGGATCGTGGTGAACGGCAGG
ACCCAGAGGAACACCAACACCATGAAGAACTACCTGCTGCCCGTGGTGGCCCAG
GCCTTCGCCAGGTGGGCCAAGGAGTACAAGGAGGACCAGGAGGACGAGAGGCC
CCTGGGCCTGAGGGACcGaCAGCTGGTGATGGGCTGCTGCTGGGCCTTCAGGCGG
CACAAGATCACCAGCATCTACAAGAGGCCCGACACCCAGACCATCATCAAGGTG
AACAGCGACTTCCACAGCTTCGTGCTGCCCAGGATCGGCAGCAACACCCTGGAG
ATCGGCCTGAGGACCCGGATCAGGAAGATGCTGGAGGAGCACAAGGAGCCCAG
CCCTCTGATCACCGCCGAGGACGTGCAGGAGGCCAAGTGCGCCGCCGACGAGGC
CAAGGAGGTGAGGGAGGCCGAGGAGCTGAGGGCCGCCCTGCCTCCCCTGGCCGC
CGACGTGGAGGAGCCCACCCTGGAGGCCGACGTGGACCTGATGCTGCAGGAGGC
CGGCGCCGGCAGCGTGGAGACACCCAGGGGCCTGATCAAGGTGACCAGCTACGA
CGGCGAGGACAAGATCGGCAGCTACGCCGTGCTcAGCCCTCAGGCCGTGCTGAA
GTCCGAGAAGCTGAGCTGCATCCACCCTCTGGCCGAGCAGGTGATCGTGATCAC
CCACAGCGGCAGGAAGGGCAGGTACGCCGTGGAGCCCTACCACGGCAAGGTGGT
GGTCCCCGAGGGCCACGCCATCCCCGTGCAGGACTTCCAGGCCCTGAGCGAGAG
CGCCACCATCGTGTATAACGAGAGGGAGTTCGTGAACAGGTACCTGCACCACAT
CGCCACCCACGGCGGCGCCCTGAACACCGACGAGGAGTACTACAAGACCGTGAA
GCCCAGCGAGCACGACGGCGAGTACCTGTACGACATCGACAGGAAGCAGTGCGT
GAAGAAGGAGCTGGTGACCGGCCTGGGCCTGACCGGCGAGCTGGTGGACCCTCC
CTTCCACGAGTTCGCCTACGAGAGCCTGAGGACCAGGCCCGCCGCTCCCTACCAG
GTGCCCACCATCGGCGTGTACGGCGTGCCCGGCAGCGGCAAGAGCGGCATCATC
AAGAGCGCCGTGACCAAGAAGGACCTGGTGGTGAGCGCCAAGAAGGAGAACTG
CGCCGAGATCATCAGGGACGTGAAGAAGATGAAGGGCCTGGACGTGAACGCCA
GGACCGTGGACAGCGTGCTcCTGAACGGCTGCAAGCACCCCGTGGAGACACTGT
ATATCGACGAGGCCTTCGCCTGCCACGCCGGCACCCTGAGGGCCCTGATCGCCAT
CATCAGGCCCAAGAAGGCCGTGCTGTGCGGCGACCCCAAGCAGTGCGGCTTCTT
CAACATGATGTGCCTGAAGGTGCACTTCAACCACGAGATCTGCACCCAGGTGTTC
CACAAGAGCATCAGCAGGCGGTGCACCAAGAGCGTGACCAGCGTGGTGAGCACC
CTGTTCTACGACAAGAAGATGAGGACCACCAACCCCAAGGAGACAAAGATCGTG
ATCGACACCACCGGCAGCACCAAGCCCAAGCAGGACGACCTGATCCTGACCTGC
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TTCAGGGGCTGGGTGAAGCAGCTGCAGATCGACTACAAGGGCAACGAGATCATG
ACCGCCGCCGCTAGCCAGGGCCTGACCAGGAAGGGCGTGTACGCCGTGAGGTAC
AAGGTGAACGAGAATCCCCTGTACGCCCCTACCAGCGAGCACGTGAACGTcCTGC
TGACCAGGACCGAGGACAGGATCGTGTGGAAGACCCTGGCCGGCGACCCCTGGA
TCAAGACCCTGACCGCCAAGTACCCCGGCAACTTCACCGCCACCATCGAGGAGT
GGCAGGCCGAGCACGACGCCATCATGAGGCACATCCTGGAGAGGCCCGACCCCA
CCGACGTGTTCCAGAACAAGGCCAACGTGTGCTGGGCCAAGGCCCTGGTGCCCG
TGCTGAAGACCGCCGGCATCGACATGACCACCGAGCAGTGGAACACCGTGGACT
ACTTCGAGACAGACAAGGCCCACAGCGCCGAGATCGTGCTGAACCAGCTGTGCG
TGAGGTTCTTCGGCCTGGACCTGGACAGCGGCCTGTTCAGCGCCCCTACCGTGCC
CCTGAGCATCAGGAACAACCACTGGGACAACAGCCCCAGCCCCAACATGTACGG
CCTGAACAAGGAGGTGGTGAGGCAGCTGAGCAGGCGGTACCCTCAGCTGCCCAG
GGCCGTGGCCACCGGCAGGGTGTACGACATGAACACCGGCACCCTGAGGAACTA
CGACCCCAGGATCAACCTGGTGCCCGTGAACAGGCGGCTGCCaCACGCCCTGGTG
CTGCACCACAACGAGCACCCTCAGAGCGACTTCAGCAGCTTCGTGAGCAAGCTG
AAGGGCAGGACCGTGCTGGTGGTGGGCGAGAAGCTGAGCGTGCCCGGCAAGAT
GGTGGACTGGCTGAGCGACAGGCCCGAGGCCACCTTCCGGGCCAGGCTGGACCT
GGGCATCCCCGGCGACGTGCCCAAGTACGACATCATCTTCGTGAACGTGAGGAC
CCCTTACAAGTACCACCACTACCAGCAGTGCGAGGACCACGCCATCAAGCTGAG
CATGCTGACCAAGAAGGCCTGCCTGCACCTGAACCCCGGCGGCACCTGCGTGAG
CATCGGCTACGGCTACGCCGACAGGGCCAGCGAGAGCATCATCGGCGCCATCGC
CAGGCTGTTCAAGTTCAGCAGGGTGTGCAAGCCCAAGAGCAGCCTGGAGGAGAC
AGAGGTGCTGTTCGTGTTCATCGGCTACGACCGGAAGGCCAGGACCCACAACCC
CTACAAGCTGAGCAGCACCCTGACCAACATCTACACCGGCAGCAGGCTGCACGA
GGCCGGCTGCGCCCCTAGCTACCACGTGGTGAGGGGCGACATCGCCACCGCCAC
CGAGGGCGTGATCATCAACGCCGCCAACAGCAAGGGCCAGCCCGGCGGCGGGAET
GTGCGGCGCCCTGTATAAGAAGTTCCCCGAGAGCTTCGACCTGCAGCCCATCGA
GGTGGGCAAGGCCAGGCTGGTGAAGGGCGCCGCCAAGCACATCATCCACGCCGT
GGGCCCCAACTTCAACAAGGTGAGCGAGGTGGAGGGCGACAAGCAGCTGGCCG
AGGCCTACGAGAGCATCGCCAAGATCGTGAACGACAACAACTACAAGAGCGTGG
CCATCCCTCTGCTGAGCACCGGCATCTTCAGCGGCAACAAGGACAGGCTGACCC
AGAGCCTGAACCACCTGCTGACCGCCCTGGACACCACCGACGCCGACGTGGCCA
TCTACTGCAGGGACAAGAAGTGGGAGATGACCCTGAAGGAGGCCGTGGCCAGGC
GGGAGGCCGTGGAGGAGATCTGCATCAGCGACGACAGCAGCGTGACgGAGCCCG
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ACGCCGAGCTGGTGAGGGTGCACCCCAAGAGCAGCCTGGCCGGCAGGAAGGGCT
ACAGCACCAGCGACGGCAAGACCTTCAGCTACCTGGAGGGCACCAAGTTCCACC
AGGCCGCCAAGGACATCGCCGAGATCAACGCCATGTGGCCCGTGGCCACCGAGG
CCAACGAGCAGGTGTGCATGTATATCCTGGGCGAGAGCATGAGCAGCATCAGGA
GCAAGTGCCCCGTGGAGGAGAGCGAGGCCAGCACCCCTCCCAGCACCCTGCCCT
GCCTGTGCATCCACGCCATGACCCCTGAGAGGGTGCAGCGGCTGAAGGCCAGCA
GGCCCGAGCAGATCACCGTGTGCAGCAGCTTCCCTCTGCCCAAGTACCGGATCAC
CGGCGTGCAGAAGATCCAGTGCAGCCAGCCCATCCTGTTCAGCCCCAAGGTGCC
CGCCTACATCCACCCCAGGAAGTACCTGGTGGAGACACCCCCCGTGGACGAGAC
ACCCGAGCCCAGCGCCGAGAACCAGAGCACCGAGGGCACCCCTGAGCAGCCTCC
CCTGATCACCGAGGACGAGACAAGGACCAGGACgCCcGAGCCCATCATCATTGA
GGAGGAAGAGGAGGACAGCATCAGCCTGCTGAGCGACGGCCCCACCCACCAGG
TGCTGCAGGTGGAGGCCGACATCCACGGCCCTCCCAGCGTGAGCAGCTCCAGCT
GGAGCATCCCTCACGCCAGCGACTTCGACGTGGACAGCCTGAGCATCCTGGACA
CCCTGGAGGGCGCCAGCGTGACCAGCGGCGCCACCAGCGCCGAGACAAACAGCT
ACTTCGCCAAGAGCATGGAGTTCCTGGCCAGGCCCGTGCCCGCCCCTAGGACCGT
GTTCAGGAACCCTCCCCACCCCGCCCCTAGGACCAGGACCCCTAGCCTGGCCCCT
AGCAGGGCCTGCAGCAGGACCAGCCTGGTGAGCACCCCTCCCGGCGTGAACCGG
GTGATCACCAGGGAGGAGCTGGAGGCCCTGACCCCTAGCAGGACCCCTAGCAGG
AGCGTGAGCAGGACCAGCCTGGTGAGCAACCCTCCCGGCGTGAACCGGGTGATC
ACCAGGGAGGAGTTCGAGGCCTTCGTGGCCCAGCAGCAAAGGCGGTTCGACGCC
GGCGCCTACATCTTCAGCAGCGACACCGGCCAGGGCCACCTGCAGCAGAAGTCC
GTGAGGCAGACCGTGCTGAGCGAGGTGGTcCTGGAGAGGACgGAGCTGGAGATC
AGCTACGCCCCTAGGCTGGACCAGGAGAAGGAGGAGCTGCTGAGGAAGAAGCT
GCAGCTGAACCCCACCCCTGCCAACAGGAGCAGGTACCAGAGCAGGAAGGTGG
AGAACATGAAGGCCATCACCGCCAGGCGGATCCTGCAGGGCCTGGGCCACTACC
TGAAGGCCGAGGGCAAGGTGGAGTGCTACAGGACCCTGCACCCCGTGCCCCTGT
ACTCCAGCTCCGTGAACAGGGCCTTCAGCAGCCCCAAGGTGGCCGTGGAGGCCT
GCAACGCCATGCTGAAGGAGAACTTCCCCACCGTGGCCAGCTACTGCATCATCCC
CGAGTACGACGCCTACCTGGACATGGTGGACGGCGCCAGCTGCTGCCTGGACAC
CGCCAGCTTCTGCCCCGCCAAGCTGAGGAGCTTCCCCAAGAAGCACAGCTACCT
GGAGCCCACCATCAGGAGCGCCGTGCCCAGCGCCATCCAGAACACCCTGCAGAA
CGTGCTGGCCGCCGCTACCAAGAGGAACTGCAACGTGACCCAGATGAGGGAGCT
GCCCGTGCTGGACAGCGCCGCCTTCAACGTGGAGTGCTTCAAGAAGTACGCCTG
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CAACAACGAGTACTGGGAGACATTCAAGGAGAACCCCATCAGGCTGACCGAGGA
GAACGTGGTGAACTACATCACCAAGCTGAAGGGCCCCAAGGCCGCCGCTCTGTT
CGCCAAGACCCACAACCTGAACATGCTcCAGGACATCCCTATGGACAGGTTCGTG
ATGGACCTGAAGAGGGACGTGAAGGTGACCCCTGGCACCAAGCACACCGAGGA
GAGGCCCAAGGTGCAGGTGATCCAGGCCGCCGACCCTCTGGCCACCGCCTACCT
GTGCGGCATCCACAGGGAGCTGGTGAGGCGGCTGAACGCCGTcCTGCTGCCCAA
CATCCACACCCTGTTCGACATGAGCGCCGAGGACTTCGACGCCATCATCGCCGAG
CACTTCCAGCCCGGCGACTGCGTGCTGGAGACAGACATCGCCAGCTTCGACAAG
AGCGAGGACGACGCTATGGCCCTGACCGCCCTGATGATCCTGGAGGACCTGGGC
GTGGACGCCGAGCTGCTGACCCTGATCGAGGCCGCCTTCGGCGAGATCAGCAGC
ATCCACCTGCCCACCAAGACCAAGTTCAAGTTCGGCGCCATGATGAAGTCCGGC
ATGTTCCTGACCCTGTTCGTGAACACCGTGATCAACATCGTGATCGCCAGCAGGG
TGCTGCGGGAGAGGCTGACCGGCAGCCCCTGCGCCGCCTTCATCGGCGACGACA
ACATCGTGAAGGGCGTGAAGTCCGACAAGCTGATGGCCGACAGGTGCGCCACCT
GGCTGAACATGGAGGTGAAGATCATCGACGCCGTGGTGGGCGAGAAGGCCCCTT
ACTTCTGCGGCGGCTTCATCCTGTGCGACAGCGTGACCGGCACCGCCTGCAGGGT
GGCCGACCCTCTGAAGAGGCTGTTCAAGCTGGGCAAGCCCCTGGCCGCCGACGA
CGAGCACGACGACGATAGGCGGAGGGCCCTGCACGAGGAGAGCACCAGGTGGA
ACcGGGTGGGCATCCTGAGCGAGCTGTGCAAGGCCGTGGAGAGCAGGTACGAGA
CAGTGGGCACCAGCATCATCGTGATGGCCATGACCACCCTGGCCAGCAGCGTcAA
GTCCTTCAGCTACCTGAGGGGGGCCCCTATAACTCTCTACGGCTAACCTGAATGG
ACTACGACATAGTCTAGTCCGCCAAGGCCGCCACCATGTTCGTGTTCCTGGTGCT
GCTGCCCCTGGTGTCTAGCCAGTGCGTGAACCTGACCACCAGGACCCAGCTGCCT
CCCGCCTACACCAACAGCTTCACCAGGGGCGTGTACTACCCCGACAAGGTGTTCA
GGAGCAGCGTGCTGCACAGCACCCAGGACCTGTTCCTGCCCTTCTTCAGCAACGT
GACCTGGTTCCACGCCATCCACGTGAGCGGCACCAACGGCACCAAGAGGTTCGA
CAACCCCGTGCTGCCCTTCAACGACGGCGTGTACTTCGCCAGCACCGAGAAGTCC
AACATCATCAGGGGCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGC
CTGCTGATCGTGAACAACGCCACCAACGTGGTGATCAAGGTGTGCGAGTTCCAG
TTCTGCAACGACCCCTTCCTGGGCGTGTACTACCACAAGAACAACAAGAGCTGG
ATGGAGAGCGAGTTCAGGGTGTACTCCAGCGCCAACAACTGCACCTTCGAGTAC
GTGAGCCAGCCCTTCCTGATGGACCTGGAGGGCAAGCAGGGCAACTTCAAGAAC
CTGAGGGAGTTCGTGTTCAAGAACATCGACGGCTACTTCAAGATCTACAGCAAG
CACACCCCTATCAACCTGGTGAGGGACCTGCCCCAGGGCTTCAGCGCCCTGGAG
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CCCCTGGTGGACCTGCCCATCGGCATCAACATCACCAGGTTCCAGACCCTGCTGG
CCCTGCACAGGAGCTACCTGACCCCTGGCGACAGCAGCTCCGGCTGGACCGCCG
GCGCCGCCGCTTACTACGTGGGCTACCTGCAGCCCAGGACCTTCCTGCTGAAGTA
CAACGAGAACGGCACCATCACCGACGCCGTGGACTGCGCCCTGGACCCTCTGAG
CGAGACAAAGTGCACCCTGAAGTCCTTCACCGTGGAGAAGGGCATCTACCAGAC
CAGCAACTTCAGGGTGCAGCCCACCGAGAGCATCGTGAGGTTCCCCAACATCAC
CAACCTGTGCCCCTTCGGCGAGGTGTTCAACGCCACCAGGTTCGCCAGCGTGTAC
GCCTGGAACAGGAAGAGGATCAGCAACTGCGTGGCCGACTACAGCGTGCTGTAT
AACAGCGCCAGCTTCAGCACCTTCAAGTGCTACGGCGTGAGCCCCACCAAGCTG
AACGACCTGTGCTTCACCAACGTGTACGCCGACAGCTTCGTGATCAGGGGCGAC
GAGGTGAGGCAGATCGCCCCTGGCCAGACCGGCAAGATCGCCGACTACAACTAC
AAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCTGGAACAGCAACAACCTG
GACAGCAAGGTGGGCGGCAACTACAACTACCTGTACCGGCTGTTCAGAAAGAGC
AACCTGAAGCCCTTCGAGAGGGACATCAGCACCGAGATCTACCAGGCCGGCAGC
ACCCCTTGCAACGGCGTGGAGGGCTTCAACTGCTACTTCCCTCTGCAGAGCTACG
GCTTCCAGCCCACCAACGGCGTGGGCTACCAGCCCTACAGGGTGGTGGTCCTGA
GCTTCGAGCTGCTGCACGCCCCTGCCACCGTGTGCGGCCCCAAGAAGTCCACCAA
CCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGCCTGACCGGCACCGG
CGTGCTGACCGAGAGCAACAAGAAGTTCCTGCCCTTCCAGCAGTTCGGCAGGGA
CATCGCCGACACCACCGACGCCGTGAGGGACCCTCAGACCCTGGAGATCCTGGA
CATCACCCCTTGCAGCTTCGGCGGCGTGAGCGTGATCACCCCTGGCACCAACACC
AGCAACCAGGTGGCCGTGCTGTACCAGggcGTGAACTGCACCGAGGTGCCCGTGG
CCATCCACGCCGACCAGCTGACCCCTACCTGGAGGGTGTACTCCACCGGCAGCA
ACGTGTTCCAGACCAGGGCCGGCTGCCTGATCGGCGCCGAGCACGTGAACAACA
GCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGCGCCAGCTACCAGACCC
AGACCAACAGCCCCgGGaGeGCCAGCAGCGTGGCCAGCCAGAGCATCATCGCCTA
CACCATGAGCCTGGGCGCCGAGAACAGCGTGGCCTACAGCAACAACAGCATCGC
CATCCCCACCAACTTCACCATCAGCGTGACCACCGAGATCCTGCCCGTGAGCATG
ACCAAGACCAGCGTGGACTGCACCATGTATATCTGCGGCGACAGCACCGAGTGC
AGCAACCTGCTGCTCCAGTACGGCAGCTTCTGCACCCAGCTGAACAGGGCCCTG
ACCGGCATCGCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAGGTG
AAGCAGATCTACAAGACCCCTCCCATCAAGGACTTCGGCGGCTTCAACTTCAGCC
AGATCCTGCCCGACCCCAGCAAGCCCAGCAAGAGGAGCTTCATCGAGGACCTGC
TGTTCAACAAGGTGACCCTGGCCGACGCCGGCTTCATCAAGCAGTACGGCGACT
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GCCTGGGCGACATCGCCGCCAGGGACCTGATCTGCGCCCAGAAGTTCAACGGCC
TGACCGTGCTGCCTCCCCTGCTGACCGACGAGATGATCGCCCAGTACACCAGCGC
CCTGCTGGCCGGCACCATCACCAGCGGCTGGACCTTCGGCGCCGGCGCCGCCCTG
CAGATCCCCTTCGCCATGCAGATGGCCTACAGGTTCAACGGCATCGGCGTGACCC
AGAACGTGCTGTACGAGAACCAGAAGCTGATCGCCAACCAGTTCAACAGCGCCA
TCGGCAAGATCCAGGACAGCCTGAGCAGCACCGCCAGCGCCCTGGGCAAGCTGC
AGGACGTGGTGAACCAGAACGCCCAGGCCCTGAACACCCTGGTGAAGCAGCTGA
GCAGCAACTTCGGCGCCATCAGCAGCGTGCTGAACGACATCCTGAGCAGGCTGG
ACccacccGAGGCCGAGGTGCAGATCGACAGGCTGATCACCGGCAGGCTGCAGAGC
CTGCAGACCTACGTGACCCAGCAGCTGATCAGGGCCGCCGAGATCAGGGCCAGC
GCCAACCTGGCCGCCACCAAGATGAGCGAGTGCGTGCTGGGCCAGAGCAAGAGG
GTGGACTTCTGCGGCAAGGGCTACCACCTGATGAGCTTCCCTCAGAGCGCCCCTC
ACGGCGTGGTGTTCCTGCACGTGACCTACGTGCCCGCCCAGGAGAAGAACTTCA
CCACAGCCCCTGCCATCTGCCACGACGGCAAGGCCCACTTCCCCAGGGAGGGCG
TGTTCGTGAGCAACGGCACCCACTGGTTCGTGACCCAGAGGAACTTCTACGAGCC
CCAGATCATCACCACCGACAACACCTTCGTGAGCGGCAACTGCGACGTGGTGAT
CGGCATCGTGAACAACACCGTGTACGACCCTCTGCAGCCCGAGCTGGACAGCTT
CAAGGAGGAGCTGGACAAGTACTTCAAGAACCACACCAGCCCCGACGTGGACCT
GGGCGACATCAGCGGCATCAACGCCAGCGTGGTGAACATCCAGAAGGAGATCGA
CAGGCTGAACGAGGTGGCCAAGAACCTGAACGAGAGCCTGATCGACCTGCAGGA
GCTGGGCAAGTACGAGCAGTACATCAAGTGGCCCTGGTACATCTGGCTGGGCTT
CATCGCCGGCCTGATCGCCATCGTGATGGTGACCATCATGCTGTGCTGCATGACC
AGCTGCTGCAGCTGCCTGAAGGGCTGCTGCAGCTGCGGCAGCTGCTGCAAGTTC
GACGAGGACGACAGCGAGCCCGTGCTGAAGGGCGTGAAGCTGCACTACACCTaA
aCTCGAGTATGTTACGTGCAAAGGTGATTGTCACCCCCCGAAAGACCATATTGTG
ACACACCCTCAGTATCACGCCCAAACATTTACAGCCGCGGTGTCAAAAACCGCG
TGGACGTGGTTAACATCCCTGCTGGGAGGATCAGCCGTAATTATTATAATTGGCT
TGGTGCTGGCTACTATTGTGGCCATGTACGTGCTGACCAACCAGAAACATAATTG
AATACAGCAGCAATTGGCAAGCTGCTTACATAGAACTCGCGGCGATTGGCATGC
CGCCTTAAAATTTTTATTTITATTTTTTCTTTTCTTTTCCGAATCGGATTTTGTTTTTA
ATATTTCAAAAAAAAAAAAAAAAAAAAAAAAATctagAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAaaaaaaaaaaaaaaaaaaaa
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SEQ ID NO:3 - mARM3333 (UK B.1.1.7)
atgggcggcegcatgagagaageccagaccaattacctacccaaaatggagaaagttcacgttgacatcgaggaagacagececattc
ctcagagctttgcageggagetteccgeagtttgaggtagaagccaageaggteactgataatgaccatgetaatgecagagegtttte
geatctggcttcaaaactgatcgaaacggaggtggacccatccgacacgatecttgacattggaagtgegeccgeccgeagaatGT
ATTCTAAGCACAAGTATCATTGTATCtgtccgatgagatgtgcggaagatccggacagattgtataagtatge
aactaagctgaagaaaaactgtaaggaaataactgataaggaattggacaagaaaatgaaggagetggecgecgtcatgagegace
ctgacctggaaactgagactatgtgcctccacgacgacgagtegtgtcgetacgaagggcaagtegetgtitaccaggatgtatacge
CGTcGACGGCCCCACCAGCCTGTACCACCAGGCCAACAAGGGCGTGAGGGTGGC
CTACTGGATCGGCTTCGACACCACACCCTTCATGTTCAAGAACCTGGCCGGCGCC
TACCCCAGCTACAGCACCAACTGGGCCGACGAGACAGTGCTGACCGCCAGGAAC
ATCGGCCTGTGCAGCAGCGACGTGATGGAGAGGAGCCGGAGGGGCATGAGCATC
CTGAGGAAGAAGTACCTGAAGCCCAGCAACAACGTGCTGTTCAGCGTGGGCAGC
ACCATCTACCACGAGAAGAGGGACCTGCTGAGGAGCTGGCACCTGCCCAGCGTG
TTCCACCTGAGGGGCAAGCAGAACTACACCTGCAGGTGCGAGACAATCGTGAGC
TGCGACGGCTACGTGGTGAAGAGGATCGCCATCAGCCCCGGCCTGTACGGCAAG
CCCAGCGGCTACGCCGCCACCATGCACAGGGAGGGCTTCCTGTGCTGCAAGGTG
ACCGACACCCTGAACGGCGAGAGGGTGAGCTTCCCCGTGTGCACCTACGTGCCC
GCCACCCTGTGCGACCAGATGACCGGCATCCTGGCCACCGACGTGAGCGCCGAC
GACGCCCAGAAGCTGCTGGTGGGCCTGAACCAGAGGATCGTGGTGAACGGCAGG
ACCCAGAGGAACACCAACACCATGAAGAACTACCTGCTGCCCGTGGTGGCCCAG
GCCTTCGCCAGGTGGGCCAAGGAGTACAAGGAGGACCAGGAGGACGAGAGGCC
CCTGGGCCTGAGGGACcGaCAGCTGGTGATGGGCTGCTGCTGGGCCTTCAGGCGG
CACAAGATCACCAGCATCTACAAGAGGCCCGACACCCAGACCATCATCAAGGTG
AACAGCGACTTCCACAGCTTCGTGCTGCCCAGGATCGGCAGCAACACCCTGGAG
ATCGGCCTGAGGACCCGGATCAGGAAGATGCTGGAGGAGCACAAGGAGCCCAG
CCCTCTGATCACCGCCGAGGACGTGCAGGAGGCCAAGTGCGCCGCCGACGAGGC
CAAGGAGGTGAGGGAGGCCGAGGAGCTGAGGGCCGCCCTGCCTCCCCTGGCCGC
CGACGTGGAGGAGCCCACCCTGGAGGCCGACGTGGACCTGATGCTGCAGGAGGC
CGGCGCCGGCAGCGTGGAGACACCCAGGGGCCTGATCAAGGTGACCAGCTACGA
CGGCGAGGACAAGATCGGCAGCTACGCCGTGCTcAGCCCTCAGGCCGTGCTGAA
GTCCGAGAAGCTGAGCTGCATCCACCCTCTGGCCGAGCAGGTGATCGTGATCAC
CCACAGCGGCAGGAAGGGCAGGTACGCCGTGGAGCCCTACCACGGCAAGGTGGT
GGTCCCCGAGGGCCACGCCATCCCCGTGCAGGACTTCCAGGCCCTGAGCGAGAG
CGCCACCATCGTGTATAACGAGAGGGAGTTCGTGAACAGGTACCTGCACCACAT
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CGCCACCCACGGCGGCGCCCTGAACACCGACGAGGAGTACTACAAGACCGTGAA
GCCCAGCGAGCACGACGGCGAGTACCTGTACGACATCGACAGGAAGCAGTGCGT
GAAGAAGGAGCTGGTGACCGGCCTGGGCCTGACCGGCGAGCTGGTGGACCCTCC
CTTCCACGAGTTCGCCTACGAGAGCCTGAGGACCAGGCCCGCCGCTCCCTACCAG
GTGCCCACCATCGGCGTGTACGGCGTGCCCGGCAGCGGCAAGAGCGGCATCATC
AAGAGCGCCGTGACCAAGAAGGACCTGGTGGTGAGCGCCAAGAAGGAGAACTG
CGCCGAGATCATCAGGGACGTGAAGAAGATGAAGGGCCTGGACGTGAACGCCA
GGACCGTGGACAGCGTGCTcCTGAACGGCTGCAAGCACCCCGTGGAGACACTGT
ATATCGACGAGGCCTTCGCCTGCCACGCCGGCACCCTGAGGGCCCTGATCGCCAT
CATCAGGCCCAAGAAGGCCGTGCTGTGCGGCGACCCCAAGCAGTGCGGCTTCTIT
CAACATGATGTGCCTGAAGGTGCACTTCAACCACGAGATCTGCACCCAGGTGTTC
CACAAGAGCATCAGCAGGCGGTGCACCAAGAGCGTGACCAGCGTGGTGAGCACC
CTGTTCTACGACAAGAAGATGAGGACCACCAACCCCAAGGAGACAAAGATCGTG
ATCGACACCACCGGCAGCACCAAGCCCAAGCAGGACGACCTGATCCTGACCTGC
TTCAGGGGCTGGGTGAAGCAGCTGCAGATCGACTACAAGGGCAACGAGATCATG
ACCGCCGCCGCTAGCCAGGGCCTGACCAGGAAGGGCGTGTACGCCGTGAGGTAC
AAGGTGAACGAGAATCCCCTGTACGCCCCTACCAGCGAGCACGTGAACGTcCTGC
TGACCAGGACCGAGGACAGGATCGTGTGGAAGACCCTGGCCGGCGACCCCTGGA
TCAAGACCCTGACCGCCAAGTACCCCGGCAACTTCACCGCCACCATCGAGGAGT
GGCAGGCCGAGCACGACGCCATCATGAGGCACATCCTGGAGAGGCCCGACCCCA
CCGACGTGTTCCAGAACAAGGCCAACGTGTGCTGGGCCAAGGCCCTGGTGCCCG
TGCTGAAGACCGCCGGCATCGACATGACCACCGAGCAGTGGAACACCGTGGACT
ACTTCGAGACAGACAAGGCCCACAGCGCCGAGATCGTGCTGAACCAGCTGTGCG
TGAGGTTCTTCGGCCTGGACCTGGACAGCGGCCTGTTCAGCGCCCCTACCGTGCC
CCTGAGCATCAGGAACAACCACTGGGACAACAGCCCCAGCCCCAACATGTACGG
CCTGAACAAGGAGGTGGTGAGGCAGCTGAGCAGGCGGTACCCTCAGCTGCCCAG
GGCCGTGGCCACCGGCAGGGTGTACGACATGAACACCGGCACCCTGAGGAACTA
CGACCCCAGGATCAACCTGGTGCCCGTGAACAGGCGGCTGCCaCACGCCCTGGTG
CTGCACCACAACGAGCACCCTCAGAGCGACTTCAGCAGCTTCGTGAGCAAGCTG
AAGGGCAGGACCGTGCTGGTGGTGGGCGAGAAGCTGAGCGTGCCCGGCAAGAT
GGTGGACTGGCTGAGCGACAGGCCCGAGGCCACCTTCCGGGCCAGGCTGGACCT
GGGCATCCCCGGCGACGTGCCCAAGTACGACATCATCTTCGTGAACGTGAGGAC
CCCTTACAAGTACCACCACTACCAGCAGTGCGAGGACCACGCCATCAAGCTGAG
CATGCTGACCAAGAAGGCCTGCCTGCACCTGAACCCCGGCGGCACCTGCGTGAG
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CATCGGCTACGGCTACGCCGACAGGGCCAGCGAGAGCATCATCGGCGCCATCGC
CAGGCTGTTCAAGTTCAGCAGGGTGTGCAAGCCCAAGAGCAGCCTGGAGGAGAC
AGAGGTGCTGTTCGTGTTCATCGGCTACGACCGGAAGGCCAGGACCCACAACCC
CTACAAGCTGAGCAGCACCCTGACCAACATCTACACCGGCAGCAGGCTGCACGA
GGCCGGCTGCGCCCCTAGCTACCACGTGGTGAGGGGCGACATCGCCACCGCCAC
CGAGGGCGTGATCATCAACGCCGCCAACAGCAAGGGCCAGCCCGGCGGCGGGAGT
GTGCGGCGCCCTGTATAAGAAGTTCCCCGAGAGCTTCGACCTGCAGCCCATCGA
GGTGGGCAAGGCCAGGCTGGTGAAGGGCGCCGCCAAGCACATCATCCACGCCGT
GGGCCCCAACTTCAACAAGGTGAGCGAGGTGGAGGGCGACAAGCAGCTGGCCG
AGGCCTACGAGAGCATCGCCAAGATCGTGAACGACAACAACTACAAGAGCGTGG
CCATCCCTCTGCTGAGCACCGGCATCTTCAGCGGCAACAAGGACAGGCTGACCC
AGAGCCTGAACCACCTGCTGACCGCCCTGGACACCACCGACGCCGACGTGGCCA
TCTACTGCAGGGACAAGAAGTGGGAGATGACCCTGAAGGAGGCCGTGGCCAGGC
GGGAGGCCGTGGAGGAGATCTGCATCAGCGACGACAGCAGCGTGACgGAGCCCG
ACGCCGAGCTGGTGAGGGTGCACCCCAAGAGCAGCCTGGCCGGCAGGAAGGGCT
ACAGCACCAGCGACGGCAAGACCTTCAGCTACCTGGAGGGCACCAAGTTCCACC
AGGCCGCCAAGGACATCGCCGAGATCAACGCCATGTGGCCCGTGGCCACCGAGG
CCAACGAGCAGGTGTGCATGTATATCCTGGGCGAGAGCATGAGCAGCATCAGGA
GCAAGTGCCCCGTGGAGGAGAGCGAGGCCAGCACCCCTCCCAGCACCCTGCCCT
GCCTGTGCATCCACGCCATGACCCCTGAGAGGGTGCAGCGGCTGAAGGCCAGCA
GGCCCGAGCAGATCACCGTGTGCAGCAGCTTCCCTCTGCCCAAGTACCGGATCAC
CGGCGTGCAGAAGATCCAGTGCAGCCAGCCCATCCTGTTCAGCCCCAAGGTGCC
CGCCTACATCCACCCCAGGAAGTACCTGGTGGAGACACCCCCCGTGGACGAGAC
ACCCGAGCCCAGCGCCGAGAACCAGAGCACCGAGGGCACCCCTGAGCAGCCTCC
CCTGATCACCGAGGACGAGACAAGGACCAGGACgCCcGAGCCCATCATCATTGA
GGAGGAAGAGGAGGACAGCATCAGCCTGCTGAGCGACGGCCCCACCCACCAGG
TGCTGCAGGTGGAGGCCGACATCCACGGCCCTCCCAGCGTGAGCAGCTCCAGCT
GGAGCATCCCTCACGCCAGCGACTTCGACGTGGACAGCCTGAGCATCCTGGACA
CCCTGGAGGGCGCCAGCGTGACCAGCGGCGCCACCAGCGCCGAGACAAACAGCT
ACTTCGCCAAGAGCATGGAGTTCCTGGCCAGGCCCGTGCCCGCCCCTAGGACCGT
GTTCAGGAACCCTCCCCACCCCGCCCCTAGGACCAGGACCCCTAGCCTGGCCCCT
AGCAGGGCCTGCAGCAGGACCAGCCTGGTGAGCACCCCTCCCGGCGTGAACCGG
GTGATCACCAGGGAGGAGCTGGAGGCCCTGACCCCTAGCAGGACCCCTAGCAGG
AGCGTGAGCAGGACCAGCCTGGTGAGCAACCCTCCCGGCGTGAACCGGGTGATC
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ACCAGGGAGGAGTTCGAGGCCTTCGTGGCCCAGCAGCAAAGGCGGTTCGACGCC
GGCGCCTACATCTTCAGCAGCGACACCGGCCAGGGCCACCTGCAGCAGAAGTCC
GTGAGGCAGACCGTGCTGAGCGAGGTGGTcCTGGAGAGGACgGAGCTGGAGATC
AGCTACGCCCCTAGGCTGGACCAGGAGAAGGAGGAGCTGCTGAGGAAGAAGCT
GCAGCTGAACCCCACCCCTGCCAACAGGAGCAGGTACCAGAGCAGGAAGGTGG
AGAACATGAAGGCCATCACCGCCAGGCGGATCCTGCAGGGCCTGGGCCACTACC
TGAAGGCCGAGGGCAAGGTGGAGTGCTACAGGACCCTGCACCCCGTGCCCCTGT
ACTCCAGCTCCGTGAACAGGGCCTTCAGCAGCCCCAAGGTGGCCGTGGAGGCCT
GCAACGCCATGCTGAAGGAGAACTTCCCCACCGTGGCCAGCTACTGCATCATCCC
CGAGTACGACGCCTACCTGGACATGGTGGACGGCGCCAGCTGCTGCCTGGACAC
CGCCAGCTTCTGCCCCGCCAAGCTGAGGAGCTTCCCCAAGAAGCACAGCTACCT
GGAGCCCACCATCAGGAGCGCCGTGCCCAGCGCCATCCAGAACACCCTGCAGAA
CGTGCTGGCCGCCGCTACCAAGAGGAACTGCAACGTGACCCAGATGAGGGAGCT
GCCCGTGCTGGACAGCGCCGCCTTCAACGTGGAGTGCTTCAAGAAGTACGCCTG
CAACAACGAGTACTGGGAGACATTCAAGGAGAACCCCATCAGGCTGACCGAGGA
GAACGTGGTGAACTACATCACCAAGCTGAAGGGCCCCAAGGCCGCCGCTCTGTT
CGCCAAGACCCACAACCTGAACATGCTcCAGGACATCCCTATGGACAGGTTCGTG
ATGGACCTGAAGAGGGACGTGAAGGTGACCCCTGGCACCAAGCACACCGAGGA
GAGGCCCAAGGTGCAGGTGATCCAGGCCGCCGACCCTCTGGCCACCGCCTACCT
GTGCGGCATCCACAGGGAGCTGGTGAGGCGGCTGAACGCCGTcCTGCTGCCCAA
CATCCACACCCTGTTCGACATGAGCGCCGAGGACTTCGACGCCATCATCGCCGAG
CACTTCCAGCCCGGCGACTGCGTGCTGGAGACAGACATCGCCAGCTTCGACAAG
AGCGAGGACGACGCTATGGCCCTGACCGCCCTGATGATCCTGGAGGACCTGGGC
GTGGACGCCGAGCTGCTGACCCTGATCGAGGCCGCCTTCGGCGAGATCAGCAGC
ATCCACCTGCCCACCAAGACCAAGTTCAAGTTCGGCGCCATGATGAAGTCCGGC
ATGTTCCTGACCCTGTTCGTGAACACCGTGATCAACATCGTGATCGCCAGCAGGG
TGCTGCGGGAGAGGCTGACCGGCAGCCCCTGCGCCGCCTTCATCGGCGACGACA
ACATCGTGAAGGGCGTGAAGTCCGACAAGCTGATGGCCGACAGGTGCGCCACCT
GGCTGAACATGGAGGTGAAGATCATCGACGCCGTGGTGGGCGAGAAGGCCCCTT
ACTTCTGCGGCGGCTTCATCCTGTGCGACAGCGTGACCGGCACCGCCTGCAGGGT
GGCCGACCCTCTGAAGAGGCTGTTCAAGCTGGGCAAGCCCCTGGCCGCCGACGA
CGAGCACGACGACGATAGGCGGAGGGCCCTGCACGAGGAGAGCACCAGGTGGA
ACcGGGTGGGCATCCTGAGCGAGCTGTGCAAGGCCGTGGAGAGCAGGTACGAGA
CAGTGGGCACCAGCATCATCGTGATGGCCATGACCACCCTGGCCAGCAGCGTcAA
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GTCCTTCAGCTACCTGAGGGGGGCCCCTATAACTCTCTACGGCTAACCTGAATGG
ACTACGACATAGTCTAGTCCGCCAAGGCCGCCACCATGTTCGTGTTCCTGGTGCT
GCTGCCCCTGGTGTCTAGCCAGTGCGTGAACCTGACCACCAGGACCCAGCTGCCT
CCCGCCTACACCAACAGCTTCACCAGGGGCGTGTACTACCCCGACAAGGTGTTCA
GGAGCAGCGTGCTGCACAGCACCCAGGACCTGTTCCTGCCCTTCTTCAGCAACGT
GACCTGGTTCCACGCCATCAGCGGCACCAACGGCACCAAGAGGTTCGACAACCC
CGTGCTGCCCTTCAACGACGGCGTGTACTTCGCCAGCACCGAGAAGTCCAACATC
ATCAGGGGCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGCCTGCTG
ATCGTGAACAACGCCACCAACGTGGTGATCAAGGTGTGCGAGTTCCAGTTCTGC
AACGACCCCTTCCTGGGCGTGTACCACAAGAACAACAAGAGCTGGATGGAGAGC
GAGTTCAGGGTGTACTCCAGCGCCAACAACTGCACCTTCGAGTACGTGAGCCAG
CCCTTCCTGATGGACCTGGAGGGCAAGCAGGGCAACTTCAAGAACCTGAGGGAG
TTCGTGTTCAAGAACATCGACGGCTACTTCAAGATCTACAGCAAGCACACCCCTA
TCAACCTGGTGAGGGACCTGCCCCAGGGCTTCAGCGCCCTGGAGCCCCTGGTGG
ACCTGCCCATCGGCATCAACATCACCAGGTTCCAGACCCTGCTGGCCCTGCACAG
GAGCTACCTGACCCCTGGCGACAGCAGCTCCGGCTGGACCGCCGGCGCCGCCGC
TTACTACGTGGGCTACCTGCAGCCCAGGACCTTCCTGCTGAAGTACAACGAGAAC
GGCACCATCACCGACGCCGTGGACTGCGCCCTGGACCCTCTGAGCGAGACAAAG
TGCACCCTGAAGTCCTTCACCGTGGAGAAGGGCATCTACCAGACCAGCAACTTC
AGGGTGCAGCCCACCGAGAGCATCGTGAGGTTCCCCAACATCACCAACCTGTGC
CCCTTCGGCGAGGTGTTCAACGCCACCAGGTTCGCCAGCGTGTACGCCTGGAACA
GGAAGAGGATCAGCAACTGCGTGGCCGACTACAGCGTGCTGTATAACAGCGCCA
GCTTCAGCACCTTCAAGTGCTACGGCGTGAGCCCCACCAAGCTGAACGACCTGTG
CTTCACCAACGTGTACGCCGACAGCTTCGTGATCAGGGGCGACGAGGTGAGGCA
GATCGCCCCTGGCCAGACCGGCAAGATCGCCGACTACAACTACAAGCTGCCCGA
CGACTTCACCGGCTGCGTGATCGCCTGGAACAGCAACAACCTGGACAGCAAGGT
GGGCGGCAACTACAACTACCTGTACCGGCTGTTCAGAAAGAGCAACCTGAAGCC
CTTCGAGAGGGACATCAGCACCGAGATCTACCAGGCCGGCAGCACCCCTTGCAA
CGGCGTGGAGGGCTTCAACTGCTACTTCCCTCTGCAGAGCTACGGCTTCCAGCCC
ACCtACGGCGTGGGCTACCAGCCCTACAGGGTGGTGGTCCTGAGCTTCGAGCTGC
TGCACGCCCCTGCCACCGTGTGCGGCCCCAAGAAGTCCACCAACCTGGTGAAGA
ACAAGTGCGTGAACTTCAACTTCAACGGCCTGACCGGCACCGGCGTGCTGACCG
AGAGCAACAAGAAGTTCCTGCCCTTCCAGCAGTTCGGCAGGGACATCGaCGACA
CCACCGACGCCGTGAGGGACCCTCAGACCCTGGAGATCCTGGACATCACCCCTT
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GCAGCTTCGGCGGCGTGAGCGTGATCACCCCTGGCACCAACACCAGCAACCAGG
TGGCCGTGCTGTACCAGGgCGTGAACTGCACCGAGGTGCCCGTGGCCATCCACGC
CGACCAGCTGACCCCTACCTGGAGGGTGTACTCCACCGGCAGCAACGTGTTCCA
GACCAGGGCCGGCTGCCTGATCGGCGCCGAGCACGTGAACAACAGCTACGAGTG
CGACATCCCCATCGGCGCCGGCATCTGCGCCAGCTACCAGACCCAGACCAACAG
CCalgGGaGeGCCAGCAGCGTGGCCAGCCAGAGCATCATCGCCTACACCATGAGCC
TGGGCGCCGAGAACAGCGTGGCCTACAGCAACAACAGCATCGCCATCCCCALCA
ACTTCACCATCAGCGTGACCACCGAGATCCTGCCCGTGAGCATGACCAAGACCA
GCGTGGACTGCACCATGTATATCTGCGGCGACAGCACCGAGTGCAGCAACCTGC
TGCTCCAGTACGGCAGCTTCTGCACCCAGCTGAACAGGGCCCTGACCGGCATCGC
CGTGGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAGGTGAAGCAGATCTA
CAAGACCCCTCCCATCAAGGACTTCGGCGGCTTCAACTTCAGCCAGATCCTGCCC
GACCCCAGCAAGCCCAGCAAGAGGAGCTTCATCGAGGACCTGCTGTTCAACAAG
GTGACCCTGGCCGACGCCGGCTTCATCAAGCAGTACGGCGACTGCCTGGGCGAC
ATCGCCGCCAGGGACCTGATCTGCGCCCAGAAGTTCAACGGCCTGACCGTGCTG
CCTCCCCTGCTGACCGACGAGATGATCGCCCAGTACACCAGCGCCCTGCTGGCCG
GCACCATCACCAGCGGCTGGACCTTCGGCGCCGGCGCCGCCCTGCAGATCCCCTT
CGCCATGCAGATGGCCTACAGGTTCAACGGCATCGGCGTGACCCAGAACGTGCT
GTACGAGAACCAGAAGCTGATCGCCAACCAGTTCAACAGCGCCATCGGCAAGAT
CCAGGACAGCCTGAGCAGCACCGCCAGCGCCCTGGGCAAGCTGCAGGACGTGGT
GAACCAGAACGCCCAGGCCCTGAACACCCTGGTGAAGCAGCTGAGCAGCAACTT
CGGCGCCATCAGCAGCGTGCTGAACGACATCCTGgcCAGGCTGGACecacccGAGGC
CGAGGTGCAGATCGACAGGCTGATCACCGGCAGGCTGCAGAGCCTGCAGACCTA
CGTGACCCAGCAGCTGATCAGGGCCGCCGAGATCAGGGCCAGCGCCAACCTGGC
CGCCACCAAGATGAGCGAGTGCGTGCTGGGCCAGAGCAAGAGGGTGGACTTCTG
CGGCAAGGGCTACCACCTGATGAGCTTCCCTCAGAGCGCCCCTCACGGCGTGGT
GTTCCTGCACGTGACCTACGTGCCCGCCCAGGAGAAGAACTTCACCACAGCCCCT
GCCATCTGCCACGACGGCAAGGCCCACTTCCCCAGGGAGGGCGTGTTCGTGAGC
AACGGCACCCACTGGTTCGTGACCCAGAGGAACTTCTACGAGCCCCAGATCATC
ACCACCcACAACACCTTCGTGAGCGGCAACTGCGACGTGGTGATCGGCATCGTGA
ACAACACCGTGTACGACCCTCTGCAGCCCGAGCTGGACAGCTTCAAGGAGGAGC
TGGACAAGTACTTCAAGAACCACACCAGCCCCGACGTGGACCTGGGCGACATCA
GCGGCATCAACGCCAGCGTGGTGAACATCCAGAAGGAGATCGACAGGCTGAACG
AGGTGGCCAAGAACCTGAACGAGAGCCTGATCGACCTGCAGGAGCTGGGCAAGT
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ACGAGCAGTACATCAAGTGGCCCTGGTACATCTGGCTGGGCTTCATCGCCGGCCT
GATCGCCATCGTGATGGTGACCATCATGCTGTGCTGCATGACCAGCTGCTGCAGC
TGCCTGAAGGGCTGCTGCAGCTGCGGCAGCTGCTGCAAGTTCGACGAGGACGAC
AGCGAGCCCGTGCTGAAGGGCGTGAAGCTGCACTACACCTaAacTCGAGTATGTT
ACGTGCAAAGGTGATTGTCACCCCCCGAAAGACCATATTGTGACACACCCTCAGT
ATCACGCCCAAACATTTACAGCCGCGGTGTCAAAAACCGCGTGGACGTGGTTAA
CATCCCTGCTGGGAGGATCAGCCGTAATTATTATAATTGGCTTGGTGCTGGCTAC
TATTGTGGCCATGTACGTGCTGACCAACCAGAAACATAATTGAATACAGCAGCA
ATTGGCAAGCTGCTTACATAGAACTCGCGGCGATTGGCATGCCGCCTTAAAATTT
TTATTTTATTTTTTCTTTTCTTTTCCGAATCGGATTTTGTTTTTAATATTTCAAAAA
AAAAAAAAAAAAAAAAAAAATCctagAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

daaaaaaaaaaaaaaaaaaa

SEQ ID NO:4 - mARM3346 (Brazil P.1)
atgggcggcgcatgagagaageccagaccaattacctacccaaaatggagaaagttcacgttgacatcgaggaagacagececatte
ctcagagctttgcagecggagcettcccgeagtttgaggtagaagecaageaggtcactgataatgaccatgcetaatgeccagagegtttte
geatctggcttcaaaactgatcgaaacggaggtggacccatecgacacgatecttgacattggaagtgegeccgecegeagaatGT
ATTCTAAGCACAAGTATCATTGTATCtgtccgatgagatgtgcggaagatccggacagattgtataagtatge
aactaagctgaagaaaaactgtaaggaaataactgataaggaattggacaagaaaatgaaggagetggecgeegteatgagegace
ctgacctggaaactgagactatgtgcctccacgacgacgagtegtgtegetacgaagggcaagtegcetgtttaccaggatgtatacge
CGTcGACGGCCCCACCAGCCTGTACCACCAGGCCAACAAGGGCGTGAGGGTGGC
CTACTGGATCGGCTTCGACACCACACCCTTCATGTTCAAGAACCTGGCCGGCGCC
TACCCCAGCTACAGCACCAACTGGGCCGACGAGACAGTGCTGACCGCCAGGAAC
ATCGGCCTGTGCAGCAGCGACGTGATGGAGAGGAGCCGGAGGGGCATGAGCATC
CTGAGGAAGAAGTACCTGAAGCCCAGCAACAACGTGCTGTTCAGCGTGGGCAGC
ACCATCTACCACGAGAAGAGGGACCTGCTGAGGAGCTGGCACCTGCCCAGCGTG
TTCCACCTGAGGGGCAAGCAGAACTACACCTGCAGGTGCGAGACAATCGTGAGC
TGCGACGGCTACGTGGTGAAGAGGATCGCCATCAGCCCCGGCCTGTACGGCAAG
CCCAGCGGCTACGCCGCCACCATGCACAGGGAGGGCTTCCTGTGCTGCAAGGTG
ACCGACACCCTGAACGGCGAGAGGGTGAGCTTCCCCGTGTGCACCTACGTGCCC
GCCACCCTGTGCGACCAGATGACCGGCATCCTGGCCACCGACGTGAGCGCCGAC
GACGCCCAGAAGCTGCTGGTGGGCCTGAACCAGAGGATCGTGGTGAACGGCAGG
ACCCAGAGGAACACCAACACCATGAAGAACTACCTGCTGCCCGTGGTGGCCCAG
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GCCTTCGCCAGGTGGGCCAAGGAGTACAAGGAGGACCAGGAGGACGAGAGGCC
CCTGGGCCTGAGGGACcGaCAGCTGGTGATGGGCTGCTGCTGGGCCTTCAGGCGG
CACAAGATCACCAGCATCTACAAGAGGCCCGACACCCAGACCATCATCAAGGTG
AACAGCGACTTCCACAGCTTCGTGCTGCCCAGGATCGGCAGCAACACCCTGGAG
ATCGGCCTGAGGACCCGGATCAGGAAGATGCTGGAGGAGCACAAGGAGCCCAG
CCCTCTGATCACCGCCGAGGACGTGCAGGAGGCCAAGTGCGCCGCCGACGAGGC
CAAGGAGGTGAGGGAGGCCGAGGAGCTGAGGGCCGCCCTGCCTCCCCTGGCCGC
CGACGTGGAGGAGCCCACCCTGGAGGCCGACGTGGACCTGATGCTGCAGGAGGC
CGGCGCCGGCAGCGTGGAGACACCCAGGGGCCTGATCAAGGTGACCAGCTACGA
CGGCGAGGACAAGATCGGCAGCTACGCCGTGCTcAGCCCTCAGGCCGTGCTGAA
GTCCGAGAAGCTGAGCTGCATCCACCCTCTGGCCGAGCAGGTGATCGTGATCAC
CCACAGCGGCAGGAAGGGCAGGTACGCCGTGGAGCCCTACCACGGCAAGGTGGT
GGTCCCCGAGGGCCACGCCATCCCCGTGCAGGACTTCCAGGCCCTGAGCGAGAG
CGCCACCATCGTGTATAACGAGAGGGAGTTCGTGAACAGGTACCTGCACCACAT
CGCCACCCACGGCGGCGCCCTGAACACCGACGAGGAGTACTACAAGACCGTGAA
GCCCAGCGAGCACGACGGCGAGTACCTGTACGACATCGACAGGAAGCAGTGCGT
GAAGAAGGAGCTGGTGACCGGCCTGGGCCTGACCGGCGAGCTGGTGGACCCTCC
CTTCCACGAGTTCGCCTACGAGAGCCTGAGGACCAGGCCCGCCGCTCCCTACCAG
GTGCCCACCATCGGCGTGTACGGCGTGCCCGGCAGCGGCAAGAGCGGCATCATC
AAGAGCGCCGTGACCAAGAAGGACCTGGTGGTGAGCGCCAAGAAGGAGAACTG
CGCCGAGATCATCAGGGACGTGAAGAAGATGAAGGGCCTGGACGTGAACGCCA
GGACCGTGGACAGCGTGCTcCTGAACGGCTGCAAGCACCCCGTGGAGACACTGT
ATATCGACGAGGCCTTCGCCTGCCACGCCGGCACCCTGAGGGCCCTGATCGCCAT
CATCAGGCCCAAGAAGGCCGTGCTGTGCGGCGACCCCAAGCAGTGCGGCTTCTT
CAACATGATGTGCCTGAAGGTGCACTTCAACCACGAGATCTGCACCCAGGTGTTC
CACAAGAGCATCAGCAGGCGGTGCACCAAGAGCGTGACCAGCGTGGTGAGCACC
CTGTTCTACGACAAGAAGATGAGGACCACCAACCCCAAGGAGACAAAGATCGTG
ATCGACACCACCGGCAGCACCAAGCCCAAGCAGGACGACCTGATCCTGACCTGC
TTCAGGGGCTGGGTGAAGCAGCTGCAGATCGACTACAAGGGCAACGAGATCATG
ACCGCCGCCGCTAGCCAGGGCCTGACCAGGAAGGGCGTGTACGCCGTGAGGTAC
AAGGTGAACGAGAATCCCCTGTACGCCCCTACCAGCGAGCACGTGAACGTcCTGC
TGACCAGGACCGAGGACAGGATCGTGTGGAAGACCCTGGCCGGCGACCCCTGGA
TCAAGACCCTGACCGCCAAGTACCCCGGCAACTTCACCGCCACCATCGAGGAGT
GGCAGGCCGAGCACGACGCCATCATGAGGCACATCCTGGAGAGGCCCGACCCCA
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CCGACGTGTTCCAGAACAAGGCCAACGTGTGCTGGGCCAAGGCCCTGGTGCCCG
TGCTGAAGACCGCCGGCATCGACATGACCACCGAGCAGTGGAACACCGTGGACT
ACTTCGAGACAGACAAGGCCCACAGCGCCGAGATCGTGCTGAACCAGCTGTGCG
TGAGGTTCTTCGGCCTGGACCTGGACAGCGGCCTGTTCAGCGCCCCTACCGTGCC
CCTGAGCATCAGGAACAACCACTGGGACAACAGCCCCAGCCCCAACATGTACGG
CCTGAACAAGGAGGTGGTGAGGCAGCTGAGCAGGCGGTACCCTCAGCTGCCCAG
GGCCGTGGCCACCGGCAGGGTGTACGACATGAACACCGGCACCCTGAGGAACTA
CGACCCCAGGATCAACCTGGTGCCCGTGAACAGGCGGCTGCCaCACGCCCTGGTG
CTGCACCACAACGAGCACCCTCAGAGCGACTTCAGCAGCTTCGTGAGCAAGCTG
AAGGGCAGGACCGTGCTGGTGGTGGGCGAGAAGCTGAGCGTGCCCGGCAAGAT
GGTGGACTGGCTGAGCGACAGGCCCGAGGCCACCTTCCGGGCCAGGCTGGACCT
GGGCATCCCCGGCGACGTGCCCAAGTACGACATCATCTTCGTGAACGTGAGGAC
CCCTTACAAGTACCACCACTACCAGCAGTGCGAGGACCACGCCATCAAGCTGAG
CATGCTGACCAAGAAGGCCTGCCTGCACCTGAACCCCGGCGGCACCTGCGTGAG
CATCGGCTACGGCTACGCCGACAGGGCCAGCGAGAGCATCATCGGCGCCATCGC
CAGGCTGTTCAAGTTCAGCAGGGTGTGCAAGCCCAAGAGCAGCCTGGAGGAGAC
AGAGGTGCTGTTCGTGTTCATCGGCTACGACCGGAAGGCCAGGACCCACAACCC
CTACAAGCTGAGCAGCACCCTGACCAACATCTACACCGGCAGCAGGCTGCACGA
GGCCGGCTGCGCCCCTAGCTACCACGTGGTGAGGGGCGACATCGCCACCGCCAC
CGAGGGCGTGATCATCAACGCCGCCAACAGCAAGGGCCAGCCCGGCGGCGGGGT
GTGCGGCGCCCTGTATAAGAAGTTCCCCGAGAGCTTCGACCTGCAGCCCATCGA
GGTGGGCAAGGCCAGGCTGGTGAAGGGCGCCGCCAAGCACATCATCCACGCCGT
GGGCCCCAACTTCAACAAGGTGAGCGAGGTGGAGGGCGACAAGCAGCTGGCCG
AGGCCTACGAGAGCATCGCCAAGATCGTGAACGACAACAACTACAAGAGCGTGG
CCATCCCTCTGCTGAGCACCGGCATCTTCAGCGGCAACAAGGACAGGCTGACCC
AGAGCCTGAACCACCTGCTGACCGCCCTGGACACCACCGACGCCGACGTGGCCA
TCTACTGCAGGGACAAGAAGTGGGAGATGACCCTGAAGGAGGCCGTGGCCAGGC
GGGAGGCCGTGGAGGAGATCTGCATCAGCGACGACAGCAGCGTGACgGAGCCCG
ACGCCGAGCTGGTGAGGGTGCACCCCAAGAGCAGCCTGGCCGGCAGGAAGGGCT
ACAGCACCAGCGACGGCAAGACCTTCAGCTACCTGGAGGGCACCAAGTTCCACC
AGGCCGCCAAGGACATCGCCGAGATCAACGCCATGTGGCCCGTGGCCACCGAGG
CCAACGAGCAGGTGTGCATGTATATCCTGGGCGAGAGCATGAGCAGCATCAGGA
GCAAGTGCCCCGTGGAGGAGAGCGAGGCCAGCACCCCTCCCAGCACCCTGCCCT
GCCTGTGCATCCACGCCATGACCCCTGAGAGGGTGCAGCGGCTGAAGGCCAGCA
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GGCCCGAGCAGATCACCGTGTGCAGCAGCTTCCCTCTGCCCAAGTACCGGATCAC
CGGCGTGCAGAAGATCCAGTGCAGCCAGCCCATCCTGTTCAGCCCCAAGGTGCC
CGCCTACATCCACCCCAGGAAGTACCTGGTGGAGACACCCCCCGTGGACGAGAC
ACCCGAGCCCAGCGCCGAGAACCAGAGCACCGAGGGCACCCCTGAGCAGCCTCC
CCTGATCACCGAGGACGAGACAAGGACCAGGACgCCcGAGCCCATCATCATTGA
GGAGGAAGAGGAGGACAGCATCAGCCTGCTGAGCGACGGCCCCACCCACCAGG
TGCTGCAGGTGGAGGCCGACATCCACGGCCCTCCCAGCGTGAGCAGCTCCAGCT
GGAGCATCCCTCACGCCAGCGACTTCGACGTGGACAGCCTGAGCATCCTGGACA
CCCTGGAGGGCGCCAGCGTGACCAGCGGCGCCACCAGCGCCGAGACAAACAGCT
ACTTCGCCAAGAGCATGGAGTTCCTGGCCAGGCCCGTGCCCGCCCCTAGGACCGT
GTTCAGGAACCCTCCCCACCCCGCCCCTAGGACCAGGACCCCTAGCCTGGCCCCT
AGCAGGGCCTGCAGCAGGACCAGCCTGGTGAGCACCCCTCCCGGCGTGAACCGG
GTGATCACCAGGGAGGAGCTGGAGGCCCTGACCCCTAGCAGGACCCCTAGCAGG
AGCGTGAGCAGGACCAGCCTGGTGAGCAACCCTCCCGGCGTGAACCGGGTGATC
ACCAGGGAGGAGTTCGAGGCCTTCGTGGCCCAGCAGCAAAGGCGGTTCGACGCC
GGCGCCTACATCTTCAGCAGCGACACCGGCCAGGGCCACCTGCAGCAGAAGTCC
GTGAGGCAGACCGTGCTGAGCGAGGTGGTcCTGGAGAGGACgGAGCTGGAGATC
AGCTACGCCCCTAGGCTGGACCAGGAGAAGGAGGAGCTGCTGAGGAAGAAGCT
GCAGCTGAACCCCACCCCTGCCAACAGGAGCAGGTACCAGAGCAGGAAGGTGG
AGAACATGAAGGCCATCACCGCCAGGCGGATCCTGCAGGGCCTGGGCCACTACC
TGAAGGCCGAGGGCAAGGTGGAGTGCTACAGGACCCTGCACCCCGTGCCCCTGT
ACTCCAGCTCCGTGAACAGGGCCTTCAGCAGCCCCAAGGTGGCCGTGGAGGCCT
GCAACGCCATGCTGAAGGAGAACTTCCCCACCGTGGCCAGCTACTGCATCATCCC
CGAGTACGACGCCTACCTGGACATGGTGGACGGCGCCAGCTGCTGCCTGGACAC
CGCCAGCTTCTGCCCCGCCAAGCTGAGGAGCTTCCCCAAGAAGCACAGCTACCT
GGAGCCCACCATCAGGAGCGCCGTGCCCAGCGCCATCCAGAACACCCTGCAGAA
CGTGCTGGCCGCCGCTACCAAGAGGAACTGCAACGTGACCCAGATGAGGGAGCT
GCCCGTGCTGGACAGCGCCGCCTTCAACGTGGAGTGCTTCAAGAAGTACGCCTG
CAACAACGAGTACTGGGAGACATTCAAGGAGAACCCCATCAGGCTGACCGAGGA
GAACGTGGTGAACTACATCACCAAGCTGAAGGGCCCCAAGGCCGCCGCTCTGTT
CGCCAAGACCCACAACCTGAACATGCTcCAGGACATCCCTATGGACAGGTTCGTG
ATGGACCTGAAGAGGGACGTGAAGGTGACCCCTGGCACCAAGCACACCGAGGA
GAGGCCCAAGGTGCAGGTGATCCAGGCCGCCGACCCTCTGGCCACCGCCTACCT
GTGCGGCATCCACAGGGAGCTGGTGAGGCGGCTGAACGCCGTcCTGCTGCCCAA
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CATCCACACCCTGTTCGACATGAGCGCCGAGGACTTCGACGCCATCATCGCCGAG
CACTTCCAGCCCGGCGACTGCGTGCTGGAGACAGACATCGCCAGCTTCGACAAG
AGCGAGGACGACGCTATGGCCCTGACCGCCCTGATGATCCTGGAGGACCTGGGC
GTGGACGCCGAGCTGCTGACCCTGATCGAGGCCGCCTTCGGCGAGATCAGCAGC
ATCCACCTGCCCACCAAGACCAAGTTCAAGTTCGGCGCCATGATGAAGTCCGGC
ATGTTCCTGACCCTGTTCGTGAACACCGTGATCAACATCGTGATCGCCAGCAGGG
TGCTGCGGGAGAGGCTGACCGGCAGCCCCTGCGCCGCCTTCATCGGCGACGACA
ACATCGTGAAGGGCGTGAAGTCCGACAAGCTGATGGCCGACAGGTGCGCCACCT
GGCTGAACATGGAGGTGAAGATCATCGACGCCGTGGTGGGCGAGAAGGCCCCTT
ACTTCTGCGGCGGCTTCATCCTGTGCGACAGCGTGACCGGCACCGCCTGCAGGGT
GGCCGACCCTCTGAAGAGGCTGTTCAAGCTGGGCAAGCCCCTGGCCGCCGACGA
CGAGCACGACGACGATAGGCGGAGGGCCCTGCACGAGGAGAGCACCAGGTGGA
ACcGGGTGGGCATCCTGAGCGAGCTGTGCAAGGCCGTGGAGAGCAGGTACGAGA
CAGTGGGCACCAGCATCATCGTGATGGCCATGACCACCCTGGCCAGCAGCGTcAA
GTCCTTCAGCTACCTGAGGGGGGCCCCTATAACTCTCTACGGCTAACCTGAATGG
ACTACGACATAGTCTAGTCCGCCAAGGCCGCCACCATGTTCGTGTTCCTGGTGCT
GCTGCCCCTGGTGTCTAGCCAGTGCGTGAACtTcACCAaCAGGACCCAGCTGCCTag
CGCCTACACCAACAGCTTCACCAGGGGCGTGTACTACCCCGACAAGGTGTTCAG
GAGCAGCGTGCTGCACAGCACCCAGGACCTGTTCCTGCCCTTCTTCAGCAACGTG
ACCTGGTTCCACGCCATCCACGTGAGCGGCACCAACGGCACCAAGAGGTTCGAC
AACCCCGTGCTGCCCTTCAACGACGGCGTGTACTTCGCCAGCACCGAGAAGTCCA
ACATCATCAGGGGCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGCC
TGCTGATCGTGAACAACGCCACCAACGTGGTGATCAAGGTGTGCGAGTTCCAGTT
CTGCAACtACCCCTTCCTGGGCGTGTACTACCACAAGAACAACAAGAGCTGGATG
GAGAGCGAGTTCAGGGTGTACTCCAGCGCCAACAACTGCACCTTCGAGTACGTG
AGCCAGCCCTTCCTGATGGACCTGGAGGGCAAGCAGGGCAACTTCAAGAACCTG
AGcGAGTTCGTGTTCAAGAACATCGACGGCTACTTCAAGATCTACAGCAAGCACA
CCCCTATCAACCTGGTGAGGGACCTGCCCCAGGGCTTCAGCGCCCTGGAGCCCCT
GGTGGACCTGCCCATCGGCATCAACATCACCAGGTTCCAGACCCTGCTGGCCCTG
CACAGGAGCTACCTGACCCCTGGCGACAGCAGCTCCGGCTGGACCGCCGGCGCC
GCCGCTTACTACGTGGGCTACCTGCAGCCCAGGACCTTCCTGCTGAAGTACAACG
AGAACGGCACCATCACCGACGCCGTGGACTGCGCCCTGGACCCTCTGAGCGAGA
CAAAGTGCACCCTGAAGTCCTTCACCGTGGAGAAGGGCATCTACCAGACCAGCA
ACTTCAGGGTGCAGCCCACCGAGAGCATCGTGAGGTTCCCCAACATCACCAACC
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TGTGCCCCTTCGGCGAGGTGTTCAACGCCACCAGGTTCGCCAGCGTGTACGCCTG
GAACAGGAAGAGGATCAGCAACTGCGTGGCCGACTACAGCGTGCTGTATAACAG
CGCCAGCTTCAGCACCTTCAAGTGCTACGGCGTGAGCCCCACCAAGCTGAACGA
CCTGTGCTTCACCAACGTGTACGCCGACAGCTTCGTGATCAGGGGCGACGAGGT
GAGGCAGATCGCCCCTGGCCAGACCGGCAccATCGCCGACTACAACTACAAGCTG
CCCGACGACTTCACCGGCTGCGTGATCGCCTGGAACAGCAACAACCTGGACAGC
AAGGTGGGCGGCAACTACAACTACCTGTACCGGCTGTTCAGAAAGAGCAACCTG
AAGCCCTTCGAGAGGGACATCAGCACCGAGATCTACCAGGCCGGCAGCACCCCT
TGCAACGGCGTGaAGGGCTTCAACTGCTACTTCCCTCTGCAGAGCTACGGCTTCC
AGCCCACCtACGGCGTGGGCTACCAGCCCTACAGGGTGGTGGTCCTGAGCTTCGA
GCTGCTGCACGCCCCTGCCACCGTGTGCGGCCCCAAGAAGTCCACCAACCTGGTG
AAGAACAAGTGCGTGAACTTCAACTTCAACGGCCTGACCGGCACCGGCGTGCTG
ACCGAGAGCAACAAGAAGTTCCTGCCCTTCCAGCAGTTCGGCAGGGACATCGCC
GACACCACCGACGCCGTGAGGGACCCTCAGACCCTGGAGATCCTGGACATCACC
CCTTGCAGCTTCGGCGGCGTGAGCGTGATCACCCCTGGCACCAACACCAGCAAC
CAGGTGGCCGTGCTGTACCAGggcGTGAACTGCACCGAGGTGCCCGTGGCCATCC
ACGCCGACCAGCTGACCCCTACCTGGAGGGTGTACTCCACCGGCAGCAACGTGT
TCCAGACCAGGGCCGGCTGCCTGATCGGCGCCGAGIACGTGAACAACAGCTACG
AGTGCGACATCCCCATCGGCGCCGGCATCTGCGCCAGCTACCAGACCCAGACCA
ACAGCCCCgGGaGecGCCAGCAGCGTGGCCAGCCAGAGCATCATCGCCTACACCAT
GAGCCTGGGCGCCGAGAACAGCGTGGCCTACAGCAACAACAGCATCGCCATCCC
CACCAACTTCACCATCAGCGTGACCACCGAGATCCTGCCCGTGAGCATGACCAA
GACCAGCGTGGACTGCACCATGTATATCTGCGGCGACAGCACCGAGTGCAGCAA
CCTGCTGCTCCAGTACGGCAGCTTCTGCACCCAGCTGAACAGGGCCCTGACCGGC
ATCGCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAGGTGAAGCAG
ATCTACAAGACCCCTCCCATCAAGGACTTCGGCGGCTTCAACTTCAGCCAGATCC
TGCCCGACCCCAGCAAGCCCAGCAAGAGGAGCTTCATCGAGGACCTGCTGTTCA
ACAAGGTGACCCTGGCCGACGCCGGCTTCATCAAGCAGTACGGCGACTGCCTGG
GCGACATCGCCGCCAGGGACCTGATCTGCGCCCAGAAGTTCAACGGCCTGACCG
TGCTGCCTCCCCTGCTGACCGACGAGATGATCGCCCAGTACACCAGCGCCCTGCT
GGCCGGCACCATCACCAGCGGCTGGACCTTCGGCGCCGGCGCCGCCCTGCAGAT
CCCCTTCGCCATGCAGATGGCCTACAGGTTCAACGGCATCGGCGTGACCCAGAA
CGTGCTGTACGAGAACCAGAAGCTGATCGCCAACCAGTTCAACAGCGCCATCGG
CAAGATCCAGGACAGCCTGAGCAGCACCGCCAGCGCCCTGGGCAAGCTGCAGGA
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CGTGGTGAACCAGAACGCCCAGGCCCTGAACACCCTGGTGAAGCAGCTGAGCAG
CAACTTCGGCGCCATCAGCAGCGTGCTGAACGACATCCTGAGCAGGCTGGACccac
ccGAGGCCGAGGTGCAGATCGACAGGCTGATCACCGGCAGGCTGCAGAGCCTGC
AGACCTACGTGACCCAGCAGCTGATCAGGGCCGCCGAGATCAGGGCCAGCGCCA
ACCTGGCCGCCAtCAAGATGAGCGAGTGCGTGCTGGGCCAGAGCAAGAGGGTGG
ACTTCTGCGGCAAGGGCTACCACCTGATGAGCTTCCCTCAGAGCGCCCCTCACGG
CGTGGTGTTCCTGCACGTGACCTACGTGCCCGCCCAGGAGAAGAACTTCACCACA
GCCCCTGCCATCTGCCACGACGGCAAGGCCCACTTCCCCAGGGAGGGCGTGTTC
GTGAGCAACGGCACCCACTGGTTCGTGACCCAGAGGAACTTCTACGAGCCCCAG
ATCATCACCACCGACAACACCTTCGTGAGCGGCAACTGCGACGTGGTGATCGGC
ATCGTGAACAACACCGTGTACGACCCTCTGCAGCCCGAGCTGGACAGCTTCAAG
GAGGAGCTGGACAAGTACTTCAAGAACCACACCAGCCCCGACGTGGACCTGGGC
GACATCAGCGGCATCAACGCCAGCGTGGTGAACATCCAGAAGGAGATCGACAGG
CTGAACGAGGTGGCCAAGAACCTGAACGAGAGCCTGATCGACCTGCAGGAGCTG
GGCAAGTACGAGCAGTACATCAAGTGGCCCTGGTACATCTGGCTGGGCTTCATC
GCCGGCCTGATCGCCATCGTGATGGTGACCATCATGCTGTGCTGCATGACCAGCT
GCTGCAGCTGCCTGAAGGGCTGCTGCAGCTGCGGCAGCTGCTGCAAGTTCGACG
AGGACGACAGCGAGCCCGTGCTGAAGGGCGTGAAGCTGCACTACACCTaAaCTCG
AGTATGTTACGTGCAAAGGTGATTGTCACCCCCCGAAAGACCATATTGTGACACA
CCCTCAGTATCACGCCCAAACATTTACAGCCGCGGTGTCAAAAACCGCGTGGAC
GTGGTTAACATCCCTGCTGGGAGGATCAGCCGTAATTATTATAATTGGCTTGGTG
CTGGCTACTATTGTGGCCATGTACGTGCTGACCAACCAGAAACATAATTGAATAC
AGCAGCAATTGGCAAGCTGCTTACATAGAACTCGCGGCGATTGGCATGCCGCCTT
AAAATTTTTATTTTATTTTTTCTTTTCTTTTCCGAATCGGATTTTGTTTTTAATATTT
CAAAAAAAAAAAAAAAAAAAAAAAAATCtagAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAaaaaaaaaaaaaaaaaaaaa

SEQ ID NO:5 -5 UTR (of SEQ ID NOs:1-4)
ATGGGCGGCGCATGAGAGAAGCCCAGACCAATTACCTACCCAAA

SEQ ID NO:6 - nsP1-nsP4 (of SEQ ID NOs:1-4)
ATGGAGAAAGTTCACGTTGACATCGAGGAAGACAGCCCATTCCTCAGAGCTTTG
CAGCGGAGCTTCCCGCAGTTTGAGGTAGAAGCCAAGCAGGTCACTGATAATGAC
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CATGCTAATGCCAGAGCGTTTTCGCATCTGGCTTCAAAACTGATCGAAACGGAGG
TGGACCCATCCGACACGATCCTTGACATTGGAAGTGCGCCCGCCCGCAGAATGT
ATTCTAAGCACAAGTATCATTGTATCTGTCCGATGAGATGTGCGGAAGATCCGGA
CAGATTGTATAAGTATGCAACTAAGCTGAAGAAAAACTGTAAGGAAATAACTGA
TAAGGAATTGGACAAGAAAATGAAGGAGCTGGCCGCCGTCATGAGCGACCCTGA
CCTGGAAACTGAGACTATGTGCCTCCACGACGACGAGTCGTGTCGCTACGAAGG
GCAAGTCGCTGTTTACCAGGATGTATACGCCGTCGACGGCCCCACCAGCCTGTAC
CACCAGGCCAACAAGGGCGTGAGGGTGGCCTACTGGATCGGCTTCGACACCACA
CCCTTCATGTTCAAGAACCTGGCCGGCGCCTACCCCAGCTACAGCACCAACTGGG
CCGACGAGACAGTGCTGACCGCCAGGAACATCGGCCTGTGCAGCAGCGACGTGA
TGGAGAGGAGCCGGAGGGGCATGAGCATCCTGAGGAAGAAGTACCTGAAGCCC
AGCAACAACGTGCTGTTCAGCGTGGGCAGCACCATCTACCACGAGAAGAGGGAC
CTGCTGAGGAGCTGGCACCTGCCCAGCGTGTTCCACCTGAGGGGCAAGCAGAAC
TACACCTGCAGGTGCGAGACAATCGTGAGCTGCGACGGCTACGTGGTGAAGAGG
ATCGCCATCAGCCCCGGCCTGTACGGCAAGCCCAGCGGCTACGCCGCCACCATG
CACAGGGAGGGCTTCCTGTGCTGCAAGGTGACCGACACCCTGAACGGCGAGAGG
GTGAGCTTCCCCGTGTGCACCTACGTGCCCGCCACCCTGTGCGACCAGATGACCG
GCATCCTGGCCACCGACGTGAGCGCCGACGACGCCCAGAAGCTGCTGGTGGGCC
TGAACCAGAGGATCGTGGTGAACGGCAGGACCCAGAGGAACACCAACACCATG
AAGAACTACCTGCTGCCCGTGGTGGCCCAGGCCTTCGCCAGGTGGGCCAAGGAG
TACAAGGAGGACCAGGAGGACGAGAGGCCCCTGGGCCTGAGGGACCGACAGCT
GGTGATGGGCTGCTGCTGGGCCTTCAGGCGGCACAAGATCACCAGCATCTACAA
GAGGCCCGACACCCAGACCATCATCAAGGTGAACAGCGACTTCCACAGCTTCGT
GCTGCCCAGGATCGGCAGCAACACCCTGGAGATCGGCCTGAGGACCCGGATCAG
GAAGATGCTGGAGGAGCACAAGGAGCCCAGCCCTCTGATCACCGCCGAGGACGT
GCAGGAGGCCAAGTGCGCCGCCGACGAGGCCAAGGAGGTGAGGGAGGCCGAGG
AGCTGAGGGCCGCCCTGCCTCCCCTGGCCGCCGACGTGGAGGAGCCCACCCTGG
AGGCCGACGTGGACCTGATGCTGCAGGAGGCCGGCGCCGGCAGCGTGGAGACAC
CCAGGGGCCTGATCAAGGTGACCAGCTACGACGGCGAGGACAAGATCGGCAGCT
ACGCCGTGCTCAGCCCTCAGGCCGTGCTGAAGTCCGAGAAGCTGAGCTGCATCC
ACCCTCTGGCCGAGCAGGTGATCGTGATCACCCACAGCGGCAGGAAGGGCAGGT
ACGCCGTGGAGCCCTACCACGGCAAGGTGGTGGTCCCCGAGGGCCACGCCATCC
CCGTGCAGGACTTCCAGGCCCTGAGCGAGAGCGCCACCATCGTGTATAACGAGA
GGGAGTTCGTGAACAGGTACCTGCACCACATCGCCACCCACGGCGGCGCCCTGA
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ACACCGACGAGGAGTACTACAAGACCGTGAAGCCCAGCGAGCACGACGGCGAG
TACCTGTACGACATCGACAGGAAGCAGTGCGTGAAGAAGGAGCTGGTGACCGGC
CTGGGCCTGACCGGCGAGCTGGTGGACCCTCCCTTCCACGAGTTCGCCTACGAGA
GCCTGAGGACCAGGCCCGCCGCTCCCTACCAGGTGCCCACCATCGGCGTGTACG
GCGTGCCCGGCAGCGGCAAGAGCGGCATCATCAAGAGCGCCGTGACCAAGAAG
GACCTGGTGGTGAGCGCCAAGAAGGAGAACTGCGCCGAGATCATCAGGGACGTG
AAGAAGATGAAGGGCCTGGACGTGAACGCCAGGACCGTGGACAGCGTGCTCCTG
AACGGCTGCAAGCACCCCGTGGAGACACTGTATATCGACGAGGCCTTCGCCTGC
CACGCCGGCACCCTGAGGGCCCTGATCGCCATCATCAGGCCCAAGAAGGCCGTG
CTGTGCGGCGACCCCAAGCAGTGCGGCTTCTTCAACATGATGTGCCTGAAGGTGC
ACTTCAACCACGAGATCTGCACCCAGGTGTTCCACAAGAGCATCAGCAGGCGGT
GCACCAAGAGCGTGACCAGCGTGGTGAGCACCCTGTTCTACGACAAGAAGATGA
GGACCACCAACCCCAAGGAGACAAAGATCGTGATCGACACCACCGGCAGCACCA
AGCCCAAGCAGGACGACCTGATCCTGACCTGCTTCAGGGGCTGGGTGAAGCAGC
TGCAGATCGACTACAAGGGCAACGAGATCATGACCGCCGCCGCTAGCCAGGGCC
TGACCAGGAAGGGCGTGTACGCCGTGAGGTACAAGGTGAACGAGAATCCCCTGT
ACGCCCCTACCAGCGAGCACGTGAACGTCCTGCTGACCAGGACCGAGGACAGGA
TCGTGTGGAAGACCCTGGCCGGCGACCCCTGGATCAAGACCCTGACCGCCAAGT
ACCCCGGCAACTTCACCGCCACCATCGAGGAGTGGCAGGCCGAGCACGACGCCA
TCATGAGGCACATCCTGGAGAGGCCCGACCCCACCGACGTGTTCCAGAACAAGG
CCAACGTGTGCTGGGCCAAGGCCCTGGTGCCCGTGCTGAAGACCGCCGGCATCG
ACATGACCACCGAGCAGTGGAACACCGTGGACTACTTCGAGACAGACAAGGCCC
ACAGCGCCGAGATCGTGCTGAACCAGCTGTGCGTGAGGTTCTTCGGCCTGGACCT
GGACAGCGGCCTGTTCAGCGCCCCTACCGTGCCCCTGAGCATCAGGAACAACCA
CTGGGACAACAGCCCCAGCCCCAACATGTACGGCCTGAACAAGGAGGTGGTGAG
GCAGCTGAGCAGGCGGTACCCTCAGCTGCCCAGGGCCGTGGCCACCGGCAGGGT
GTACGACATGAACACCGGCACCCTGAGGAACTACGACCCCAGGATCAACCTGGT
GCCCGTGAACAGGCGGCTGCCACACGCCCTGGTGCTGCACCACAACGAGCACCC
TCAGAGCGACTTCAGCAGCTTCGTGAGCAAGCTGAAGGGCAGGACCGTGCTGGT
GGTGGGCGAGAAGCTGAGCGTGCCCGGCAAGATGGTGGACTGGCTGAGCGACA
GGCCCGAGGCCACCTTCCGGGCCAGGCTGGACCTGGGCATCCCCGGCGACGTGC
CCAAGTACGACATCATCTTCGTGAACGTGAGGACCCCTTACAAGTACCACCACTA
CCAGCAGTGCGAGGACCACGCCATCAAGCTGAGCATGCTGACCAAGAAGGCCTG
CCTGCACCTGAACCCCGGCGGCACCTGCGTGAGCATCGGCTACGGCTACGCCGA
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CAGGGCCAGCGAGAGCATCATCGGCGCCATCGCCAGGCTGTTCAAGTTCAGCAG
GGTGTGCAAGCCCAAGAGCAGCCTGGAGGAGACAGAGGTGCTGTTCGTGTTCAT
CGGCTACGACCGGAAGGCCAGGACCCACAACCCCTACAAGCTGAGCAGCACCCT
GACCAACATCTACACCGGCAGCAGGCTGCACGAGGCCGGCTGCGCCCCTAGCTA
CCACGTGGTGAGGGGCGACATCGCCACCGCCACCGAGGGCGTGATCATCAACGC
CGCCAACAGCAAGGGCCAGCCCGGCGGCGGGGTGTGCGGCGCCCTGTATAAGAA
GTTCCCCGAGAGCTTCGACCTGCAGCCCATCGAGGTGGGCAAGGCCAGGCTGGT
GAAGGGCGCCGCCAAGCACATCATCCACGCCGTGGGCCCCAACTTCAACAAGGT
GAGCGAGGTGGAGGGCGACAAGCAGCTGGCCGAGGCCTACGAGAGCATCGCCA
AGATCGTGAACGACAACAACTACAAGAGCGTGGCCATCCCTCTGCTGAGCACCG
GCATCTTCAGCGGCAACAAGGACAGGCTGACCCAGAGCCTGAACCACCTGCTGA
CCGCCCTGGACACCACCGACGCCGACGTGGCCATCTACTGCAGGGACAAGAAGT
GGGAGATGACCCTGAAGGAGGCCGTGGCCAGGCGGGAGGCCGTGGAGGAGATC
TGCATCAGCGACGACAGCAGCGTGACGGAGCCCGACGCCGAGCTGGTGAGGGTG
CACCCCAAGAGCAGCCTGGCCGGCAGGAAGGGCTACAGCACCAGCGACGGCAA
GACCTTCAGCTACCTGGAGGGCACCAAGTTCCACCAGGCCGCCAAGGACATCGC
CGAGATCAACGCCATGTGGCCCGTGGCCACCGAGGCCAACGAGCAGGTGTGCAT
GTATATCCTGGGCGAGAGCATGAGCAGCATCAGGAGCAAGTGCCCCGTGGAGGA
GAGCGAGGCCAGCACCCCTCCCAGCACCCTGCCCTGCCTGTGCATCCACGCCATG
ACCCCTGAGAGGGTGCAGCGGCTGAAGGCCAGCAGGCCCGAGCAGATCACCGTG
TGCAGCAGCTTCCCTCTGCCCAAGTACCGGATCACCGGCGTGCAGAAGATCCAGT
GCAGCCAGCCCATCCTGTTCAGCCCCAAGGTGCCCGCCTACATCCACCCCAGGAA
GTACCTGGTGGAGACACCCCCCGTGGACGAGACACCCGAGCCCAGCGCCGAGAA
CCAGAGCACCGAGGGCACCCCTGAGCAGCCTCCCCTGATCACCGAGGACGAGAC
AAGGACCAGGACGCCCGAGCCCATCATCATTGAGGAGGAAGAGGAGGACAGCA
TCAGCCTGCTGAGCGACGGCCCCACCCACCAGGTGCTGCAGGTGGAGGCCGACA
TCCACGGCCCTCCCAGCGTGAGCAGCTCCAGCTGGAGCATCCCTCACGCCAGCG
ACTTCGACGTGGACAGCCTGAGCATCCTGGACACCCTGGAGGGCGCCAGCGTGA
CCAGCGGCGCCACCAGCGCCGAGACAAACAGCTACTTCGCCAAGAGCATGGAGT
TCCTGGCCAGGCCCGTGCCCGCCCCTAGGACCGTGTTCAGGAACCCTCCCCACCC
CGCCCCTAGGACCAGGACCCCTAGCCTGGCCCCTAGCAGGGCCTGCAGCAGGAC
CAGCCTGGTGAGCACCCCTCCCGGCGTGAACCGGGTGATCACCAGGGAGGAGCT
GGAGGCCCTGACCCCTAGCAGGACCCCTAGCAGGAGCGTGAGCAGGACCAGCCT
GGTGAGCAACCCTCCCGGCGTGAACCGGGTGATCACCAGGGAGGAGTTCGAGGC
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CTTCGTGGCCCAGCAGCAAAGGCGGTTCGACGCCGGCGCCTACATCTTCAGCAG
CGACACCGGCCAGGGCCACCTGCAGCAGAAGTCCGTGAGGCAGACCGTGCTGAG
CGAGGTGGTCCTGGAGAGGACGGAGCTGGAGATCAGCTACGCCCCTAGGCTGGA
CCAGGAGAAGGAGGAGCTGCTGAGGAAGAAGCTGCAGCTGAACCCCACCCCTGC
CAACAGGAGCAGGTACCAGAGCAGGAAGGTGGAGAACATGAAGGCCATCACCG
CCAGGCGGATCCTGCAGGGCCTGGGCCACTACCTGAAGGCCGAGGGCAAGGTGG
AGTGCTACAGGACCCTGCACCCCGTGCCCCTGTACTCCAGCTCCGTGAACAGGGC
CTTCAGCAGCCCCAAGGTGGCCGTGGAGGCCTGCAACGCCATGCTGAAGGAGAA
CTTCCCCACCGTGGCCAGCTACTGCATCATCCCCGAGTACGACGCCTACCTGGAC
ATGGTGGACGGCGCCAGCTGCTGCCTGGACACCGCCAGCTTCTGCCCCGCCAAG
CTGAGGAGCTTCCCCAAGAAGCACAGCTACCTGGAGCCCACCATCAGGAGCGCC
GTGCCCAGCGCCATCCAGAACACCCTGCAGAACGTGCTGGCCGCCGCTACCAAG
AGGAACTGCAACGTGACCCAGATGAGGGAGCTGCCCGTGCTGGACAGCGCCGCC
TTCAACGTGGAGTGCTTCAAGAAGTACGCCTGCAACAACGAGTACTGGGAGACA
TTCAAGGAGAACCCCATCAGGCTGACCGAGGAGAACGTGGTGAACTACATCACC
AAGCTGAAGGGCCCCAAGGCCGCCGCTCTGTTCGCCAAGACCCACAACCTGAAC
ATGCTCCAGGACATCCCTATGGACAGGTTCGTGATGGACCTGAAGAGGGACGTG
AAGGTGACCCCTGGCACCAAGCACACCGAGGAGAGGCCCAAGGTGCAGGTGATC
CAGGCCGCCGACCCTCTGGCCACCGCCTACCTGTGCGGCATCCACAGGGAGCTG
GTGAGGCGGCTGAACGCCGTCCTGCTGCCCAACATCCACACCCTGTTCGACATGA
GCGCCGAGGACTTCGACGCCATCATCGCCGAGCACTTCCAGCCCGGCGACTGCG
TGCTGGAGACAGACATCGCCAGCTTCGACAAGAGCGAGGACGACGCTATGGCCC
TGACCGCCCTGATGATCCTGGAGGACCTGGGCGTGGACGCCGAGCTGCTGACCC
TGATCGAGGCCGCCTTCGGCGAGATCAGCAGCATCCACCTGCCCACCAAGACCA
AGTTCAAGTTCGGCGCCATGATGAAGTCCGGCATGTTCCTGACCCTGTTCGTGAA
CACCGTGATCAACATCGTGATCGCCAGCAGGGTGCTGCGGGAGAGGCTGACCGG
CAGCCCCTGCGCCGCCTTCATCGGCGACGACAACATCGTGAAGGGCGTGAAGTC
CGACAAGCTGATGGCCGACAGGTGCGCCACCTGGCTGAACATGGAGGTGAAGAT
CATCGACGCCGTGGTGGGCGAGAAGGCCCCTTACTTCTGCGGCGGCTTCATCCTG
TGCGACAGCGTGACCGGCACCGCCTGCAGGGTGGCCGACCCTCTGAAGAGGCTG
TTCAAGCTGGGCAAGCCCCTGGCCGCCGACGACGAGCACGACGACGATAGGCGG
AGGGCCCTGCACGAGGAGAGCACCAGGTGGAACCGGGTGGGCATCCTGAGCGA
GCTGTGCAAGGCCGTGGAGAGCAGGTACGAGACAGTGGGCACCAGCATCATCGT
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GATGGCCATGACCACCCTGGCCAGCAGCGTCAAGTCCTTCAGCTACCTGAGGGG
GGCCCCTATAACTCTCTACGGCTAA

SEQ ID NO:7 - Intergenic region (of SEQ ID NOs:1-4)
CCTGAATGGACTACGACATAGTCTAGTCCGCCAAGGCCGCCACC

SEQ ID NO:8 - 3’ UTR (of SEQ ID NOs: 1-4), with poly-A
ACTCGAGTATGTTACGTGCAAAGGTGATTGTCACCCCCCGAAAGACCATATTGTG
ACACACCCTCAGTATCACGCCCAAACATTTACAGCCGCGGTGTCAAAAACCGCG
TGGACGTGGTTAACATCCCTGCTGGGAGGATCAGCCGTAATTATTATAATTGGCT
TGGTGCTGGCTACTATTGTGGCCATGTACGTGCTGACCAACCAGAAACATAATTG
AATACAGCAGCAATTGGCAAGCTGCTTACATAGAACTCGCGGCGATTGGCATGC
CGCCTTAAAATTTTTATTTTATTTTTTCTTTTCTTTTCCGAATCGGATTTTGTTTTTA
ATATTTCAAAAAAAAAAAAAAAAAAAAAAAAATCTAGAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO:9 - 3’ UTR (of SEQ ID NOs:1-4), without poly-A
ACTCGAGTATGTTACGTGCAAAGGTGATTGTCACCCCCCGAAAGACCATATTGTG
ACACACCCTCAGTATCACGCCCAAACATTTACAGCCGCGGTGTCAAAAACCGCG
TGGACGTGGTTAACATCCCTGCTGGGAGGATCAGCCGTAATTATTATAATTGGCT
TGGTGCTGGCTACTATTGTGGCCATGTACGTGCTGACCAACCAGAAACATAATTG
AATACAGCAGCAATTGGCAAGCTGCTTACATAGAACTCGCGGCGATTGGCATGC
CGCCTTAAAATTTTTATTTTATTTTTTCTTTTCTTTTCCGAATCGGATTTTGTTTTTA
ATATTTC

SEQ ID NO:10 - Transgene (nucleic acid sequence; mARM3325/SEQ ID NO:1)
ATGTTCGTGTTCCTGGTGCTGCTGCCCCTGGTGTCTAGCCAGTGCGTGAACCTGA
CCACCAGGACCCAGCTGCCTCCCGCCTACACCAACAGCTTCACCAGGGGCGTGT
ACTACCCCGACAAGGTGTTCAGGAGCAGCGTGCTGCACAGCACCCAGGACCTGT
TCCTGCCCTTCTTCAGCAACGTGACCTGGTTCCACGCCATCCACGTGAGCGGCAC
CAACGGCACCAAGAGGTTCGcCAACCCCGTGCTGCCCTTCAACGACGGCGTGTAC
TTCGCCAGCACCGAGAAGTCCAACATCATCAGGGGCTGGATCTTCGGCACCACC
CTGGACAGCAAGACCCAGAGCCTGCTGATCGTGAACAACGCCACCAACGTGGTG
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ATCAAGGTGTGCGAGTTCCAGTTCTGCAACGACCCCTTCCTGGGCGTGTACTACC
ACAAGAACAACAAGAGCTGGATGGAGAGCGAGTTCAGGGTGTACTCCAGCGCCA
ACAACTGCACCTTCGAGTACGTGAGCCAGCCCTTCCTGATGGACCTGGAGGGCA
AGCAGGGCAACTTCAAGAACCTGAGGGAGTTCGTGTTCAAGAACATCGACGGCT
ACTTCAAGATCTACAGCAAGCACACCCCTATCAACCTGGTGAGGGgCCTGCCCCA
GGGCTTCAGCGCCCTGGAGCCCCTGGTGGACCTGCCCATCGGCATCAACATCACC
AGGTTCCAGACCCTGCTGGCCCTGCACAGGAGCTACCTGACCCCTGGCGACAGC
AGCTCCGGCTGGACCGCCGGCGCCGCCGCTTACTACGTGGGCTACCTGCAGCCCA
GGACCTTCCTGCTGAAGTACAACGAGAACGGCACCATCACCGACGCCGTGGACT
GCGCCCTGGACCCTCTGAGCGAGACAAAGTGCACCCTGAAGTCCTTCACCGTGG
AGAAGGGCATCTACCAGACCAGCAACTTCAGGGTGCAGCCCACCGAGAGCATCG
TGAGGTTCCCCAACATCACCAACCTGTGCCCCTTCGGCGAGGTGTTCAACGCCAC
CAGGTTCGCCAGCGTGTACGCCTGGAACAGGAAGAGGATCAGCAACTGCGTGGC
CGACTACAGCGTGCTGTATAACAGCGCCAGCTTCAGCACCTTCAAGTGCTACGGC
GTGAGCCCCACCAAGCTGAACGACCTGTGCTTCACCAACGTGTACGCCGACAGC
TTCGTGATCAGGGGCGACGAGGTGAGGCAGATCGCCCCTGGCCAGACCGGCAAC
ATCGCCGACTACAACTACAAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCT
GGAACAGCAACAACCTGGACAGCAAGGTGGGCGGCAACTACAACTACCTGTACC
GGCTGTTCAGAAAGAGCAACCTGAAGCCCTTCGAGAGGGACATCAGCACCGAGA
TCTACCAGGCCGGCAGCACCCCTTGCAACGGCGTGaAGGGCTTCAACTGCTACTT
CCCTCTGCAGAGCTACGGCTTCCAGCCCACCIACGGCGTGGGCTACCAGCCCTAC
AGGGTGGTGGTCCTGAGCTTCGAGCTGCTGCACGCCCCTGCCACCGTGTGCGGCC
CCAAGAAGTCCACCAACCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACG
GCCTGACCGGCACCGGCGTGCTGACCGAGAGCAACAAGAAGTTCCTGCCCTTCC
AGCAGTTCGGCAGGGACATCGCCGACACCACCGACGCCGTGAGGGACCCTCAGA
CCCTGGAGATCCTGGACATCACCCCTTGCAGCTTCGGCGGCGTGAGCGTGATCAC
CCCTGGCACCAACACCAGCAACCAGGTGGCCGTGCTGTACCAGEggcGTGAACTGC
ACCGAGGTGCCCGTGGCCATCCACGCCGACCAGCTGACCCCTACCTGGAGGGTG
TACTCCACCGGCAGCAACGTGTTCCAGACCAGGGCCGGCTGCCTGATCGGCGCC
GAGCACGTGAACAACAGCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGC
GCCAGCTACCAGACCCAGACCAACAGCCCCgGGaGeGCCAGCAGCGTGGCCAGCC
AGAGCATCATCGCCTACACCATGAGCCTGGGCGtgGAGAACAGCGTGGCCTACAG
CAACAACAGCATCGCCATCCCCACCAACTTCACCATCAGCGTGACCACCGAGAT
CCTGCCCGTGAGCATGACCAAGACCAGCGTGGACTGCACCATGTATATCTGCGG
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CGACAGCACCGAGTGCAGCAACCTGCTGCTCCAGTACGGCAGCTTCTGCACCCA
GCTGAACAGGGCCCTGACCGGCATCGCCGTGGAGCAGGACAAGAACACCCAGG
AGGTGTTCGCCCAGGTGAAGCAGATCTACAAGACCCCTCCCATCAAGGACTTCG
GCGGCTTCAACTTCAGCCAGATCCTGCCCGACCCCAGCAAGCCCAGCAAGAGGA
GCTTCATCGAGGACCTGCTGTTCAACAAGGTGACCCTGGCCGACGCCGGCTTCAT
CAAGCAGTACGGCGACTGCCTGGGCGACATCGCCGCCAGGGACCTGATCTGCGC
CCAGAAGTTCAACGGCCTGACCGTGCTGCCTCCCCTGCTGACCGACGAGATGATC
GCCCAGTACACCAGCGCCCTGCTGGCCGGCACCATCACCAGCGGCTGGACCTTC
GGCGCCGGCGCCGCCCTGCAGATCCCCTTCGCCATGCAGATGGCCTACAGGTTCA
ACGGCATCGGCGTGACCCAGAACGTGCTGTACGAGAACCAGAAGCTGATCGCCA
ACCAGTTCAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACCGCCA
GCGCCCTGGGCAAGCTGCAGGACGTGGTGAACCAGAACGCCCAGGCCCTGAACA
CCCTGGTGAAGCAGCTGAGCAGCAACTTCGGCGCCATCAGCAGCGTGCTGAACG
ACATCCTGAGCAGGCTGGACccacccGAGGCCGAGGTGCAGATCGACAGGCTGATC
ACCGGCAGGCTGCAGAGCCTGCAGACCTACGTGACCCAGCAGCTGATCAGGGCC
GCCGAGATCAGGGCCAGCGCCAACCTGGCCGCCACCAAGATGAGCGAGTGCGTG
CTGGGCCAGAGCAAGAGGGTGGACTTCTGCGGCAAGGGCTACCACCTGATGAGC
TTCCCTCAGAGCGCCCCTCACGGCGTGGTGTTCCTGCACGTGACCTACGTGCCCG
CCCAGGAGAAGAACTTCACCACAGCCCCTGCCATCTGCCACGACGGCAAGGCCC
ACTTCCCCAGGGAGGGCGTGTTCGTGAGCAACGGCACCCACTGGTTCGTGACCC
AGAGGAACTTCTACGAGCCCCAGATCATCACCACCGACAACACCTTCGTGAGCG
GCAACTGCGACGTGGTGATCGGCATCGTGAACAACACCGTGTACGACCCTCTGC
AGCCCGAGCTGGACAGCTTCAAGGAGGAGCTGGACAAGTACTTCAAGAACCACA
CCAGCCCCGACGTGGACCTGGGCGACATCAGCGGCATCAACGCCAGCGTGGTGA
ACATCCAGAAGGAGATCGACAGGCTGAACGAGGTGGCCAAGAACCTGAACGAG
AGCCTGATCGACCTGCAGGAGCTGGGCAAGTACGAGCAGTACATCAAGTGGCCC
TGGTACATCTGGCTGGGCTTCATCGCCGGCCTGATCGCCATCGTGATGGTGACCA
TCATGCTGTGCTGCATGACCAGCTGCTGCAGCTGCCTGAAGGGCTGCTGCAGCTG
CGGCAGCTGCTGCAAGTTCGACGAGGACGACAGCGAGCCCGTGCTGAAGGGCGT
GAAGCTGCACTACACCTaA

SEQ ID NO:11 - Transgene (nucleic acid sequence; mARM3280/SEQ ID NO:2)
ATGTTCGTGTTCCTGGTGCTGCTGCCCCTGGTGTCTAGCCAGTGCGTGAACCTGA
CCACCAGGACCCAGCTGCCTCCCGCCTACACCAACAGCTTCACCAGGGGCGTGT
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ACTACCCCGACAAGGTGTTCAGGAGCAGCGTGCTGCACAGCACCCAGGACCTGT
TCCTGCCCTTCTTCAGCAACGTGACCTGGTTCCACGCCATCCACGTGAGCGGCAC
CAACGGCACCAAGAGGTTCGACAACCCCGTGCTGCCCTTCAACGACGGCGTGTA
CTTCGCCAGCACCGAGAAGTCCAACATCATCAGGGGCTGGATCTTCGGCACCAC
CCTGGACAGCAAGACCCAGAGCCTGCTGATCGTGAACAACGCCACCAACGTGGT
GATCAAGGTGTGCGAGTTCCAGTTCTGCAACGACCCCTTCCTGGGCGTGTACTAC
CACAAGAACAACAAGAGCTGGATGGAGAGCGAGTTCAGGGTGTACTCCAGCGCC
AACAACTGCACCTTCGAGTACGTGAGCCAGCCCTTCCTGATGGACCTGGAGGGC
AAGCAGGGCAACTTCAAGAACCTGAGGGAGTTCGTGTTCAAGAACATCGACGGC
TACTTCAAGATCTACAGCAAGCACACCCCTATCAACCTGGTGAGGGACCTGCCCC
AGGGCTTCAGCGCCCTGGAGCCCCTGGTGGACCTGCCCATCGGCATCAACATCAC
CAGGTTCCAGACCCTGCTGGCCCTGCACAGGAGCTACCTGACCCCTGGCGACAG
CAGCTCCGGCTGGACCGCCGGCGCCGCCGCTTACTACGTGGGCTACCTGCAGCCC
AGGACCTTCCTGCTGAAGTACAACGAGAACGGCACCATCACCGACGCCGTGGAC
TGCGCCCTGGACCCTCTGAGCGAGACAAAGTGCACCCTGAAGTCCTTCACCGTGG
AGAAGGGCATCTACCAGACCAGCAACTTCAGGGTGCAGCCCACCGAGAGCATCG
TGAGGTTCCCCAACATCACCAACCTGTGCCCCTTCGGCGAGGTGTTCAACGCCAC
CAGGTTCGCCAGCGTGTACGCCTGGAACAGGAAGAGGATCAGCAACTGCGTGGC
CGACTACAGCGTGCTGTATAACAGCGCCAGCTTCAGCACCTTCAAGTGCTACGGC
GTGAGCCCCACCAAGCTGAACGACCTGTGCTTCACCAACGTGTACGCCGACAGC
TTCGTGATCAGGGGCGACGAGGTGAGGCAGATCGCCCCTGGCCAGACCGGCAAG
ATCGCCGACTACAACTACAAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCT
GGAACAGCAACAACCTGGACAGCAAGGTGGGCGGCAACTACAACTACCTGTACC
GGCTGTTCAGAAAGAGCAACCTGAAGCCCTTCGAGAGGGACATCAGCACCGAGA
TCTACCAGGCCGGCAGCACCCCTTGCAACGGCGTGGAGGGCTTCAACTGCTACTT
CCCTCTGCAGAGCTACGGCTTCCAGCCCACCAACGGCGTGGGCTACCAGCCCTAC
AGGGTGGTGGTCCTGAGCTTCGAGCTGCTGCACGCCCCTGCCACCGTGTGCGGCC
CCAAGAAGTCCACCAACCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACG
GCCTGACCGGCACCGGCGTGCTGACCGAGAGCAACAAGAAGTTCCTGCCCTTCC
AGCAGTTCGGCAGGGACATCGCCGACACCACCGACGCCGTGAGGGACCCTCAGA
CCCTGGAGATCCTGGACATCACCCCTTGCAGCTTCGGCGGCGTGAGCGTGATCAC
CCCTGGCACCAACACCAGCAACCAGGTGGCCGTGCTGTACCAGEggcGTGAACTGC
ACCGAGGTGCCCGTGGCCATCCACGCCGACCAGCTGACCCCTACCTGGAGGGTG
TACTCCACCGGCAGCAACGTGTTCCAGACCAGGGCCGGCTGCCTGATCGGCGCC
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GAGCACGTGAACAACAGCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGC
GCCAGCTACCAGACCCAGACCAACAGCCCCgGGaGeGCCAGCAGCGTGGCCAGCC
AGAGCATCATCGCCTACACCATGAGCCTGGGCGCCGAGAACAGCGTGGCCTACA
GCAACAACAGCATCGCCATCCCCACCAACTTCACCATCAGCGTGACCACCGAGA
TCCTGCCCGTGAGCATGACCAAGACCAGCGTGGACTGCACCATGTATATCTGCGG
CGACAGCACCGAGTGCAGCAACCTGCTGCTCCAGTACGGCAGCTTCTGCACCCA
GCTGAACAGGGCCCTGACCGGCATCGCCGTGGAGCAGGACAAGAACACCCAGG
AGGTGTTCGCCCAGGTGAAGCAGATCTACAAGACCCCTCCCATCAAGGACTTCG
GCGGCTTCAACTTCAGCCAGATCCTGCCCGACCCCAGCAAGCCCAGCAAGAGGA
GCTTCATCGAGGACCTGCTGTTCAACAAGGTGACCCTGGCCGACGCCGGCTTCAT
CAAGCAGTACGGCGACTGCCTGGGCGACATCGCCGCCAGGGACCTGATCTGCGC
CCAGAAGTTCAACGGCCTGACCGTGCTGCCTCCCCTGCTGACCGACGAGATGATC
GCCCAGTACACCAGCGCCCTGCTGGCCGGCACCATCACCAGCGGCTGGACCTTC
GGCGCCGGCGCCGCCCTGCAGATCCCCTTCGCCATGCAGATGGCCTACAGGTTCA
ACGGCATCGGCGTGACCCAGAACGTGCTGTACGAGAACCAGAAGCTGATCGCCA
ACCAGTTCAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACCGCCA
GCGCCCTGGGCAAGCTGCAGGACGTGGTGAACCAGAACGCCCAGGCCCTGAACA
CCCTGGTGAAGCAGCTGAGCAGCAACTTCGGCGCCATCAGCAGCGTGCTGAACG
ACATCCTGAGCAGGCTGGACccacccGAGGCCGAGGTGCAGATCGACAGGCTGATC
ACCGGCAGGCTGCAGAGCCTGCAGACCTACGTGACCCAGCAGCTGATCAGGGCC
GCCGAGATCAGGGCCAGCGCCAACCTGGCCGCCACCAAGATGAGCGAGTGCGTG
CTGGGCCAGAGCAAGAGGGTGGACTTCTGCGGCAAGGGCTACCACCTGATGAGC
TTCCCTCAGAGCGCCCCTCACGGCGTGGTGTTCCTGCACGTGACCTACGTGCCCG
CCCAGGAGAAGAACTTCACCACAGCCCCTGCCATCTGCCACGACGGCAAGGCCC
ACTTCCCCAGGGAGGGCGTGTTCGTGAGCAACGGCACCCACTGGTTCGTGACCC
AGAGGAACTTCTACGAGCCCCAGATCATCACCACCGACAACACCTTCGTGAGCG
GCAACTGCGACGTGGTGATCGGCATCGTGAACAACACCGTGTACGACCCTCTGC
AGCCCGAGCTGGACAGCTTCAAGGAGGAGCTGGACAAGTACTTCAAGAACCACA
CCAGCCCCGACGTGGACCTGGGCGACATCAGCGGCATCAACGCCAGCGTGGTGA
ACATCCAGAAGGAGATCGACAGGCTGAACGAGGTGGCCAAGAACCTGAACGAG
AGCCTGATCGACCTGCAGGAGCTGGGCAAGTACGAGCAGTACATCAAGTGGCCC
TGGTACATCTGGCTGGGCTTCATCGCCGGCCTGATCGCCATCGTGATGGTGACCA
TCATGCTGTGCTGCATGACCAGCTGCTGCAGCTGCCTGAAGGGCTGCTGCAGCTG
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CGGCAGCTGCTGCAAGTTCGACGAGGACGACAGCGAGCCCGTGCTGAAGGGCGT
GAAGCTGCACTACACCTaA

SEQ ID NO:12 - Transgene (nucleic acid sequence; mARM3333/SEQ ID NO:3)
ATGTTCGTGTTCCTGGTGCTGCTGCCCCTGGTGTCTAGCCAGTGCGTGAACCTGA
CCACCAGGACCCAGCTGCCTCCCGCCTACACCAACAGCTTCACCAGGGGCGTGT
ACTACCCCGACAAGGTGTTCAGGAGCAGCGTGCTGCACAGCACCCAGGACCTGT
TCCTGCCCTTCTTCAGCAACGTGACCTGGTTCCACGCCATCAGCGGCACCAACGG
CACCAAGAGGTTCGACAACCCCGTGCTGCCCTTCAACGACGGCGTGTACTTCGCC
AGCACCGAGAAGTCCAACATCATCAGGGGCTGGATCTTCGGCACCACCCTGGAC
AGCAAGACCCAGAGCCTGCTGATCGTGAACAACGCCACCAACGTGGTGATCAAG
GTGTGCGAGTTCCAGTTCTGCAACGACCCCTTCCTGGGCGTGTACCACAAGAACA
ACAAGAGCTGGATGGAGAGCGAGTTCAGGGTGTACTCCAGCGCCAACAACTGCA
CCTTCGAGTACGTGAGCCAGCCCTTCCTGATGGACCTGGAGGGCAAGCAGGGCA
ACTTCAAGAACCTGAGGGAGTTCGTGTTCAAGAACATCGACGGCTACTTCAAGA
TCTACAGCAAGCACACCCCTATCAACCTGGTGAGGGACCTGCCCCAGGGCTTCA
GCGCCCTGGAGCCCCTGGTGGACCTGCCCATCGGCATCAACATCACCAGGTTCCA
GACCCTGCTGGCCCTGCACAGGAGCTACCTGACCCCTGGCGACAGCAGCTCCGG
CTGGACCGCCGGCGCCGCCGCTTACTACGTGGGCTACCTGCAGCCCAGGACCTTC
CTGCTGAAGTACAACGAGAACGGCACCATCACCGACGCCGTGGACTGCGCCCTG
GACCCTCTGAGCGAGACAAAGTGCACCCTGAAGTCCTTCACCGTGGAGAAGGGC
ATCTACCAGACCAGCAACTTCAGGGTGCAGCCCACCGAGAGCATCGTGAGGTTC
CCCAACATCACCAACCTGTGCCCCTTCGGCGAGGTGTTCAACGCCACCAGGTTCG
CCAGCGTGTACGCCTGGAACAGGAAGAGGATCAGCAACTGCGTGGCCGACTACA
GCGTGCTGTATAACAGCGCCAGCTTCAGCACCTTCAAGTGCTACGGCGTGAGCCC
CACCAAGCTGAACGACCTGTGCTTCACCAACGTGTACGCCGACAGCTTCGTGATC
AGGGGCGACGAGGTGAGGCAGATCGCCCCTGGCCAGACCGGCAAGATCGCCGA
CTACAACTACAAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCTGGAACAG
CAACAACCTGGACAGCAAGGTGGGCGGCAACTACAACTACCTGTACCGGCTGTT
CAGAAAGAGCAACCTGAAGCCCTTCGAGAGGGACATCAGCACCGAGATCTACCA
GGCCGGCAGCACCCCTTGCAACGGCGTGGAGGGCTTCAACTGCTACTTCCCTCTG
CAGAGCTACGGCTTCCAGCCCACCtACGGCGTGGGCTACCAGCCCTACAGGGTGG
TGGTCCTGAGCTTCGAGCTGCTGCACGCCCCTGCCACCGTGTGCGGCCCCAAGAA
GTCCACCAACCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGCCTGAC
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CGGCACCGGCGTGCTGACCGAGAGCAACAAGAAGTTCCTGCCCTTCCAGCAGTT
CGGCAGGGACATCGaCGACACCACCGACGCCGTGAGGGACCCTCAGACCCTGGA
GATCCTGGACATCACCCCTTGCAGCTTCGGCGGCGTGAGCGTGATCACCCCTGGC
ACCAACACCAGCAACCAGGTGGCCGTGCTGTACCAGGgCGTGAACTGCACCGAG
GTGCCCGTGGCCATCCACGCCGACCAGCTGACCCCTACCTGGAGGGTGTACTCCA
CCGGCAGCAACGTGTTCCAGACCAGGGCCGGCTGCCTGATCGGCGCCGAGCACG
TGAACAACAGCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGCGCCAGCT
ACCAGACCCAGACCAACAGCCaCgGGaGcGCCAGCAGCGTGGCCAGCCAGAGCAT
CATCGCCTACACCATGAGCCTGGGCGCCGAGAACAGCGTGGCCTACAGCAACAA
CAGCATCGCCATCCCCAtCAACTTCACCATCAGCGTGACCACCGAGATCCTGCCC
GTGAGCATGACCAAGACCAGCGTGGACTGCACCATGTATATCTGCGGCGACAGC
ACCGAGTGCAGCAACCTGCTGCTCCAGTACGGCAGCTTCTGCACCCAGCTGAAC
AGGGCCCTGACCGGCATCGCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTC
GCCCAGGTGAAGCAGATCTACAAGACCCCTCCCATCAAGGACTTCGGCGGCTTC
AACTTCAGCCAGATCCTGCCCGACCCCAGCAAGCCCAGCAAGAGGAGCTTCATC
GAGGACCTGCTGTTCAACAAGGTGACCCTGGCCGACGCCGGCTTCATCAAGCAG
TACGGCGACTGCCTGGGCGACATCGCCGCCAGGGACCTGATCTGCGCCCAGAAG
TTCAACGGCCTGACCGTGCTGCCTCCCCTGCTGACCGACGAGATGATCGCCCAGT
ACACCAGCGCCCTGCTGGCCGGCACCATCACCAGCGGCTGGACCTTCGGCGCCG
GCGCCGCCCTGCAGATCCCCTTCGCCATGCAGATGGCCTACAGGTTCAACGGCAT
CGGCGTGACCCAGAACGTGCTGTACGAGAACCAGAAGCTGATCGCCAACCAGTT
CAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACCGCCAGCGCCCT
GGGCAAGCTGCAGGACGTGGTGAACCAGAACGCCCAGGCCCTGAACACCCTGGT
GAAGCAGCTGAGCAGCAACTTCGGCGCCATCAGCAGCGTGCTGAACGACATCCT
GgcCAGGCTGGACccacccGAGGCCGAGGTGCAGATCGACAGGCTGATCACCGGCA
GGCTGCAGAGCCTGCAGACCTACGTGACCCAGCAGCTGATCAGGGCCGCCGAGA
TCAGGGCCAGCGCCAACCTGGCCGCCACCAAGATGAGCGAGTGCGTGCTGGGCC
AGAGCAAGAGGGTGGACTTCTGCGGCAAGGGCTACCACCTGATGAGCTTCCCTC
AGAGCGCCCCTCACGGCGTGGTGTTCCTGCACGTGACCTACGTGCCCGCCCAGGA
GAAGAACTTCACCACAGCCCCTGCCATCTGCCACGACGGCAAGGCCCACTTCCCC
AGGGAGGGCGTGTTCGTGAGCAACGGCACCCACTGGTTCGTGACCCAGAGGAAC
TTCTACGAGCCCCAGATCATCACCACCcACAACACCTTCGTGAGCGGCAACTGCG
ACGTGGTGATCGGCATCGTGAACAACACCGTGTACGACCCTCTGCAGCCCGAGC
TGGACAGCTTCAAGGAGGAGCTGGACAAGTACTTCAAGAACCACACCAGCCCCG
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ACGTGGACCTGGGCGACATCAGCGGCATCAACGCCAGCGTGGTGAACATCCAGA
AGGAGATCGACAGGCTGAACGAGGTGGCCAAGAACCTGAACGAGAGCCTGATC
GACCTGCAGGAGCTGGGCAAGTACGAGCAGTACATCAAGTGGCCCTGGTACATC
TGGCTGGGCTTCATCGCCGGCCTGATCGCCATCGTGATGGTGACCATCATGCTGT
GCTGCATGACCAGCTGCTGCAGCTGCCTGAAGGGCTGCTGCAGCTGCGGCAGCT
GCTGCAAGTTCGACGAGGACGACAGCGAGCCCGTGCTGAAGGGCGTGAAGCTGC
ACTACACCTaA

SEQ ID NO:13 - Transgene (nucleic acid sequence; mARM3346/SEQ ID NO:4)
ATGTTCGTGTTCCTGGTGCTGCTGCCCCTGGTGTCTAGCCAGTGCGTGAACtTcAC
CAaCAGGACCCAGCTGCCTagCGCCTACACCAACAGCTTCACCAGGGGCGTGTAC
TACCCCGACAAGGTGTTCAGGAGCAGCGTGCTGCACAGCACCCAGGACCTGTTC
CTGCCCTTCTTCAGCAACGTGACCTGGTTCCACGCCATCCACGTGAGCGGCACCA
ACGGCACCAAGAGGTTCGACAACCCCGTGCTGCCCTTCAACGACGGCGTGTACTT
CGCCAGCACCGAGAAGTCCAACATCATCAGGGGCTGGATCTTCGGCACCACCCT
GGACAGCAAGACCCAGAGCCTGCTGATCGTGAACAACGCCACCAACGTGGTGAT
CAAGGTGTGCGAGTTCCAGTTCTGCAACtACCCCTTCCTGGGCGTGTACTACCACA
AGAACAACAAGAGCTGGATGGAGAGCGAGTTCAGGGTGTACTCCAGCGCCAACA
ACTGCACCTTCGAGTACGTGAGCCAGCCCTTCCTGATGGACCTGGAGGGCAAGC
AGGGCAACTTCAAGAACCTGAGcGAGTTCGTGTTCAAGAACATCGACGGCTACTT
CAAGATCTACAGCAAGCACACCCCTATCAACCTGGTGAGGGACCTGCCCCAGGG
CTTCAGCGCCCTGGAGCCCCTGGTGGACCTGCCCATCGGCATCAACATCACCAGG
TTCCAGACCCTGCTGGCCCTGCACAGGAGCTACCTGACCCCTGGCGACAGCAGCT
CCGGCTGGACCGCCGGCGCCGCCGCTTACTACGTGGGCTACCTGCAGCCCAGGA
CCTTCCTGCTGAAGTACAACGAGAACGGCACCATCACCGACGCCGTGGACTGCG
CCCTGGACCCTCTGAGCGAGACAAAGTGCACCCTGAAGTCCTTCACCGTGGAGA
AGGGCATCTACCAGACCAGCAACTTCAGGGTGCAGCCCACCGAGAGCATCGTGA
GGTTCCCCAACATCACCAACCTGTGCCCCTTCGGCGAGGTGTTCAACGCCACCAG
GTTCGCCAGCGTGTACGCCTGGAACAGGAAGAGGATCAGCAACTGCGTGGCCGA
CTACAGCGTGCTGTATAACAGCGCCAGCTTCAGCACCTTCAAGTGCTACGGCGTG
AGCCCCACCAAGCTGAACGACCTGTGCTTCACCAACGTGTACGCCGACAGCTTCG
TGATCAGGGGCGACGAGGTGAGGCAGATCGCCCCTGGCCAGACCGGCACcATCG
CCGACTACAACTACAAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCTGGA
ACAGCAACAACCTGGACAGCAAGGTGGGCGGCAACTACAACTACCTGTACCGGC
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TGTTCAGAAAGAGCAACCTGAAGCCCTTCGAGAGGGACATCAGCACCGAGATCT
ACCAGGCCGGCAGCACCCCTTGCAACGGCGTGaAGGGCTTCAACTGCTACTTCCC
TCTGCAGAGCTACGGCTTCCAGCCCACCIACGGCGTGGGCTACCAGCCCTACAGG
GTGGTGGTCCTGAGCTTCGAGCTGCTGCACGCCCCTGCCACCGTGTGCGGCCCCA
AGAAGTCCACCAACCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGCC
TGACCGGCACCGGCGTGCTGACCGAGAGCAACAAGAAGTTCCTGCCCTTCCAGC
AGTTCGGCAGGGACATCGCCGACACCACCGACGCCGTGAGGGACCCTCAGACCC
TGGAGATCCTGGACATCACCCCTTGCAGCTTCGGCGGCGTGAGCGTGATCACCCC
TGGCACCAACACCAGCAACCAGGTGGCCGTGCTGTACCAGgegcGTGAACTGCACC
GAGGTGCCCGTGGCCATCCACGCCGACCAGCTGACCCCTACCTGGAGGGTGTAC
TCCACCGGCAGCAACGTGTTCCAGACCAGGGCCGGCTGCCTGATCGGCGCCGAGt
ACGTGAACAACAGCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGCGCCA
GCTACCAGACCCAGACCAACAGCCCCgGGaGecGCCAGCAGCGTGGCCAGCCAGAG
CATCATCGCCTACACCATGAGCCTGGGCGCCGAGAACAGCGTGGCCTACAGCAA
CAACAGCATCGCCATCCCCACCAACTTCACCATCAGCGTGACCACCGAGATCCTG
CCCGTGAGCATGACCAAGACCAGCGTGGACTGCACCATGTATATCTGCGGCGAC
AGCACCGAGTGCAGCAACCTGCTGCTCCAGTACGGCAGCTTCTGCACCCAGCTG
AACAGGGCCCTGACCGGCATCGCCGTGGAGCAGGACAAGAACACCCAGGAGGT
GTTCGCCCAGGTGAAGCAGATCTACAAGACCCCTCCCATCAAGGACTTCGGCGG
CTTCAACTTCAGCCAGATCCTGCCCGACCCCAGCAAGCCCAGCAAGAGGAGCTT
CATCGAGGACCTGCTGTTCAACAAGGTGACCCTGGCCGACGCCGGCTTCATCAA
GCAGTACGGCGACTGCCTGGGCGACATCGCCGCCAGGGACCTGATCTGCGCCCA
GAAGTTCAACGGCCTGACCGTGCTGCCTCCCCTGCTGACCGACGAGATGATCGCC
CAGTACACCAGCGCCCTGCTGGCCGGCACCATCACCAGCGGCTGGACCTTCGGC
GCCGGCGCCGCCCTGCAGATCCCCTTCGCCATGCAGATGGCCTACAGGTTCAACG
GCATCGGCGTGACCCAGAACGTGCTGTACGAGAACCAGAAGCTGATCGCCAACC
AGTTCAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACCGCCAGCG
CCCTGGGCAAGCTGCAGGACGTGGTGAACCAGAACGCCCAGGCCCTGAACACCC
TGGTGAAGCAGCTGAGCAGCAACTTCGGCGCCATCAGCAGCGTGCTGAACGACA
TCCTGAGCAGGCTGGACccacccGAGGCCGAGGTGCAGATCGACAGGCTGATCACC
GGCAGGCTGCAGAGCCTGCAGACCTACGTGACCCAGCAGCTGATCAGGGCCGCC
GAGATCAGGGCCAGCGCCAACCTGGCCGCCAtCAAGATGAGCGAGTGCGTGCTG
GGCCAGAGCAAGAGGGTGGACTTCTGCGGCAAGGGCTACCACCTGATGAGCTTC
CCTCAGAGCGCCCCTCACGGCGTGGTGTTCCTGCACGTGACCTACGTGCCCGCCC
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AGGAGAAGAACTTCACCACAGCCCCTGCCATCTGCCACGACGGCAAGGCCCACT
TCCCCAGGGAGGGCGTGTTCGTGAGCAACGGCACCCACTGGTTCGTGACCCAGA
GGAACTTCTACGAGCCCCAGATCATCACCACCGACAACACCTTCGTGAGCGGCA
ACTGCGACGTGGTGATCGGCATCGTGAACAACACCGTGTACGACCCTCTGCAGC
CCGAGCTGGACAGCTTCAAGGAGGAGCTGGACAAGTACTTCAAGAACCACACCA
GCCCCGACGTGGACCTGGGCGACATCAGCGGCATCAACGCCAGCGTGGTGAACA
TCCAGAAGGAGATCGACAGGCTGAACGAGGTGGCCAAGAACCTGAACGAGAGC
CTGATCGACCTGCAGGAGCTGGGCAAGTACGAGCAGTACATCAAGTGGCCCTGG
TACATCTGGCTGGGCTTCATCGCCGGCCTGATCGCCATCGTGATGGTGACCATCA
TGCTGTGCTGCATGACCAGCTGCTGCAGCTGCCTGAAGGGCTGCTGCAGCTGCGG
CAGCTGCTGCAAGTTCGACGAGGACGACAGCGAGCCCGTGCTGAAGGGCGTGAA
GCTGCACTACACCTaA

SEQ ID NO:14 - Transgene (amino acid sequence; mARM3325/SEQ ID NO:1)
MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPF
FSNVTWFHAIHVSGTNGTKRFANPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQS
LLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVS
QPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRGLPQGFSALEPLVDLP
IGINITRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDA
VDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRF
ASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRG
DEVRQIAPGQTGNIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSN
LKPFERDISTEIYQAGSTPCNGVKGFNCYFPLQSYGFQPTYGVGYQPYRVVVLSFELL
HAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTD
AVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPT
WRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQ
SIIAYTMSLGVENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECS
NLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPD
PSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTD
EMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKLIA
NQFNSAIGKIQDSLSSTASALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILS
RLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRV
DFCGKGYHLMSFPQSAPHGVVFLHVTY VPAQEKNFTTAPAICHDGKAHFPREGVFV
SNGTHWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDK
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YFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKW
PWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVK
LHYT*

SEQ ID NO:15 - Transgene (amino acid sequence; mARM3280/SEQ ID NO:2)
MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPF
FSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQS
LLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVS
QPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLP
IGINITRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDA
VDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRF
ASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRG
DEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSN
LKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELL
HAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTD
AVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPT
WRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQ
SHAYTMSLGAENSVAYSNNSIAIPTNFTISVTITEILPVSMTKTSVDCTMYICGDSTECS
NLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPD
PSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTD
EMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKLIA
NQFNSAIGKIQDSLSSTASALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILS
RLDPPEAEVQIDRLITGRLQSLQTY VTQQLIRAAEIRASANLAATKMSECVLGQSKRV
DFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFV
SNGTHWFVTQRNFYEPQITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDK
YFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKW
PWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVK
LHYT*

SEQ ID NO:16 - Transgene amino acid sequence; mARM3333/SEQ ID NO:3)

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPF
FSNVTWFHAISGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLI
VNNATNVVIKVCEFQFCNDPFLGVYHKNNKSWMESEFRVYSSANNCTFEY VSQPFL
MDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINI
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TRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLK YNENGTITDAVDC
ALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASV
YAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEV
RQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRK SNLKP
FERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTYGVGYQPYRVVVLSFELLHAP
ATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIDDTTDAVR
DPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRYV
YSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSHGSASSVASQSIIA
YTMSLGAENSVAYSNNSIAIPINFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLL
QYGSFCTQLNRALTGIA VEQDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKP
SKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMI
AQYTSALLAGTITSGWTFGAGAALQIPFAMQMA YRFNGIGVTQNVLYENQKLIANQ
FNSAIGKIQDSLSSTASALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILARL
DPPEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDF
CGKGYHLMSFPQSAPHGVVFLHVTY VPAQEKNFTTAPAICHDGKAHFPREGVFVSN
GTHWFVTQRNFYEPQIITTHNTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDK YF
KNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGK YEQYIKWPW
YIWLGFIAGLIAIVMVTIMLCCMTSCCSCLK GCCSCGSCCKFDEDDSEPVLKGVKLH
YT*

SEQ ID NO:17 - Transgene (amino acid sequence; mARM3346/SEQ ID NO:4)
MFVFLVLLPLVSSQCVNFTNRTQLPSAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPF
FSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQS
LLIVNNATNVVIKVCEFQFCNYPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVS
QPFLMDLEGKQGNFKNLSEFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPI
GINITRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDA
VDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRF
ASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRG
DEVRQIAPGQTGTIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSN
LKPFERDISTEIYQAGSTPCNGVKGFNCYFPLQSYGFQPTYGVGYQPYRVVVLSFELL
HAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTD
AVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPT
WRVYSTGSNVFQTRAGCLIGAEYVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQ
SIIAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECS
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NLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPD
PSKPSKRSFIEDLLFNK VTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTD
EMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKLIA
NQFNSAIGKIQDSLSSTASALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILS
RLDPPEAEVQIDRLITGRLQSLQTY VTQQLIRAAEIRASANLAAIKMSECVLGQSKRV
DFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFV
SNGTHWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDK
YFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGK YEQYIKW
PWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLK GCCSCGSCCKFDEDDSEPVLKGVK
LHYT*

SEQ ID NO:18 - mARM3015 (Wuhan; aka ARCT-021)
ATGGGCGGCGCATGAGAGAAGCCCAGACCAATTACCTACCCAAAATGGAGAAA
GTTCACGTTGACATCGAGGAAGACAGCCCATTCCTCAGAGCTTTGCAGCGGAGCT
TCCCGCAGTTTGAGGTAGAAGCCAAGCAGGTCACTGATAATGACCATGCTAATG
CCAGAGCGTTTTCGCATCTGGCTTCAAAACTGATCGAAACGGAGGTGGACCCATC
CGACACGATCCTTGACATTGGAAGTGCGCCCGCCCGCAGAATGTATTCTAAGCAC
AAGTATCATTGTATCTGTCCGATGAGATGTGCGGAAGATCCGGACAGATTGTATA
AGTATGCAACTAAGCTGAAGAAAAACTGTAAGGAAATAACTGATAAGGAATTGG
ACAAGAAAATGAAGGAGCTGGCCGCCGTCATGAGCGACCCTGACCTGGAAACTG
AGACTATGTGCCTCCACGACGACGAGTCGTGTCGCTACGAAGGGCAAGTCGCTG
TTTACCAGGATGTATACGCCGTCGACGGCCCCACCAGCCTGTACCACCAGGCCAA
CAAGGGCGTGAGGGTGGCCTACTGGATCGGCTTCGACACCACACCCTTCATGTTC
AAGAACCTGGCCGGCGCCTACCCCAGCTACAGCACCAACTGGGCCGACGAGACC
GTGCTGACCGCCAGGAACATCGGCCTGTGCAGCAGCGACGTGATGGAGAGGAGC
CGGAGAGGCATGAGCATCCTGAGGAAGAAATACCTGAAGCCCAGCAACAACGT
GCTGTTCAGCGTGGGCAGCACCATCTACCACGAGAAGAGGGACCTGCTCAGGAG
CTGGCACCTGCCCAGCGTGTTCCACCTGAGGGGCAAGCAGAACTACACCTGCAG
GTGCGAGACCATCGTGAGCTGCGACGGCTACGTGGTGAAGAGGATCGCCATCAG
CCCCGGCCTGTACGGCAAGCCCAGCGGCTACGCCGCTACAATGCACAGGGAGGG
CTTCCTGTGCTGCAAGGTGACCGACACCCTGAACGGCGAGAGGGTGAGCTTCCC
CGTGTGCACCTACGTGCCCGCCACCCTGTGCGACCAGATGACCGGCATCCTGGCC
ACCGACGTGAGCGCCGACGACGCCCAGAAGCTGCTCGTGGGCCTGAACCAGAGG
ATCGTGGTCAACGGCAGGACCCAGAGGAACACCAACACAATGAAGAACTACCTG
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CTGCCCGTGGTGGCCCAGGCTTTCGCCAGGTGGGCCAAGGAGTACAAGGAGGAC
CAGGAAGACGAGAGGCCCCTGGGCCTGAGGGACAGGCAGCTGGTGATGGGCTG
CTGCTGGGCCTTCAGGCGGCACAAGATCACCAGCATCTACAAGAGGCCCGACAC
CCAGACCATCATCAAGGTGAACAGCGACTTCCACAGCTTCGTGCTGCCCAGGATC
GGCAGCAACACCCTGGAGATCGGCCTGAGGACCCGGATCAGGAAGATGCTGGAG
GAACACAAGGAGCCCAGCCCACTGATCACCGCCGAGGACGTGCAGGAGGCCAA
GTGCGCTGCCGACGAGGCCAAGGAGGTGAGGGAGGCCGAGGAACTGAGGGCCG
CCCTGCCACCCCTGGCTGCCGACGTGGAGGAACCCACCCTGGAAGCCGACGTGG
ACCTGATGCTGCAGGAGGCCGGCGCCGGAAGCGTGGAGACACCCAGGGGCCTGA
TCAAGGTGACCAGCTACGACGGCGAGGACAAGATCGGCAGCTACGCCGTGCTGA
GCCCACAGGCCGTGCTGAAGTCCGAGAAGCTGAGCTGCATCCACCCACTGGCCG
AGCAGGTGATCGTGATCACCCACAGCGGCAGGAAGGGCAGGTACGCCGTGGAGC
CCTACCACGGCAAGGTGGTCGTGCCCGAGGGCCACGCCATCCCCGTGCAGGACT
TCCAGGCCCTGAGCGAGAGCGCCACCATCGTGTACAACGAGAGGGAGTTCGTGA
ACAGGTACCTGCACCATATCGCCACCCACGGCGGAGCCCTGAACACCGACGAGG
AATACTACAAGACCGTGAAGCCCAGCGAGCACGACGGCGAGTACCTGTACGACA
TCGACAGGAAGCAGTGCGTGAAGAAAGAGCTGGTGACCGGCCTGGGACTGACCG
GCGAGCTGGTGGACCCACCCTTCCACGAGTTCGCCTACGAGAGCCTGAGGACCA
GACCCGCCGCTCCCTACCAGGTGCCCACCATCGGCGTGTACGGCGTGCCCGGCA
GCGGAAAGAGCGGCATCATCAAGAGCGCCGTGACCAAGAAAGACCTGGTGGTC
AGCGCCAAGAAAGAGAACTGCGCCGAGATCATCAGGGACGTGAAGAAGATGAA
AGGCCTGGACGTGAACGCGCGCACCGTGGACAGCGTGCTGCTGAACGGCTGCAA
GCACCCCGTGGAGACCCTGTACATCGACGAGGCCTTCGCTTGCCACGCCGGCACC
CTGAGGGCCCTGATCGCCATCATCAGGCCCAAGAAAGCCGTGCTGTGCGGCGAC
CCCAAGCAGTGCGGCTTCTTCAACATGATGTGCCTGAAGGTGCACTTCAACCACG
AGATCTGCACCCAGGTGTTCCACAAGAGCATCAGCAGGCGGTGCACCAAGAGCG
TGACCAGCGTCGTGAGCACCCTGTTCTACGACAAGAAAATGAGGACCACCAACC
CCAAGGAGACCAAAATCGTGATCGACACCACAGGCAGCACCAAGCCCAAGCAG
GACGACCTGATCCTGACCTGCTTCAGGGGCTGGGTGAAGCAGCTGCAGATCGAC
TACAAGGGCAACGAGATCATGACCGCCGCTGCCAGCCAGGGCCTGACCAGGAAG
GGCGTGTACGCCGTGAGGTACAAGGTGAACGAGAACCCACTGTACGCTCCCACC
AGCGAGCACGTGAACGTGCTGCTGACCAGGACCGAGGACAGGATCGTGTGGAAG
ACCCTGGCCGGCGACCCCTGGATCAAGACCCTGACCGCCAAGTACCCCGGCAAC
TTCACCGCCACCATCGAAGAGTGGCAGGCCGAGCACGACGCCATCATGAGGCAC
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ATCCTGGAGAGGCCCGACCCCACCGACGTGTTCCAGAACAAGGCCAACGTGTGC
TGGGCCAAGGCCCTGGTGCCCGTGCTGAAGACCGCCGGCATCGACATGACCACA
GAGCAGTGGAACACCGTGGACTACTTCGAGACCGACAAGGCCCACAGCGCCGAG
ATCGTGCTGAACCAGCTGTGCGTGAGGTTCTTCGGCCTGGACCTGGACAGCGGCC
TGTTCAGCGCCCCCACCGTGCCACTGAGCATCAGGAACAACCACTGGGACAACA
GCCCCAGCCCAAACATGTACGGCCTGAACAAGGAGGTGGTCAGGCAGCTGAGCA
GGCGGTACCCACAGCTGCCCAGGGCCGTGGCCACCGGCAGGGTGTACGACATGA
ACACCGGCACCCTGAGGAACTACGACCCCAGGATCAACCTGGTGCCCGTGAACA
GGCGGCTGCCCCACGCCCTGGTGCTGCACCACAACGAGCACCCACAGAGCGACT
TCAGCTCCTTCGTGAGCAAGCTGAAAGGCAGGACCGTGCTGGTCGTGGGCGAGA
AGCTGAGCGTGCCCGGCAAGATGGTGGACTGGCTGAGCGACAGGCCCGAGGCCA
CCTTCCGGGCCAGGCTGGACCTCGGCATCCCCGGCGACGTGCCCAAGTACGACA
TCATCTTCGTGAACGTCAGGACCCCATACAAGTACCACCATTACCAGCAGTGCGA
GGACCACGCCATCAAGCTGAGCATGCTGACCAAGAAGGCCTGCCTGCACCTGAA
CCCCGGAGGCACCTGCGTGAGCATCGGCTACGGCTACGCCGACAGGGCCAGCGA
GAGCATCATTGGCGCCATCGCCAGGCTGTTCAAGTTCAGCAGGGTGTGCAAACC
CAAGAGCAGCCTGGAGGAAACCGAGGTGCTGTTCGTGTTCATCGGCTACGACCG
GAAGGCCAGGACCCACAACCCCTACAAGCTGAGCAGCACCCTGACAAACATCTA
CACCGGCAGCAGGCTGCACGAGGCCGGCTGCGCCCCCAGCTACCACGTGGTCAG
GGGCGATATCGCCACCGCCACCGAGGGCGTGATCATCAACGCTGCCAACAGCAA
GGGCCAGCCCGGAGGCGGAGTGTGCGGCGCCCTGTACAAGAAGTTCCCCGAGAG
CTTCGACCTGCAGCCCATCGAGGTGGGCAAGGCCAGGCTGGTGAAGGGCGCCGC
TAAGCACATCATCCACGCCGTGGGCCCCAACTTCAACAAGGTGAGCGAGGTGGA
AGGCGACAAGCAGCTGGCCGAAGCCTACGAGAGCATCGCCAAGATCGTGAACG
ACAATAACTACAAGAGCGTGGCCATCCCACTGCTCAGCACCGGCATCTTCAGCG
GCAACAAGGACAGGCTGACCCAGAGCCTGAACCACCTGCTCACCGCCCTGGACA
CCACCGATGCCGACGTGGCCATCTACTGCAGGGACAAGAAGTGGGAGATGACCC
TGAAGGAGGCCGTGGCCAGGCGGGAGGCCGTGGAAGAGATCTGCATCAGCGAC
GACTCCAGCGTGACCGAGCCCGACGCCGAGCTGGTGAGGGTGCACCCCAAGAGC
TCCCTGGCCGGCAGGAAGGGCTACAGCACCAGCGACGGCAAGACCTTCAGCTAC
CTGGAGGGCACCAAGTTCCACCAGGCCGCTAAGGACATCGCCGAGATCAACGCT
ATGTGGCCCGTGGCCACCGAGGCCAACGAGCAGGTGTGCATGTACATCCTGGGC
GAGAGCATGTCCAGCATCAGGAGCAAGTGCCCCGTGGAGGAAAGCGAGGCCAG
CACACCACCCAGCACCCTGCCCTGCCTGTGCATCCACGCTATGACACCCGAGAGG
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GTGCAGCGGCTGAAGGCCAGCAGGCCCGAGCAGATCACCGTGTGCAGCTCCTTC
CCACTGCCCAAGTACAGGATCACCGGCGTGCAGAAGATCCAGTGCAGCCAGCCC
ATCCTGTTCAGCCCAAAGGTGCCCGCCTACATCCACCCCAGGAAGTACCTGGTGG
AGACCCCACCCGTGGACGAGACACCCGAGCCAAGCGCCGAGAACCAGAGCACC
GAGGGCACACCCGAGCAGCCACCCCTGATCACCGAGGACGAGACAAGGACCCG
GACCCCAGAGCCCATCATTATCGAGGAAGAGGAAGAGGACAGCATCAGCCTGCT
GAGCGACGGCCCCACCCACCAGGTGCTGCAGGTGGAGGCCGACATCCACGGCCC
ACCCAGCGTGTCCAGCTCCAGCTGGAGCATCCCACACGCCAGCGACTTCGACGT
GGACAGCCTGAGCATCCTGGACACCCTGGAGGGCGCCAGCGTGACCTCCGGCGC
CACCAGCGCCGAGACCAACAGCTACTTCGCCAAGAGCATGGAGTTCCTGGCCAG
GCCCGTGCCAGCTCCCAGGACCGTGTTCAGGAACCCACCCCACCCAGCTCCCAG
GACCAGGACCCCAAGCCTGGCTCCCAGCAGGGCCTGCAGCAGGACCAGCCTGGT
GAGCACCCCACCCGGCGTGAACAGGGTGATCACCAGGGAGGAACTGGAGGCCCT
GACACCCAGCAGGACCCCCAGCAGGTCCGTGAGCAGGACTAGTCTGGTGTCCAA
CCCACCCGGCGTGAACAGGGTGATCACCAGGGAGGAATTCGAGGCCTTCGTGGC
CCAGCAACAGAGACGGTTCGACGCCGGCGCCTACATCTTCAGCAGCGACACCGG
CCAGGGACACCTGCAGCAAAAGAGCGTGAGGCAGACCGTGCTGAGCGAGGTGG
TGCTGGAGAGGACCGAGCTGGAAATCAGCTACGCCCCCAGGCTGGACCAGGAGA
AGGAGGAACTGCTCAGGAAGAAACTGCAGCTGAACCCCACCCCAGCCAACAGG
AGCAGGTACCAGAGCAGGAAGGTGGAGAACATGAAGGCCATCACCGCCAGGCG
GATCCTGCAGGGCCTGGGACACTACCTGAAGGCCGAGGGCAAGGTGGAGTGCTA
CAGGACCCTGCACCCCGTGCCACTGTACAGCTCCAGCGTGAACAGGGCCTTCTCC
AGCCCCAAGGTGGCCGTGGAGGCCTGCAACGCTATGCTGAAGGAGAACTTCCCC
ACCGTGGCCAGCTACTGCATCATCCCCGAGTACGACGCCTACCTGGACATGGTGG
ACGGCGCCAGCTGCTGCCTGGACACCGCCAGCTTCTGCCCCGCCAAGCTGAGGA
GCTTCCCCAAGAAACACAGCTACCTGGAGCCCACCATCAGGAGCGCCGTGCCCA
GCGCCATCCAGAACACCCTGCAGAACGTGCTGGCCGCTGCCACCAAGAGGAACT
GCAACGTGACCCAGATGAGGGAGCTGCCCGTGCTGGACAGCGCTGCCTTCAACG
TGGAGTGCTTCAAGAAATACGCCTGCAACAACGAGTACTGGGAGACCTTCAAGG
AGAACCCCATCAGGCTGACCGAAGAGAACGTGGTGAACTACATCACCAAGCTGA
AGGGCCCCAAGGCCGCTGCCCTGTTCGCTAAGACCCACAACCTGAACATGCTGC
AGGACATCCCAATGGACAGGTTCGTGATGGACCTGAAGAGGGACGTGAAGGTGA
CACCCGGCACCAAGCACACCGAGGAGAGGCCCAAGGTGCAGGTGATCCAGGCC
GCTGACCCACTGGCCACCGCCTACCTGTGCGGCATCCACAGGGAGCTGGTGAGG
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CGGCTGAACGCCGTGCTGCTGCCCAACATCCACACCCTGTTCGACATGAGCGCCG
AGGACTTCGACGCCATCATCGCCGAGCACTTCCAGCCCGGCGACTGCGTGCTGG
AGACCGACATCGCCAGCTTCGACAAGAGCGAGGATGACGCTATGGCCCTGACCG
CTCTGATGATCCTGGAGGACCTGGGCGTGGACGCCGAGCTGCTCACCCTGATCGA
GGCTGCCTTCGGCGAGATCAGCTCCATCCACCTGCCCACCAAGACCAAGTTCAAG
TTCGGCGCTATGATGAAAAGCGGAATGTTCCTGACCCTGTTCGTGAACACCGTGA
TCAACATTGTGATCGCCAGCAGGGTGCTGCGGGAGAGGCTGACCGGCAGCCCCT
GCGCTGCCTTCATCGGCGACGACAACATCGTGAAGGGCGTGAAAAGCGACAAGC
TGATGGCCGACAGGTGCGCCACCTGGCTGAACATGGAGGTGAAGATCATCGACG
CCGTGGTGGGCGAGAAGGCCCCCTACTTCTGCGGCGGATTCATCCTGTGCGACAG
CGTGACCGGCACCGCCTGCAGGGTGGCCGACCCCCTGAAGAGGCTGTTCAAGCT
GGGCAAGCCACTGGCCGCTGACGATGAGCACGACGATGACAGGCGGAGGGCCCT
GCACGAGGAAAGCACCAGGTGGAACAGGGTGGGCATCCTGAGCGAGCTGTGCA
AGGCCGTGGAGAGCAGGTACGAGACCGTGGGCACCAGCATCATCGTGATGGCTA
TGACCACACTGGCCAGCTCCGTCAAGAGCTTCTCCTACCTGAGGGGGGCCCCTAT
AACTCTCTACGGCTAACCTGAATGGACTACGACATAGTCTAGTCCGCCAAGGCCG
CCACCATGTTCGTCTTCCTGGTCCTGCTGCCTCTGGTCTCCTCACAGTGCGTCAAT
CTGACAACTCGGACTCAGCTGCCACCTGCTTATACTAATAGCTTCACCAGAGGCG
TGTACTATCCTGACAAGGTGTTTAGAAGCTCCGTGCTGCACTCTACACAGGATCT
GTTTCTGCCATTCTTTAGCAACGTGACCTGGTTCCACGCCATCCACGTGAGCGGC
ACCAATGGCACAAAGCGGTTCGACAATCCCGTGCTGCCTTTTAACGATGGCGTGT
ACTTCGCCTCTACCGAGAAGTCCAACATCATCAGAGGCTGGATCTTTGGCACCAC
ACTGGACTCCAAGACACAGTCTCTGCTGATCGTGAACAATGCCACCAACGTGGTC
ATCAAGGTGTGCGAGTTCCAGTTTTGTAATGATCCCTTCCTGGGCGTGTACTATC
ACAAGAACAATAAGAGCTGGATGGAGTCCGAGTTTAGAGTGTATTCTAGCGCCA
ACAACTGCACATTTGAGTACGTGAGCCAGCCTTTCCTGATGGACCTGGAGGGCA
AGCAGGGCAATTTCAAGAACCTGAGGGAGTTCGTGTTTAAGAATATCGACGGCT
ACTTCAAAATCTACTCTAAGCACACCCCCATCAACCTGGTGCGCGACCTGCCTCA
GGGCTTCAGCGCCCTGGAGCCCCTGGTGGATCTGCCTATCGGCATCAACATCACC
CGGTTTCAGACACTGCTGGCCCTGCACAGAAGCTACCTGACACCCGGCGACTCCT
CTAGCGGATGGACCGCCGGCGCTGCCGCCTACTATGTGGGCTACCTCCAGCCCCG
GACCTTCCTGCTGAAGTACAACGAGAATGGCACCATCACAGACGCAGTGGATTG
CGCCCTGGACCCCCTGAGCGAGACAAAGTGTACACTGAAGTCCTTTACCGTGGA
GAAGGGCATCTATCAGACATCCAATTTCAGGGTGCAGCCAACCGAGTCTATCGT
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GCGCTTTCCTAATATCACAAACCTGTGCCCATTTGGCGAGGTGTTCAACGCAACC
CGCTTCGCCAGCGTGTACGCCTGGAATAGGAAGCGGATCAGCAACTGCGTGGCC
GACTATAGCGTGCTGTACAACTCCGCCTCTTTCAGCACCTTTAAGTGCTATGGCG
TGTCCCCCACAAAGCTGAATGACCTGTGCTTTACCAACGTCTACGCCGATTCTTT
CGTGATCAGGGGCGACGAGGTGCGCCAGATCGCCCCCGGCCAGACAGGCAAGAT
CGCAGACTACAATTATAAGCTGCCAGACGATTTCACCGGCTGCGTGATCGCCTGG
AACAGCAACAATCTGGATTCCAAAGTGGGCGGCAACTACAATTATCTGTACCGG
CTGTTTAGAAAGAGCAATCTGAAGCCCTTCGAGAGGGACATCTCTACAGAAATC
TACCAGGCCGGCAGCACCCCTTGCAATGGCGTGGAGGGCTTTAACTGTTATTTCC
CACTCCAGTCCTACGGCTTCCAGCCCACAAACGGCGTGGGCTATCAGCCTTACCG
CGTGGTGGTGCTGAGCTTTGAGCTGCTGCACGCCCCAGCAACAGTGTGCGGCCCC
AAGAAGTCCACCAATCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGC
CTGACCGGCACAGGCGTGCTGACCGAGTCCAACAAGAAGTTCCTGCCATTTCAG
CAGTTCGGCAGGGACATCGCAGATACCACAGACGCCGTGCGCGACCCACAGACC
CTGGAGATCCTGGACATCACACCCTGCTCTTTCGGCGGCGTGAGCGTGATCACAC
CCGGCACCAATACAAGCAACCAGGTGGCCGTGCTGTATCAGGACGTGAATTGTA
CCGAGGTGCCCGTGGCTATCCACGCCGATCAGCTGACCCCAACATGGCGGGTGT
ACAGCACCGGCTCCAACGTCTTCCAGACAAGAGCCGGATGCCTGATCGGAGCAG
AGCACGTGAACAATTCCTATGAGTGCGACATCCCAATCGGCGCCGGCATCTGTGC
CTCTTACCAGACCCAGACAAACTCTCCCAGACGGGCCCGGAGCGTGGCCTCCCA
GTCTATCATCGCCTATACCATGTCCCTGGGCGCCGAGAACAGCGTGGCCTACTCT
AACAATAGCATCGCCATCCCAACCAACTTCACAATCTCTGTGACCACAGAGATCC
TGCCCGTGTCCATGACCAAGACATCTGTGGACTGCACAATGTATATCTGTGGCGA
TTCTACCGAGTGCAGCAACCTGCTGCTCCAGTACGGCAGCTTTTGTACCCAGCTG
AATAGAGCCCTGACAGGCATCGCCGTGGAGCAGGATAAGAACACACAGGAGGT
GTTCGCCCAGGTGAAGCAAATCTACAAGACCCCCCCTATCAAGGACTTTGGCGG
CTTCAATTTTTCCCAGATCCTGCCTGATCCATCCAAGCCTTCTAAGCGGAGCTTTA
TCGAGGACCTGCTGTTCAACAAGGTGACCCTGGCCGATGCCGGCTTCATCAAGCA
GTATGGCGATTGCCTGGGCGACATCGCAGCCAGGGACCTGATCTGCGCCCAGAA
GTTTAATGGCCTGACCGTGCTGCCACCCCTGCTGACAGATGAGATGATCGCACAG
TACACAAGCGCCCTGCTGGCCGGCACCATCACATCCGGATGGACCTTCGGCGCA
GGAGCCGCCCTCCAGATCCCCTTTGCCATGCAGATGGCCTATAGGTTCAACGGCA
TCGGCGTGACCCAGAATGTGCTGTACGAGAACCAGAAGCTGATCGCCAATCAGT
TTAACTCCGCCATCGGCAAGATCCAGGACAGCCTGTCCTCTACAGCCAGCGCCCT
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GGGCAAGCTCCAGGATGTGGTGAATCAGAACGCCCAGGCCCTGAATACCCTGGT
GAAGCAGCTGAGCAGCAACTTCGGCGCCATCTCTAGCGTGCTGAATGACATCCT
GAGCCGGCTGGACAAGGTGGAGGCAGAGGTGCAGATCGACCGGCTGATCACCG
GCCGGCTCCAGAGCCTCCAGACCTATGTGACACAGCAGCTGATCAGGGCCGCCG
AGATCAGGGCCAGCGCCAATCTGGCAGCAACCAAGATGTCCGAGTGCGTGCTGG
GCCAGTCTAAGAGAGTGGACTTTTGTGGCAAGGGCTATCACCTGATGTCCTTCCC
TCAGTCTGCCCCACACGGCGTGGTGTTTCTGCACGTGACCTACGTGCCCGCCCAG
GAGAAGAACTTCACCACAGCCCCTGCCATCTGCCACGATGGCAAGGCCCACTTTC
CAAGGGAGGGCGTGTTCGTGTCCAACGGCACCCACTGGTTTGTGACACAGCGCA
ATTTCTACGAGCCCCAGATCATCACCACAGACAACACCTTCGTGAGCGGCAACTG
TGACGTGGTCATCGGCATCGTGAACAATACCGTGTATGATCCACTCCAGCCCGAG
CTGGACAGCTTTAAGGAGGAGCTGGATAAGTATTTCAAGAATCACACCTCCCCTG
ACGTGGATCTGGGCGACATCAGCGGCATCAATGCCTCCGTGGTGAACATCCAGA
AGGAGATCGACCGCCTGAACGAGGTGGCTAAGAATCTGAACGAGAGCCTGATCG
ACCTCCAGGAGCTGGGCAAGTATGAGCAGTACATCAAGTGGCCCTGGTACATCT
GGCTGGGCTTCATCGCCGGCCTGATCGCCATCGTGATGGTGACCATCATGCTGTG
CTGTATGACATCCTGCTGTTCTTGCCTGAAGGGCTGCTGTAGCTGTGGCTCCTGCT
GTAAGTTTGACGAGGATGACTCTGAACCTGTGCTGAAGGGCGTGAAGCTGCATT
ACACCTAAACTCGAGTATGTTACGTGCAAAGGTGATTGTCACCCCCCGAAAGAC
CATATTGTGACACACCCTCAGTATCACGCCCAAACATTTACAGCCGCGGTGTCAA
AAACCGCGTGGACGTGGTTAACATCCCTGCTGGGAGGATCAGCCGTAATTATTAT
AATTGGCTTGGTGCTGGCTACTATTGTGGCCATGTACGTGCTGACCAACCAGAAA
CATAATTGAATACAGCAGCAATTGGCAAGCTGCTTACATAGAACTCGCGGCGAT
TGGCATGCCGCCTTAAAATTTTTATTTTATTTTTTCTTTTCTTTTCCGAATCGGATT
TTGTTTTTAATATTTCAAAAAAAAAAAAAAAAAAAAAAAAATCTAGAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO:19 - 5° UTR (of mARM3015/SEQ ID NO:18)
ATGGGCGGCGCATGAGAGAAGCCCAGACCAATTACCTACCCAAA

SEQ ID NO:20 - nsP1-4 (of mARM3015/SEQ ID NO:18)
ATGGAGAAAGTTCACGTTGACATCGAGGAAGACAGCCCATTCCTCAGAGCTTTG
CAGCGGAGCTTCCCGCAGTTTGAGGTAGAAGCCAAGCAGGTCACTGATAATGAC
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CATGCTAATGCCAGAGCGTTTTCGCATCTGGCTTCAAAACTGATCGAAACGGAGG
TGGACCCATCCGACACGATCCTTGACATTGGAAGTGCGCCCGCCCGCAGAATGT
ATTCTAAGCACAAGTATCATTGTATCTGTCCGATGAGATGTGCGGAAGATCCGGA
CAGATTGTATAAGTATGCAACTAAGCTGAAGAAAAACTGTAAGGAAATAACTGA
TAAGGAATTGGACAAGAAAATGAAGGAGCTGGCCGCCGTCATGAGCGACCCTGA
CCTGGAAACTGAGACTATGTGCCTCCACGACGACGAGTCGTGTCGCTACGAAGG
GCAAGTCGCTGTTTACCAGGATGTATACGCCGTCGACGGCCCCACCAGCCTGTAC
CACCAGGCCAACAAGGGCGTGAGGGTGGCCTACTGGATCGGCTTCGACACCACA
CCCTTCATGTTCAAGAACCTGGCCGGCGCCTACCCCAGCTACAGCACCAACTGGG
CCGACGAGACCGTGCTGACCGCCAGGAACATCGGCCTGTGCAGCAGCGACGTGA
TGGAGAGGAGCCGGAGAGGCATGAGCATCCTGAGGAAGAAATACCTGAAGCCC
AGCAACAACGTGCTGTTCAGCGTGGGCAGCACCATCTACCACGAGAAGAGGGAC
CTGCTCAGGAGCTGGCACCTGCCCAGCGTGTTCCACCTGAGGGGCAAGCAGAAC
TACACCTGCAGGTGCGAGACCATCGTGAGCTGCGACGGCTACGTGGTGAAGAGG
ATCGCCATCAGCCCCGGCCTGTACGGCAAGCCCAGCGGCTACGCCGCTACAATG
CACAGGGAGGGCTTCCTGTGCTGCAAGGTGACCGACACCCTGAACGGCGAGAGG
GTGAGCTTCCCCGTGTGCACCTACGTGCCCGCCACCCTGTGCGACCAGATGACCG
GCATCCTGGCCACCGACGTGAGCGCCGACGACGCCCAGAAGCTGCTCGTGGGCC
TGAACCAGAGGATCGTGGTCAACGGCAGGACCCAGAGGAACACCAACACAATG
AAGAACTACCTGCTGCCCGTGGTGGCCCAGGCTTTCGCCAGGTGGGCCAAGGAG
TACAAGGAGGACCAGGAAGACGAGAGGCCCCTGGGCCTGAGGGACAGGCAGCT
GGTGATGGGCTGCTGCTGGGCCTTCAGGCGGCACAAGATCACCAGCATCTACAA
GAGGCCCGACACCCAGACCATCATCAAGGTGAACAGCGACTTCCACAGCTTCGT
GCTGCCCAGGATCGGCAGCAACACCCTGGAGATCGGCCTGAGGACCCGGATCAG
GAAGATGCTGGAGGAACACAAGGAGCCCAGCCCACTGATCACCGCCGAGGACGT
GCAGGAGGCCAAGTGCGCTGCCGACGAGGCCAAGGAGGTGAGGGAGGCCGAGG
AACTGAGGGCCGCCCTGCCACCCCTGGCTGCCGACGTGGAGGAACCCACCCTGG
AAGCCGACGTGGACCTGATGCTGCAGGAGGCCGGCGCCGGAAGCGTGGAGACA
CCCAGGGGCCTGATCAAGGTGACCAGCTACGACGGCGAGGACAAGATCGGCAGC
TACGCCGTGCTGAGCCCACAGGCCGTGCTGAAGTCCGAGAAGCTGAGCTGCATC
CACCCACTGGCCGAGCAGGTGATCGTGATCACCCACAGCGGCAGGAAGGGCAGG
TACGCCGTGGAGCCCTACCACGGCAAGGTGGTCGTGCCCGAGGGCCACGCCATC
CCCGTGCAGGACTTCCAGGCCCTGAGCGAGAGCGCCACCATCGTGTACAACGAG
AGGGAGTTCGTGAACAGGTACCTGCACCATATCGCCACCCACGGCGGAGCCCTG
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AACACCGACGAGGAATACTACAAGACCGTGAAGCCCAGCGAGCACGACGGCGA
GTACCTGTACGACATCGACAGGAAGCAGTGCGTGAAGAAAGAGCTGGTGACCGG
CCTGGGACTGACCGGCGAGCTGGTGGACCCACCCTTCCACGAGTTCGCCTACGA
GAGCCTGAGGACCAGACCCGCCGCTCCCTACCAGGTGCCCACCATCGGCGTGTA
CGGCGTGCCCGGCAGCGGAAAGAGCGGCATCATCAAGAGCGCCGTGACCAAGA
AAGACCTGGTGGTCAGCGCCAAGAAAGAGAACTGCGCCGAGATCATCAGGGAC
GTGAAGAAGATGAAAGGCCTGGACGTGAACGCGCGCACCGTGGACAGCGTGCTG
CTGAACGGCTGCAAGCACCCCGTGGAGACCCTGTACATCGACGAGGCCTTCGCTT
GCCACGCCGGCACCCTGAGGGCCCTGATCGCCATCATCAGGCCCAAGAAAGCCG
TGCTGTGCGGCGACCCCAAGCAGTGCGGCTTCTTCAACATGATGTGCCTGAAGGT
GCACTTCAACCACGAGATCTGCACCCAGGTGTTCCACAAGAGCATCAGCAGGCG
GTGCACCAAGAGCGTGACCAGCGTCGTGAGCACCCTGTTCTACGACAAGAAAAT
GAGGACCACCAACCCCAAGGAGACCAAAATCGTGATCGACACCACAGGCAGCA
CCAAGCCCAAGCAGGACGACCTGATCCTGACCTGCTTCAGGGGCTGGGTGAAGC
AGCTGCAGATCGACTACAAGGGCAACGAGATCATGACCGCCGCTGCCAGCCAGG
GCCTGACCAGGAAGGGCGTGTACGCCGTGAGGTACAAGGTGAACGAGAACCCAC
TGTACGCTCCCACCAGCGAGCACGTGAACGTGCTGCTGACCAGGACCGAGGACA
GGATCGTGTGGAAGACCCTGGCCGGCGACCCCTGGATCAAGACCCTGACCGCCA
AGTACCCCGGCAACTTCACCGCCACCATCGAAGAGTGGCAGGCCGAGCACGACG
CCATCATGAGGCACATCCTGGAGAGGCCCGACCCCACCGACGTGTTCCAGAACA
AGGCCAACGTGTGCTGGGCCAAGGCCCTGGTGCCCGTGCTGAAGACCGCCGGCA
TCGACATGACCACAGAGCAGTGGAACACCGTGGACTACTTCGAGACCGACAAGG
CCCACAGCGCCGAGATCGTGCTGAACCAGCTGTGCGTGAGGTTCTTCGGCCTGGA
CCTGGACAGCGGCCTGTTCAGCGCCCCCACCGTGCCACTGAGCATCAGGAACAA
CCACTGGGACAACAGCCCCAGCCCAAACATGTACGGCCTGAACAAGGAGGTGGT
CAGGCAGCTGAGCAGGCGGTACCCACAGCTGCCCAGGGCCGTGGCCACCGGCAG
GGTGTACGACATGAACACCGGCACCCTGAGGAACTACGACCCCAGGATCAACCT
GGTGCCCGTGAACAGGCGGCTGCCCCACGCCCTGGTGCTGCACCACAACGAGCA
CCCACAGAGCGACTTCAGCTCCTTCGTGAGCAAGCTGAAAGGCAGGACCGTGCT
GGTCGTGGGCGAGAAGCTGAGCGTGCCCGGCAAGATGGTGGACTGGCTGAGCGA
CAGGCCCGAGGCCACCTTCCGGGCCAGGCTGGACCTCGGCATCCCCGGCGACGT
GCCCAAGTACGACATCATCTTCGTGAACGTCAGGACCCCATACAAGTACCACCAT
TACCAGCAGTGCGAGGACCACGCCATCAAGCTGAGCATGCTGACCAAGAAGGCC
TGCCTGCACCTGAACCCCGGAGGCACCTGCGTGAGCATCGGCTACGGCTACGCC
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GACAGGGCCAGCGAGAGCATCATTGGCGCCATCGCCAGGCTGTTCAAGTTCAGC
AGGGTGTGCAAACCCAAGAGCAGCCTGGAGGAAACCGAGGTGCTGTTCGTGTTC
ATCGGCTACGACCGGAAGGCCAGGACCCACAACCCCTACAAGCTGAGCAGCACC
CTGACAAACATCTACACCGGCAGCAGGCTGCACGAGGCCGGCTGCGCCCCCAGC
TACCACGTGGTCAGGGGCGATATCGCCACCGCCACCGAGGGCGTGATCATCAAC
GCTGCCAACAGCAAGGGCCAGCCCGGAGGCGGAGTGTGCGGCGCCCTGTACAAG
AAGTTCCCCGAGAGCTTCGACCTGCAGCCCATCGAGGTGGGCAAGGCCAGGCTG
GTGAAGGGCGCCGCTAAGCACATCATCCACGCCGTGGGCCCCAACTTCAACAAG
GTGAGCGAGGTGGAAGGCGACAAGCAGCTGGCCGAAGCCTACGAGAGCATCGC
CAAGATCGTGAACGACAATAACTACAAGAGCGTGGCCATCCCACTGCTCAGCAC
CGGCATCTTCAGCGGCAACAAGGACAGGCTGACCCAGAGCCTGAACCACCTGCT
CACCGCCCTGGACACCACCGATGCCGACGTGGCCATCTACTGCAGGGACAAGAA
GTGGGAGATGACCCTGAAGGAGGCCGTGGCCAGGCGGGAGGCCGTGGAAGAGA
TCTGCATCAGCGACGACTCCAGCGTGACCGAGCCCGACGCCGAGCTGGTGAGGG
TGCACCCCAAGAGCTCCCTGGCCGGCAGGAAGGGCTACAGCACCAGCGACGGCA
AGACCTTCAGCTACCTGGAGGGCACCAAGTTCCACCAGGCCGCTAAGGACATCG
CCGAGATCAACGCTATGTGGCCCGTGGCCACCGAGGCCAACGAGCAGGTGTGCA
TGTACATCCTGGGCGAGAGCATGTCCAGCATCAGGAGCAAGTGCCCCGTGGAGG
AAAGCGAGGCCAGCACACCACCCAGCACCCTGCCCTGCCTGTGCATCCACGCTA
TGACACCCGAGAGGGTGCAGCGGCTGAAGGCCAGCAGGCCCGAGCAGATCACC
GTGTGCAGCTCCTTCCCACTGCCCAAGTACAGGATCACCGGCGTGCAGAAGATCC
AGTGCAGCCAGCCCATCCTGTTCAGCCCAAAGGTGCCCGCCTACATCCACCCCAG
GAAGTACCTGGTGGAGACCCCACCCGTGGACGAGACACCCGAGCCAAGCGCCGA
GAACCAGAGCACCGAGGGCACACCCGAGCAGCCACCCCTGATCACCGAGGACG
AGACAAGGACCCGGACCCCAGAGCCCATCATTATCGAGGAAGAGGAAGAGGAC
AGCATCAGCCTGCTGAGCGACGGCCCCACCCACCAGGTGCTGCAGGTGGAGGCC
GACATCCACGGCCCACCCAGCGTGTCCAGCTCCAGCTGGAGCATCCCACACGCC
AGCGACTTCGACGTGGACAGCCTGAGCATCCTGGACACCCTGGAGGGCGCCAGC
GTGACCTCCGGCGCCACCAGCGCCGAGACCAACAGCTACTTCGCCAAGAGCATG
GAGTTCCTGGCCAGGCCCGTGCCAGCTCCCAGGACCGTGTTCAGGAACCCACCCC
ACCCAGCTCCCAGGACCAGGACCCCAAGCCTGGCTCCCAGCAGGGCCTGCAGCA
GGACCAGCCTGGTGAGCACCCCACCCGGCGTGAACAGGGTGATCACCAGGGAGG
AACTGGAGGCCCTGACACCCAGCAGGACCCCCAGCAGGTCCGTGAGCAGGACTA
GTCTGGTGTCCAACCCACCCGGCGTGAACAGGGTGATCACCAGGGAGGAATTCG
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AGGCCTTCGTGGCCCAGCAACAGAGACGGTTCGACGCCGGCGCCTACATCTTCA
GCAGCGACACCGGCCAGGGACACCTGCAGCAAAAGAGCGTGAGGCAGACCGTG
CTGAGCGAGGTGGTGCTGGAGAGGACCGAGCTGGAAATCAGCTACGCCCCCAGG
CTGGACCAGGAGAAGGAGGAACTGCTCAGGAAGAAACTGCAGCTGAACCCCAC
CCCAGCCAACAGGAGCAGGTACCAGAGCAGGAAGGTGGAGAACATGAAGGCCA
TCACCGCCAGGCGGATCCTGCAGGGCCTGGGACACTACCTGAAGGCCGAGGGCA
AGGTGGAGTGCTACAGGACCCTGCACCCCGTGCCACTGTACAGCTCCAGCGTGA
ACAGGGCCTTCTCCAGCCCCAAGGTGGCCGTGGAGGCCTGCAACGCTATGCTGA
AGGAGAACTTCCCCACCGTGGCCAGCTACTGCATCATCCCCGAGTACGACGCCTA
CCTGGACATGGTGGACGGCGCCAGCTGCTGCCTGGACACCGCCAGCTTCTGCCCC
GCCAAGCTGAGGAGCTTCCCCAAGAAACACAGCTACCTGGAGCCCACCATCAGG
AGCGCCGTGCCCAGCGCCATCCAGAACACCCTGCAGAACGTGCTGGCCGCTGCC
ACCAAGAGGAACTGCAACGTGACCCAGATGAGGGAGCTGCCCGTGCTGGACAGC
GCTGCCTTCAACGTGGAGTGCTTCAAGAAATACGCCTGCAACAACGAGTACTGG
GAGACCTTCAAGGAGAACCCCATCAGGCTGACCGAAGAGAACGTGGTGAACTAC
ATCACCAAGCTGAAGGGCCCCAAGGCCGCTGCCCTGTTCGCTAAGACCCACAAC
CTGAACATGCTGCAGGACATCCCAATGGACAGGTTCGTGATGGACCTGAAGAGG
GACGTGAAGGTGACACCCGGCACCAAGCACACCGAGGAGAGGCCCAAGGTGCA
GGTGATCCAGGCCGCTGACCCACTGGCCACCGCCTACCTGTGCGGCATCCACAG
GGAGCTGGTGAGGCGGCTGAACGCCGTGCTGCTGCCCAACATCCACACCCTGTTC
GACATGAGCGCCGAGGACTTCGACGCCATCATCGCCGAGCACTTCCAGCCCGGC
GACTGCGTGCTGGAGACCGACATCGCCAGCTTCGACAAGAGCGAGGATGACGCT
ATGGCCCTGACCGCTCTGATGATCCTGGAGGACCTGGGCGTGGACGCCGAGCTG
CTCACCCTGATCGAGGCTGCCTTCGGCGAGATCAGCTCCATCCACCTGCCCACCA
AGACCAAGTTCAAGTTCGGCGCTATGATGAAAAGCGGAATGTTCCTGACCCTGTT
CGTGAACACCGTGATCAACATTGTGATCGCCAGCAGGGTGCTGCGGGAGAGGCT
GACCGGCAGCCCCTGCGCTGCCTTCATCGGCGACGACAACATCGTGAAGGGCGT
GAAAAGCGACAAGCTGATGGCCGACAGGTGCGCCACCTGGCTGAACATGGAGGT
GAAGATCATCGACGCCGTGGTGGGCGAGAAGGCCCCCTACTTCTGCGGCGGATT
CATCCTGTGCGACAGCGTGACCGGCACCGCCTGCAGGGTGGCCGACCCCCTGAA
GAGGCTGTTCAAGCTGGGCAAGCCACTGGCCGCTGACGATGAGCACGACGATGA
CAGGCGGAGGGCCCTGCACGAGGAAAGCACCAGGTGGAACAGGGTGGGCATCC
TGAGCGAGCTGTGCAAGGCCGTGGAGAGCAGGTACGAGACCGTGGGCACCAGC
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ATCATCGTGATGGCTATGACCACACTGGCCAGCTCCGTCAAGAGCTTCTCCTACC
TGAGGGGGGCCCCTATAACTCTCTACGGCTAA

SEQ ID NO:21 - Intergenic region (of SEQ ID NO:18)
CCTGAATGGACTACGACATAGTCTAGTCCGCCAAGGCCGCCACC

SEQ ID NO:22 - 3° UTR (of SEQ NO:18), with poly-A
ACTCGAGTATGTTACGTGCAAAGGTGATTGTCACCCCCCGAAAGACCATATTGTG
ACACACCCTCAGTATCACGCCCAAACATTTACAGCCGCGGTGTCAAAAACCGCG
TGGACGTGGTTAACATCCCTGCTGGGAGGATCAGCCGTAATTATTATAATTGGCT
TGGTGCTGGCTACTATTGTGGCCATGTACGTGCTGACCAACCAGAAACATAATTG
AATACAGCAGCAATTGGCAAGCTGCTTACATAGAACTCGCGGCGATTGGCATGC
CGCCTTAAAATTTTTATTTTATTTTTTCTTTTCTTTTCCGAATCGGATTTTGTTTTTA
ATATTTCAAAAAAAAAAAAAAAAAAAAAAAAATCTAGAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO:23 - 3° UTR (of SEQ NO:18), without poly-A
ACTCGAGTATGTTACGTGCAAAGGTGATTGTCACCCCCCGAAAGACCATATTGTG
ACACACCCTCAGTATCACGCCCAAACATTTACAGCCGCGGTGTCAAAAACCGCG
TGGACGTGGTTAACATCCCTGCTGGGAGGATCAGCCGTAATTATTATAATTGGCT
TGGTGCTGGCTACTATTGTGGCCATGTACGTGCTGACCAACCAGAAACATAATTG
AATACAGCAGCAATTGGCAAGCTGCTTACATAGAACTCGCGGCGATTGGCATGC
CGCCTTAAAATTTTTATTTTATTTTTTCTTTTCTTTTCCGAATCGGATTTTGTTTTTA
ATATTTC

SEQ ID NO:24 - Transgene (nucleic acid sequence; mARM3015/SEQ ID NO:18; codon-
optimized)
ATGTTCGTCTTCCTGGTCCTGCTGCCTCTGGTCTCCTCACAGTGCGTCAATCTGAC
AACTCGGACTCAGCTGCCACCTGCTTATACTAATAGCTTCACCAGAGGCGTGTAC
TATCCTGACAAGGTGTTTAGAAGCTCCGTGCTGCACTCTACACAGGATCTGTTTC
TGCCATTCTTTAGCAACGTGACCTGGTTCCACGCCATCCACGTGAGCGGCACCAA
TGGCACAAAGCGGTTCGACAATCCCGTGCTGCCTTTTAACGATGGCGTGTACTTC
GCCTCTACCGAGAAGTCCAACATCATCAGAGGCTGGATCTTTGGCACCACACTGG
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ACTCCAAGACACAGTCTCTGCTGATCGTGAACAATGCCACCAACGTGGTCATCAA
GGTGTGCGAGTTCCAGTTTTGTAATGATCCCTTCCTGGGCGTGTACTATCACAAG
AACAATAAGAGCTGGATGGAGTCCGAGTTTAGAGTGTATTCTAGCGCCAACAAC
TGCACATTTGAGTACGTGAGCCAGCCTTTCCTGATGGACCTGGAGGGCAAGCAG
GGCAATTTCAAGAACCTGAGGGAGTTCGTGTTTAAGAATATCGACGGCTACTTCA
AAATCTACTCTAAGCACACCCCCATCAACCTGGTGCGCGACCTGCCTCAGGGCTT
CAGCGCCCTGGAGCCCCTGGTGGATCTGCCTATCGGCATCAACATCACCCGGTTT
CAGACACTGCTGGCCCTGCACAGAAGCTACCTGACACCCGGCGACTCCTCTAGC
GGATGGACCGCCGGCGCTGCCGCCTACTATGTGGGCTACCTCCAGCCCCGGACCT
TCCTGCTGAAGTACAACGAGAATGGCACCATCACAGACGCAGTGGATTGCGCCC
TGGACCCCCTGAGCGAGACAAAGTGTACACTGAAGTCCTTTACCGTGGAGAAGG
GCATCTATCAGACATCCAATTTCAGGGTGCAGCCAACCGAGTCTATCGTGCGCTT
TCCTAATATCACAAACCTGTGCCCATTTGGCGAGGTGTTCAACGCAACCCGCTTC
GCCAGCGTGTACGCCTGGAATAGGAAGCGGATCAGCAACTGCGTGGCCGACTAT
AGCGTGCTGTACAACTCCGCCTCTTTCAGCACCTTTAAGTGCTATGGCGTGTCCC
CCACAAAGCTGAATGACCTGTGCTTTACCAACGTCTACGCCGATTCTTTCGTGAT
CAGGGGCGACGAGGTGCGCCAGATCGCCCCCGGCCAGACAGGCAAGATCGCAG
ACTACAATTATAAGCTGCCAGACGATTTCACCGGCTGCGTGATCGCCTGGAACAG
CAACAATCTGGATTCCAAAGTGGGCGGCAACTACAATTATCTGTACCGGCTGTTT
AGAAAGAGCAATCTGAAGCCCTTCGAGAGGGACATCTCTACAGAAATCTACCAG
GCCGGCAGCACCCCTTGCAATGGCGTGGAGGGCTTTAACTGTTATTTCCCACTCC
AGTCCTACGGCTTCCAGCCCACAAACGGCGTGGGCTATCAGCCTTACCGCGTGGT
GGTGCTGAGCTTTGAGCTGCTGCACGCCCCAGCAACAGTGTGCGGCCCCAAGAA
GTCCACCAATCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGCCTGAC
CGGCACAGGCGTGCTGACCGAGTCCAACAAGAAGTTCCTGCCATTTCAGCAGTTC
GGCAGGGACATCGCAGATACCACAGACGCCGTGCGCGACCCACAGACCCTGGAG
ATCCTGGACATCACACCCTGCTCTTTCGGCGGCGTGAGCGTGATCACACCCGGCA
CCAATACAAGCAACCAGGTGGCCGTGCTGTATCAGGACGTGAATTGTACCGAGG
TGCCCGTGGCTATCCACGCCGATCAGCTGACCCCAACATGGCGGGTGTACAGCA
CCGGCTCCAACGTCTTCCAGACAAGAGCCGGATGCCTGATCGGAGCAGAGCACG
TGAACAATTCCTATGAGTGCGACATCCCAATCGGCGCCGGCATCTGTGCCTCTTA
CCAGACCCAGACAAACTCTCCCAGACGGGCCCGGAGCGTGGCCTCCCAGTCTAT
CATCGCCTATACCATGTCCCTGGGCGCCGAGAACAGCGTGGCCTACTCTAACAAT
AGCATCGCCATCCCAACCAACTTCACAATCTCTGTGACCACAGAGATCCTGCCCG
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TGTCCATGACCAAGACATCTGTGGACTGCACAATGTATATCTGTGGCGATTCTAC
CGAGTGCAGCAACCTGCTGCTCCAGTACGGCAGCTTTTGTACCCAGCTGAATAGA
GCCCTGACAGGCATCGCCGTGGAGCAGGATAAGAACACACAGGAGGTGTTCGCC
CAGGTGAAGCAAATCTACAAGACCCCCCCTATCAAGGACTTTGGCGGCTTCAATT
TTTCCCAGATCCTGCCTGATCCATCCAAGCCTTCTAAGCGGAGCTTTATCGAGGA
CCTGCTGTTCAACAAGGTGACCCTGGCCGATGCCGGCTTCATCAAGCAGTATGGC
GATTGCCTGGGCGACATCGCAGCCAGGGACCTGATCTGCGCCCAGAAGTTTAAT
GGCCTGACCGTGCTGCCACCCCTGCTGACAGATGAGATGATCGCACAGTACACA
AGCGCCCTGCTGGCCGGCACCATCACATCCGGATGGACCTTCGGCGCAGGAGCC
GCCCTCCAGATCCCCTTTGCCATGCAGATGGCCTATAGGTTCAACGGCATCGGCG
TGACCCAGAATGTGCTGTACGAGAACCAGAAGCTGATCGCCAATCAGTTTAACT
CCGCCATCGGCAAGATCCAGGACAGCCTGTCCTCTACAGCCAGCGCCCTGGGCA
AGCTCCAGGATGTGGTGAATCAGAACGCCCAGGCCCTGAATACCCTGGTGAAGC
AGCTGAGCAGCAACTTCGGCGCCATCTCTAGCGTGCTGAATGACATCCTGAGCCG
GCTGGACAAGGTGGAGGCAGAGGTGCAGATCGACCGGCTGATCACCGGCCGGCT
CCAGAGCCTCCAGACCTATGTGACACAGCAGCTGATCAGGGCCGCCGAGATCAG
GGCCAGCGCCAATCTGGCAGCAACCAAGATGTCCGAGTGCGTGCTGGGCCAGTC
TAAGAGAGTGGACTTTTGTGGCAAGGGCTATCACCTGATGTCCTTCCCTCAGTCT
GCCCCACACGGCGTGGTGTTTCTGCACGTGACCTACGTGCCCGCCCAGGAGAAG
AACTTCACCACAGCCCCTGCCATCTGCCACGATGGCAAGGCCCACTTTCCAAGGG
AGGGCGTGTTCGTGTCCAACGGCACCCACTGGTTTGTGACACAGCGCAATTTCTA
CGAGCCCCAGATCATCACCACAGACAACACCTTCGTGAGCGGCAACTGTGACGT
GGTCATCGGCATCGTGAACAATACCGTGTATGATCCACTCCAGCCCGAGCTGGAC
AGCTTTAAGGAGGAGCTGGATAAGTATTTCAAGAATCACACCTCCCCTGACGTG
GATCTGGGCGACATCAGCGGCATCAATGCCTCCGTGGTGAACATCCAGAAGGAG
ATCGACCGCCTGAACGAGGTGGCTAAGAATCTGAACGAGAGCCTGATCGACCTC
CAGGAGCTGGGCAAGTATGAGCAGTACATCAAGTGGCCCTGGTACATCTGGCTG
GGCTTCATCGCCGGCCTGATCGCCATCGTGATGGTGACCATCATGCTGTGCTGTA
TGACATCCTGCTGTTCTTGCCTGAAGGGCTGCTGTAGCTGTGGCTCCTGCTGTAA
GTTTGACGAGGATGACTCTGAACCTGTGCTGAAGGGCGTGAAGCTGCATTACAC
CTAA
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SEQ ID NO:25 - Transgene (nucleic acid sequence; mARM3015/SEQ ID NO:18; not
codon-optimized)
ATGTTTGTTTTTCTTGTTTTATTGCCACTAGTCTCTAGTCAGTGTGTTAATCTTACA
ACCAGAACTCAATTACCCCCTGCATACACTAATTCTTTCACACGTGGTGTTTATTA
CCCTGACAAAGTTTTCAGATCCTCAGTTTTACATTCAACTCAGGACTTGTTCTTAC
CTTTCTTTTCCAATGTTACTTGGTTCCATGCTATACATGTCTCTGGGACCAATGGT
ACTAAGAGGTTTGATAACCCTGTCCTACCATTTAATGATGGTGTTTATTTTGCTTC
CACTGAGAAGTCTAACATAATAAGAGGCTGGATTTTTGGTACTACTTTAGATTCG
AAGACCCAGTCCCTACTTATTGTTAATAACGCTACTAATGTTGTTATTAAAGTCTG
TGAATTTCAATTTTGTAATGATCCATTTTTGGGTGTTTATTACCACAAAAACAACA
AAAGTTGGATGGAAAGTGAGTTCAGAGTTTATTCTAGTGCGAATAATTGCACTTT
TGAATATGTCTCTCAGCCTTTTCTTATGGACCTTGAAGGAAAACAGGGTAATTTC
AAAAATCTTAGGGAATTTGTGTTTAAGAATATTGATGGTTATTTTAAAATATATT
CTAAGCACACGCCTATTAATTTAGTGCGTGATCTCCCTCAGGGTTTTTCGGCTTTA
GAACCATTGGTAGATTTGCCAATAGGTATTAACATCACTAGGTTTCAAACTTTAC
TTGCTTTACATAGAAGTTATTTGACTCCTGGTGATTCTTCTTCAGGTTGGACAGCT
GGTGCTGCAGCTTATTATGTGGGTTATCTTCAACCTAGGACTTTTCTATTAAAATA
TAATGAAAATGGAACCATTACAGATGCTGTAGACTGTGCACTTGACCCTCTCTCA
GAAACAAAGTGTACGTTGAAATCCTTCACTGTAGAAAAAGGAATCTATCAAACT
TCTAACTTTAGAGTCCAACCAACAGAATCTATTGTTAGATTTCCTAATATTACAA
ACTTGTGCCCTTTTGGTGAAGTTTTTAACGCCACCAGATTTGCATCTGTTTATGCT
TGGAACAGGAAGAGAATCAGCAACTGTGTTGCTGATTATTCTGTCCTATATAATT
CCGCATCATTTTCCACTTTTAAGTGTTATGGAGTGTCTCCTACTAAATTAAATGAT
CTCTGCTTTACTAATGTCTATGCAGATTCATTTGTAATTAGAGGTGATGAAGTCA
GACAAATCGCTCCAGGGCAAACTGGAAAGATTGCTGATTATAATTATAAATTAC
CAGATGATTTTACAGGCTGCGTTATAGCTTGGAATTCTAACAATCTTGATTCTAA
GGTTGGTGGTAATTATAATTACCTGTATAGATTGTTTAGGAAGTCTAATCTCAAA
CCTTTTGAGAGAGATATTTCAACTGAAATCTATCAGGCCGGTAGCACACCTTGTA
ATGGTGTTGAAGGTTTTAATTGTTACTTTCCTTTACAATCATATGGTTTCCAACCC
ACTAATGGTGTTGGTTACCAACCATACAGAGTAGTAGTACTTTCTTTTGAACTTCT
ACATGCACCAGCAACTGTTTGTGGACCTAAAAAGTCTACTAATTTGGTTAAAAAC
AAATGTGTCAATTTCAACTTCAATGGTTTAACAGGCACAGGTGTTCTTACTGAGT
CTAACAAAAAGTTTCTGCCTTTCCAACAATTTGGCAGAGACATTGCTGACACTAC
TGATGCTGTCCGTGATCCACAGACACTTGAGATTCTTGACATTACACCATGTTCTT
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TTGGTGGTGTCAGTGTTATAACACCAGGAACAAATACTTCTAACCAGGTTGCTGT
TCTTTATCAGGATGTTAACTGCACAGAAGTCCCTGTTGCTATTCATGCAGATCAA
CTTACTCCTACTTGGCGTGTTTATTCTACAGGTTCTAATGTTTTTCAAACACGTGC
AGGCTGTTTAATAGGGGCTGAACATGTCAACAACTCATATGAGTGTGACATACCC
ATTGGTGCAGGTATATGCGCTAGTTATCAGACTCAGACTAATTCTCCTCGGCGGG
CACGTAGTGTAGCTAGTCAATCCATCATTGCCTACACTATGTCACTTGGTGCAGA
AAATTCAGTTGCTTACTCTAATAACTCTATTGCCATACCCACAAATTTTACTATTA
GTGTTACCACAGAAATTCTACCAGTGTCTATGACCAAGACATCAGTAGATTGTAC
AATGTACATTTGTGGTGATTCAACTGAATGCAGCAATCTTTTGTTGCAATATGGC
AGTTTTTGTACACAATTAAACCGTGCTTTAACTGGAATAGCTGTTGAACAAGACA
AAAACACCCAAGAAGTTTTTGCACAAGTCAAACAAATTTACAAAACACCACCAA
TTAAAGATTTTGGTGGTTTTAATTTTTCACAAATATTACCAGATCCATCAAAACCA
AGCAAGAGGTCATTTATTGAAGATCTACTTTTCAACAAAGTGACACTTGCAGATG
CTGGCTTCATCAAACAATATGGTGATTGCCTTGGTGATATTGCTGCTAGAGACCT
CATTTGTGCACAAAAGTTTAACGGCCTTACTGTTTTGCCACCTTTGCTCACAGATG
AAATGATTGCTCAATACACTTCTGCACTGTTAGCGGGTACAATCACTTCTGGTTG
GACCTTTGGTGCAGGTGCTGCATTACAAATACCATTTGCTATGCAAATGGCTTAT
AGGTTTAATGGTATTGGAGTTACACAGAATGTTCTCTATGAGAACCAAAAATTGA
TTGCCAACCAATTTAATAGTGCTATTGGCAAAATTCAAGACTCACTTTCTTCCAC
AGCAAGTGCACTTGGAAAACTTCAAGATGTGGTCAACCAAAATGCACAAGCTTT
AAACACGCTTGTTAAACAACTTAGCTCCAATTTTGGTGCAATTTCAAGTGTTTTA
AATGATATCCTTTCACGTCTTGACAAAGTTGAGGCTGAAGTGCAAATTGATAGGT
TGATCACAGGCAGACTTCAAAGTTTGCAGACATATGTGACTCAACAATTAATTAG
AGCTGCAGAAATCAGAGCTTCTGCTAATCTTGCTGCTACTAAAATGTCAGAGTGT
GTACTTGGACAATCAAAAAGAGTTGATTTTTGTGGAAAGGGCTATCATCTTATGT
CCTTCCCTCAGTCAGCACCTCATGGTGTAGTCTTCTTGCATGTGACTTATGTCCCT
GCACAAGAAAAGAACTTCACAACTGCTCCTGCCATTTGTCATGATGGAAAAGCA
CACTTTCCTCGTGAAGGTGTCTTTGTTTCAAATGGCACACACTGGTTTGTAACAC
AAAGGAATTTTTATGAACCACAAATCATTACTACAGACAACACATTTGTGTCTGG
TAACTGTGATGTTGTAATAGGAATTGTCAACAACACAGTTTATGATCCTTTGCAA
CCTGAATTAGACTCATTCAAGGAGGAGTTAGATAAATATTTTAAGAATCATACAT
CACCAGATGTTGATTTAGGTGACATCTCTGGCATTAATGCTTCAGTTGTAAACAT
TCAAAAAGAAATTGACCGCCTCAATGAGGTTGCCAAGAATTTAAATGAATCTCTC
ATCGATCTCCAAGAACTTGGAAAGTATGAGCAGTATATAAAATGGCCATGGTAC
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ATTTGGCTAGGTTTTATAGCTGGCTTGATTGCCATAGTAATGGTGACAATTATGCT
TTGCTGTATGACCAGTTGCTGTAGTTGTCTCAAGGGCTGTTGTTCTTGTGGATCCT
GCTGCAAATTTGATGAAGACGACTCTGAGCCAGTGCTCAAAGGAGTCAAATTAC
ATTACACATAA

SEQ ID NO:26 - Transgene (amino acid sequence; mARM3015/SEQ ID NO:18)
MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPF
FSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQS
LLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVS
QPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLP
IGINITRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDA
VDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRF
ASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRG
DEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSN
LKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELL
HAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTD
AVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPT
WRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVAS
QSITAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTEC
SNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILP
DPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLT
DEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKLI
ANQFNSAIGKIQDSLSSTASALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDIL
SRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSK
RVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGV
FVSNGTHWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEEL
DKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQY1
KWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKG
VKLHYT

SEQ ID NO:27 - Replicon sequence including SEQ ID NO:19, SEQ ID NO:20, SEQ ID
NO:21, and SEQ ID NO:22 (with poly-A)
ATGGGCGGCGCATGAGAGAAGCCCAGACCAATTACCTACCCAAAATGGAGAAA
GTTCACGTTGACATCGAGGAAGACAGCCCATTCCTCAGAGCTTTGCAGCGGAGCT
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TCCCGCAGTTTGAGGTAGAAGCCAAGCAGGTCACTGATAATGACCATGCTAATG
CCAGAGCGTTTTCGCATCTGGCTTCAAAACTGATCGAAACGGAGGTGGACCCATC
CGACACGATCCTTGACATTGGAAGTGCGCCCGCCCGCAGAATGTATTCTAAGCAC
AAGTATCATTGTATCTGTCCGATGAGATGTGCGGAAGATCCGGACAGATTGTATA
AGTATGCAACTAAGCTGAAGAAAAACTGTAAGGAAATAACTGATAAGGAATTGG
ACAAGAAAATGAAGGAGCTGGCCGCCGTCATGAGCGACCCTGACCTGGAAACTG
AGACTATGTGCCTCCACGACGACGAGTCGTGTCGCTACGAAGGGCAAGTCGCTG
TTTACCAGGATGTATACGCCGTCGACGGCCCCACCAGCCTGTACCACCAGGCCAA
CAAGGGCGTGAGGGTGGCCTACTGGATCGGCTTCGACACCACACCCTTCATGTTC
AAGAACCTGGCCGGCGCCTACCCCAGCTACAGCACCAACTGGGCCGACGAGACC
GTGCTGACCGCCAGGAACATCGGCCTGTGCAGCAGCGACGTGATGGAGAGGAGC
CGGAGAGGCATGAGCATCCTGAGGAAGAAATACCTGAAGCCCAGCAACAACGT
GCTGTTCAGCGTGGGCAGCACCATCTACCACGAGAAGAGGGACCTGCTCAGGAG
CTGGCACCTGCCCAGCGTGTTCCACCTGAGGGGCAAGCAGAACTACACCTGCAG
GTGCGAGACCATCGTGAGCTGCGACGGCTACGTGGTGAAGAGGATCGCCATCAG
CCCCGGCCTGTACGGCAAGCCCAGCGGCTACGCCGCTACAATGCACAGGGAGGG
CTTCCTGTGCTGCAAGGTGACCGACACCCTGAACGGCGAGAGGGTGAGCTTCCC
CGTGTGCACCTACGTGCCCGCCACCCTGTGCGACCAGATGACCGGCATCCTGGCC
ACCGACGTGAGCGCCGACGACGCCCAGAAGCTGCTCGTGGGCCTGAACCAGAGG
ATCGTGGTCAACGGCAGGACCCAGAGGAACACCAACACAATGAAGAACTACCTG
CTGCCCGTGGTGGCCCAGGCTTTCGCCAGGTGGGCCAAGGAGTACAAGGAGGAC
CAGGAAGACGAGAGGCCCCTGGGCCTGAGGGACAGGCAGCTGGTGATGGGCTG
CTGCTGGGCCTTCAGGCGGCACAAGATCACCAGCATCTACAAGAGGCCCGACAC
CCAGACCATCATCAAGGTGAACAGCGACTTCCACAGCTTCGTGCTGCCCAGGATC
GGCAGCAACACCCTGGAGATCGGCCTGAGGACCCGGATCAGGAAGATGCTGGAG
GAACACAAGGAGCCCAGCCCACTGATCACCGCCGAGGACGTGCAGGAGGCCAA
GTGCGCTGCCGACGAGGCCAAGGAGGTGAGGGAGGCCGAGGAACTGAGGGCCG
CCCTGCCACCCCTGGCTGCCGACGTGGAGGAACCCACCCTGGAAGCCGACGTGG
ACCTGATGCTGCAGGAGGCCGGCGCCGGAAGCGTGGAGACACCCAGGGGCCTGA
TCAAGGTGACCAGCTACGACGGCGAGGACAAGATCGGCAGCTACGCCGTGCTGA
GCCCACAGGCCGTGCTGAAGTCCGAGAAGCTGAGCTGCATCCACCCACTGGCCG
AGCAGGTGATCGTGATCACCCACAGCGGCAGGAAGGGCAGGTACGCCGTGGAGC
CCTACCACGGCAAGGTGGTCGTGCCCGAGGGCCACGCCATCCCCGTGCAGGACT
TCCAGGCCCTGAGCGAGAGCGCCACCATCGTGTACAACGAGAGGGAGTTCGTGA
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ACAGGTACCTGCACCATATCGCCACCCACGGCGGAGCCCTGAACACCGACGAGG
AATACTACAAGACCGTGAAGCCCAGCGAGCACGACGGCGAGTACCTGTACGACA
TCGACAGGAAGCAGTGCGTGAAGAAAGAGCTGGTGACCGGCCTGGGACTGACCG
GCGAGCTGGTGGACCCACCCTTCCACGAGTTCGCCTACGAGAGCCTGAGGACCA
GACCCGCCGCTCCCTACCAGGTGCCCACCATCGGCGTGTACGGCGTGCCCGGCA
GCGGAAAGAGCGGCATCATCAAGAGCGCCGTGACCAAGAAAGACCTGGTGGTC
AGCGCCAAGAAAGAGAACTGCGCCGAGATCATCAGGGACGTGAAGAAGATGAA
AGGCCTGGACGTGAACGCGCGCACCGTGGACAGCGTGCTGCTGAACGGCTGCAA
GCACCCCGTGGAGACCCTGTACATCGACGAGGCCTTCGCTTGCCACGCCGGCACC
CTGAGGGCCCTGATCGCCATCATCAGGCCCAAGAAAGCCGTGCTGTGCGGCGAC
CCCAAGCAGTGCGGCTTCTTCAACATGATGTGCCTGAAGGTGCACTTCAACCACG
AGATCTGCACCCAGGTGTTCCACAAGAGCATCAGCAGGCGGTGCACCAAGAGCG
TGACCAGCGTCGTGAGCACCCTGTTCTACGACAAGAAAATGAGGACCACCAACC
CCAAGGAGACCAAAATCGTGATCGACACCACAGGCAGCACCAAGCCCAAGCAG
GACGACCTGATCCTGACCTGCTTCAGGGGCTGGGTGAAGCAGCTGCAGATCGAC
TACAAGGGCAACGAGATCATGACCGCCGCTGCCAGCCAGGGCCTGACCAGGAAG
GGCGTGTACGCCGTGAGGTACAAGGTGAACGAGAACCCACTGTACGCTCCCACC
AGCGAGCACGTGAACGTGCTGCTGACCAGGACCGAGGACAGGATCGTGTGGAAG
ACCCTGGCCGGCGACCCCTGGATCAAGACCCTGACCGCCAAGTACCCCGGCAAC
TTCACCGCCACCATCGAAGAGTGGCAGGCCGAGCACGACGCCATCATGAGGCAC
ATCCTGGAGAGGCCCGACCCCACCGACGTGTTCCAGAACAAGGCCAACGTGTGC
TGGGCCAAGGCCCTGGTGCCCGTGCTGAAGACCGCCGGCATCGACATGACCACA
GAGCAGTGGAACACCGTGGACTACTTCGAGACCGACAAGGCCCACAGCGCCGAG
ATCGTGCTGAACCAGCTGTGCGTGAGGTTCTTCGGCCTGGACCTGGACAGCGGCC
TGTTCAGCGCCCCCACCGTGCCACTGAGCATCAGGAACAACCACTGGGACAACA
GCCCCAGCCCAAACATGTACGGCCTGAACAAGGAGGTGGTCAGGCAGCTGAGCA
GGCGGTACCCACAGCTGCCCAGGGCCGTGGCCACCGGCAGGGTGTACGACATGA
ACACCGGCACCCTGAGGAACTACGACCCCAGGATCAACCTGGTGCCCGTGAACA
GGCGGCTGCCCCACGCCCTGGTGCTGCACCACAACGAGCACCCACAGAGCGACT
TCAGCTCCTTCGTGAGCAAGCTGAAAGGCAGGACCGTGCTGGTCGTGGGCGAGA
AGCTGAGCGTGCCCGGCAAGATGGTGGACTGGCTGAGCGACAGGCCCGAGGCCA
CCTTCCGGGCCAGGCTGGACCTCGGCATCCCCGGCGACGTGCCCAAGTACGACA
TCATCTTCGTGAACGTCAGGACCCCATACAAGTACCACCATTACCAGCAGTGCGA
GGACCACGCCATCAAGCTGAGCATGCTGACCAAGAAGGCCTGCCTGCACCTGAA
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CCCCGGAGGCACCTGCGTGAGCATCGGCTACGGCTACGCCGACAGGGCCAGCGA
GAGCATCATTGGCGCCATCGCCAGGCTGTTCAAGTTCAGCAGGGTGTGCAAACC
CAAGAGCAGCCTGGAGGAAACCGAGGTGCTGTTCGTGTTCATCGGCTACGACCG
GAAGGCCAGGACCCACAACCCCTACAAGCTGAGCAGCACCCTGACAAACATCTA
CACCGGCAGCAGGCTGCACGAGGCCGGCTGCGCCCCCAGCTACCACGTGGTCAG
GGGCGATATCGCCACCGCCACCGAGGGCGTGATCATCAACGCTGCCAACAGCAA
GGGCCAGCCCGGAGGCGGAGTGTGCGGCGCCCTGTACAAGAAGTTCCCCGAGAG
CTTCGACCTGCAGCCCATCGAGGTGGGCAAGGCCAGGCTGGTGAAGGGCGCCGC
TAAGCACATCATCCACGCCGTGGGCCCCAACTTCAACAAGGTGAGCGAGGTGGA
AGGCGACAAGCAGCTGGCCGAAGCCTACGAGAGCATCGCCAAGATCGTGAACG
ACAATAACTACAAGAGCGTGGCCATCCCACTGCTCAGCACCGGCATCTTCAGCG
GCAACAAGGACAGGCTGACCCAGAGCCTGAACCACCTGCTCACCGCCCTGGACA
CCACCGATGCCGACGTGGCCATCTACTGCAGGGACAAGAAGTGGGAGATGACCC
TGAAGGAGGCCGTGGCCAGGCGGGAGGCCGTGGAAGAGATCTGCATCAGCGAC
GACTCCAGCGTGACCGAGCCCGACGCCGAGCTGGTGAGGGTGCACCCCAAGAGC
TCCCTGGCCGGCAGGAAGGGCTACAGCACCAGCGACGGCAAGACCTTCAGCTAC
CTGGAGGGCACCAAGTTCCACCAGGCCGCTAAGGACATCGCCGAGATCAACGCT
ATGTGGCCCGTGGCCACCGAGGCCAACGAGCAGGTGTGCATGTACATCCTGGGC
GAGAGCATGTCCAGCATCAGGAGCAAGTGCCCCGTGGAGGAAAGCGAGGCCAG
CACACCACCCAGCACCCTGCCCTGCCTGTGCATCCACGCTATGACACCCGAGAGG
GTGCAGCGGCTGAAGGCCAGCAGGCCCGAGCAGATCACCGTGTGCAGCTCCTTC
CCACTGCCCAAGTACAGGATCACCGGCGTGCAGAAGATCCAGTGCAGCCAGCCC
ATCCTGTTCAGCCCAAAGGTGCCCGCCTACATCCACCCCAGGAAGTACCTGGTGG
AGACCCCACCCGTGGACGAGACACCCGAGCCAAGCGCCGAGAACCAGAGCACC
GAGGGCACACCCGAGCAGCCACCCCTGATCACCGAGGACGAGACAAGGACCCG
GACCCCAGAGCCCATCATTATCGAGGAAGAGGAAGAGGACAGCATCAGCCTGCT
GAGCGACGGCCCCACCCACCAGGTGCTGCAGGTGGAGGCCGACATCCACGGCCC
ACCCAGCGTGTCCAGCTCCAGCTGGAGCATCCCACACGCCAGCGACTTCGACGT
GGACAGCCTGAGCATCCTGGACACCCTGGAGGGCGCCAGCGTGACCTCCGGCGC
CACCAGCGCCGAGACCAACAGCTACTTCGCCAAGAGCATGGAGTTCCTGGCCAG
GCCCGTGCCAGCTCCCAGGACCGTGTTCAGGAACCCACCCCACCCAGCTCCCAG
GACCAGGACCCCAAGCCTGGCTCCCAGCAGGGCCTGCAGCAGGACCAGCCTGGT
GAGCACCCCACCCGGCGTGAACAGGGTGATCACCAGGGAGGAACTGGAGGCCCT
GACACCCAGCAGGACCCCCAGCAGGTCCGTGAGCAGGACTAGTCTGGTGTCCAA
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CCCACCCGGCGTGAACAGGGTGATCACCAGGGAGGAATTCGAGGCCTTCGTGGC
CCAGCAACAGAGACGGTTCGACGCCGGCGCCTACATCTTCAGCAGCGACACCGG
CCAGGGACACCTGCAGCAAAAGAGCGTGAGGCAGACCGTGCTGAGCGAGGTGG
TGCTGGAGAGGACCGAGCTGGAAATCAGCTACGCCCCCAGGCTGGACCAGGAGA
AGGAGGAACTGCTCAGGAAGAAACTGCAGCTGAACCCCACCCCAGCCAACAGG
AGCAGGTACCAGAGCAGGAAGGTGGAGAACATGAAGGCCATCACCGCCAGGCG
GATCCTGCAGGGCCTGGGACACTACCTGAAGGCCGAGGGCAAGGTGGAGTGCTA
CAGGACCCTGCACCCCGTGCCACTGTACAGCTCCAGCGTGAACAGGGCCTTCTCC
AGCCCCAAGGTGGCCGTGGAGGCCTGCAACGCTATGCTGAAGGAGAACTTCCCC
ACCGTGGCCAGCTACTGCATCATCCCCGAGTACGACGCCTACCTGGACATGGTGG
ACGGCGCCAGCTGCTGCCTGGACACCGCCAGCTTCTGCCCCGCCAAGCTGAGGA
GCTTCCCCAAGAAACACAGCTACCTGGAGCCCACCATCAGGAGCGCCGTGCCCA
GCGCCATCCAGAACACCCTGCAGAACGTGCTGGCCGCTGCCACCAAGAGGAACT
GCAACGTGACCCAGATGAGGGAGCTGCCCGTGCTGGACAGCGCTGCCTTCAACG
TGGAGTGCTTCAAGAAATACGCCTGCAACAACGAGTACTGGGAGACCTTCAAGG
AGAACCCCATCAGGCTGACCGAAGAGAACGTGGTGAACTACATCACCAAGCTGA
AGGGCCCCAAGGCCGCTGCCCTGTTCGCTAAGACCCACAACCTGAACATGCTGC
AGGACATCCCAATGGACAGGTTCGTGATGGACCTGAAGAGGGACGTGAAGGTGA
CACCCGGCACCAAGCACACCGAGGAGAGGCCCAAGGTGCAGGTGATCCAGGCC
GCTGACCCACTGGCCACCGCCTACCTGTGCGGCATCCACAGGGAGCTGGTGAGG
CGGCTGAACGCCGTGCTGCTGCCCAACATCCACACCCTGTTCGACATGAGCGCCG
AGGACTTCGACGCCATCATCGCCGAGCACTTCCAGCCCGGCGACTGCGTGCTGG
AGACCGACATCGCCAGCTTCGACAAGAGCGAGGATGACGCTATGGCCCTGACCG
CTCTGATGATCCTGGAGGACCTGGGCGTGGACGCCGAGCTGCTCACCCTGATCGA
GGCTGCCTTCGGCGAGATCAGCTCCATCCACCTGCCCACCAAGACCAAGTTCAAG
TTCGGCGCTATGATGAAAAGCGGAATGTTCCTGACCCTGTTCGTGAACACCGTGA
TCAACATTGTGATCGCCAGCAGGGTGCTGCGGGAGAGGCTGACCGGCAGCCCCT
GCGCTGCCTTCATCGGCGACGACAACATCGTGAAGGGCGTGAAAAGCGACAAGC
TGATGGCCGACAGGTGCGCCACCTGGCTGAACATGGAGGTGAAGATCATCGACG
CCGTGGTGGGCGAGAAGGCCCCCTACTTCTGCGGCGGATTCATCCTGTGCGACAG
CGTGACCGGCACCGCCTGCAGGGTGGCCGACCCCCTGAAGAGGCTGTTCAAGCT
GGGCAAGCCACTGGCCGCTGACGATGAGCACGACGATGACAGGCGGAGGGCCCT
GCACGAGGAAAGCACCAGGTGGAACAGGGTGGGCATCCTGAGCGAGCTGTGCA
AGGCCGTGGAGAGCAGGTACGAGACCGTGGGCACCAGCATCATCGTGATGGCTA
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TGACCACACTGGCCAGCTCCGTCAAGAGCTTCTCCTACCTGAGGGGGGCCCCTAT
AACTCTCTACGGCTAACCTGAATGGACTACGACATAGTCTAGTCCGCCAAGGCCG
CCACCACTCGAGTATGTTACGTGCAAAGGTGATTGTCACCCCCCGAAAGACCATA
TTGTGACACACCCTCAGTATCACGCCCAAACATTTACAGCCGCGGTGTCAAAAAC
CGCGTGGACGTGGTTAACATCCCTGCTGGGAGGATCAGCCGTAATTATTATAATT
GGCTTGGTGCTGGCTACTATTGTGGCCATGTACGTGCTGACCAACCAGAAACATA
ATTGAATACAGCAGCAATTGGCAAGCTGCTTACATAGAACTCGCGGCGATTGGC
ATGCCGCCTTAAAATTTTTATTTTATTTTTTCTTITTCTTTTCCGAATCGGATTTTGT
TTTTAATATTTCAAAAAAAAAAAAAAAAAAAAAAAAATCTAGAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO:28 - Replicon sequence including SEQ ID NO:19, SEQ ID NO:20, SEQ ID
NO:21, and SEQ ID NO:23 (without poly-A)
ATGGGCGGCGCATGAGAGAAGCCCAGACCAATTACCTACCCAAAATGGAGAAA
GTTCACGTTGACATCGAGGAAGACAGCCCATTCCTCAGAGCTTTGCAGCGGAGCT
TCCCGCAGTTTGAGGTAGAAGCCAAGCAGGTCACTGATAATGACCATGCTAATG
CCAGAGCGTTTTCGCATCTGGCTTCAAAACTGATCGAAACGGAGGTGGACCCATC
CGACACGATCCTTGACATTGGAAGTGCGCCCGCCCGCAGAATGTATTCTAAGCAC
AAGTATCATTGTATCTGTCCGATGAGATGTGCGGAAGATCCGGACAGATTGTATA
AGTATGCAACTAAGCTGAAGAAAAACTGTAAGGAAATAACTGATAAGGAATTGG
ACAAGAAAATGAAGGAGCTGGCCGCCGTCATGAGCGACCCTGACCTGGAAACTG
AGACTATGTGCCTCCACGACGACGAGTCGTGTCGCTACGAAGGGCAAGTCGCTG
TTTACCAGGATGTATACGCCGTCGACGGCCCCACCAGCCTGTACCACCAGGCCAA
CAAGGGCGTGAGGGTGGCCTACTGGATCGGCTTCGACACCACACCCTTCATGTTC
AAGAACCTGGCCGGCGCCTACCCCAGCTACAGCACCAACTGGGCCGACGAGACC
GTGCTGACCGCCAGGAACATCGGCCTGTGCAGCAGCGACGTGATGGAGAGGAGC
CGGAGAGGCATGAGCATCCTGAGGAAGAAATACCTGAAGCCCAGCAACAACGT
GCTGTTCAGCGTGGGCAGCACCATCTACCACGAGAAGAGGGACCTGCTCAGGAG
CTGGCACCTGCCCAGCGTGTTCCACCTGAGGGGCAAGCAGAACTACACCTGCAG
GTGCGAGACCATCGTGAGCTGCGACGGCTACGTGGTGAAGAGGATCGCCATCAG
CCCCGGCCTGTACGGCAAGCCCAGCGGCTACGCCGCTACAATGCACAGGGAGGG
CTTCCTGTGCTGCAAGGTGACCGACACCCTGAACGGCGAGAGGGTGAGCTTCCC
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CGTGTGCACCTACGTGCCCGCCACCCTGTGCGACCAGATGACCGGCATCCTGGCC
ACCGACGTGAGCGCCGACGACGCCCAGAAGCTGCTCGTGGGCCTGAACCAGAGG
ATCGTGGTCAACGGCAGGACCCAGAGGAACACCAACACAATGAAGAACTACCTG
CTGCCCGTGGTGGCCCAGGCTTTCGCCAGGTGGGCCAAGGAGTACAAGGAGGAC
CAGGAAGACGAGAGGCCCCTGGGCCTGAGGGACAGGCAGCTGGTGATGGGCTG
CTGCTGGGCCTTCAGGCGGCACAAGATCACCAGCATCTACAAGAGGCCCGACAC
CCAGACCATCATCAAGGTGAACAGCGACTTCCACAGCTTCGTGCTGCCCAGGATC
GGCAGCAACACCCTGGAGATCGGCCTGAGGACCCGGATCAGGAAGATGCTGGAG
GAACACAAGGAGCCCAGCCCACTGATCACCGCCGAGGACGTGCAGGAGGCCAA
GTGCGCTGCCGACGAGGCCAAGGAGGTGAGGGAGGCCGAGGAACTGAGGGCCG
CCCTGCCACCCCTGGCTGCCGACGTGGAGGAACCCACCCTGGAAGCCGACGTGG
ACCTGATGCTGCAGGAGGCCGGCGCCGGAAGCGTGGAGACACCCAGGGGCCTGA
TCAAGGTGACCAGCTACGACGGCGAGGACAAGATCGGCAGCTACGCCGTGCTGA
GCCCACAGGCCGTGCTGAAGTCCGAGAAGCTGAGCTGCATCCACCCACTGGCCG
AGCAGGTGATCGTGATCACCCACAGCGGCAGGAAGGGCAGGTACGCCGTGGAGC
CCTACCACGGCAAGGTGGTCGTGCCCGAGGGCCACGCCATCCCCGTGCAGGACT
TCCAGGCCCTGAGCGAGAGCGCCACCATCGTGTACAACGAGAGGGAGTTCGTGA
ACAGGTACCTGCACCATATCGCCACCCACGGCGGAGCCCTGAACACCGACGAGG
AATACTACAAGACCGTGAAGCCCAGCGAGCACGACGGCGAGTACCTGTACGACA
TCGACAGGAAGCAGTGCGTGAAGAAAGAGCTGGTGACCGGCCTGGGACTGACCG
GCGAGCTGGTGGACCCACCCTTCCACGAGTTCGCCTACGAGAGCCTGAGGACCA
GACCCGCCGCTCCCTACCAGGTGCCCACCATCGGCGTGTACGGCGTGCCCGGCA
GCGGAAAGAGCGGCATCATCAAGAGCGCCGTGACCAAGAAAGACCTGGTGGTC
AGCGCCAAGAAAGAGAACTGCGCCGAGATCATCAGGGACGTGAAGAAGATGAA
AGGCCTGGACGTGAACGCGCGCACCGTGGACAGCGTGCTGCTGAACGGCTGCAA
GCACCCCGTGGAGACCCTGTACATCGACGAGGCCTTCGCTTGCCACGCCGGCACC
CTGAGGGCCCTGATCGCCATCATCAGGCCCAAGAAAGCCGTGCTGTGCGGCGAC
CCCAAGCAGTGCGGCTTCTTCAACATGATGTGCCTGAAGGTGCACTTCAACCACG
AGATCTGCACCCAGGTGTTCCACAAGAGCATCAGCAGGCGGTGCACCAAGAGCG
TGACCAGCGTCGTGAGCACCCTGTTCTACGACAAGAAAATGAGGACCACCAACC
CCAAGGAGACCAAAATCGTGATCGACACCACAGGCAGCACCAAGCCCAAGCAG
GACGACCTGATCCTGACCTGCTTCAGGGGCTGGGTGAAGCAGCTGCAGATCGAC
TACAAGGGCAACGAGATCATGACCGCCGCTGCCAGCCAGGGCCTGACCAGGAAG
GGCGTGTACGCCGTGAGGTACAAGGTGAACGAGAACCCACTGTACGCTCCCACC
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AGCGAGCACGTGAACGTGCTGCTGACCAGGACCGAGGACAGGATCGTGTGGAAG
ACCCTGGCCGGCGACCCCTGGATCAAGACCCTGACCGCCAAGTACCCCGGCAAC
TTCACCGCCACCATCGAAGAGTGGCAGGCCGAGCACGACGCCATCATGAGGCAC
ATCCTGGAGAGGCCCGACCCCACCGACGTGTTCCAGAACAAGGCCAACGTGTGC
TGGGCCAAGGCCCTGGTGCCCGTGCTGAAGACCGCCGGCATCGACATGACCACA
GAGCAGTGGAACACCGTGGACTACTTCGAGACCGACAAGGCCCACAGCGCCGAG
ATCGTGCTGAACCAGCTGTGCGTGAGGTTCTTCGGCCTGGACCTGGACAGCGGCC
TGTTCAGCGCCCCCACCGTGCCACTGAGCATCAGGAACAACCACTGGGACAACA
GCCCCAGCCCAAACATGTACGGCCTGAACAAGGAGGTGGTCAGGCAGCTGAGCA
GGCGGTACCCACAGCTGCCCAGGGCCGTGGCCACCGGCAGGGTGTACGACATGA
ACACCGGCACCCTGAGGAACTACGACCCCAGGATCAACCTGGTGCCCGTGAACA
GGCGGCTGCCCCACGCCCTGGTGCTGCACCACAACGAGCACCCACAGAGCGACT
TCAGCTCCTTCGTGAGCAAGCTGAAAGGCAGGACCGTGCTGGTCGTGGGCGAGA
AGCTGAGCGTGCCCGGCAAGATGGTGGACTGGCTGAGCGACAGGCCCGAGGCCA
CCTTCCGGGCCAGGCTGGACCTCGGCATCCCCGGCGACGTGCCCAAGTACGACA
TCATCTTCGTGAACGTCAGGACCCCATACAAGTACCACCATTACCAGCAGTGCGA
GGACCACGCCATCAAGCTGAGCATGCTGACCAAGAAGGCCTGCCTGCACCTGAA
CCCCGGAGGCACCTGCGTGAGCATCGGCTACGGCTACGCCGACAGGGCCAGCGA
GAGCATCATTGGCGCCATCGCCAGGCTGTTCAAGTTCAGCAGGGTGTGCAAACC
CAAGAGCAGCCTGGAGGAAACCGAGGTGCTGTTCGTGTTCATCGGCTACGACCG
GAAGGCCAGGACCCACAACCCCTACAAGCTGAGCAGCACCCTGACAAACATCTA
CACCGGCAGCAGGCTGCACGAGGCCGGCTGCGCCCCCAGCTACCACGTGGTCAG
GGGCGATATCGCCACCGCCACCGAGGGCGTGATCATCAACGCTGCCAACAGCAA
GGGCCAGCCCGGAGGCGGAGTGTGCGGCGCCCTGTACAAGAAGTTCCCCGAGAG
CTTCGACCTGCAGCCCATCGAGGTGGGCAAGGCCAGGCTGGTGAAGGGCGCCGC
TAAGCACATCATCCACGCCGTGGGCCCCAACTTCAACAAGGTGAGCGAGGTGGA
AGGCGACAAGCAGCTGGCCGAAGCCTACGAGAGCATCGCCAAGATCGTGAACG
ACAATAACTACAAGAGCGTGGCCATCCCACTGCTCAGCACCGGCATCTTCAGCG
GCAACAAGGACAGGCTGACCCAGAGCCTGAACCACCTGCTCACCGCCCTGGACA
CCACCGATGCCGACGTGGCCATCTACTGCAGGGACAAGAAGTGGGAGATGACCC
TGAAGGAGGCCGTGGCCAGGCGGGAGGCCGTGGAAGAGATCTGCATCAGCGAC
GACTCCAGCGTGACCGAGCCCGACGCCGAGCTGGTGAGGGTGCACCCCAAGAGC
TCCCTGGCCGGCAGGAAGGGCTACAGCACCAGCGACGGCAAGACCTTCAGCTAC
CTGGAGGGCACCAAGTTCCACCAGGCCGCTAAGGACATCGCCGAGATCAACGCT
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ATGTGGCCCGTGGCCACCGAGGCCAACGAGCAGGTGTGCATGTACATCCTGGGC
GAGAGCATGTCCAGCATCAGGAGCAAGTGCCCCGTGGAGGAAAGCGAGGCCAG
CACACCACCCAGCACCCTGCCCTGCCTGTGCATCCACGCTATGACACCCGAGAGG
GTGCAGCGGCTGAAGGCCAGCAGGCCCGAGCAGATCACCGTGTGCAGCTCCTTC
CCACTGCCCAAGTACAGGATCACCGGCGTGCAGAAGATCCAGTGCAGCCAGCCC
ATCCTGTTCAGCCCAAAGGTGCCCGCCTACATCCACCCCAGGAAGTACCTGGTGG
AGACCCCACCCGTGGACGAGACACCCGAGCCAAGCGCCGAGAACCAGAGCACC
GAGGGCACACCCGAGCAGCCACCCCTGATCACCGAGGACGAGACAAGGACCCG
GACCCCAGAGCCCATCATTATCGAGGAAGAGGAAGAGGACAGCATCAGCCTGCT
GAGCGACGGCCCCACCCACCAGGTGCTGCAGGTGGAGGCCGACATCCACGGCCC
ACCCAGCGTGTCCAGCTCCAGCTGGAGCATCCCACACGCCAGCGACTTCGACGT
GGACAGCCTGAGCATCCTGGACACCCTGGAGGGCGCCAGCGTGACCTCCGGCGC
CACCAGCGCCGAGACCAACAGCTACTTCGCCAAGAGCATGGAGTTCCTGGCCAG
GCCCGTGCCAGCTCCCAGGACCGTGTTCAGGAACCCACCCCACCCAGCTCCCAG
GACCAGGACCCCAAGCCTGGCTCCCAGCAGGGCCTGCAGCAGGACCAGCCTGGT
GAGCACCCCACCCGGCGTGAACAGGGTGATCACCAGGGAGGAACTGGAGGCCCT
GACACCCAGCAGGACCCCCAGCAGGTCCGTGAGCAGGACTAGTCTGGTGTCCAA
CCCACCCGGCGTGAACAGGGTGATCACCAGGGAGGAATTCGAGGCCTTCGTGGC
CCAGCAACAGAGACGGTTCGACGCCGGCGCCTACATCTTCAGCAGCGACACCGG
CCAGGGACACCTGCAGCAAAAGAGCGTGAGGCAGACCGTGCTGAGCGAGGTGG
TGCTGGAGAGGACCGAGCTGGAAATCAGCTACGCCCCCAGGCTGGACCAGGAGA
AGGAGGAACTGCTCAGGAAGAAACTGCAGCTGAACCCCACCCCAGCCAACAGG
AGCAGGTACCAGAGCAGGAAGGTGGAGAACATGAAGGCCATCACCGCCAGGCG
GATCCTGCAGGGCCTGGGACACTACCTGAAGGCCGAGGGCAAGGTGGAGTGCTA
CAGGACCCTGCACCCCGTGCCACTGTACAGCTCCAGCGTGAACAGGGCCTTCTCC
AGCCCCAAGGTGGCCGTGGAGGCCTGCAACGCTATGCTGAAGGAGAACTTCCCC
ACCGTGGCCAGCTACTGCATCATCCCCGAGTACGACGCCTACCTGGACATGGTGG
ACGGCGCCAGCTGCTGCCTGGACACCGCCAGCTTCTGCCCCGCCAAGCTGAGGA
GCTTCCCCAAGAAACACAGCTACCTGGAGCCCACCATCAGGAGCGCCGTGCCCA
GCGCCATCCAGAACACCCTGCAGAACGTGCTGGCCGCTGCCACCAAGAGGAACT
GCAACGTGACCCAGATGAGGGAGCTGCCCGTGCTGGACAGCGCTGCCTTCAACG
TGGAGTGCTTCAAGAAATACGCCTGCAACAACGAGTACTGGGAGACCTTCAAGG
AGAACCCCATCAGGCTGACCGAAGAGAACGTGGTGAACTACATCACCAAGCTGA
AGGGCCCCAAGGCCGCTGCCCTGTTCGCTAAGACCCACAACCTGAACATGCTGC
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AGGACATCCCAATGGACAGGTTCGTGATGGACCTGAAGAGGGACGTGAAGGTGA
CACCCGGCACCAAGCACACCGAGGAGAGGCCCAAGGTGCAGGTGATCCAGGCC
GCTGACCCACTGGCCACCGCCTACCTGTGCGGCATCCACAGGGAGCTGGTGAGG
CGGCTGAACGCCGTGCTGCTGCCCAACATCCACACCCTGTTCGACATGAGCGCCG
AGGACTTCGACGCCATCATCGCCGAGCACTTCCAGCCCGGCGACTGCGTGCTGG
AGACCGACATCGCCAGCTTCGACAAGAGCGAGGATGACGCTATGGCCCTGACCG
CTCTGATGATCCTGGAGGACCTGGGCGTGGACGCCGAGCTGCTCACCCTGATCGA
GGCTGCCTTCGGCGAGATCAGCTCCATCCACCTGCCCACCAAGACCAAGTTCAAG
TTCGGCGCTATGATGAAAAGCGGAATGTTCCTGACCCTGTTCGTGAACACCGTGA
TCAACATTGTGATCGCCAGCAGGGTGCTGCGGGAGAGGCTGACCGGCAGCCCCT
GCGCTGCCTTCATCGGCGACGACAACATCGTGAAGGGCGTGAAAAGCGACAAGC
TGATGGCCGACAGGTGCGCCACCTGGCTGAACATGGAGGTGAAGATCATCGACG
CCGTGGTGGGCGAGAAGGCCCCCTACTTCTGCGGCGGATTCATCCTGTGCGACAG
CGTGACCGGCACCGCCTGCAGGGTGGCCGACCCCCTGAAGAGGCTGTTCAAGCT
GGGCAAGCCACTGGCCGCTGACGATGAGCACGACGATGACAGGCGGAGGGCCCT
GCACGAGGAAAGCACCAGGTGGAACAGGGTGGGCATCCTGAGCGAGCTGTGCA
AGGCCGTGGAGAGCAGGTACGAGACCGTGGGCACCAGCATCATCGTGATGGCTA
TGACCACACTGGCCAGCTCCGTCAAGAGCTTCTCCTACCTGAGGGGGGCCCCTAT
AACTCTCTACGGCTAACCTGAATGGACTACGACATAGTCTAGTCCGCCAAGGCCG
CCACCACTCGAGTATGTTACGTGCAAAGGTGATTGTCACCCCCCGAAAGACCATA
TTGTGACACACCCTCAGTATCACGCCCAAACATTTACAGCCGCGGTGTCAAAAAC
CGCGTGGACGTGGTTAACATCCCTGCTGGGAGGATCAGCCGTAATTATTATAATT
GGCTTGGTGCTGGCTACTATTGTGGCCATGTACGTGCTGACCAACCAGAAACATA
ATTGAATACAGCAGCAATTGGCAAGCTGCTTACATAGAACTCGCGGCGATTGGC
ATGCCGCCTTAAAATTTTTATTTTATTITTTTCTTITTCTTTTCCGAATCGGATTTTGT
TTTTAATATTTCAAAAAAAAAAAAAAAAAAAAAAAAATCTAGAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO:29 - mARM3326 (mRNA South Africa B.1.351)
aggaaacttaagtcaacacaacatatacaaaacaaacgaatctcaagcaatcaagcattctacttctattgcagcaatttaaatcatttcttt
taaagcaaaagcaattttctgaaaattttcaccatttacgaacgatagccacc ATGTTCGTGTTCCTGGTGCTGCTG
CCCCTGGTGTCTAGCCAGTGCGTGAACCTGACCACCAGGACCCAGCTGCCTCCCG
CCTACACCAACAGCTTCACCAGGGGCGTGTACTACCCCGACAAGGTGTTCAGGA
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GCAGCGTGCTGCACAGCACCCAGGACCTGTTCCTGCCCTTCTTCAGCAACGTGAC
CTGGTTCCACGCCATCCACGTGAGCGGCACCAACGGCACCAAGAGGTTCGeCAAC
CCCGTGCTGCCCTTCAACGACGGCGTGTACTTCGCCAGCACCGAGAAGTCCAACA
TCATCAGGGGCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGCCTGC
TGATCGTGAACAACGCCACCAACGTGGTGATCAAGGTGTGCGAGTTCCAGTTCTG
CAACGACCCCTTCCTGGGCGTGTACTACCACAAGAACAACAAGAGCTGGATGGA
GAGCGAGTTCAGGGTGTACTCCAGCGCCAACAACTGCACCTTCGAGTACGTGAG
CCAGCCCTTCCTGATGGACCTGGAGGGCAAGCAGGGCAACTTCAAGAACCTGAG
GGAGTTCGTGTTCAAGAACATCGACGGCTACTTCAAGATCTACAGCAAGCACAC
CCCTATCAACCTGGTGAGGGgCCTGCCCCAGGGCTTCAGCGCCCTGGAGCCCCTG
GTGGACCTGCCCATCGGCATCAACATCACCAGGTTCCAGACCCTGCTGGCCCTGC
ACAGGAGCTACCTGACCCCTGGCGACAGCAGCTCCGGCTGGACCGCCGGCGCCG
CCGCTTACTACGTGGGCTACCTGCAGCCCAGGACCTTCCTGCTGAAGTACAACGA
GAACGGCACCATCACCGACGCCGTGGACTGCGCCCTGGACCCTCTGAGCGAGAC
AAAGTGCACCCTGAAGTCCTTCACCGTGGAGAAGGGCATCTACCAGACCAGCAA
CTTCAGGGTGCAGCCCACCGAGAGCATCGTGAGGTTCCCCAACATCACCAACCT
GTGCCCCTTCGGCGAGGTGTTCAACGCCACCAGGTTCGCCAGCGTGTACGCCTGG
AACAGGAAGAGGATCAGCAACTGCGTGGCCGACTACAGCGTGCTGTATAACAGC
GCCAGCTTCAGCACCTTCAAGTGCTACGGCGTGAGCCCCACCAAGCTGAACGAC
CTGTGCTTCACCAACGTGTACGCCGACAGCTTCGTGATCAGGGGCGACGAGGTG
AGGCAGATCGCCCCTGGCCAGACCGGCAACATCGCCGACTACAACTACAAGCTG
CCCGACGACTTCACCGGCTGCGTGATCGCCTGGAACAGCAACAACCTGGACAGC
AAGGTGGGCGGCAACTACAACTACCTGTACCGGCTGTTCAGAAAGAGCAACCTG
AAGCCCTTCGAGAGGGACATCAGCACCGAGATCTACCAGGCCGGCAGCACCCCT
TGCAACGGCGTGaAGGGCTTCAACTGCTACTTCCCTCTGCAGAGCTACGGCTTCC
AGCCCACCtACGGCGTGGGCTACCAGCCCTACAGGGTGGTGGTCCTGAGCTTCGA
GCTGCTGCACGCCCCTGCCACCGTGTGCGGCCCCAAGAAGTCCACCAACCTGGTG
AAGAACAAGTGCGTGAACTTCAACTTCAACGGCCTGACCGGCACCGGCGTGCTG
ACCGAGAGCAACAAGAAGTTCCTGCCCTTCCAGCAGTTCGGCAGGGACATCGCC
GACACCACCGACGCCGTGAGGGACCCTCAGACCCTGGAGATCCTGGACATCACC
CCTTGCAGCTTCGGCGGCGTGAGCGTGATCACCCCTGGCACCAACACCAGCAAC
CAGGTGGCCGTGCTGTACCAGEggcGTGAACTGCACCGAGGTGCCCGTGGCCATCC
ACGCCGACCAGCTGACCCCTACCTGGAGGGTGTACTCCACCGGCAGCAACGTGT
TCCAGACCAGGGCCGGCTGCCTGATCGGCGCCGAGCACGTGAACAACAGCTACG
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AGTGCGACATCCCCATCGGCGCCGGCATCTGCGCCAGCTACCAGACCCAGACCA
ACAGCCCCgGGaGecGCCAGCAGCGTGGCCAGCCAGAGCATCATCGCCTACACCAT
GAGCCTGGGCGtgGAGAACAGCGTGGCCTACAGCAACAACAGCATCGCCATCCCC
ACCAACTTCACCATCAGCGTGACCACCGAGATCCTGCCCGTGAGCATGACCAAG
ACCAGCGTGGACTGCACCATGTATATCTGCGGCGACAGCACCGAGTGCAGCAAC
CTGCTGCTCCAGTACGGCAGCTTCTGCACCCAGCTGAACAGGGCCCTGACCGGCA
TCGCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAGGTGAAGCAGA
TCTACAAGACCCCTCCCATCAAGGACTTCGGCGGCTTCAACTTCAGCCAGATCCT
GCCCGACCCCAGCAAGCCCAGCAAGAGGAGCTTCATCGAGGACCTGCTGTTCAA
CAAGGTGACCCTGGCCGACGCCGGCTTCATCAAGCAGTACGGCGACTGCCTGGG
CGACATCGCCGCCAGGGACCTGATCTGCGCCCAGAAGTTCAACGGCCTGACCGT
GCTGCCTCCCCTGCTGACCGACGAGATGATCGCCCAGTACACCAGCGCCCTGCTG
GCCGGCACCATCACCAGCGGCTGGACCTTCGGCGCCGGCGCCGCCCTGCAGATC
CCCTTCGCCATGCAGATGGCCTACAGGTTCAACGGCATCGGCGTGACCCAGAAC
GTGCTGTACGAGAACCAGAAGCTGATCGCCAACCAGTTCAACAGCGCCATCGGC
AAGATCCAGGACAGCCTGAGCAGCACCGCCAGCGCCCTGGGCAAGCTGCAGGAC
GTGGTGAACCAGAACGCCCAGGCCCTGAACACCCTGGTGAAGCAGCTGAGCAGC
AACTTCGGCGCCATCAGCAGCGTGCTGAACGACATCCTGAGCAGGCTGGACccace
cGAGGCCGAGGTGCAGATCGACAGGCTGATCACCGGCAGGCTGCAGAGCCTGCA
GACCTACGTGACCCAGCAGCTGATCAGGGCCGCCGAGATCAGGGCCAGCGCCAA
CCTGGCCGCCACCAAGATGAGCGAGTGCGTGCTGGGCCAGAGCAAGAGGGTGGA
CTTCTGCGGCAAGGGCTACCACCTGATGAGCTTCCCTCAGAGCGCCCCTCACGGC
GTGGTGTTCCTGCACGTGACCTACGTGCCCGCCCAGGAGAAGAACTTCACCACA
GCCCCTGCCATCTGCCACGACGGCAAGGCCCACTTCCCCAGGGAGGGCGTGTTC
GTGAGCAACGGCACCCACTGGTTCGTGACCCAGAGGAACTTCTACGAGCCCCAG
ATCATCACCACCGACAACACCTTCGTGAGCGGCAACTGCGACGTGGTGATCGGC
ATCGTGAACAACACCGTGTACGACCCTCTGCAGCCCGAGCTGGACAGCTTCAAG
GAGGAGCTGGACAAGTACTTCAAGAACCACACCAGCCCCGACGTGGACCTGGGC
GACATCAGCGGCATCAACGCCAGCGTGGTGAACATCCAGAAGGAGATCGACAGG
CTGAACGAGGTGGCCAAGAACCTGAACGAGAGCCTGATCGACCTGCAGGAGCTG
GGCAAGTACGAGCAGTACATCAAGTGGCCCTGGTACATCTGGCTGGGCTTCATC
GCCGGCCTGATCGCCATCGTGATGGTGACCATCATGCTGTGCTGCATGACCAGCT
GCTGCAGCTGCCTGAAGGGCTGCTGCAGCTGCGGCAGCTGCTGCAAGTTCGACG
AGGACGACAGCGAGCCCGTGCTGAAGGGCGTGAAGCTGCACTACACCTaAactcgag
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ctagtgactgactaggatctggttaccactaaaccagectcaagaacacccgaatggagtetctaagetacataataccaacttacactt
acaaaatgttgtcccccaaaatgtagecattcgtatetgetcctaataaaaagaaagtttcttcacattctagAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAaaaaaaaaaaaaaaa222aa

SEQ ID NO:30 — Transgene (nucleic acid sequence; mARM3326/SEQ ID NO:29)
ATGTTCGTGTTCCTGGTGCTGCTGCCCCTGGTGTCTAGCCAGTGCGTGAACCTGA
CCACCAGGACCCAGCTGCCTCCCGCCTACACCAACAGCTTCACCAGGGGCGTGT
ACTACCCCGACAAGGTGTTCAGGAGCAGCGTGCTGCACAGCACCCAGGACCTGT
TCCTGCCCTTCTTCAGCAACGTGACCTGGTTCCACGCCATCCACGTGAGCGGCAC
CAACGGCACCAAGAGGTTCGcCAACCCCGTGCTGCCCTTCAACGACGGCGTGTAC
TTCGCCAGCACCGAGAAGTCCAACATCATCAGGGGCTGGATCTTCGGCACCACC
CTGGACAGCAAGACCCAGAGCCTGCTGATCGTGAACAACGCCACCAACGTGGTG
ATCAAGGTGTGCGAGTTCCAGTTCTGCAACGACCCCTTCCTGGGCGTGTACTACC
ACAAGAACAACAAGAGCTGGATGGAGAGCGAGTTCAGGGTGTACTCCAGCGCCA
ACAACTGCACCTTCGAGTACGTGAGCCAGCCCTTCCTGATGGACCTGGAGGGCA
AGCAGGGCAACTTCAAGAACCTGAGGGAGTTCGTGTTCAAGAACATCGACGGCT
ACTTCAAGATCTACAGCAAGCACACCCCTATCAACCTGGTGAGGGgCCTGCCCCA
GGGCTTCAGCGCCCTGGAGCCCCTGGTGGACCTGCCCATCGGCATCAACATCACC
AGGTTCCAGACCCTGCTGGCCCTGCACAGGAGCTACCTGACCCCTGGCGACAGC
AGCTCCGGCTGGACCGCCGGCGCCGCCGCTTACTACGTGGGCTACCTGCAGCCCA
GGACCTTCCTGCTGAAGTACAACGAGAACGGCACCATCACCGACGCCGTGGACT
GCGCCCTGGACCCTCTGAGCGAGACAAAGTGCACCCTGAAGTCCTTCACCGTGG
AGAAGGGCATCTACCAGACCAGCAACTTCAGGGTGCAGCCCACCGAGAGCATCG
TGAGGTTCCCCAACATCACCAACCTGTGCCCCTTCGGCGAGGTGTTCAACGCCAC
CAGGTTCGCCAGCGTGTACGCCTGGAACAGGAAGAGGATCAGCAACTGCGTGGC
CGACTACAGCGTGCTGTATAACAGCGCCAGCTTCAGCACCTTCAAGTGCTACGGC
GTGAGCCCCACCAAGCTGAACGACCTGTGCTTCACCAACGTGTACGCCGACAGC
TTCGTGATCAGGGGCGACGAGGTGAGGCAGATCGCCCCTGGCCAGACCGGCAAC
ATCGCCGACTACAACTACAAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCT
GGAACAGCAACAACCTGGACAGCAAGGTGGGCGGCAACTACAACTACCTGTACC
GGCTGTTCAGAAAGAGCAACCTGAAGCCCTTCGAGAGGGACATCAGCACCGAGA
TCTACCAGGCCGGCAGCACCCCTTGCAACGGCGTGaAGGGCTTCAACTGCTACTT
CCCTCTGCAGAGCTACGGCTTCCAGCCCACCIACGGCGTGGGCTACCAGCCCTAC
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AGGGTGGTGGTCCTGAGCTTCGAGCTGCTGCACGCCCCTGCCACCGTGTGCGGCC
CCAAGAAGTCCACCAACCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACG
GCCTGACCGGCACCGGCGTGCTGACCGAGAGCAACAAGAAGTTCCTGCCCTTCC
AGCAGTTCGGCAGGGACATCGCCGACACCACCGACGCCGTGAGGGACCCTCAGA
CCCTGGAGATCCTGGACATCACCCCTTGCAGCTTCGGCGGCGTGAGCGTGATCAC
CCCTGGCACCAACACCAGCAACCAGGTGGCCGTGCTGTACCAGggcGTGAACTGC
ACCGAGGTGCCCGTGGCCATCCACGCCGACCAGCTGACCCCTACCTGGAGGGTG
TACTCCACCGGCAGCAACGTGTTCCAGACCAGGGCCGGCTGCCTGATCGGCGCC
GAGCACGTGAACAACAGCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGC
GCCAGCTACCAGACCCAGACCAACAGCCCCgGGaGeGCCAGCAGCGTGGCCAGCC
AGAGCATCATCGCCTACACCATGAGCCTGGGCGtgGAGAACAGCGTGGCCTACAG
CAACAACAGCATCGCCATCCCCACCAACTTCACCATCAGCGTGACCACCGAGAT
CCTGCCCGTGAGCATGACCAAGACCAGCGTGGACTGCACCATGTATATCTGCGG
CGACAGCACCGAGTGCAGCAACCTGCTGCTCCAGTACGGCAGCTTCTGCACCCA
GCTGAACAGGGCCCTGACCGGCATCGCCGTGGAGCAGGACAAGAACACCCAGG
AGGTGTTCGCCCAGGTGAAGCAGATCTACAAGACCCCTCCCATCAAGGACTTCG
GCGGCTTCAACTTCAGCCAGATCCTGCCCGACCCCAGCAAGCCCAGCAAGAGGA
GCTTCATCGAGGACCTGCTGTTCAACAAGGTGACCCTGGCCGACGCCGGCTTCAT
CAAGCAGTACGGCGACTGCCTGGGCGACATCGCCGCCAGGGACCTGATCTGCGC
CCAGAAGTTCAACGGCCTGACCGTGCTGCCTCCCCTGCTGACCGACGAGATGATC
GCCCAGTACACCAGCGCCCTGCTGGCCGGCACCATCACCAGCGGCTGGACCTTC
GGCGCCGGCGCCGCCCTGCAGATCCCCTTCGCCATGCAGATGGCCTACAGGTTCA
ACGGCATCGGCGTGACCCAGAACGTGCTGTACGAGAACCAGAAGCTGATCGCCA
ACCAGTTCAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACCGCCA
GCGCCCTGGGCAAGCTGCAGGACGTGGTGAACCAGAACGCCCAGGCCCTGAACA
CCCTGGTGAAGCAGCTGAGCAGCAACTTCGGCGCCATCAGCAGCGTGCTGAACG
ACATCCTGAGCAGGCTGGACccacccGAGGCCGAGGTGCAGATCGACAGGCTGATC
ACCGGCAGGCTGCAGAGCCTGCAGACCTACGTGACCCAGCAGCTGATCAGGGCC
GCCGAGATCAGGGCCAGCGCCAACCTGGCCGCCACCAAGATGAGCGAGTGCGTG
CTGGGCCAGAGCAAGAGGGTGGACTTCTGCGGCAAGGGCTACCACCTGATGAGC
TTCCCTCAGAGCGCCCCTCACGGCGTGGTGTTCCTGCACGTGACCTACGTGCCCG
CCCAGGAGAAGAACTTCACCACAGCCCCTGCCATCTGCCACGACGGCAAGGCCC
ACTTCCCCAGGGAGGGCGTGTTCGTGAGCAACGGCACCCACTGGTTCGTGACCC
AGAGGAACTTCTACGAGCCCCAGATCATCACCACCGACAACACCTTCGTGAGCG
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GCAACTGCGACGTGGTGATCGGCATCGTGAACAACACCGTGTACGACCCTCTGC
AGCCCGAGCTGGACAGCTTCAAGGAGGAGCTGGACAAGTACTTCAAGAACCACA
CCAGCCCCGACGTGGACCTGGGCGACATCAGCGGCATCAACGCCAGCGTGGTGA
ACATCCAGAAGGAGATCGACAGGCTGAACGAGGTGGCCAAGAACCTGAACGAG
AGCCTGATCGACCTGCAGGAGCTGGGCAAGTACGAGCAGTACATCAAGTGGCCC
TGGTACATCTGGCTGGGCTTCATCGCCGGCCTGATCGCCATCGTGATGGTGACCA
TCATGCTGTGCTGCATGACCAGCTGCTGCAGCTGCCTGAAGGGCTGCTGCAGCTG
CGGCAGCTGCTGCAAGTTCGACGAGGACGACAGCGAGCCCGTGCTGAAGGGCGT
GAAGCTGCACTACACCTaA

SEQ ID NO:31 — Transgene (amino acid sequence; mARM3326/SEQ ID NO:29)
MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPF
FSNVTWFHAIHVSGTNGTKRFANPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQS
LLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVS
QPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRGLPQGFSALEPLVDLP
IGINITRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDA
VDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRF
ASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRG
DEVRQIAPGQTGNIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSN
LKPFERDISTEIYQAGSTPCNGVKGFNCYFPLQSYGFQPTYGVGYQPYRVVVLSFELL
HAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTD
AVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPT
WRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQ
SIIAYTMSLGVENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECS
NLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPD
PSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTD
EMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKLIA
NQFNSAIGKIQDSLSSTASALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILS
RLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRV
DFCGKGYHLMSFPQSAPHGVVFLHVTY VPAQEKNFTTAPAICHDGKAHFPREGVFV
SNGTHWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDK
YFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKW
PWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVK
LHYT*
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SEQ ID NO:32 - mARM3290 (mRNA, D614G)
aggaaacttaagtcaacacaacatatacaaaacaaacgaatctcaagcaatcaagcattctacttctattgcagcaatttaaatcatttcttt
taaagcaaaagcaattttctgaaaattttcaccatttacgaacgatagccacc ATGTTCGTGTTCCTGGTGCTGCTG
CCCCTGGTGTCTAGCCAGTGCGTGAACCTGACCACCAGGACCCAGCTGCCTCCCG
CCTACACCAACAGCTTCACCAGGGGCGTGTACTACCCCGACAAGGTGTTCAGGA
GCAGCGTGCTGCACAGCACCCAGGACCTGTTCCTGCCCTTCTTCAGCAACGTGAC
CTGGTTCCACGCCATCCACGTGAGCGGCACCAACGGCACCAAGAGGTTCGACAA
CCCCGTGCTGCCCTTCAACGACGGCGTGTACTTCGCCAGCACCGAGAAGTCCAAC
ATCATCAGGGGCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGCCTG
CTGATCGTGAACAACGCCACCAACGTGGTGATCAAGGTGTGCGAGTTCCAGTTCT
GCAACGACCCCTTCCTGGGCGTGTACTACCACAAGAACAACAAGAGCTGGATGG
AGAGCGAGTTCAGGGTGTACTCCAGCGCCAACAACTGCACCTTCGAGTACGTGA
GCCAGCCCTTCCTGATGGACCTGGAGGGCAAGCAGGGCAACTTCAAGAACCTGA
GGGAGTTCGTGTTCAAGAACATCGACGGCTACTTCAAGATCTACAGCAAGCACA
CCCCTATCAACCTGGTGAGGGACCTGCCCCAGGGCTTCAGCGCCCTGGAGCCCCT
GGTGGACCTGCCCATCGGCATCAACATCACCAGGTTCCAGACCCTGCTGGCCCTG
CACAGGAGCTACCTGACCCCTGGCGACAGCAGCTCCGGCTGGACCGCCGGCGCC
GCCGCTTACTACGTGGGCTACCTGCAGCCCAGGACCTTCCTGCTGAAGTACAACG
AGAACGGCACCATCACCGACGCCGTGGACTGCGCCCTGGACCCTCTGAGCGAGA
CAAAGTGCACCCTGAAGTCCTTCACCGTGGAGAAGGGCATCTACCAGACCAGCA
ACTTCAGGGTGCAGCCCACCGAGAGCATCGTGAGGTTCCCCAACATCACCAACC
TGTGCCCCTTCGGCGAGGTGTTCAACGCCACCAGGTTCGCCAGCGTGTACGCCTG
GAACAGGAAGAGGATCAGCAACTGCGTGGCCGACTACAGCGTGCTGTATAACAG
CGCCAGCTTCAGCACCTTCAAGTGCTACGGCGTGAGCCCCACCAAGCTGAACGA
CCTGTGCTTCACCAACGTGTACGCCGACAGCTTCGTGATCAGGGGCGACGAGGT
GAGGCAGATCGCCCCTGGCCAGACCGGCAAGATCGCCGACTACAACTACAAGCT
GCCCGACGACTTCACCGGCTGCGTGATCGCCTGGAACAGCAACAACCTGGACAG
CAAGGTGGGCGGCAACTACAACTACCTGTACCGGCTGTTCAGAAAGAGCAACCT
GAAGCCCTTCGAGAGGGACATCAGCACCGAGATCTACCAGGCCGGCAGCACCCC
TTGCAACGGCGTGGAGGGCTTCAACTGCTACTTCCCTCTGCAGAGCTACGGCTTC
CAGCCCACCAACGGCGTGGGCTACCAGCCCTACAGGGTGGTGGTCCTGAGCTTC
GAGCTGCTGCACGCCCCTGCCACCGTGTGCGGCCCCAAGAAGTCCACCAACCTG
GTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGCCTGACCGGCACCGGCGTG
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CTGACCGAGAGCAACAAGAAGTTCCTGCCCTTCCAGCAGTTCGGCAGGGACATC
GCCGACACCACCGACGCCGTGAGGGACCCTCAGACCCTGGAGATCCTGGACATC
ACCCCTTGCAGCTTCGGCGGCGTGAGCGTGATCACCCCTGGCACCAACACCAGC
AACCAGGTGGCCGTGCTGTACCAGggcGTGAACTGCACCGAGGTGCCCGTGGCCA
TCCACGCCGACCAGCTGACCCCTACCTGGAGGGTGTACTCCACCGGCAGCAACG
TGTTCCAGACCAGGGCCGGCTGCCTGATCGGCGCCGAGCACGTGAACAACAGCT
ACGAGTGCGACATCCCCATCGGCGCCGGCATCTGCGCCAGCTACCAGACCCAGA
CCAACAGCCCCgGGaGeGCCAGCAGCGTGGCCAGCCAGAGCATCATCGCCTACAC
CATGAGCCTGGGCGCCGAGAACAGCGTGGCCTACAGCAACAACAGCATCGCCAT
CCCCACCAACTTCACCATCAGCGTGACCACCGAGATCCTGCCCGTGAGCATGACC
AAGACCAGCGTGGACTGCACCATGTATATCTGCGGCGACAGCACCGAGTGCAGC
AACCTGCTGCTCCAGTACGGCAGCTTCTGCACCCAGCTGAACAGGGCCCTGACCG
GCATCGCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAGGTGAAGC
AGATCTACAAGACCCCTCCCATCAAGGACTTCGGCGGCTTCAACTTCAGCCAGAT
CCTGCCCGACCCCAGCAAGCCCAGCAAGAGGAGCTTCATCGAGGACCTGCTGTT
CAACAAGGTGACCCTGGCCGACGCCGGCTTCATCAAGCAGTACGGCGACTGCCT
GGGCGACATCGCCGCCAGGGACCTGATCTGCGCCCAGAAGTTCAACGGCCTGAC
CGTGCTGCCTCCCCTGCTGACCGACGAGATGATCGCCCAGTACACCAGCGCCCTG
CTGGCCGGCACCATCACCAGCGGCTGGACCTTCGGCGCCGGCGCCGCCCTGCAG
ATCCCCTTCGCCATGCAGATGGCCTACAGGTTCAACGGCATCGGCGTGACCCAGA
ACGTGCTGTACGAGAACCAGAAGCTGATCGCCAACCAGTTCAACAGCGCCATCG
GCAAGATCCAGGACAGCCTGAGCAGCACCGCCAGCGCCCTGGGCAAGCTGCAGG
ACGTGGTGAACCAGAACGCCCAGGCCCTGAACACCCTGGTGAAGCAGCTGAGCA
GCAACTTCGGCGCCATCAGCAGCGTGCTGAACGACATCCTGAGCAGGCTGGACcc
acccGAGGCCGAGGTGCAGATCGACAGGCTGATCACCGGCAGGCTGCAGAGCCTG
CAGACCTACGTGACCCAGCAGCTGATCAGGGCCGCCGAGATCAGGGCCAGCGCC
AACCTGGCCGCCACCAAGATGAGCGAGTGCGTGCTGGGCCAGAGCAAGAGGGTG
GACTTCTGCGGCAAGGGCTACCACCTGATGAGCTTCCCTCAGAGCGCCCCTCACG
GCGTGGTGTTCCTGCACGTGACCTACGTGCCCGCCCAGGAGAAGAACTTCACCAC
AGCCCCTGCCATCTGCCACGACGGCAAGGCCCACTTCCCCAGGGAGGGCGTGTT
CGTGAGCAACGGCACCCACTGGTTCGTGACCCAGAGGAACTTCTACGAGCCCCA
GATCATCACCACCGACAACACCTTCGTGAGCGGCAACTGCGACGTGGTGATCGG
CATCGTGAACAACACCGTGTACGACCCTCTGCAGCCCGAGCTGGACAGCTTCAA
GGAGGAGCTGGACAAGTACTTCAAGAACCACACCAGCCCCGACGTGGACCTGGG
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CGACATCAGCGGCATCAACGCCAGCGTGGTGAACATCCAGAAGGAGATCGACAG
GCTGAACGAGGTGGCCAAGAACCTGAACGAGAGCCTGATCGACCTGCAGGAGCT
GGGCAAGTACGAGCAGTACATCAAGTGGCCCTGGTACATCTGGCTGGGCTTCAT
CGCCGGCCTGATCGCCATCGTGATGGTGACCATCATGCTGTGCTGCATGACCAGC
TGCTGCAGCTGCCTGAAGGGCTGCTGCAGCTGCGGCAGCTGCTGCAAGTTCGAC
GAGGACGACAGCGAGCCCGTGCTGAAGGGCGTGAAGCTGCACTACACCTaAactcg
agctagtgactgactaggatctggttaccactaaaccagcctcaagaacacccgaatggagtctctaagetacataataccaacttaca
cttacaaaatgttgtcccccaaaatgtagecattegtatctgctectaataaaaagaaagtttcttcacattctagAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAaaaaaaaaaaaaaaaaaaaa

SEQ ID NO:33 — Transgene (nucleic acid sequence; mARM3290/SEQ ID NQO:32)
ATGTTCGTGTTCCTGGTGCTGCTGCCCCTGGTGTCTAGCCAGTGCGTGAACCTGA
CCACCAGGACCCAGCTGCCTCCCGCCTACACCAACAGCTTCACCAGGGGCGTGT
ACTACCCCGACAAGGTGTTCAGGAGCAGCGTGCTGCACAGCACCCAGGACCTGT
TCCTGCCCTTCTTCAGCAACGTGACCTGGTTCCACGCCATCCACGTGAGCGGCAC
CAACGGCACCAAGAGGTTCGACAACCCCGTGCTGCCCTTCAACGACGGCGTGTA
CTTCGCCAGCACCGAGAAGTCCAACATCATCAGGGGCTGGATCTTCGGCACCAC
CCTGGACAGCAAGACCCAGAGCCTGCTGATCGTGAACAACGCCACCAACGTGGT
GATCAAGGTGTGCGAGTTCCAGTTCTGCAACGACCCCTTCCTGGGCGTGTACTAC
CACAAGAACAACAAGAGCTGGATGGAGAGCGAGTTCAGGGTGTACTCCAGCGCC
AACAACTGCACCTTCGAGTACGTGAGCCAGCCCTTCCTGATGGACCTGGAGGGC
AAGCAGGGCAACTTCAAGAACCTGAGGGAGTTCGTGTTCAAGAACATCGACGGC
TACTTCAAGATCTACAGCAAGCACACCCCTATCAACCTGGTGAGGGACCTGCCCC
AGGGCTTCAGCGCCCTGGAGCCCCTGGTGGACCTGCCCATCGGCATCAACATCAC
CAGGTTCCAGACCCTGCTGGCCCTGCACAGGAGCTACCTGACCCCTGGCGACAG
CAGCTCCGGCTGGACCGCCGGCGCCGCCGCTTACTACGTGGGCTACCTGCAGCCC
AGGACCTTCCTGCTGAAGTACAACGAGAACGGCACCATCACCGACGCCGTGGAC
TGCGCCCTGGACCCTCTGAGCGAGACAAAGTGCACCCTGAAGTCCTTCACCGTGG
AGAAGGGCATCTACCAGACCAGCAACTTCAGGGTGCAGCCCACCGAGAGCATCG
TGAGGTTCCCCAACATCACCAACCTGTGCCCCTTCGGCGAGGTGTTCAACGCCAC
CAGGTTCGCCAGCGTGTACGCCTGGAACAGGAAGAGGATCAGCAACTGCGTGGC
CGACTACAGCGTGCTGTATAACAGCGCCAGCTTCAGCACCTTCAAGTGCTACGGC
GTGAGCCCCACCAAGCTGAACGACCTGTGCTTCACCAACGTGTACGCCGACAGC
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TTCGTGATCAGGGGCGACGAGGTGAGGCAGATCGCCCCTGGCCAGACCGGCAAG
ATCGCCGACTACAACTACAAGCTGCCCGACGACTTCACCGGCTGCGTGATCGCCT
GGAACAGCAACAACCTGGACAGCAAGGTGGGCGGCAACTACAACTACCTGTACC
GGCTGTTCAGAAAGAGCAACCTGAAGCCCTTCGAGAGGGACATCAGCACCGAGA
TCTACCAGGCCGGCAGCACCCCTTGCAACGGCGTGGAGGGCTTCAACTGCTACTT
CCCTCTGCAGAGCTACGGCTTCCAGCCCACCAACGGCGTGGGCTACCAGCCCTAC
AGGGTGGTGGTCCTGAGCTTCGAGCTGCTGCACGCCCCTGCCACCGTGTGCGGCC
CCAAGAAGTCCACCAACCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACG
GCCTGACCGGCACCGGCGTGCTGACCGAGAGCAACAAGAAGTTCCTGCCCTTCC
AGCAGTTCGGCAGGGACATCGCCGACACCACCGACGCCGTGAGGGACCCTCAGA
CCCTGGAGATCCTGGACATCACCCCTTGCAGCTTCGGCGGCGTGAGCGTGATCAC
CCCTGGCACCAACACCAGCAACCAGGTGGCCGTGCTGTACCAGEggcGTGAACTGC
ACCGAGGTGCCCGTGGCCATCCACGCCGACCAGCTGACCCCTACCTGGAGGGTG
TACTCCACCGGCAGCAACGTGTTCCAGACCAGGGCCGGCTGCCTGATCGGCGCC
GAGCACGTGAACAACAGCTACGAGTGCGACATCCCCATCGGCGCCGGCATCTGC
GCCAGCTACCAGACCCAGACCAACAGCCCCgGGaGeGCCAGCAGCGTGGCCAGCC
AGAGCATCATCGCCTACACCATGAGCCTGGGCGCCGAGAACAGCGTGGCCTACA
GCAACAACAGCATCGCCATCCCCACCAACTTCACCATCAGCGTGACCACCGAGA
TCCTGCCCGTGAGCATGACCAAGACCAGCGTGGACTGCACCATGTATATCTGCGG
CGACAGCACCGAGTGCAGCAACCTGCTGCTCCAGTACGGCAGCTTCTGCACCCA
GCTGAACAGGGCCCTGACCGGCATCGCCGTGGAGCAGGACAAGAACACCCAGG
AGGTGTTCGCCCAGGTGAAGCAGATCTACAAGACCCCTCCCATCAAGGACTTCG
GCGGCTTCAACTTCAGCCAGATCCTGCCCGACCCCAGCAAGCCCAGCAAGAGGA
GCTTCATCGAGGACCTGCTGTTCAACAAGGTGACCCTGGCCGACGCCGGCTTCAT
CAAGCAGTACGGCGACTGCCTGGGCGACATCGCCGCCAGGGACCTGATCTGCGC
CCAGAAGTTCAACGGCCTGACCGTGCTGCCTCCCCTGCTGACCGACGAGATGATC
GCCCAGTACACCAGCGCCCTGCTGGCCGGCACCATCACCAGCGGCTGGACCTTC
GGCGCCGGCGCCGCCCTGCAGATCCCCTTCGCCATGCAGATGGCCTACAGGTTCA
ACGGCATCGGCGTGACCCAGAACGTGCTGTACGAGAACCAGAAGCTGATCGCCA
ACCAGTTCAACAGCGCCATCGGCAAGATCCAGGACAGCCTGAGCAGCACCGCCA
GCGCCCTGGGCAAGCTGCAGGACGTGGTGAACCAGAACGCCCAGGCCCTGAACA
CCCTGGTGAAGCAGCTGAGCAGCAACTTCGGCGCCATCAGCAGCGTGCTGAACG
ACATCCTGAGCAGGCTGGACccacccGAGGCCGAGGTGCAGATCGACAGGCTGATC
ACCGGCAGGCTGCAGAGCCTGCAGACCTACGTGACCCAGCAGCTGATCAGGGCC
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GCCGAGATCAGGGCCAGCGCCAACCTGGCCGCCACCAAGATGAGCGAGTGCGTG
CTGGGCCAGAGCAAGAGGGTGGACTTCTGCGGCAAGGGCTACCACCTGATGAGC
TTCCCTCAGAGCGCCCCTCACGGCGTGGTGTTCCTGCACGTGACCTACGTGCCCG
CCCAGGAGAAGAACTTCACCACAGCCCCTGCCATCTGCCACGACGGCAAGGCCC
ACTTCCCCAGGGAGGGCGTGTTCGTGAGCAACGGCACCCACTGGTTCGTGACCC
AGAGGAACTTCTACGAGCCCCAGATCATCACCACCGACAACACCTTCGTGAGCG
GCAACTGCGACGTGGTGATCGGCATCGTGAACAACACCGTGTACGACCCTCTGC
AGCCCGAGCTGGACAGCTTCAAGGAGGAGCTGGACAAGTACTTCAAGAACCACA
CCAGCCCCGACGTGGACCTGGGCGACATCAGCGGCATCAACGCCAGCGTGGTGA
ACATCCAGAAGGAGATCGACAGGCTGAACGAGGTGGCCAAGAACCTGAACGAG
AGCCTGATCGACCTGCAGGAGCTGGGCAAGTACGAGCAGTACATCAAGTGGCCC
TGGTACATCTGGCTGGGCTTCATCGCCGGCCTGATCGCCATCGTGATGGTGACCA
TCATGCTGTGCTGCATGACCAGCTGCTGCAGCTGCCTGAAGGGCTGCTGCAGCTG
CGGCAGCTGCTGCAAGTTCGACGAGGACGACAGCGAGCCCGTGCTGAAGGGCGT
GAAGCTGCACTACACCTaA

SEQ ID NO:34 — Transgene (amino acid sequence; mARM3290/SEQ ID NO:32)
MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPF
FSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQS
LLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVS
QPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLP
IGINITRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDA
VDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRF
ASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRG
DEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSN
LKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELL
HAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTD
AVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPT
WRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQ
SHAYTMSLGAENSVAYSNNSIAIPTNFTISVITEILPVSMTKTSVDCTMYICGDSTECS
NLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPD
PSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTD
EMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKLIA
NQFNSAIGKIQDSLSSTASALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILS
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RLDPPEAEVQIDRLITGRLQSLQTY VTQQLIRAAEIRASANLAATKMSECVLGQSKRV
DFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFV

SNGTHWFVTQRNFYEPQITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDK
YFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKW
PWYIWLGFIAGLIAIVMVTIMLCCMTSCCSCLK GCCSCGSCCKFDEDDSEPVLKGVK

LHYT*

SEQ ID NO:35 -5 UTR (TEV)
AGGAAACTTAAGTCAACACAACATATACAAAACAAACGAATCTCAAGCAATCAA
GCATTCTACTTCTATTGCAGCAATTTAAATCATTTCTTTTAAAGCAAAAGCAATTT
TCTGAAAATTTTCACCATTTACGAACGATAGCCACC

SEQ ID NO:36 - 3’ UTR (Xbg), with poly-A
ACTCGAGCTAGTGACTGACTAGGATCTGGTTACCACTAAACCAGCCTCAAGAAC
ACCCGAATGGAGTCTCTAAGCTACATAATACCAACTTACACTTACAAAATGTTGT
CCCCCAAAATGTAGCCATTCGTATCTGCTCCTAATAAAAAGAAAGTTTCTTCACA
TTCTAGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AA

SEQ ID NO:37 - 3’ UTR (Xbg), without poly-A
ACTCGAGCTAGTGACTGACTAGGATCTGGTTACCACTAAACCAGCCTCAAGAAC
ACCCGAATGGAGTCTCTAAGCTACATAATACCAACTTACACTTACAAAATGTTGT
CCCCCAAAATGTAGCCATTCGTATCTGCTCCTAATAAAAAGAAAGTTTCTTCACA
TTCTAG

SEQ ID NO:38 - 5’ UTR (alternative VEEV-derived sequence)
GATGGGCGGCGCATGAGAGAAGCCCAGACCAATTACCTACCCAAA

SEQ ID NO:39 - 5’ UTR (alternative VEEV-derived sequence)
GATAGGCGGCGCATGAGAGAAGCCCAGACCAATTACCTACCCAAA

SEQ ID NO:40 - mARM3124
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atgggcggcgcatgagagaageccagaccaattacctacccaaaatggagaaagttcacgttgacatcgaggaagacagececatte
ctcagagctttgcageggagetteccgeagtttegaggtagaagccaageaggteactgataatgaccatgetaatgecagagegtttte
geatctggcttcaaaactgatcgaaacggaggtggacccatccgacacgatecttgacattggaagtgcgeccgeccgeagaatGT
ATTCTAAGCACAAGTATCATTGTATCtgtccgatgagatgtgcggaagatccggacagattgtataagtatge
aactaagctgaagaaaaactgtaaggaaataactgataaggaattggacaagaaaatgaaggagcetggecgecgtcatgagegace
ctgacctggaaactgagactatgtgcctccacgacgacgagtegtgtegetacgaagggcaagtegcetgtttaccaggatgtatacge
CGTcGACGGCCCCACCAGCCTGTACCACCAGGCCAACAAGGGCGTGAGGGTGGC
CTACTGGATCGGCTTCGACACCACACCCTTCATGTTCAAGAACCTGGCCGGCGCC
TACCCCAGCTACAGCACCAACTGGGCCGACGAGACAGTGCTGACCGCCAGGAAC
ATCGGCCTGTGCAGCAGCGACGTGATGGAGAGGAGCCGGAGGGGCATGAGCATC
CTGAGGAAGAAGTACCTGAAGCCCAGCAACAACGTGCTGTTCAGCGTGGGCAGC
ACCATCTACCACGAGAAGAGGGACCTGCTGAGGAGCTGGCACCTGCCCAGCGTG
TTCCACCTGAGGGGCAAGCAGAACTACACCTGCAGGTGCGAGACAATCGTGAGC
TGCGACGGCTACGTGGTGAAGAGGATCGCCATCAGCCCCGGCCTGTACGGCAAG
CCCAGCGGCTACGCCGCCACCATGCACAGGGAGGGCTTCCTGTGCTGCAAGGTG
ACCGACACCCTGAACGGCGAGAGGGTGAGCTTCCCCGTGTGCACCTACGTGCCC
GCCACCCTGTGCGACCAGATGACCGGCATCCTGGCCACCGACGTGAGCGCCGAC
GACGCCCAGAAGCTGCTGGTGGGCCTGAACCAGAGGATCGTGGTGAACGGCAGG
ACCCAGAGGAACACCAACACCATGAAGAACTACCTGCTGCCCGTGGTGGCCCAG
GCCTTCGCCAGGTGGGCCAAGGAGTACAAGGAGGACCAGGAGGACGAGAGGCC
CCTGGGCCTGAGGGACcGaCAGCTGGTGATGGGCTGCTGCTGGGCCTTCAGGCGG
CACAAGATCACCAGCATCTACAAGAGGCCCGACACCCAGACCATCATCAAGGTG
AACAGCGACTTCCACAGCTTCGTGCTGCCCAGGATCGGCAGCAACACCCTGGAG
ATCGGCCTGAGGACCCGGATCAGGAAGATGCTGGAGGAGCACAAGGAGCCCAG
CCCTCTGATCACCGCCGAGGACGTGCAGGAGGCCAAGTGCGCCGCCGACGAGGC
CAAGGAGGTGAGGGAGGCCGAGGAGCTGAGGGCCGCCCTGCCTCCCCTGGCCGC
CGACGTGGAGGAGCCCACCCTGGAGGCCGACGTGGACCTGATGCTGCAGGAGGC
CGGCGCCGGCAGCGTGGAGACACCCAGGGGCCTGATCAAGGTGACCAGCTACGA
CGGCGAGGACAAGATCGGCAGCTACGCCGTGCTcAGCCCTCAGGCCGTGCTGAA
GTCCGAGAAGCTGAGCTGCATCCACCCTCTGGCCGAGCAGGTGATCGTGATCAC
CCACAGCGGCAGGAAGGGCAGGTACGCCGTGGAGCCCTACCACGGCAAGGTGGT
GGTCCCCGAGGGCCACGCCATCCCCGTGCAGGACTTCCAGGCCCTGAGCGAGAG
CGCCACCATCGTGTATAACGAGAGGGAGTTCGTGAACAGGTACCTGCACCACAT
CGCCACCCACGGCGGCGCCCTGAACACCGACGAGGAGTACTACAAGACCGTGAA
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GCCCAGCGAGCACGACGGCGAGTACCTGTACGACATCGACAGGAAGCAGTGCGT
GAAGAAGGAGCTGGTGACCGGCCTGGGCCTGACCGGCGAGCTGGTGGACCCTCC
CTTCCACGAGTTCGCCTACGAGAGCCTGAGGACCAGGCCCGCCGCTCCCTACCAG
GTGCCCACCATCGGCGTGTACGGCGTGCCCGGCAGCGGCAAGAGCGGCATCATC
AAGAGCGCCGTGACCAAGAAGGACCTGGTGGTGAGCGCCAAGAAGGAGAACTG
CGCCGAGATCATCAGGGACGTGAAGAAGATGAAGGGCCTGGACGTGAACGCCA
GGACCGTGGACAGCGTGCTcCTGAACGGCTGCAAGCACCCCGTGGAGACACTGT
ATATCGACGAGGCCTTCGCCTGCCACGCCGGCACCCTGAGGGCCCTGATCGCCAT
CATCAGGCCCAAGAAGGCCGTGCTGTGCGGCGACCCCAAGCAGTGCGGCTTCTT
CAACATGATGTGCCTGAAGGTGCACTTCAACCACGAGATCTGCACCCAGGTGTTC
CACAAGAGCATCAGCAGGCGGTGCACCAAGAGCGTGACCAGCGTGGTGAGCACC
CTGTTCTACGACAAGAAGATGAGGACCACCAACCCCAAGGAGACAAAGATCGTG
ATCGACACCACCGGCAGCACCAAGCCCAAGCAGGACGACCTGATCCTGACCTGC
TTCAGGGGCTGGGTGAAGCAGCTGCAGATCGACTACAAGGGCAACGAGATCATG
ACCGCCGCCGCTAGCCAGGGCCTGACCAGGAAGGGCGTGTACGCCGTGAGGTAC
AAGGTGAACGAGAATCCCCTGTACGCCCCTACCAGCGAGCACGTGAACGTcCTGC
TGACCAGGACCGAGGACAGGATCGTGTGGAAGACCCTGGCCGGCGACCCCTGGA
TCAAGACCCTGACCGCCAAGTACCCCGGCAACTTCACCGCCACCATCGAGGAGT
GGCAGGCCGAGCACGACGCCATCATGAGGCACATCCTGGAGAGGCCCGACCCCA
CCGACGTGTTCCAGAACAAGGCCAACGTGTGCTGGGCCAAGGCCCTGGTGCCCG
TGCTGAAGACCGCCGGCATCGACATGACCACCGAGCAGTGGAACACCGTGGACT
ACTTCGAGACAGACAAGGCCCACAGCGCCGAGATCGTGCTGAACCAGCTGTGCG
TGAGGTTCTTCGGCCTGGACCTGGACAGCGGCCTGTTCAGCGCCCCTACCGTGCC
CCTGAGCATCAGGAACAACCACTGGGACAACAGCCCCAGCCCCAACATGTACGG
CCTGAACAAGGAGGTGGTGAGGCAGCTGAGCAGGCGGTACCCTCAGCTGCCCAG
GGCCGTGGCCACCGGCAGGGTGTACGACATGAACACCGGCACCCTGAGGAACTA
CGACCCCAGGATCAACCTGGTGCCCGTGAACAGGCGGCTGCCaCACGCCCTGGTG
CTGCACCACAACGAGCACCCTCAGAGCGACTTCAGCAGCTTCGTGAGCAAGCTG
AAGGGCAGGACCGTGCTGGTGGTGGGCGAGAAGCTGAGCGTGCCCGGCAAGAT
GGTGGACTGGCTGAGCGACAGGCCCGAGGCCACCTTCCGGGCCAGGCTGGACCT
GGGCATCCCCGGCGACGTGCCCAAGTACGACATCATCTTCGTGAACGTGAGGAC
CCCTTACAAGTACCACCACTACCAGCAGTGCGAGGACCACGCCATCAAGCTGAG
CATGCTGACCAAGAAGGCCTGCCTGCACCTGAACCCCGGCGGCACCTGCGTGAG
CATCGGCTACGGCTACGCCGACAGGGCCAGCGAGAGCATCATCGGCGCCATCGC
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CAGGCTGTTCAAGTTCAGCAGGGTGTGCAAGCCCAAGAGCAGCCTGGAGGAGAC
AGAGGTGCTGTTCGTGTTCATCGGCTACGACCGGAAGGCCAGGACCCACAACCC
CTACAAGCTGAGCAGCACCCTGACCAACATCTACACCGGCAGCAGGCTGCACGA
GGCCGGCTGCGCCCCTAGCTACCACGTGGTGAGGGGCGACATCGCCACCGCCAC
CGAGGGCGTGATCATCAACGCCGCCAACAGCAAGGGCCAGCCCGGCGGCGGGGT
GTGCGGCGCCCTGTATAAGAAGTTCCCCGAGAGCTTCGACCTGCAGCCCATCGA
GGTGGGCAAGGCCAGGCTGGTGAAGGGCGCCGCCAAGCACATCATCCACGCCGT
GGGCCCCAACTTCAACAAGGTGAGCGAGGTGGAGGGCGACAAGCAGCTGGCCG
AGGCCTACGAGAGCATCGCCAAGATCGTGAACGACAACAACTACAAGAGCGTGG
CCATCCCTCTGCTGAGCACCGGCATCTTCAGCGGCAACAAGGACAGGCTGACCC
AGAGCCTGAACCACCTGCTGACCGCCCTGGACACCACCGACGCCGACGTGGCCA
TCTACTGCAGGGACAAGAAGTGGGAGATGACCCTGAAGGAGGCCGTGGCCAGGC
GGGAGGCCGTGGAGGAGATCTGCATCAGCGACGACAGCAGCGTGACEGAGCCCG
ACGCCGAGCTGGTGAGGGTGCACCCCAAGAGCAGCCTGGCCGGCAGGAAGGGCT
ACAGCACCAGCGACGGCAAGACCTTCAGCTACCTGGAGGGCACCAAGTTCCACC
AGGCCGCCAAGGACATCGCCGAGATCAACGCCATGTGGCCCGTGGCCACCGAGG
CCAACGAGCAGGTGTGCATGTATATCCTGGGCGAGAGCATGAGCAGCATCAGGA
GCAAGTGCCCCGTGGAGGAGAGCGAGGCCAGCACCCCTCCCAGCACCCTGCCCT
GCCTGTGCATCCACGCCATGACCCCTGAGAGGGTGCAGCGGCTGAAGGCCAGCA
GGCCCGAGCAGATCACCGTGTGCAGCAGCTTCCCTCTGCCCAAGTACCGGATCAC
CGGCGTGCAGAAGATCCAGTGCAGCCAGCCCATCCTGTTCAGCCCCAAGGTGCC
CGCCTACATCCACCCCAGGAAGTACCTGGTGGAGACACCCCCCGTGGACGAGAC
ACCCGAGCCCAGCGCCGAGAACCAGAGCACCGAGGGCACCCCTGAGCAGCCTCC
CCTGATCACCGAGGACGAGACAAGGACCAGGACgCCcGAGCCCATCATCATTGA
GGAGGAAGAGGAGGACAGCATCAGCCTGCTGAGCGACGGCCCCACCCACCAGG
TGCTGCAGGTGGAGGCCGACATCCACGGCCCTCCCAGCGTGAGCAGCTCCAGCT
GGAGCATCCCTCACGCCAGCGACTTCGACGTGGACAGCCTGAGCATCCTGGACA
CCCTGGAGGGCGCCAGCGTGACCAGCGGCGCCACCAGCGCCGAGACAAACAGCT
ACTTCGCCAAGAGCATGGAGTTCCTGGCCAGGCCCGTGCCCGCCCCTAGGACCGT
GTTCAGGAACCCTCCCCACCCCGCCCCTAGGACCAGGACCCCTAGCCTGGCCCCT
AGCAGGGCCTGCAGCAGGACCAGCCTGGTGAGCACCCCTCCCGGCGTGAACCGG
GTGATCACCAGGGAGGAGCTGGAGGCCCTGACCCCTAGCAGGACCCCTAGCAGG
AGCGTGAGCAGGACCAGCCTGGTGAGCAACCCTCCCGGCGTGAACcGGGTGATC
ACCAGGGAGGAGTTCGAGGCCTTCGTGGCCCAGCAGCAAAGGCGGTTCGACGCC
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GGCGCCTACATCTTCAGCAGCGACACCGGCCAGGGCCACCTGCAGCAGAAGTCC
GTGAGGCAGACCGTGCTGAGCGAGGTGGTcCTGGAGAGGACgGAGCTGGAGATC
AGCTACGCCCCTAGGCTGGACCAGGAGAAGGAGGAGCTGCTGAGGAAGAAGCT
GCAGCTGAACCCCACCCCTGCCAACAGGAGCAGGTACCAGAGCAGGAAGGTGG
AGAACATGAAGGCCATCACCGCCAGGCGGATCCTGCAGGGCCTGGGCCACTACC
TGAAGGCCGAGGGCAAGGTGGAGTGCTACAGGACCCTGCACCCCGTGCCCCTGT
ACTCCAGCTCCGTGAACAGGGCCTTCAGCAGCCCCAAGGTGGCCGTGGAGGCCT
GCAACGCCATGCTGAAGGAGAACTTCCCCACCGTGGCCAGCTACTGCATCATCCC
CGAGTACGACGCCTACCTGGACATGGTGGACGGCGCCAGCTGCTGCCTGGACAC
CGCCAGCTTCTGCCCCGCCAAGCTGAGGAGCTTCCCCAAGAAGCACAGCTACCT
GGAGCCCACCATCAGGAGCGCCGTGCCCAGCGCCATCCAGAACACCCTGCAGAA
CGTGCTGGCCGCCGCTACCAAGAGGAACTGCAACGTGACCCAGATGAGGGAGCT
GCCCGTGCTGGACAGCGCCGCCTTCAACGTGGAGTGCTTCAAGAAGTACGCCTG
CAACAACGAGTACTGGGAGACATTCAAGGAGAACCCCATCAGGCTGACCGAGGA
GAACGTGGTGAACTACATCACCAAGCTGAAGGGCCCCAAGGCCGCCGCTCTGTT
CGCCAAGACCCACAACCTGAACATGCTcCAGGACATCCCTATGGACAGGTTCGTG
ATGGACCTGAAGAGGGACGTGAAGGTGACCCCTGGCACCAAGCACACCGAGGA
GAGGCCCAAGGTGCAGGTGATCCAGGCCGCCGACCCTCTGGCCACCGCCTACCT
GTGCGGCATCCACAGGGAGCTGGTGAGGCGGCTGAACGCCGTcCTGCTGCCCAA
CATCCACACCCTGTTCGACATGAGCGCCGAGGACTTCGACGCCATCATCGCCGAG
CACTTCCAGCCCGGCGACTGCGTGCTGGAGACAGACATCGCCAGCTTCGACAAG
AGCGAGGACGACGCTATGGCCCTGACCGCCCTGATGATCCTGGAGGACCTGGGC
GTGGACGCCGAGCTGCTGACCCTGATCGAGGCCGCCTTCGGCGAGATCAGCAGC
ATCCACCTGCCCACCAAGACCAAGTTCAAGTTCGGCGCCATGATGAAGTCCGGC
ATGTTCCTGACCCTGTTCGTGAACACCGTGATCAACATCGTGATCGCCAGCAGGG
TGCTGCGGGAGAGGCTGACCGGCAGCCCCTGCGCCGCCTTCATCGGCGACGACA
ACATCGTGAAGGGCGTGAAGTCCGACAAGCTGATGGCCGACAGGTGCGCCACCT
GGCTGAACATGGAGGTGAAGATCATCGACGCCGTGGTGGGCGAGAAGGCCCCTT
ACTTCTGCGGCGGCTTCATCCTGTGCGACAGCGTGACCGGCACCGCCTGCAGGGT
GGCCGACCCTCTGAAGAGGCTGTTCAAGCTGGGCAAGCCCCTGGCCGCCGACGA
CGAGCACGACGACGATAGGCGGAGGGCCCTGCACGAGGAGAGCACCAGGTGGA
ACcGGGTGGGCATCCTGAGCGAGCTGTGCAAGGCCGTGGAGAGCAGGTACGAGA
CAGTGGGCACCAGCATCATCGTGATGGCCATGACCACCCTGGCCAGCAGCGTcAA
GTCCTTCAGCTACCTGAGGGGGGCCCCTATAACTCTCTACGGCTAACCTGAATGG
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ACTACGACATAGTCTAGTCCGCCAAGGCCGCCACCATGAAGGCTATCCTGGTGGT
GCTGCTCTACACCTTTGCCACAGCCAATGCTGACACCCTGTGTATTGGCTACCAT
GCCAACAACAGCACAGACACAGTGGACACAGTGTTGGAGAAGAATGTGACAGT
GACCCACTCTGTGAACCTGTTGGAGGACAAACACAATGGCAAACTGTGTAAACT
GAGGGGAGTGGCTCCACTGCACCTGGGCAAGTGTAACATTGCTGGCTGGATTCT
GGGCAACCCTGAGTGTGAGTCCCTGAGCACAGCCTCCTCCTGGTCCTACATTGTG
GAGACACCATCCTCTGACAATGGCACTTGTTACCCTGGAGACTTCATTGACTATG
AGGAACTGAGGGAACAACTTTCCTCTGTGTCCTCCTTTGAGAGGTTTGAGATTTT
TCCAAAGACCTCCTCCTGGCCAAACCATGACAGCAACAAGGGAGTGACAGCAGC
CTGTCCACATGCTGGAGCCAAGTCCTTCTACAAGAACCTGATTTGGCTGGTGAAG
AAGGGCAACTCCTACCCAAAACTGAGCAAGTCCTACATCAATGACAAGGGCAAG
GAGGTGCTGGTGCTGTGGGGCATCCACCACCCAAGCACCTCTGCTGACCAACAG
TCCCTCTACCAGAATGCTGACGCCTATGTGTTTGTGGGCTCCAGCAGATACAGCA
AGAAGTTCAAGCCTGAGATTGCCATCAGACCAAAGGTGAGGGATcagGAGGGCAG
GATGAACTACTACTGGACCCTGGTGGAACCTGGAGACAAGATTACCTTTGAGGC
TACAGGCAACCTGGTGGTGCCAAGATATGCCTTTGCTATGGAGAGGAATGCTGG
CTCTGGCATCATCATCTCTGACACACCTGTCCATGACTGTAACACCACTTGTCAG
ACACCAAAGGGAGCCATCAACACCTCCCTGCCATTCCAGAACATCCACCCAATC
ACCATTGGCAAGTGTCCAAAATATGTcAAGAGCACCAAACTGAGACTGGCTACA
GGACTGAGGAACATCCCAAGCATCCAGAGCAGGGGACTGTTTGGAGCCATTGCT
GGCTTCATTGAGGGAGGCTGGACAGGGATGGTGGATGGCTGGTATGGCTACCAC
CACCAGAATGAACAGGGCTCTGGCTATGCTGCTGACCTGAAAAGCACCCAGAAT
GCCATTGATGAGATTACCAACAAGGTGAACTCTGTGATTGAGAAGATGAACACC
CAGTTCACAGCAGTGGGCAAGGAGTTCAACCACTTGGAGAAGAGGATTGAGAAC
CTGAACAAGAAGGTGGATGATGGCTTCCTGGACATCTGGACCTACAATGCTGAA
CTGCTGGTGCTGTTGGAGAATGAGAGGACCCTGGACTACCATGACAGCAATGTG
AAGAACCTCTATGAGAAGGTGAGGAGCCAACTTAAAAACAATGCCAAGGAGATT
GGCAATGGCTGTTTTGAGTTCTACCACAAGTGTGACAACACTTGTATGGAGTCTG
TGAAGAATGGCACCTATGACTACCCAAAATACTCTGAGGAGGCTAAACTGAACA
GGGAGGAGATTGATGGAGTGAAATTGGAGAGCACCAGGATTTACCAGATCCTGG
CCATCTACAGCACCGTGGCCAGCAGCCTGGTGCTGGTGGTGAGCCTGGGCGCCA
TCAGCTTCTGGATGTGCAGCAACGGCAGCTTGCAGTGCAGGATCTGCATCTAAAC
TCGAGTATGTTACGTGCAAAGGTGATTGTCACCCCCCGAAAGACCATATTGTGAC
ACACCCTCAGTATCACGCCCAAACATTTACAGCCGCGGTGTCAAAAACCGCGTG

247



WO 2023/010128 PCT/US2022/074337

GACGTGGTTAACATCCCTGCTGGGAGGATCAGCCGTAATTATTATAATTGGCTTG
GTGCTGGCTACTATTGTGGCCATGTACGTGCTGACCAACCAGAAACATAATTGAA
TACAGCAGCAATTGGCAAGCTGCTTACATAGAACTCGCGGCGATTGGCATGCCG
CCTTAAAATTTTTATTTTATTTTTTCTTTTCTTTTCCGAATCGGATTTTGTTTTTAAT
ATTTCAAAAAAAAAAAAAAAAAAAAAAAAATctagAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAaaaaaaaaaaaaaaaaaaaa

SEQ ID NO:41 - 5° UTR (of mARM3124/SEQ ID NO:40)
ATGGGCGGCGCATGAGAGAAGCCCAGACCAATTACCTACCCAAA

SEQ ID NO:42 - nsP1-nsP4 (of mARM3124/SEQ ID NO:40)
atggagaaagttcacgttgacatcgaggaagacagccecattcctcagagetttgcageggagetteccgeagtttgaggtagaageca
agcaggtcactgataatgaccatgctaatgeccagagegttttcgeatctggettcaaaactgatcgaaacggaggtegacecatcegac
acgatccttgacattggaagtgcgceccgeccgcagaat GTATTCTAAGCACAAGTATCATTGTAT Ctgtecg
atgagatgtgcggaagatccggacagattgtataagtatgcaactaagetgaagaaaaactgtaaggaaataactgataaggaatteg
acaagaaaatgaaggagctggccgecgtcatgagegaccctgacctggaaactgagactatgtgectccacgacgacgagtegtat
cgctacgaagggcaagtcgcetgtttaccaggatgtatacgcCGTcGACGGCCCCACCAGCCTGTACCACC
AGGCCAACAAGGGCGTGAGGGTGGCCTACTGGATCGGCTTCGACACCACACCCT
TCATGTTCAAGAACCTGGCCGGCGCCTACCCCAGCTACAGCACCAACTGGGCCG
ACGAGACAGTGCTGACCGCCAGGAACATCGGCCTGTGCAGCAGCGACGTGATGG
AGAGGAGCCGGAGGGGCATGAGCATCCTGAGGAAGAAGTACCTGAAGCCCAGC
AACAACGTGCTGTTCAGCGTGGGCAGCACCATCTACCACGAGAAGAGGGACCTG
CTGAGGAGCTGGCACCTGCCCAGCGTGTTCCACCTGAGGGGCAAGCAGAACTAC
ACCTGCAGGTGCGAGACAATCGTGAGCTGCGACGGCTACGTGGTGAAGAGGATC
GCCATCAGCCCCGGCCTGTACGGCAAGCCCAGCGGCTACGCCGCCACCATGCAC
AGGGAGGGCTTCCTGTGCTGCAAGGTGACCGACACCCTGAACGGCGAGAGGGTG
AGCTTCCCCGTGTGCACCTACGTGCCCGCCACCCTGTGCGACCAGATGACCGGCA
TCCTGGCCACCGACGTGAGCGCCGACGACGCCCAGAAGCTGCTGGTGGGCCTGA
ACCAGAGGATCGTGGTGAACGGCAGGACCCAGAGGAACACCAACACCATGAAG
AACTACCTGCTGCCCGTGGTGGCCCAGGCCTTCGCCAGGTGGGCCAAGGAGTAC
AAGGAGGACCAGGAGGACGAGAGGCCCCTGGGCCTGAGGGACcGaCAGCTGGTG
ATGGGCTGCTGCTGGGCCTTCAGGCGGCACAAGATCACCAGCATCTACAAGAGG
CCCGACACCCAGACCATCATCAAGGTGAACAGCGACTTCCACAGCTTCGTGCTGC
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CCAGGATCGGCAGCAACACCCTGGAGATCGGCCTGAGGACCCGGATCAGGAAGA
TGCTGGAGGAGCACAAGGAGCCCAGCCCTCTGATCACCGCCGAGGACGTGCAGG
AGGCCAAGTGCGCCGCCGACGAGGCCAAGGAGGTGAGGGAGGCCGAGGAGCTG
AGGGCCGCCCTGCCTCCCCTGGCCGCCGACGTGGAGGAGCCCACCCTGGAGGCC
GACGTGGACCTGATGCTGCAGGAGGCCGGCGCCGGCAGCGTGGAGACACCCAGG
GGCCTGATCAAGGTGACCAGCTACGACGGCGAGGACAAGATCGGCAGCTACGCC
GTGCTcAGCCCTCAGGCCGTGCTGAAGTCCGAGAAGCTGAGCTGCATCCACCCTC
TGGCCGAGCAGGTGATCGTGATCACCCACAGCGGCAGGAAGGGCAGGTACGCCG
TGGAGCCCTACCACGGCAAGGTGGTGGTCCCCGAGGGCCACGCCATCCCCGTGC
AGGACTTCCAGGCCCTGAGCGAGAGCGCCACCATCGTGTATAACGAGAGGGAGT
TCGTGAACAGGTACCTGCACCACATCGCCACCCACGGCGGCGCCCTGAACACCG
ACGAGGAGTACTACAAGACCGTGAAGCCCAGCGAGCACGACGGCGAGTACCTGT
ACGACATCGACAGGAAGCAGTGCGTGAAGAAGGAGCTGGTGACCGGCCTGGGC
CTGACCGGCGAGCTGGTGGACCCTCCCTTCCACGAGTTCGCCTACGAGAGCCTGA
GGACCAGGCCCGCCGCTCCCTACCAGGTGCCCACCATCGGCGTGTACGGCGTGC
CCGGCAGCGGCAAGAGCGGCATCATCAAGAGCGCCGTGACCAAGAAGGACCTG
GTGGTGAGCGCCAAGAAGGAGAACTGCGCCGAGATCATCAGGGACGTGAAGAA
GATGAAGGGCCTGGACGTGAACGCCAGGACCGTGGACAGCGTGCTcCTGAACGG
CTGCAAGCACCCCGTGGAGACACTGTATATCGACGAGGCCTTCGCCTGCCACGCC
GGCACCCTGAGGGCCCTGATCGCCATCATCAGGCCCAAGAAGGCCGTGCTGTGC
GGCGACCCCAAGCAGTGCGGCTTCTTCAACATGATGTGCCTGAAGGTGCACTTCA
ACCACGAGATCTGCACCCAGGTGTTCCACAAGAGCATCAGCAGGCGGTGCACCA
AGAGCGTGACCAGCGTGGTGAGCACCCTGTTCTACGACAAGAAGATGAGGACCA
CCAACCCCAAGGAGACAAAGATCGTGATCGACACCACCGGCAGCACCAAGCCCA
AGCAGGACGACCTGATCCTGACCTGCTTCAGGGGCTGGGTGAAGCAGCTGCAGA
TCGACTACAAGGGCAACGAGATCATGACCGCCGCCGCTAGCCAGGGCCTGACCA
GGAAGGGCGTGTACGCCGTGAGGTACAAGGTGAACGAGAATCCCCTGTACGCCC
CTACCAGCGAGCACGTGAACGTcCTGCTGACCAGGACCGAGGACAGGATCGTGT
GGAAGACCCTGGCCGGCGACCCCTGGATCAAGACCCTGACCGCCAAGTACCCCG
GCAACTTCACCGCCACCATCGAGGAGTGGCAGGCCGAGCACGACGCCATCATGA
GGCACATCCTGGAGAGGCCCGACCCCACCGACGTGTTCCAGAACAAGGCCAACG
TGTGCTGGGCCAAGGCCCTGGTGCCCGTGCTGAAGACCGCCGGCATCGACATGA
CCACCGAGCAGTGGAACACCGTGGACTACTTCGAGACAGACAAGGCCCACAGCG
CCGAGATCGTGCTGAACCAGCTGTGCGTGAGGTTCTTCGGCCTGGACCTGGACAG
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CGGCCTGTTCAGCGCCCCTACCGTGCCCCTGAGCATCAGGAACAACCACTGGGA
CAACAGCCCCAGCCCCAACATGTACGGCCTGAACAAGGAGGTGGTGAGGCAGCT
GAGCAGGCGGTACCCTCAGCTGCCCAGGGCCGTGGCCACCGGCAGGGTGTACGA
CATGAACACCGGCACCCTGAGGAACTACGACCCCAGGATCAACCTGGTGCCCGT
GAACAGGCGGCTGCCaCACGCCCTGGTGCTGCACCACAACGAGCACCCTCAGAG
CGACTTCAGCAGCTTCGTGAGCAAGCTGAAGGGCAGGACCGTGCTGGTGGTGGG
CGAGAAGCTGAGCGTGCCCGGCAAGATGGTGGACTGGCTGAGCGACAGGCCCGA
GGCCACCTTCCGGGCCAGGCTGGACCTGGGCATCCCCGGCGACGTGCCCAAGTA
CGACATCATCTTCGTGAACGTGAGGACCCCTTACAAGTACCACCACTACCAGCAG
TGCGAGGACCACGCCATCAAGCTGAGCATGCTGACCAAGAAGGCCTGCCTGCAC
CTGAACCCCGGCGGCACCTGCGTGAGCATCGGCTACGGCTACGCCGACAGGGCC
AGCGAGAGCATCATCGGCGCCATCGCCAGGCTGTTCAAGTTCAGCAGGGTGTGC
AAGCCCAAGAGCAGCCTGGAGGAGACAGAGGTGCTGTTCGTGTTCATCGGCTAC
GACCGGAAGGCCAGGACCCACAACCCCTACAAGCTGAGCAGCACCCTGACCAAC
ATCTACACCGGCAGCAGGCTGCACGAGGCCGGCTGCGCCCCTAGCTACCACGTG
GTGAGGGGCGACATCGCCACCGCCACCGAGGGCGTGATCATCAACGCCGCCAAC
AGCAAGGGCCAGCCCGGCGGCGGGGTGTGCGGCGCCCTGTATAAGAAGTTCCCC
GAGAGCTTCGACCTGCAGCCCATCGAGGTGGGCAAGGCCAGGCTGGTGAAGGGC
GCCGCCAAGCACATCATCCACGCCGTGGGCCCCAACTTCAACAAGGTGAGCGAG
GTGGAGGGCGACAAGCAGCTGGCCGAGGCCTACGAGAGCATCGCCAAGATCGTG
AACGACAACAACTACAAGAGCGTGGCCATCCCTCTGCTGAGCACCGGCATCTTC
AGCGGCAACAAGGACAGGCTGACCCAGAGCCTGAACCACCTGCTGACCGCCCTG
GACACCACCGACGCCGACGTGGCCATCTACTGCAGGGACAAGAAGTGGGAGATG
ACCCTGAAGGAGGCCGTGGCCAGGCGGGAGGCCGTGGAGGAGATCTGCATCAGC
GACGACAGCAGCGTGACgGAGCCCGACGCCGAGCTGGTGAGGGTGCACCCCAAG
AGCAGCCTGGCCGGCAGGAAGGGCTACAGCACCAGCGACGGCAAGACCTTCAGC
TACCTGGAGGGCACCAAGTTCCACCAGGCCGCCAAGGACATCGCCGAGATCAAC
GCCATGTGGCCCGTGGCCACCGAGGCCAACGAGCAGGTGTGCATGTATATCCTG
GGCGAGAGCATGAGCAGCATCAGGAGCAAGTGCCCCGTGGAGGAGAGCGAGGC
CAGCACCCCTCCCAGCACCCTGCCCTGCCTGTGCATCCACGCCATGACCCCTGAG
AGGGTGCAGCGGCTGAAGGCCAGCAGGCCCGAGCAGATCACCGTGTGCAGCAGC
TTCCCTCTGCCCAAGTACcGGATCACCGGCGTGCAGAAGATCCAGTGCAGCCAGC
CCATCCTGTTCAGCCCCAAGGTGCCCGCCTACATCCACCCCAGGAAGTACCTGGT
GGAGACACCCCCCGTGGACGAGACACCCGAGCCCAGCGCCGAGAACCAGAGCA
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CCGAGGGCACCCCTGAGCAGCCTCCCCTGATCACCGAGGACGAGACAAGGACCA
GGACgCCcGAGCCCATCATCATTGAGGAGGAAGAGGAGGACAGCATCAGCCTGC
TGAGCGACGGCCCCACCCACCAGGTGCTGCAGGTGGAGGCCGACATCCACGGCC
CTCCCAGCGTGAGCAGCTCCAGCTGGAGCATCCCTCACGCCAGCGACTTCGACGT
GGACAGCCTGAGCATCCTGGACACCCTGGAGGGCGCCAGCGTGACCAGCGGCGC
CACCAGCGCCGAGACAAACAGCTACTTCGCCAAGAGCATGGAGTTCCTGGCCAG
GCCCGTGCCCGCCCCTAGGACCGTGTTCAGGAACCCTCCCCACCCCGCCCCTAGG
ACCAGGACCCCTAGCCTGGCCCCTAGCAGGGCCTGCAGCAGGACCAGCCTGGTG
AGCACCCCTCCCGGCGTGAACCGGGTGATCACCAGGGAGGAGCTGGAGGCCCTG
ACCCCTAGCAGGACCCCTAGCAGGAGCGTGAGCAGGACCAGCCTGGTGAGCAAC
CCTCCCGGCGTGAACcGGGTGATCACCAGGGAGGAGTTCGAGGCCTTCGTGGCCC
AGCAGCAAAGGCGGTTCGACGCCGGCGCCTACATCTTCAGCAGCGACACCGGCC
AGGGCCACCTGCAGCAGAAGTCCGTGAGGCAGACCGTGCTGAGCGAGGTGGTcC
TGGAGAGGACgGAGCTGGAGATCAGCTACGCCCCTAGGCTGGACCAGGAGAAGG
AGGAGCTGCTGAGGAAGAAGCTGCAGCTGAACCCCACCCCTGCCAACAGGAGCA
GGTACCAGAGCAGGAAGGTGGAGAACATGAAGGCCATCACCGCCAGGCGGATC
CTGCAGGGCCTGGGCCACTACCTGAAGGCCGAGGGCAAGGTGGAGTGCTACAGG
ACCCTGCACCCCGTGCCCCTGTACTCCAGCTCCGTGAACAGGGCCTTCAGCAGCC
CCAAGGTGGCCGTGGAGGCCTGCAACGCCATGCTGAAGGAGAACTTCCCCACCG
TGGCCAGCTACTGCATCATCCCCGAGTACGACGCCTACCTGGACATGGTGGACG
GCGCCAGCTGCTGCCTGGACACCGCCAGCTTCTGCCCCGCCAAGCTGAGGAGCTT
CCCCAAGAAGCACAGCTACCTGGAGCCCACCATCAGGAGCGCCGTGCCCAGCGC
CATCCAGAACACCCTGCAGAACGTGCTGGCCGCCGCTACCAAGAGGAACTGCAA
CGTGACCCAGATGAGGGAGCTGCCCGTGCTGGACAGCGCCGCCTTCAACGTGGA
GTGCTTCAAGAAGTACGCCTGCAACAACGAGTACTGGGAGACATTCAAGGAGAA
CCCCATCAGGCTGACCGAGGAGAACGTGGTGAACTACATCACCAAGCTGAAGGG
CCCCAAGGCCGCCGCTCTGTTCGCCAAGACCCACAACCTGAACATGCTcCAGGAC
ATCCCTATGGACAGGTTCGTGATGGACCTGAAGAGGGACGTGAAGGTGACCCCT
GGCACCAAGCACACCGAGGAGAGGCCCAAGGTGCAGGTGATCCAGGCCGCCGA
CCCTCTGGCCACCGCCTACCTGTGCGGCATCCACAGGGAGCTGGTGAGGCGGCT
GAACGCCGTcCTGCTGCCCAACATCCACACCCTGTTCGACATGAGCGCCGAGGAC
TTCGACGCCATCATCGCCGAGCACTTCCAGCCCGGCGACTGCGTGCTGGAGACA
GACATCGCCAGCTTCGACAAGAGCGAGGACGACGCTATGGCCCTGACCGCCCTG
ATGATCCTGGAGGACCTGGGCGTGGACGCCGAGCTGCTGACCCTGATCGAGGCC

251



WO 2023/010128 PCT/US2022/074337

GCCTTCGGCGAGATCAGCAGCATCCACCTGCCCACCAAGACCAAGTTCAAGTTC
GGCGCCATGATGAAGTCCGGCATGTTCCTGACCCTGTTCGTGAACACCGTGATCA
ACATCGTGATCGCCAGCAGGGTGCTGCGGGAGAGGCTGACCGGCAGCCCCTGCG
CCGCCTTCATCGGCGACGACAACATCGTGAAGGGCGTGAAGTCCGACAAGCTGA
TGGCCGACAGGTGCGCCACCTGGCTGAACATGGAGGTGAAGATCATCGACGCCG
TGGTGGGCGAGAAGGCCCCTTACTTCTGCGGCGGCTTCATCCTGTGCGACAGCGT
GACCGGCACCGCCTGCAGGGTGGCCGACCCTCTGAAGAGGCTGTTCAAGCTGGG
CAAGCCCCTGGCCGCCGACGACGAGCACGACGACGATAGGCGGAGGGCCCTGCA
CGAGGAGAGCACCAGGTGGAACcGGGTGGGCATCCTGAGCGAGCTGTGCAAGGC
CGTGGAGAGCAGGTACGAGACAGTGGGCACCAGCATCATCGTGATGGCCATGAC
CACCCTGGCCAGCAGCGTcAAGTCCTTCAGCTACCTGAGGGGGGCCCCTATAACT
CTCTACGGCTAA

SEQ ID NO:43 - Intergenic region (of mARM3124/SEQ ID NO:40)
CCTGAATGGACTACGACATAGTCTAGTCCGCCAAGGCCGCCACC

SEQ ID NO:44 - 3° UTR (of mARM3124/SEQ ID NO:40), with poly-A
aCTCGAGTATGTTACGTGCAAAGGTGATTGTCACCCCCCGAAAGACCATATTGTG
ACACACCCTCAGTATCACGCCCAAACATTTACAGCCGCGGTGTCAAAAACCGCG
TGGACGTGGTTAACATCCCTGCTGGGAGGATCAGCCGTAATTATTATAATTGGCT
TGGTGCTGGCTACTATTGTGGCCATGTACGTGCTGACCAACCAGAAACATAATTG
AATACAGCAGCAATTGGCAAGCTGCTTACATAGAACTCGCGGCGATTGGCATGC
CGCCTTAAAATTTTTATTTTATTTTTTCTTTTCTTTTCCGAATCGGATTTTGTTTTTA
ATATTTCAAAAAAAAAAAAAAAAAAAAAAAAATctagAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAaaaaaaaaaaaaaaaaaaaa

SEQ ID NO:45 - 3’ UTR (of mARM3124/SEQ ID NO:40), without poly-A
aCTCGAGTATGTTACGTGCAAAGGTGATTGTCACCCCCCGAAAGACCATATTGTG
ACACACCCTCAGTATCACGCCCAAACATTTACAGCCGCGGTGTCAAAAACCGCG
TGGACGTGGTTAACATCCCTGCTGGGAGGATCAGCCGTAATTATTATAATTGGCT
TGGTGCTGGCTACTATTGTGGCCATGTACGTGCTGACCAACCAGAAACATAATTG
AATACAGCAGCAATTGGCAAGCTGCTTACATAGAACTCGCGGCGATTGGCATGC
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CGCCTTAAAATTTTTATTTTATTTTTTCTTTTCTTTTCCGAATCGGATTTTGTTTTTA
ATATTTCAAAAAAAAAAAAAAAAAAAAAAAAATCctag

SEQ ID NO:46 - Transgene (nucleic acid sequence; mARM3124/SEQ ID NO:40)
ATGAAGGCTATCCTGGTGGTGCTGCTCTACACCTTITGCCACAGCCAATGCTGACA
CCCTGTGTATTGGCTACCATGCCAACAACAGCACAGACACAGTGGACACAGTGT
TGGAGAAGAATGTGACAGTGACCCACTCTGTGAACCTGTTGGAGGACAAACACA
ATGGCAAACTGTGTAAACTGAGGGGAGTGGCTCCACTGCACCTGGGCAAGTGTA
ACATTGCTGGCTGGATTCTGGGCAACCCTGAGTGTGAGTCCCTGAGCACAGCCTC
CTCCTGGTCCTACATTGTGGAGACACCATCCTCTGACAATGGCACTTGTTACCCT
GGAGACTTCATTGACTATGAGGAACTGAGGGAACAACTTTCCTCTGTGTCCTCCT
TTGAGAGGTTTGAGATTTTTCCAAAGACCTCCTCCTGGCCAAACCATGACAGCAA
CAAGGGAGTGACAGCAGCCTGTCCACATGCTGGAGCCAAGTCCTTCTACAAGAA
CCTGATTTGGCTGGTGAAGAAGGGCAACTCCTACCCAAAACTGAGCAAGTCCTA
CATCAATGACAAGGGCAAGGAGGTGCTGGTGCTGTGGGGCATCCACCACCCAAG
CACCTCTGCTGACCAACAGTCCCTCTACCAGAATGCTGACGCCTATGTGTTTGTG
GGCTCCAGCAGATACAGCAAGAAGTTCAAGCCTGAGATTGCCATCAGACCAAAG
GTGAGGGATcagGAGGGCAGGATGAACTACTACTGGACCCTGGTGGAACCTGGAG
ACAAGATTACCTTTGAGGCTACAGGCAACCTGGTGGTGCCAAGATATGCCTTTGC
TATGGAGAGGAATGCTGGCTCTGGCATCATCATCTCTGACACACCTGTCCATGAC
TGTAACACCACTTGTCAGACACCAAAGGGAGCCATCAACACCTCCCTGCCATTCC
AGAACATCCACCCAATCACCATTGGCAAGTGTCCAAAATATGTcAAGAGCACCA
AACTGAGACTGGCTACAGGACTGAGGAACATCCCAAGCATCCAGAGCAGGGGAC
TGTTTGGAGCCATTGCTGGCTTCATTGAGGGAGGCTGGACAGGGATGGTGGATG
GCTGGTATGGCTACCACCACCAGAATGAACAGGGCTCTGGCTATGCTGCTGACCT
GAAAAGCACCCAGAATGCCATTGATGAGATTACCAACAAGGTGAACTCTGTGAT
TGAGAAGATGAACACCCAGTTCACAGCAGTGGGCAAGGAGTTCAACCACTTGGA
GAAGAGGATTGAGAACCTGAACAAGAAGGTGGATGATGGCTTCCTGGACATCTG
GACCTACAATGCTGAACTGCTGGTGCTGTTGGAGAATGAGAGGACCCTGGACTA
CCATGACAGCAATGTGAAGAACCTCTATGAGAAGGTGAGGAGCCAACTTAAAAA
CAATGCCAAGGAGATTGGCAATGGCTGTTTTGAGTTCTACCACAAGTGTGACAAC
ACTTGTATGGAGTCTGTGAAGAATGGCACCTATGACTACCCAAAATACTCTGAGG
AGGCTAAACTGAACAGGGAGGAGATTGATGGAGTGAAATTGGAGAGCACCAGG
ATTTACCAGATCCTGGCCATCTACAGCACCGTGGCCAGCAGCCTGGTGCTGGTGG
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TGAGCCTGGGCGCCATCAGCTTCTGGATGTGCAGCAACGGCAGCTTGCAGTGCA
GGATCTGCATCTAA

SEQ ID NO:47 - Transgene (amino acid acid sequence; mARM3124/SEQ ID NQO:40)
MKAILVVLLYTFATANADTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNG
KLCKLRGVAPLHLGKCNIAGWILGNPECESLSTASSWSYIVETPSSDNGTCYPGDFID
YEELREQLSSVSSFERFEIFPKTSSWPNHDSNKGVTAACPHAGAKSFYKNLIWLVKK
GNSYPKLSKSYINDKGKEVLVLWGIHHPSTSADQQSLYQNADAY VFVGSSRY SKKF
KPEIAIRPKVRDQEGRMNYYWTLVEPGDKITFEATGNLVVPRYAFAMERNAGSGIIIS
DTPVHDCNTTCQTPKGAINTSLPFQNIHPITIGKCPKYVKSTKLRLATGLRNIPSIQSRG
LFGATIAGFIEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKVNSVIE
KMNTQFTAVGKEFNHLEKRIENLNKKVDDGFLDIWTYNAELLVLLENERTLDYHDS
NVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKL
NREEIDGVKLESTRIYQILATYSTVASSLVLVVSLGAISFWMCSNGSLQCRICI

SEQ ID NO:48 - mARM3038 (mRNA HA (A/California/07/2009))
AGGAAACUUAAGUCAACACAACAUAUACAAAACAAACGAAUCUCAAGCAAUC
AAGCAUUCUACUUCUAUUGCAGCAAUUUAAAUCAUUUCUUUUAAAGCAAAAG
CAAUUUUCUGAAAAUUUUCACCAUUUACGAACGAUAGCCACCAUGAAGGCUA
UCCUGGUGGUGCUGCUCUACACCUUUGCCACAGCCAAUGCUGACACCCUGUGU
AUUGGCUACCAUGCCAACAACAGCACAGACACAGUGGACACAGUGUUGGAGAA
GAAUGUGACAGUGACCCACUCUGUGAACCUGUUGGAGGACAAACACAAUGGC
AAACUGUGUAAACUGAGGGGAGUGGCUCCACUGCACCUGGGCAAGUGUAACA
UUGCUGGCUGGAUUCUGGGCAACCCUGAGUGUGAGUCCCUGAGCACAGCCUCC
UCCUGGUCCUACAUUGUGGAGACACCAUCCUCUGACAAUGGCACUUGUUACCC
UGGAGACUUCAUUGACUAUGAGGAACUGAGGGAACAACUUUCCUCUGUGUCC
UCCUUUGAGAGGUUUGAGAUUUUUCCAAAGACCUCCUCCUGGCCAAACCAUGA
CAGCAACAAGGGAGUGACAGCAGCCUGUCCACAUGCUGGAGCCAAGUCCUUCU
ACAAGAACCUGAUUUGGCUGGUGAAGAAGGGCAACUCCUACCCAAAACUGAGC
AAGUCCUACAUCAAUGACAAGGGCAAGGAGGUGCUGGUGCUGUGGGGCAUCC
ACCACCCAAGCACCUCUGCUGACCAACAGUCCCUCUACCAGAAUGCUGACGCC
UAUGUGUUUGUGGGCUCCAGCAGAUACAGCAAGAAGUUCAAGCCUGAGAUUG
CCAUCAGACCAAAGGUGAGGGAUCAGGAGGGCAGGAUGAACUACUACUGGAC
CCUGGUGGAACCUGGAGACAAGAUUACCUUUGAGGCUACAGGCAACCUGGUG
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GUGCCAAGAUAUGCCUUUGCUAUGGAGAGGAAUGCUGGCUCUGGCAUCAUCA
UCUCUGACACACCUGUCCAUGACUGUAACACCACUUGUCAGACACCAAAGGGA
GCCAUCAACACCUCCCUGCCAUUCCAGAACAUCCACCCAAUCACCAUUGGCAA
GUGUCCAAAAUAUGUCAAGAGCACCAAACUGAGACUGGCUACAGGACUGAGG
AACAUCCCAAGCAUCCAGAGCAGGGGACUGUUUGGAGCCAUUGCUGGCUUCAU
UGAGGGAGGCUGGACAGGGAUGGUGGAUGGCUGGUAUGGCUACCACCACCAG
AAUGAACAGGGCUCUGGCUAUGCUGCUGACCUGAAAAGCACCCAGAAUGCCAU
UGAUGAGAUUACCAACAAGGUGAACUCUGUGAUUGAGAAGAUGAACACCCAG
UUCACAGCAGUGGGCAAGGAGUUCAACCACUUGGAGAAGAGGAUUGAGAACC
UGAACAAGAAGGUGGAUGAUGGCUUCCUGGACAUCUGGACCUACAAUGCUGA
ACUGCUGGUGCUGUUGGAGAAUGAGAGGACCCUGGACUACCAUGACAGCAAU
GUGAAGAACCUCUAUGAGAAGGUGAGGAGCCAACUUAAAAACAAUGCCAAGG
AGAUUGGCAAUGGCUGUUUUGAGUUCUACCACAAGUGUGACAACACUUGUAU
GGAGUCUGUGAAGAAUGGCACCUAUGACUACCCAAAAUACUCUGAGGAGGCU
AAACUGAACAGGGAGGAGAUUGAUGGAGUGAAAUUGGAGAGCACCAGGAUUU
ACCAGAUCCUGGCCAUCUACAGCACCGUGGCCAGCAGCCUGGUGCUGGUGGUG
AGCCUGGGCGCCAUCAGCUUCUGGAUGUGCAGCAACGGCAGCUUGCAGUGCAG
GAUCUGCAUCUAAACUCGAGCUAGUGACUGACUAGGAUCUGGUUACCACUAA
ACCAGCCUCAAGAACACCCGAAUGGAGUCUCUAAGCUACAUAAUACCAACUUA
CACUUACAAAAUGUUGUCCCCCAAAAUGUAGCCAUUCGUAUCUGCUCCUAAUA
AAAAGAAAGUUUCUUCACAUUCUAGAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAA

SEQ ID NO:49 — 5’ UTR (of mARM3038/SEQ ID NO:48)
AGGAAACTTAAGTCAACACAACATATACAAAACAAACGAATCTCAAGCAATCAA
GCATTCTACTTCTATTGCAGCAATTTAAATCATTTCTTTTAAAGCAAAAGCAATTT
TCTGAAAATTTTCACCATTTACGAACGATAGCCACC

SEQ ID NO:50 — 3° UTR (of mARM3038/SEQ ID NO:48), with poly A
ACTCGAGCTAGTGACTGACTAGGATCTGGTTACCACTAAACCAGCCTCAAGAAC
ACCCGAATGGAGTCTCTAAGCTACATAATACCAACTTACACTTACAAAATGTTGT
CCCCCAAAATGTAGCCATTCGTATCTGCTCCTAATAAAAAGAAAGTTTCTTCACA
TTCTAGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AA

SEQ ID NO:51 - 3’ UTR (of mARM3038/SEQ ID NO:48), without poly A
ACTCGAGCTAGTGACTGACTAGGATCTGGTTACCACTAAACCAGCCTCAAGAAC
ACCCGAATGGAGTCTCTAAGCTACATAATACCAACTTACACTTACAAAATGTTGT
CCCCCAAAATGTAGCCATTCGTATCTGCTCCTAATAAAAAGAAAGTTTCTTCACA
TTCTAG

SEQ ID NO:52 — Transgene (nucleic acid sequence; mARM3038/SEQ ID NQO:48)
AUGAAGGCUAUCCUGGUGGUGCUGCUCUACACCUUUGCCACAGCCAAUGCUGA
CACCCUGUGUAUUGGCUACCAUGCCAACAACAGCACAGACACAGUGGACACAG
UGUUGGAGAAGAAUGUGACAGUGACCCACUCUGUGAACCUGUUGGAGGACAA
ACACAAUGGCAAACUGUGUAAACUGAGGGGAGUGGCUCCACUGCACCUGGGCA
AGUGUAACAUUGCUGGCUGGAUUCUGGGCAACCCUGAGUGUGAGUCCCUGAG
CACAGCCUCCUCCUGGUCCUACAUUGUGGAGACACCAUCCUCUGACAAUGGCA
CUUGUUACCCUGGAGACUUCAUUGACUAUGAGGAACUGAGGGAACAACUUUC
CUCUGUGUCCUCCUUUGAGAGGUUUGAGAUUUUUCCAAAGACCUCCUCCUGGC
CAAACCAUGACAGCAACAAGGGAGUGACAGCAGCCUGUCCACAUGCUGGAGCC
AAGUCCUUCUACAAGAACCUGAUUUGGCUGGUGAAGAAGGGCAACUCCUACCC
AAAACUGAGCAAGUCCUACAUCAAUGACAAGGGCAAGGAGGUGCUGGUGCUG
UGGGGCAUCCACCACCCAAGCACCUCUGCUGACCAACAGUCCCUCUACCAGAA
UGCUGACGCCUAUGUGUUUGUGGGCUCCAGCAGAUACAGCAAGAAGUUCAAG
CCUGAGAUUGCCAUCAGACCAAAGGUGAGGGAUcagGAGGGCAGGAUGAACUA
CUACUGGACCCUGGUGGAACCUGGAGACAAGAUUACCUUUGAGGCUACAGGCA
ACCUGGUGGUGCCAAGAUAUGCCUUUGCUAUGGAGAGGAAUGCUGGCUCUGG
CAUCAUCAUCUCUGACACACCUGUCCAUGACUGUAACACCACUUGUCAGACAC
CAAAGGGAGCCAUCAACACCUCCCUGCCAUUCCAGAACAUCCACCCAAUCACC
AUUGGCAAGUGUCCAAAAUAUGUcAAGAGCACCAAACUGAGACUGGCUACAGG
ACUGAGGAACAUCCCAAGCAUCCAGAGCAGGGGACUGUUUGGAGCCAUUGCUG
GCUUCAUUGAGGGAGGCUGGACAGGGAUGGUGGAUGGCUGGUAUGGCUACCA
CCACCAGAAUGAACAGGGCUCUGGCUAUGCUGCUGACCUGAAAAGCACCCAGA
AUGCCAUUGAUGAGAUUACCAACAAGGUGAACUCUGUGAUUGAGAAGAUGAA
CACCCAGUUCACAGCAGUGGGCAAGGAGUUCAACCACUUGGAGAAGAGGAUU
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GAGAACCUGAACAAGAAGGUGGAUGAUGGCUUCCUGGACAUCUGGACCUACA
AUGCUGAACUGCUGGUGCUGUUGGAGAAUGAGAGGACCCUGGACUACCAUGA
CAGCAAUGUGAAGAACCUCUAUGAGAAGGUGAGGAGCCAACUUAAAAACAAU
GCCAAGGAGAUUGGCAAUGGCUGUUUUGAGUUCUACCACAAGUGUGACAACA
CUUGUAUGGAGUCUGUGAAGAAUGGCACCUAUGACUACCCAAAAUACUCUGA
GGAGGCUAAACUGAACAGGGAGGAGAUUGAUGGAGUGAAAUUGGAGAGCACC
AGGAUUUACCAGAUCCUGGCCAUCUACAGCACCGUGGCCAGCAGCCUGGUGCU
GGUGGUGAGCCUGGGCGCCAUCAGCUUCUGGAUGUGCAGCAACGGCAGCUUGC
AGUGCAGGAUCUGCAUCUAA

SEQ ID NO:53 - Transgene (amino acid acid sequence; mARM3038/SEQ ID NO:48)
MKAILVVLLYTFATANADTLCIGYHANNSTDTVDTVLEKNVTVTHSVNLLEDKHNG
KLCKLRGVAPLHLGKCNIAGWILGNPECESLSTASSWSYIVETPSSDNGTCYPGDFID
YEELREQLSSVSSFERFEIFPKTSSWPNHDSNKGVTAACPHAGAKSFYKNLIWLVKK
GNSYPKLSKSYINDKGKEVLVLWGIHHPSTSADQQSLYQNADAY VFVGSSRYSKKF
KPETAIRPKVRDQEGRMNYYWTLVEPGDKITFEATGNLVVPRYAFAMERNAGSGIIIS
DTPVHDCNTTCQTPKGAINTSLPFQNIHPITIGKCPKY VKSTKLRLATGLRNIPSIQSRG
LFGAIAGFIEGGWTGMVDGWYGYHHQNEQGSGYAADLKSTQNAIDEITNKVNSVIE
KMNTQFTAVGKEFNHLEKRIENLNKKVDDGFLDIWTYNAELLVLLENERTLDYHDS
NVKNLYEKVRSQLKNNAKEIGNGCFEFYHKCDNTCMESVKNGTYDYPKYSEEAKL
NREEIDGVKLESTRIYQILATYSTVASSLVLVVSLGAISFWMCSNGSLQCRICI*

SEQ ID NO:54 - mmu-miR-451a
AAACCGUUACCAUUACUGAGUU

SEQ ID NO:55 - mmu-miR-191-5p
CAACGGAAUCCCAAAAGCAGCUG

SEQ ID NO:56 - mmu-miR-181a-5p
AACAUUCAACGCUGUCGGUGAGU

SEQ ID NO:57 - mmu-miR-99b-5p
CACCCGUAGAACCGACCUUGCG
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SEQ ID NO:58 - mmu-miR-10a-5p
UACCCUGUAGAUCCGAAUUUGUG

SEQ ID NO:59 - mmu-miR-10b-5p
UACCCUGUAGAACCGAAUUUGUG

SEQ ID NO:60 - mmu-miR-193b-3p
AACUGGCCCACAAAGUCCCGCU

SEQ ID NO:61 - mmu-miR-22-3p
AAGCUGCCAGUUGAAGAACUGU

SEQ ID NO:62 - mmu-miR-126a-5p
CAUUAUUACUUUUGGUACGCG

SEQ ID NO:63 - mmu-miR-92a-3p
UAUUGCACUUGUCCCGGCCUG

SEQ ID NO:64 - mmu-miR-125a-5p
UCCCUGAGACCCUUUAACCUGUGA

SEQ ID NO:65 - mmu-miR-378a-3p
ACUGGACUUGGAGUCAGAAGG

SEQ ID NO:66 - mmu-miR-143-3p
UGAGAUGAAGCACUGUAGCUC

SEQ ID NO:67 - mmu-let-7a-5p
UGAGGUAGUAGGUUGUAUAGUU

SEQ ID NO:68 - mmu-let-7b-5p
UGAGGUAGUAGGUUGUGUGGUU

SEQ ID NO:69 - mmu-let-7¢-5p
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UGAGGUAGUAGGUUGUAUGGUU

SEQ ID NO:70 - mmu-let-7f-5p
UGAGGUAGUAGAUUGUAUAGUU

SEQ ID NO:71 - mmu-miR-126b-3p
CGCGUACCAAAAGUAAUAAUGUG

SEQ ID NO:72 - mmu-miR-423-3p
AGCUCGGUCUGAGGCCCCUCAGU

SEQ ID NO:73 - mmu-miR-30a-5p
UGUAAACAUCCUCGACUGGAAG

SEQ ID NO:74 - mmu-miR-30d-Sp
UGUAAACAUCCCCGACUGGAAG

SEQ ID NO:75 - mmu-miR-30e-5p
UGUAAACAUCCUUGACUGGAAG

SEQ ID NO:76 - mmu-miR-26a-5p
UUCAAGUAAUCCAGGAUAGGCU

SEQ ID NO:77 - mmu-miR-27b-3p
UUCACAGUGGCUAAGUUCUGC

SEQ ID NO:78 - mmu-miR-133a-3p.1
UUGGUCCCCUUCAACCAGCUG

SEQ ID NO:79 - mmu-miR-133a-3p.2
UUUGGUCCCCUUCAACCAGCUG

SEQ ID NO:80 - hsa-miR-486-5p
UCCUGUACUGAGCUGCCCCGAG
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SEQ ID NO:81 - hsa-miR-486-3p
CGGGGCAGCUCAGUACAGGAU

SEQ ID NO:82 - hsa-miR-451a
AAACCGUUACCAUUACUGAGUU

SEQ ID NO:83 - hsa-miR-423-3p
AGCUCGGUCUGAGGCCCCUCAGU

SEQ ID NO:84 - hsa-miR-378a-3p
ACUGGACUUGGAGUCAGAAGGC

SEQ ID NO:85 - hsa-miR-193b-3p
AACUGGCCCUCAAAGUCCCGCU

SEQ ID NO:86 - hsa-miR-191-5p
CAACGGAAUCCCAAAAGCAGCUG

SEQ ID NO:87 - hsa-miR-181a-5p
AACAUUCAACGCUGUCGGUGAGU

SEQ ID NO:88 - hsa-miR-143-3p
UGAGAUGAAGCACUGUAGCUC

SEQ ID NO:89 - hsa-miR-133a-3p.2
UUUGGUCCCCUUCAACCAGCUG

SEQ ID NO:90 - hsa-miR-133a-3p.1
UUGGUCCCCUUCAACCAGCUG

SEQ ID NO:91 - hsa-miR-125a-5p

UCCCUGAGACCCUUUAACCUGUGA
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SEQ ID NO:92 - hsa-miR-101-3p.2
GUACAGUACUGUGAUAACUGA

SEQ ID NO:93 - hsa-miR-101-3p.1
UACAGUACUGUGAUAACUGAA

SEQ ID NO:94 - hsa-miR-99b-5p
CACCCGUAGAACCGACCUUGCG

SEQ ID NO:95 - hsa-miR-30a-5p
UGUAAACAUCCUCGACUGGAAG

SEQ ID NO:96 - hsa-miR-30d-5p
UGUAAACAUCCCCGACUGGAAG

SEQ ID NO:97 - hsa-miR-30e-5p
UGUAAACAUCCUUGACUGGAAG

SEQ ID NO:98 - hsa-miR-27b-3p
UUCACAGUGGCUAAGUUCUGC

SEQ ID NO:99 - hsa-miR-26a-5p
UUCAAGUAAUCCAGGAUAGGCU

SEQ ID NO:100 - hsa-miR-92a-3p
UAUUGCACUUGUCCCGGCCUGU

SEQ ID NO:101 - hsa-miR-22-3p
AAGCUGCCAGUUGAAGAACUGU

SEQ ID NO:102 - hsa-miR-10a-5p
UACCCUGUAGAUCCGAAUUUGUG

SEQ ID NO:103 - hsa-miR-10b-5p
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UACCCUGUAGAACCGAAUUUGUG

SEQ ID NO:104 - hsa-let-7a-5p
UGAGGUAGUAGGUUGUAUAGUU

SEQ ID NO:105 - hsa-let-7b-5p
UGAGGUAGUAGGUUGUGUGGUU

SEQ ID NO:106 - hsa-let-7¢-5p
UGAGGUAGUAGGUUGUAUGGUU

SEQ ID NO:107 - hsa-let-7f-Sp
UGAGGUAGUAGAUUGUAUAGUU

SEQ ID NO:108 - mmu-miR-191-5p
CAACGGAAUCCCAAAAGCAGCUG

SEQ ID NO:109 - mmu-miR-181a-Sp
AACAUUCAACGCUGUCGGUGAGU

SEQ ID NO:110 - mmu-miR-181b-5p
AACAUUCAUUGCUGUCGGUGGGU

SEQ ID NO:111 - mmu-miR-99b-5p
CACCCGUAGAACCGACCUUGCG

SEQ ID NO:112 - mmu-miR-10a-5p
UACCCUGUAGAUCCGAAUUUGUG

SEQ ID NO:113 - mmu-miR-29a-3p
UAGCACCAUCUGAAAUCGGUUA

SEQ ID NO:114 - mmu-miR-16-5p
UAGCAGCACGUAAAUAUUGGCG
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SEQ ID NO:115 - mmu-miR-22-3p
AAGCUGCCAGUUGAAGAACUGU

SEQ ID NO:116 - mmu-miR-21a-5p
UAGCUUAUCAGACUGAUGUUGA

SEQ ID NO:117 - mmu-miR-142a-5p
CAUAAAGUAGAAAGCACUACU

SEQ ID NO:118 - mmu-miR-25-3p
CAUUGCACUUGUCUCGGUCUGA

SEQ ID NO:119 - mmu-miR-92a-3p
UAUUGCACUUGUCCCGGCCUG

SEQ ID NO:120 - mmu-miR-148a-3p
UCAGUGCACUACAGAACUUUGU

SEQ ID NO:121 - mmu-miR-378a-3p
ACUGGACUUGGAGUCAGAAGG

SEQ ID NO:122 - mmu-miR-146b-5p
UGAGAACUGAAUUCCAUAGGCU

SEQ ID NO:123 - mmu-miR-27b-5p
AGAGCUUAGCUGAUUGGUGAAC

SEQ ID NO:124 - mmu-let-7a-5p
UGAGGUAGUAGGUUGUAUAGUU

SEQ ID NO:125 - mmu-let-7f-Sp
UGAGGUAGUAGAUUGUAUAGUU
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SEQ ID NO:126 - mmu-let-7g-5p
UGAGGUAGUAGUUUGUACAGUU

SEQ ID NO:127 - mmu-let-7i-5p
UGAGGUAGUAGUUUGUGCUGUU

SEQ ID NO:128 - mmu-miR-103-3p
AGCAGCAUUGUACAGGGCUAUGA

SEQ ID NO:129 - mmu-miR-221-3p
AGCUACAUUGUCUGCUGGGUUUC

SEQ ID NO:130 - mmu-miR-222-3p
AGCUACAUCUGGCUACUGGGU

SEQ ID NO:131 - mmu-miR-24-3p
UGGCUCAGUUCAGCAGGAACAG

SEQ ID NO:132 - mmu-miR-27a-5p
AGGGCUUAGCUGCUUGUGAGCA

SEQ ID NO:133 - mmu-miR-30d-5p
UGUAAACAUCCCCGACUGGAAG

SEQ ID NO:134 - mmu-miR-223-3p
UGUCAGUUUGUCAAAUACCCCA

SEQ ID NO:135 - mmu-miR-223-5p
CGUGUAUUUGACAAGCUGAGUUG

SEQ ID NO:136 - mmu-miR-155-5p
UUAAUGCUAAUUGUGAUAGGGGU

SEQ ID NO:137 - mmu-miR-26a-5p
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UUCAAGUAAUCCAGGAUAGGCU

SEQ ID NO:138 - mmu-miR-26b-5p
UUCAAGUAAUUCAGGAUAGGU

SEQ ID NO:139 - mmu-miR-27a-3p
UUCACAGUGGCUAAGUUCCGC

SEQ ID NO:140 - mmu-miR-27b-3p
UUCACAGUGGCUAAGUUCUGC

SEQ ID NO:141 - hsa-miR-423-5p
UGAGGGGCAGAGAGCGAGACUUU

SEQ ID NO:142 - hsa-miR-423-3p
AGCUCGGUCUGAGGCCCCUCAGU

SEQ ID NO:143 - hsa-miR-378a-3p
ACUGGACUUGGAGUCAGAAGGC

SEQ ID NO:144 - hsa-miR-342-3p
UCUCACACAGAAAUCGCACCCGU

SEQ ID NO:145 - hsa-miR-223-5p
CGUGUAUUUGACAAGCUGAGUU

SEQ ID NO:146 - hsa-miR-223-3p
UGUCAGUUUGUCAAAUACCCCA

SEQ ID NO:147 - hsa-miR-191-5p
CAACGGAAUCCCAAAAGCAGCUG

SEQ ID NO:148 - hsa-miR-186-5p
CAAAGAAUUCUCCUUUUGGGCU
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SEQ ID NO:149 - hsa-miR-181a-5p
AACAUUCAACGCUGUCGGUGAGU

SEQ ID NO:150 - hsa-miR-146b-Sp
UGAGAACUGAAUUCCAUAGGCU

SEQ ID NO:151 - hsa-miR-142-5p
CAUAAAGUAGAAAGCACUACU

SEQ ID NO:152 - hsa-miR-142-3p.2
GUAGUGUUUCCUACUUUAUGGA

SEQ ID NO:153 - hsa-miR-142-3p.1
UGUAGUGUUUCCUACUUUAUGGA

SEQ ID NO:154 - hsa-miR-140-3p.2
UACCACAGGGUAGAACCACGG

SEQ ID NO:155 - hsa-miR-140-3p.1
ACCACAGGGUAGAACCACGGAC

SEQ ID NO:156 - hsa-miR-103a-3p
AGCAGCAUUGUACAGGGCUAUGA

SEQ ID NO:157 - hsa-miR-107
AGCAGCAUUGUACAGGGCUAUCA

SEQ ID NO:158 - hsa-miR-30a-5p
UGUAAACAUCCUCGACUGGAAG

SEQ ID NO:159 - hsa-miR-30c-5p
UGUAAACAUCCUACACUCUCAGC
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SEQ ID NO:160 - hsa-miR-30d-5p
UGUAAACAUCCCCGACUGGAAG

SEQ ID NO:161 - hsa-miR-30e-5p
UGUAAACAUCCUUGACUGGAAG

SEQ ID NO:162 - hsa-miR-28-3p
CACUAGAUUGUGAGCUCCUGGA

SEQ ID NO:163 - hsa-miR-27b-5p
AGAGCUUAGCUGAUUGGUGAAC

SEQ ID NO:164 - hsa-miR-27a-5p
AGGGCUUAGCUGCUUGUGAGCA

SEQ ID NO:165 - hsa-miR-27a-3p
UUCACAGUGGCUAAGUUCCGC

SEQ ID NO:166 - hsa-miR-27b-3p
UUCACAGUGGCUAAGUUCUGC

SEQ ID NO:167 - hsa-miR-26a-5p
UUCAAGUAAUCCAGGAUAGGCU

SEQ ID NO:168 - hsa-miR-26b-Sp
UUCAAGUAAUUCAGGAUAGGU

SEQ ID NO:169 - hsa-miR-25-3p
CAUUGCACUUGUCUCGGUCUGA

SEQ ID NO:170 - hsa-miR-92a-3p
UAUUGCACUUGUCCCGGCCUGU

SEQ ID NO:171 - hsa-miR-24-3p
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UGGCUCAGUUCAGCAGGAACAG

SEQ ID NO:172 - hsa-miR-22-3p
AAGCUGCCAGUUGAAGAACUGU

SEQ ID NO:173 - hsa-miR-21-5p
UAGCUUAUCAGACUGAUGUUGA

SEQ ID NO:174 - hsa-miR-21-3p
CAACACCAGUCGAUGGGCUGU

SEQ ID NO:175 - hsa-miR-16-5p
UAGCAGCACGUAAAUAUUGGCG

SEQ ID NO:176 - hsa-let-7a-Sp
UGAGGUAGUAGGUUGUAUAGUU

SEQ ID NO:177 - hsa-let-7b-Sp
UGAGGUAGUAGGUUGUGUGGUU

SEQ ID NO:178 - hsa-let-7¢-Sp
UGAGGUAGUAGGUUGUAUGGUU

SEQ ID NO:179 - hsa-let-7d-5p
AGAGGUAGUAGGUUGCAUAGUU

SEQ ID NO:180 - hsa-let-7e-Sp
UGAGGUAGGAGGUUGUAUAGUU

SEQ ID NO:181 - hsa-let-7f-Sp
UGAGGUAGUAGAUUGUAUAGUU

SEQ ID NO:182 - hsa-let-7g-5p
UGAGGUAGUAGUUUGUACAGUU
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SEQ ID NO:183 - hsa-let-7i-5p
UGAGGUAGUAGUUUGUGCUGUU

SEQ ID NO:184 - hsa-miR-98-5p
UGAGGUAGUAAGUUGUAUUGUU

SEQ ID NO:18S - Codon optimized region of nsP1-4 (nucleotide 463 to nucleotide 7455)

GCCGTGGACGGCCCCACCAGCCTGTACCACCAGGCCAACAAGGGCGTGAGGGTG
GCCTACTGGATCGGCTTCGACACCACACCCTTCATGTTCAAGAACCTGGCCGGCG
CCTACCCCAGCTACAGCACCAACTGGGCCGACGAGACAGTGCTGACCGCCAGGA
ACATCGGCCTGTGCAGCAGCGACGTGATGGAGAGGAGCCGGAGGGGCATGAGC
ATCCTGAGGAAGAAGTACCTGAAGCCCAGCAACAACGTGCTGTTCAGCGTGGGC
AGCACCATCTACCACGAGAAGAGGGACCTGCTGAGGAGCTGGCACCTGCCCAGC
GTGTTCCACCTGAGGGGCAAGCAGAACTACACCTGCAGGTGCGAGACAATCGTG
AGCTGCGACGGCTACGTGGTGAAGAGGATCGCCATCAGCCCCGGCCTGTACGGC
AAGCCCAGCGGCTACGCCGCCACCATGCACAGGGAGGGCTTCCTGTGCTGCAAG
GTGACCGACACCCTGAACGGCGAGAGGGTGAGCTTCCCCGTGTGCACCTACGTG
CCCGCCACCCTGTGCGACCAGATGACCGGCATCCTGGCCACCGACGTGAGCGCC
GACGACGCCCAGAAGCTGCTGGTGGGCCTGAACCAGAGGATCGTGGTGAACGGC
AGGACCCAGAGGAACACCAACACCATGAAGAACTACCTGCTGCCCGTGGTGGCC
CAGGCCTTCGCCAGGTGGGCCAAGGAGTACAAGGAGGACCAGGAGGACGAGAG
GCCCCTGGGCCTGAGGGACAGGCAGCTGGTGATGGGCTGCTGCTGGGCCTTCAG
GCGGCACAAGATCACCAGCATCTACAAGAGGCCCGACACCCAGACCATCATCAA
GGTGAACAGCGACTTCCACAGCTTCGTGCTGCCCAGGATCGGCAGCAACACCCT
GGAGATCGGCCTGAGGACCCGGATCAGGAAGATGCTGGAGGAGCACAAGGAGC
CCAGCCCTCTGATCACCGCCGAGGACGTGCAGGAGGCCAAGTGCGCCGCCGACG
AGGCCAAGGAGGTGAGGGAGGCCGAGGAGCTGAGGGCCGCCCTGCCTCCCCTGG
CCGCCGACGTGGAGGAGCCCACCCTGGAGGCCGACGTGGACCTGATGCTGCAGG
AGGCCGGCGCCGGCAGCGTGGAGACACCCAGGGGCCTGATCAAGGTGACCAGCT
ACGACGGCGAGGACAAGATCGGCAGCTACGCCGTGCTGAGCCCTCAGGCCGTGC
TGAAGTCCGAGAAGCTGAGCTGCATCCACCCTCTGGCCGAGCAGGTGATCGTGA
TCACCCACAGCGGCAGGAAGGGCAGGTACGCCGTGGAGCCCTACCACGGCAAGG
TGGTGGTCCCCGAGGGCCACGCCATCCCCGTGCAGGACTTCCAGGCCCTGAGCG
AGAGCGCCACCATCGTGTATAACGAGAGGGAGTTCGTGAACAGGTACCTGCACC
ACATCGCCACCCACGGCGGCGCCCTGAACACCGACGAGGAGTACTACAAGACCG
TGAAGCCCAGCGAGCACGACGGCGAGTACCTGTACGACATCGACAGGAAGCAGT
GCGTGAAGAAGGAGCTGGTGACCGGCCTGGGCCTGACCGGCGAGCTGGTGGACC
CTCCCTTCCACGAGTTCGCCTACGAGAGCCTGAGGACCAGGCCCGCCGCTCCCTA
CCAGGTGCCCACCATCGGCGTGTACGGCGTGCCCGGCAGCGGCAAGAGCGGCAT
CATCAAGAGCGCCGTGACCAAGAAGGACCTGGTGGTGAGCGCCAAGAAGGAGA
ACTGCGCCGAGATCATCAGGGACGTGAAGAAGATGAAGGGCCTGGACGTGAAC
GCCAGGACCGTGGACAGCGTGCTGCTGAACGGCTGCAAGCACCCCGTGGAGACA

269



WO 2023/010128 PCT/US2022/074337

CTGTATATCGACGAGGCCTTCGCCTGCCACGCCGGCACCCTGAGGGCCCTGATCG
CCATCATCAGGCCCAAGAAGGCCGTGCTGTGCGGCGACCCCAAGCAGTGCGGCT
TCTTCAACATGATGTGCCTGAAGGTGCACTTCAACCACGAGATCTGCACCCAGGT
GTTCCACAAGAGCATCAGCAGGCGGTGCACCAAGAGCGTGACCAGCGTGGTGAG
CACCCTGTTCTACGACAAGAAGATGAGGACCACCAACCCCAAGGAGACAAAGAT
CGTGATCGACACCACCGGCAGCACCAAGCCCAAGCAGGACGACCTGATCCTGAC
CTGCTTCAGGGGCTGGGTGAAGCAGCTGCAGATCGACTACAAGGGCAACGAGAT
CATGACCGCCGCCGCTAGCCAGGGCCTGACCAGGAAGGGCGTGTACGCCGTGAG
GTACAAGGTGAACGAGAATCCCCTGTACGCCCCTACCAGCGAGCACGTGAACGT
GCTGCTGACCAGGACCGAGGACAGGATCGTGTGGAAGACCCTGGCCGGCGACCC
CTGGATCAAGACCCTGACCGCCAAGTACCCCGGCAACTTCACCGCCACCATCGA
GGAGTGGCAGGCCGAGCACGACGCCATCATGAGGCACATCCTGGAGAGGCCCGA
CCCCACCGACGTGTTCCAGAACAAGGCCAACGTGTGCTGGGCCAAGGCCCTGGT
GCCCGTGCTGAAGACCGCCGGCATCGACATGACCACCGAGCAGTGGAACACCGT
GGACTACTTCGAGACAGACAAGGCCCACAGCGCCGAGATCGTGCTGAACCAGCT
GTGCGTGAGGTTCTTCGGCCTGGACCTGGACAGCGGCCTGTTCAGCGCCCCTACC
GTGCCCCTGAGCATCAGGAACAACCACTGGGACAACAGCCCCAGCCCCAACATG
TACGGCCTGAACAAGGAGGTGGTGAGGCAGCTGAGCAGGCGGTACCCTCAGCTG
CCCAGGGCCGTGGCCACCGGCAGGGTGTACGACATGAACACCGGCACCCTGAGG
AACTACGACCCCAGGATCAACCTGGTGCCCGTGAACAGGCGGCTGCCCCACGCC
CTGGTGCTGCACCACAACGAGCACCCTCAGAGCGACTTCAGCAGCTTCGTGAGC
AAGCTGAAGGGCAGGACCGTGCTGGTGGTGGGCGAGAAGCTGAGCGTGCCCGGC
AAGATGGTGGACTGGCTGAGCGACAGGCCCGAGGCCACCTTCCGGGCCAGGCTG
GACCTGGGCATCCCCGGCGACGTGCCCAAGTACGACATCATCTTCGTGAACGTG
AGGACCCCTTACAAGTACCACCACTACCAGCAGTGCGAGGACCACGCCATCAAG
CTGAGCATGCTGACCAAGAAGGCCTGCCTGCACCTGAACCCCGGCGGCACCTGC
GTGAGCATCGGCTACGGCTACGCCGACAGGGCCAGCGAGAGCATCATCGGCGCC
ATCGCCAGGCTGTTCAAGTTCAGCAGGGTGTGCAAGCCCAAGAGCAGCCTGGAG
GAGACAGAGGTGCTGTTCGTGTTCATCGGCTACGACCGGAAGGCCAGGACCCAC
AACCCCTACAAGCTGAGCAGCACCCTGACCAACATCTACACCGGCAGCAGGCTG
CACGAGGCCGGCTGCGCCCCTAGCTACCACGTGGTGAGGGGCGACATCGCCACC
GCCACCGAGGGCGTGATCATCAACGCCGCCAACAGCAAGGGCCAGCCCGGCGGC
GGGGTGTGCGGCGCCCTGTATAAGAAGTTCCCCGAGAGCTTCGACCTGCAGCCC
ATCGAGGTGGGCAAGGCCAGGCTGGTGAAGGGCGCCGCCAAGCACATCATCCAC
GCCGTGGGCCCCAACTTCAACAAGGTGAGCGAGGTGGAGGGCGACAAGCAGCTG
GCCGAGGCCTACGAGAGCATCGCCAAGATCGTGAACGACAACAACTACAAGAGC
GTGGCCATCCCTCTGCTGAGCACCGGCATCTTCAGCGGCAACAAGGACAGGCTG
ACCCAGAGCCTGAACCACCTGCTGACCGCCCTGGACACCACCGACGCCGACGTG
GCCATCTACTGCAGGGACAAGAAGTGGGAGATGACCCTGAAGGAGGCCGTGGCC
AGGCGGGAGGCCGTGGAGGAGATCTGCATCAGCGACGACAGCAGCGTGACCGA
GCCCGACGCCGAGCTGGTGAGGGTGCACCCCAAGAGCAGCCTGGCCGGCAGGAA
GGGCTACAGCACCAGCGACGGCAAGACCTTCAGCTACCTGGAGGGCACCAAGTT
CCACCAGGCCGCCAAGGACATCGCCGAGATCAACGCCATGTGGCCCGTGGCCAC
CGAGGCCAACGAGCAGGTGTGCATGTATATCCTGGGCGAGAGCATGAGCAGCAT
CAGGAGCAAGTGCCCCGTGGAGGAGAGCGAGGCCAGCACCCCTCCCAGCACCCT
GCCCTGCCTGTGCATCCACGCCATGACCCCTGAGAGGGTGCAGCGGCTGAAGGC
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CAGCAGGCCCGAGCAGATCACCGTGTGCAGCAGCTTCCCTCTGCCCAAGTACAG
GATCACCGGCGTGCAGAAGATCCAGTGCAGCCAGCCCATCCTGTTCAGCCCCAA
GGTGCCCGCCTACATCCACCCCAGGAAGTACCTGGTGGAGACACCCCCCGTGGA
CGAGACACCCGAGCCCAGCGCCGAGAACCAGAGCACCGAGGGCACCCCTGAGC
AGCCTCCCCTGATCACCGAGGACGAGACAAGGACCAGGACCCCTGAGCCCATCA
TCATTGAGGAGGAAGAGGAGGACAGCATCAGCCTGCTGAGCGACGGCCCCACCC
ACCAGGTGCTGCAGGTGGAGGCCGACATCCACGGCCCTCCCAGCGTGAGCAGCT
CCAGCTGGAGCATCCCTCACGCCAGCGACTTCGACGTGGACAGCCTGAGCATCCT
GGACACCCTGGAGGGCGCCAGCGTGACCAGCGGCGCCACCAGCGCCGAGACAA
ACAGCTACTTCGCCAAGAGCATGGAGTITCCTGGCCAGGCCCGTGCCCGCCCCTAG
GACCGTGTTCAGGAACCCTCCCCACCCCGCCCCTAGGACCAGGACCCCTAGCCTG
GCCCCTAGCAGGGCCTGCAGCAGGACCAGCCTGGTGAGCACCCCTCCCGGCGTG
AACAGGGTGATCACCAGGGAGGAGCTGGAGGCCCTGACCCCTAGCAGGACCCCT
AGCAGGAGCGTGAGCAGGACCAGCCTGGTGAGCAACCCTCCCGGCGTGAACAGG
GTGATCACCAGGGAGGAGTTCGAGGCCTTCGTGGCCCAGCAGCAAAGGCGGTTC
GACGCCGGCGCCTACATCTTCAGCAGCGACACCGGCCAGGGCCACCTGCAGCAG
AAGTCCGTGAGGCAGACCGTGCTGAGCGAGGTGGTGCTGGAGAGGACCGAGCTG
GAGATCAGCTACGCCCCTAGGCTGGACCAGGAGAAGGAGGAGCTGCTGAGGAA
GAAGCTGCAGCTGAACCCCACCCCTGCCAACAGGAGCAGGTACCAGAGCAGGAA
GGTGGAGAACATGAAGGCCATCACCGCCAGGCGGATCCTGCAGGGCCTGGGCCA
CTACCTGAAGGCCGAGGGCAAGGTGGAGTGCTACAGGACCCTGCACCCCGTGCC
CCTGTACTCCAGCTCCGTGAACAGGGCCTTCAGCAGCCCCAAGGTGGCCGTGGA
GGCCTGCAACGCCATGCTGAAGGAGAACTTCCCCACCGTGGCCAGCTACTGCAT
CATCCCCGAGTACGACGCCTACCTGGACATGGTGGACGGCGCCAGCTGCTGCCT
GGACACCGCCAGCTTCTGCCCCGCCAAGCTGAGGAGCTTCCCCAAGAAGCACAG
CTACCTGGAGCCCACCATCAGGAGCGCCGTGCCCAGCGCCATCCAGAACACCCT
GCAGAACGTGCTGGCCGCCGCTACCAAGAGGAACTGCAACGTGACCCAGATGAG
GGAGCTGCCCGTGCTGGACAGCGCCGCCTTCAACGTGGAGTGCTTCAAGAAGTA
CGCCTGCAACAACGAGTACTGGGAGACATTCAAGGAGAACCCCATCAGGCTGAC
CGAGGAGAACGTGGTGAACTACATCACCAAGCTGAAGGGCCCCAAGGCCGCCGC
TCTGTTCGCCAAGACCCACAACCTGAACATGCTGCAGGACATCCCTATGGACAG
GTTCGTGATGGACCTGAAGAGGGACGTGAAGGTGACCCCTGGCACCAAGCACAC
CGAGGAGAGGCCCAAGGTGCAGGTGATCCAGGCCGCCGACCCTCTGGCCACCGC
CTACCTGTGCGGCATCCACAGGGAGCTGGTGAGGCGGCTGAACGCCGTGCTGCT
GCCCAACATCCACACCCTGTTCGACATGAGCGCCGAGGACTTCGACGCCATCATC
GCCGAGCACTTCCAGCCCGGCGACTGCGTGCTGGAGACAGACATCGCCAGCTTC
GACAAGAGCGAGGACGACGCTATGGCCCTGACCGCCCTGATGATCCTGGAGGAC
CTGGGCGTGGACGCCGAGCTGCTGACCCTGATCGAGGCCGCCTTCGGCGAGATC
AGCAGCATCCACCTGCCCACCAAGACCAAGTTCAAGTTCGGCGCCATGATGAAG
TCCGGCATGTTCCTGACCCTGTTCGTGAACACCGTGATCAACATCGTGATCGCCA
GCAGGGTGCTGCGGGAGAGGCTGACCGGCAGCCCCTGCGCCGCCTTCATCGGCG
ACGACAACATCGTGAAGGGCGTGAAGTCCGACAAGCTGATGGCCGACAGGTGCG
CCACCTGGCTGAACATGGAGGTGAAGATCATCGACGCCGTGGTGGGCGAGAAGG
CCCCTTACTTCTGCGGCGGCTTCATCCTGTGCGACAGCGTGACCGGCACCGCCTG
CAGGGTGGCCGACCCTCTGAAGAGGCTGTTCAAGCTGGGCAAGCCCCTGGCCGC
CGACGACGAGCACGACGACGATAGGCGGAGGGCCCTGCACGAGGAGAGCACCA
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GGTGGAACAGGGTGGGCATCCTGAGCGAGCTGTGCAAGGCCGTGGAGAGCAGGT
ACGAGACAGTGGGCACCAGCATCATCGTGATGGCCATGACCACCCTGGCCAGCA
GCGTGAAGTCCTTCAGCTACCTGAGG

SEQ ID NO:186 — Self-replicating RNA with codon-optimized nsP1-4 and Luciferase
Transgene

atgggcggcgcatgagagaageccagaccaattacctacccaaaatggagaaagttcacgttgacatcgaggaagacageccatte
ctcagagctttgcagecggagcettcccgeagtttgaggtagaagecaageaggtcactgataatgaccatgcetaatgeccagagegtttte
gcatctggcettcaaaactgatcgaaacggaggtggacccatccgacacgatecttgacattggaagtgecgeccgeccgeagaatgtat
tctaagcacaagtatcattgtatctgtccgatgagatgtgcggaagatccggacagattgtataagtatgcaactaagetgaagaaaaac
tgtaaggaaataactgataaggaattggacaagaaaatgaaggagctggccgecgtcatgagegaccctgacctggaaactgagact
atgtgcctccacgacgacgagtegtgtegetacgaagggcaagtegcetgtttaccaggatgtatacGCCGTGGACGGCCC
CACCAGCCTGTACCACCAGGCCAACAAGGGCGTGAGGGTGGCCTACTGGATCGG
CTTCGACACCACACCCTTCATGTTCAAGAACCTGGCCGGCGCCTACCCCAGCTAC
AGCACCAACTGGGCCGACGAGACAGTGCTGACCGCCAGGAACATCGGCCTGTGC
AGCAGCGACGTGATGGAGAGGAGCCGGAGGGGCATGAGCATCCTGAGGAAGAA
GTACCTGAAGCCCAGCAACAACGTGCTGTTCAGCGTGGGCAGCACCATCTACCA
CGAGAAGAGGGACCTGCTGAGGAGCTGGCACCTGCCCAGCGTGTTCCACCTGAG
GGGCAAGCAGAACTACACCTGCAGGTGCGAGACAATCGTGAGCTGCGACGGCTA
CGTGGTGAAGAGGATCGCCATCAGCCCCGGCCTGTACGGCAAGCCCAGCGGCTA
CGCCGCCACCATGCACAGGGAGGGCTTCCTGTGCTGCAAGGTGACCGACACCCT
GAACGGCGAGAGGGTGAGCTTCCCCGTGTGCACCTACGTGCCCGCCACCCTGTG
CGACCAGATGACCGGCATCCTGGCCACCGACGTGAGCGCCGACGACGCCCAGAA
GCTGCTGGTGGGCCTGAACCAGAGGATCGTGGTGAACGGCAGGACCCAGAGGAA
CACCAACACCATGAAGAACTACCTGCTGCCCGTGGTGGCCCAGGCCTTCGCCAG
GTGGGCCAAGGAGTACAAGGAGGACCAGGAGGACGAGAGGCCCCTGGGCCTGA
GGGACAGGCAGCTGGTGATGGGCTGCTGCTGGGCCTTCAGGCGGCACAAGATCA
CCAGCATCTACAAGAGGCCCGACACCCAGACCATCATCAAGGTGAACAGCGACT
TCCACAGCTTCGTGCTGCCCAGGATCGGCAGCAACACCCTGGAGATCGGCCTGA
GGACCCGGATCAGGAAGATGCTGGAGGAGCACAAGGAGCCCAGCCCTCTGATCA
CCGCCGAGGACGTGCAGGAGGCCAAGTGCGCCGCCGACGAGGCCAAGGAGGTG
AGGGAGGCCGAGGAGCTGAGGGCCGCCCTGCCTCCCCTGGCCGCCGACGTGGAG
GAGCCCACCCTGGAGGCCGACGTGGACCTGATGCTGCAGGAGGCCGGCGCCGGC
AGCGTGGAGACACCCAGGGGCCTGATCAAGGTGACCAGCTACGACGGCGAGGA
CAAGATCGGCAGCTACGCCGTGCTGAGCCCTCAGGCCGTGCTGAAGTCCGAGAA
GCTGAGCTGCATCCACCCTCTGGCCGAGCAGGTGATCGTGATCACCCACAGCGG
CAGGAAGGGCAGGTACGCCGTGGAGCCCTACCACGGCAAGGTGGTGGTCCCCGA
GGGCCACGCCATCCCCGTGCAGGACTTCCAGGCCCTGAGCGAGAGCGCCACCAT
CGTGTATAACGAGAGGGAGTTCGTGAACAGGTACCTGCACCACATCGCCACCCA
CGGCGGCGCCCTGAACACCGACGAGGAGTACTACAAGACCGTGAAGCCCAGCGA
GCACGACGGCGAGTACCTGTACGACATCGACAGGAAGCAGTGCGTGAAGAAGG
AGCTGGTGACCGGCCTGGGCCTGACCGGCGAGCTGGTGGACCCTCCCTTCCACG
AGTTCGCCTACGAGAGCCTGAGGACCAGGCCCGCCGCTCCCTACCAGGTGCCCA
CCATCGGCGTGTACGGCGTGCCCGGCAGCGGCAAGAGCGGCATCATCAAGAGCG
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CCGTGACCAAGAAGGACCTGGTGGTGAGCGCCAAGAAGGAGAACTGCGCCGAG
ATCATCAGGGACGTGAAGAAGATGAAGGGCCTGGACGTGAACGCCAGGACCGT
GGACAGCGTGCTGCTGAACGGCTGCAAGCACCCCGTGGAGACACTGTATATCGA
CGAGGCCTTCGCCTGCCACGCCGGCACCCTGAGGGCCCTGATCGCCATCATCAGG
CCCAAGAAGGCCGTGCTGTGCGGCGACCCCAAGCAGTGCGGCTTCTTCAACATG
ATGTGCCTGAAGGTGCACTTCAACCACGAGATCTGCACCCAGGTGTTCCACAAG
AGCATCAGCAGGCGGTGCACCAAGAGCGTGACCAGCGTGGTGAGCACCCTGTTC
TACGACAAGAAGATGAGGACCACCAACCCCAAGGAGACAAAGATCGTGATCGA
CACCACCGGCAGCACCAAGCCCAAGCAGGACGACCTGATCCTGACCTGCTTCAG
GGGCTGGGTGAAGCAGCTGCAGATCGACTACAAGGGCAACGAGATCATGACCGC
CGCCGCTAGCCAGGGCCTGACCAGGAAGGGCGTGTACGCCGTGAGGTACAAGGT
GAACGAGAATCCCCTGTACGCCCCTACCAGCGAGCACGTGAACGTGCTGCTGAC
CAGGACCGAGGACAGGATCGTGTGGAAGACCCTGGCCGGCGACCCCTGGATCAA
GACCCTGACCGCCAAGTACCCCGGCAACTTCACCGCCACCATCGAGGAGTGGCA
GGCCGAGCACGACGCCATCATGAGGCACATCCTGGAGAGGCCCGACCCCACCGA
CGTGTTCCAGAACAAGGCCAACGTGTGCTGGGCCAAGGCCCTGGTGCCCGTGCT
GAAGACCGCCGGCATCGACATGACCACCGAGCAGTGGAACACCGTGGACTACTT
CGAGACAGACAAGGCCCACAGCGCCGAGATCGTGCTGAACCAGCTGTGCGTGAG
GTTCTTCGGCCTGGACCTGGACAGCGGCCTGTTCAGCGCCCCTACCGTGCCCCTG
AGCATCAGGAACAACCACTGGGACAACAGCCCCAGCCCCAACATGTACGGCCTG
AACAAGGAGGTGGTGAGGCAGCTGAGCAGGCGGTACCCTCAGCTGCCCAGGGCC
GTGGCCACCGGCAGGGTGTACGACATGAACACCGGCACCCTGAGGAACTACGAC
CCCAGGATCAACCTGGTGCCCGTGAACAGGCGGCTGCCCCACGCCCTGGTGCTG
CACCACAACGAGCACCCTCAGAGCGACTTCAGCAGCTTCGTGAGCAAGCTGAAG
GGCAGGACCGTGCTGGTGGTGGGCGAGAAGCTGAGCGTGCCCGGCAAGATGGTG
GACTGGCTGAGCGACAGGCCCGAGGCCACCTTCCGGGCCAGGCTGGACCTGGGC
ATCCCCGGCGACGTGCCCAAGTACGACATCATCTTCGTGAACGTGAGGACCCCTT
ACAAGTACCACCACTACCAGCAGTGCGAGGACCACGCCATCAAGCTGAGCATGC
TGACCAAGAAGGCCTGCCTGCACCTGAACCCCGGCGGCACCTGCGTGAGCATCG
GCTACGGCTACGCCGACAGGGCCAGCGAGAGCATCATCGGCGCCATCGCCAGGC
TGTTCAAGTTCAGCAGGGTGTGCAAGCCCAAGAGCAGCCTGGAGGAGACAGAGG
TGCTGTTCGTGTTCATCGGCTACGACCGGAAGGCCAGGACCCACAACCCCTACAA
GCTGAGCAGCACCCTGACCAACATCTACACCGGCAGCAGGCTGCACGAGGCCGG
CTGCGCCCCTAGCTACCACGTGGTGAGGGGCGACATCGCCACCGCCACCGAGGG
CGTGATCATCAACGCCGCCAACAGCAAGGGCCAGCCCGGCGGCGGGGTGTGCGG
CGCCCTGTATAAGAAGTTCCCCGAGAGCTTCGACCTGCAGCCCATCGAGGTGGG
CAAGGCCAGGCTGGTGAAGGGCGCCGCCAAGCACATCATCCACGCCGTGGGCCC
CAACTTCAACAAGGTGAGCGAGGTGGAGGGCGACAAGCAGCTGGCCGAGGCCT
ACGAGAGCATCGCCAAGATCGTGAACGACAACAACTACAAGAGCGTGGCCATCC
CTCTGCTGAGCACCGGCATCTTCAGCGGCAACAAGGACAGGCTGACCCAGAGCC
TGAACCACCTGCTGACCGCCCTGGACACCACCGACGCCGACGTGGCCATCTACTG
CAGGGACAAGAAGTGGGAGATGACCCTGAAGGAGGCCGTGGCCAGGCGGGAGG
CCGTGGAGGAGATCTGCATCAGCGACGACAGCAGCGTGACCGAGCCCGACGCCG
AGCTGGTGAGGGTGCACCCCAAGAGCAGCCTGGCCGGCAGGAAGGGCTACAGC
ACCAGCGACGGCAAGACCTTCAGCTACCTGGAGGGCACCAAGTTCCACCAGGCC
GCCAAGGACATCGCCGAGATCAACGCCATGTGGCCCGTGGCCACCGAGGCCAAC

273



WO 2023/010128 PCT/US2022/074337

GAGCAGGTGTGCATGTATATCCTGGGCGAGAGCATGAGCAGCATCAGGAGCAAG
TGCCCCGTGGAGGAGAGCGAGGCCAGCACCCCTCCCAGCACCCTGCCCTGCCTG
TGCATCCACGCCATGACCCCTGAGAGGGTGCAGCGGCTGAAGGCCAGCAGGCCC
GAGCAGATCACCGTGTGCAGCAGCTTCCCTCTGCCCAAGTACAGGATCACCGGC
GTGCAGAAGATCCAGTGCAGCCAGCCCATCCTGTTCAGCCCCAAGGTGCCCGCCT
ACATCCACCCCAGGAAGTACCTGGTGGAGACACCCCCCGTGGACGAGACACCCG
AGCCCAGCGCCGAGAACCAGAGCACCGAGGGCACCCCTGAGCAGCCTCCCCTGA
TCACCGAGGACGAGACAAGGACCAGGACCCCTGAGCCCATCATCATTGAGGAGG
AAGAGGAGGACAGCATCAGCCTGCTGAGCGACGGCCCCACCCACCAGGTGCTGC
AGGTGGAGGCCGACATCCACGGCCCTCCCAGCGTGAGCAGCTCCAGCTGGAGCA
TCCCTCACGCCAGCGACTTCGACGTGGACAGCCTGAGCATCCTGGACACCCTGGA
GGGCGCCAGCGTGACCAGCGGCGCCACCAGCGCCGAGACAAACAGCTACTTCGC
CAAGAGCATGGAGTTCCTGGCCAGGCCCGTGCCCGCCCCTAGGACCGTGTTCAG
GAACCCTCCCCACCCCGCCCCTAGGACCAGGACCCCTAGCCTGGCCCCTAGCAG
GGCCTGCAGCAGGACCAGCCTGGTGAGCACCCCTCCCGGCGTGAACAGGGTGAT
CACCAGGGAGGAGCTGGAGGCCCTGACCCCTAGCAGGACCCCTAGCAGGAGCGT
GAGCAGGACCAGCCTGGTGAGCAACCCTCCCGGCGTGAACAGGGTGATCACCAG
GGAGGAGTTCGAGGCCTTCGTGGCCCAGCAGCAAAGGCGGTTCGACGCCGGCGC
CTACATCTTCAGCAGCGACACCGGCCAGGGCCACCTGCAGCAGAAGTCCGTGAG
GCAGACCGTGCTGAGCGAGGTGGTGCTGGAGAGGACCGAGCTGGAGATCAGCTA
CGCCCCTAGGCTGGACCAGGAGAAGGAGGAGCTGCTGAGGAAGAAGCTGCAGC
TGAACCCCACCCCTGCCAACAGGAGCAGGTACCAGAGCAGGAAGGTGGAGAAC
ATGAAGGCCATCACCGCCAGGCGGATCCTGCAGGGCCTGGGCCACTACCTGAAG
GCCGAGGGCAAGGTGGAGTGCTACAGGACCCTGCACCCCGTGCCCCTGTACTCC
AGCTCCGTGAACAGGGCCTTCAGCAGCCCCAAGGTGGCCGTGGAGGCCTGCAAC
GCCATGCTGAAGGAGAACTTCCCCACCGTGGCCAGCTACTGCATCATCCCCGAGT
ACGACGCCTACCTGGACATGGTGGACGGCGCCAGCTGCTGCCTGGACACCGCCA
GCTTCTGCCCCGCCAAGCTGAGGAGCTTCCCCAAGAAGCACAGCTACCTGGAGC
CCACCATCAGGAGCGCCGTGCCCAGCGCCATCCAGAACACCCTGCAGAACGTGC
TGGCCGCCGCTACCAAGAGGAACTGCAACGTGACCCAGATGAGGGAGCTGCCCG
TGCTGGACAGCGCCGCCTTCAACGTGGAGTGCTTCAAGAAGTACGCCTGCAACA
ACGAGTACTGGGAGACATTCAAGGAGAACCCCATCAGGCTGACCGAGGAGAAC
GTGGTGAACTACATCACCAAGCTGAAGGGCCCCAAGGCCGCCGCTCTGTTCGCC
AAGACCCACAACCTGAACATGCTGCAGGACATCCCTATGGACAGGTTCGTGATG
GACCTGAAGAGGGACGTGAAGGTGACCCCTGGCACCAAGCACACCGAGGAGAG
GCCCAAGGTGCAGGTGATCCAGGCCGCCGACCCTCTGGCCACCGCCTACCTGTGC
GGCATCCACAGGGAGCTGGTGAGGCGGCTGAACGCCGTGCTGCTGCCCAACATC
CACACCCTGTTCGACATGAGCGCCGAGGACTTCGACGCCATCATCGCCGAGCACT
TCCAGCCCGGCGACTGCGTGCTGGAGACAGACATCGCCAGCTTCGACAAGAGCG
AGGACGACGCTATGGCCCTGACCGCCCTGATGATCCTGGAGGACCTGGGCGTGG
ACGCCGAGCTGCTGACCCTGATCGAGGCCGCCTTCGGCGAGATCAGCAGCATCC
ACCTGCCCACCAAGACCAAGTTCAAGTTCGGCGCCATGATGAAGTCCGGCATGTT
CCTGACCCTGTTCGTGAACACCGTGATCAACATCGTGATCGCCAGCAGGGTGCTG
CGGGAGAGGCTGACCGGCAGCCCCTGCGCCGCCTTCATCGGCGACGACAACATC
GTGAAGGGCGTGAAGTCCGACAAGCTGATGGCCGACAGGTGCGCCACCTGGCTG
AACATGGAGGTGAAGATCATCGACGCCGTGGTGGGCGAGAAGGCCCCTTACTTC
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TGCGGCGGCTTCATCCTGTGCGACAGCGTGACCGGCACCGCCTGCAGGGTGGCC
GACCCTCTGAAGAGGCTGTTCAAGCTGGGCAAGCCCCTGGCCGCCGACGACGAG
CACGACGACGATAGGCGGAGGGCCCTGCACGAGGAGAGCACCAGGTGGAACAG
GGTGGGCATCCTGAGCGAGCTGTGCAAGGCCGTGGAGAGCAGGTACGAGACAGT
GGGCACCAGCATCATCGTGATGGCCATGACCACCCTGGCCAGCAGCGTGAAGTC
CTTCAGCTACCTGAGGGGGGCCCCTATAACTCTCTACGGCTAACCTGAATGGACT
ACGACATAGTCTAGTCCGCCAAGGCCGCCACCATGGAAGATGCCAAAAACATTA
AGAAGGGCCCAGCGCCATTCTACCCACTCGAAGACGGGACCGCCGGCGAGCAGC
TGCACAAAGCCATGAAGCGCTACGCCCTGGTGCCCGGCACCATCGCCTTTACCGA
CGCACATATCGAGGTGGACATTACCTACGCCGAGTACTTCGAGATGAGCGTTCG
GCTGGCAGAAGCTATGAAGCGCTATGGGCTGAATACAAACCATCGGATCGTGGT
GTGCAGCGAGAATAGCTTGCAGTTCTTCATGCCCGTGTTGGGTGCCCTGTTCATC
GGTGTGGCTGTGGCCCCAGCTAACGACATCTACAACGAGCGCGAGCTGCTGAAC
AGCATGGGCATCAGCCAGCCCACCGTCGTATTCGTGAGCAAGAAAGGGCTGCAA
AAGATCCTCAACGTGCAAAAGAAGCTACCGATCATACAAAAGATCATCATCATG
GATAGCAAGACCGACTACCAGGGCTTCCAAAGCATGTACACCTTCGTGACTTCCC
ATTTGCCACCCGGCTTCAACGAGTACGACTTCGTGCCCGAGAGCTTCGACCGGGA
CAAAACCATCGCCCTGATCATGAACAGTAGTGGCAGTACCGGATTGCCCAAGGG
CGTAGCCCTACCGCACCGCACCGCTTGTGTCCGATTCAGTCATGCCCGCGACCCC
ATCTTCGGCAACCAGATCATCCCCGACACCGCTATCCTCAGCGTGGTGCCATTTC
ACCACGGCTTCGGCATGTTCACCACGCTGGGCTACTTGATCTGCGGCTTTCGGGT
CGTGCTCATGTACCGCTTCGAGGAGGAGCTATTCTTGCGCAGCTTGCAAGACTAT
AAGATTCAATCTGCCCTGCTGGTGCCCACACTATTTAGCTTCTTCGCTAAGAGCA
CTCTCATCGACAAGTACGACCTAAGCAACTTGCACGAGATCGCCAGCGGCGGGG
CGCCGCTCAGCAAGGAGGTAGGTGAGGCCGTGGCCAAACGCTTCCACCTACCAG
GCATCCGACAGGGCTACGGCCTGACAGAAACAACCAGCGCCATTCTGATCACCC
CCGAAGGGGACGACAAGCCTGGCGCAGTAGGCAAGGTGGTGCCCTTCTTCGAGG
CTAAGGTGGTGGACTTGGACACCGGTAAGACACTGGGTGTGAACCAGCGCGGCG
AGCTGTGCGTCCGTGGCCCCATGATCATGAGCGGCTACGTTAACAACCCCGAGG
CTACAAACGCTCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCT
ACTGGGACGAGGACGAGCACTTCTTCATCGTGGACCGGCTGAAGTCCCTGATCA
AATACAAGGGCTACCAGGTAGCCCCAGCCGAACTGGAGAGCATCCTGCTGCAAC
ACCCCAACATCTTCGACGCCGGGGTCGCCGGCCTGCCCGACGACGATGCCGGCG
AGCTGCCCGCCGCAGTCGTCGTGCTGGAACACGGTAAAACCATGACCGAGAAGG
AGATCGTGGACTATGTGGCCAGCCAGGTTACAACCGCCAAGAAGCTGCGCGGTG
GTGTTGTGTTCGTGGACGAGGTGCCTAAAGGACTGACCGGCAAGTTGGACGCCC
GCAAGATCCGCGAGATTCTCATTAAGGCCAAGAAGGGCGGCAAGATCGCCGTGT
AACTCGAGTATGTTACGTGCAAAGGTGATTGTCACCCCCCGAAAGACCATATTGT
GACACACCCTCAGTATCACGCCCAAACATTTACAGCCGCGGTGTCAAAAACCGC
GTGGACGTGGTTAACATCCCTGCTGGGAGGATCAGCCGTAATTATTATAATTGGC
TTGGTGCTGGCTACTATTGTGGCCATGTACGTGCTGACCAACCAGAAACATAATT
GAATACAGCAGCAATTGGCAAGCTGCTTACATAGAACTCGCGGCGATTGGCATG
CCGCCTTAAAATTTTTATTTTATTTTTTCTTTTCTTTTCCGAATCGGATTTTGTTTTT
AATATTTCAAAAAAAAAAAAAAAAAAAAAAAAATctagAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAA233aa2aa3a2223322233a
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SEQ ID NO:187 — nsP1-4 amino acid sequence (encoded by SEQ ID NO:6 and SEQ ID
NO:42)
MEKVHVDIEEDSPFLRALQRSFPQFEVEAKQVTDNDHANARAFSHLASKLIETEVDP
SDTILDIGSAPARRMY SKHKYHCICPMRCAEDPDRLYKYATKLKKNCKEITDKELDK
KMKELAAVMSDPDLETETMCLHDDESCRYEGQVAVYQDVYAVDGPTSLYHQANK
GVRVAYWIGFDTTPFMFKNLAGAYPSYSTNWADETVLTARNIGLCSSDVMERSRRG
MSILRKKYLKPSNNVLFSVGSTIYHEKRDLLRSWHILPSVFHLRGKQNYTCRCETIVSC
DGYVVKRIAISPGLYGKPSGYAATMHREGFLCCKVTDTLNGERVSFPVCTYVPATLC
DQMTGILATDVSADDAQKLLVGLNQRIVVNGRTQRNTNTMKNYLLPVVAQAFARW
AKEYKEDQEDERPLGLRDRQLVMGCCWAFRRHKITSIYKRPDTQTIK VNSDFHSFV
LPRIGSNTLEIGLRTRIRKMLEEHKEPSPLITAEDVQEAKCAADEAKEVREAEELRAA
LPPLAADVEEPTLEADVDLMLQEAGAGSVETPRGLIKVTSYDGEDKIGSYAVLSPQA
VLKSEKLSCIHPLAEQVIVITHSGRKGRYAVEPYHGKVVVPEGHAIPVQDFQALSESA
TIVYNEREFVNRYLHHIATHGGALNTDEEY YKTVKPSEHDGEYLYDIDRKQCVKKEL
VTGLGLTGELVDPPFHEFAYESLRTRPAAPYQVPTIGVYGVPGSGKSGIIKSAVTKKD
LVVSAKKENCAEIIRDVKKMKGLDVNARTVDSVLLNGCKHPVETLYIDEAFACHAG
TLRALIAIIRPKKAVLCGDPKQCGFFNMMCLK VHFNHEICTQVFHKSISRRCTKSVTS
VVSTLFYDKKMRTTNPKETKIVIDTTGSTKPKQDDLILTCFRGW VKQLQIDYKGNEI
MTAAASQGLTRKGVYAVRYKVNENPLYAPTSEHVNVLLTRTEDRIVWKTLAGDPW
IKTLTAKYPGNFTATIEEWQAEHDAIMRHILERPDPTDVFQNKANVCWAKALVPVL
KTAGIDMTTEQWNTVDYFETDKAHSAEIVLNQLCVRFFGLDLDSGLFSAPTVPLSIR
NNHWDNSPSPNMYGLNKEVVRQLSRRYPQLPRAVATGRVYDMNTGTLRNYDPRIN
LVPVNRRLPHALVLHHNEHPQSDFSSFVSKLKGRTVLVVGEKLSVPGKMVDWLSDR
PEATFRARLDLGIPGDVPKYDIIFVYNVRTPYKYHHYQQCEDHAIKLSMLTKKACLHL
NPGGTCVSIGYGYADRASESIIGAIARLFKFSRVCKPKSSLEETEVLFVFIGYDRKART
HNPYKLSSTLTNIYTGSRLHEAGCAPSYHVVRGDIATATEGVIINAANSKGQPGGGV
CGALYKKFPESFDLQPIEVGKARLVKGAAKHIITHAVGPNFNKVSEVEGDKQLAEAYE
STAKIVNDNNYKSVAIPLLSTGIFSGNKDRLTQSLNHLLTALDTTDADVAIYCRDKKW
EMTLKEAVARREAVEEICISDDSSVTEPDAEL VRVHPKSSLAGRKGYSTSDGKTFSYL
EGTKFHQAAKDIAEINAMWPVATEANEQVCMYILGESMSSIRSKCPVEESEASTPPST
LPCLCIHAMTPERVQRLKASRPEQITVCSSFPLPKYRITGVQKIQCSQPILFSPKVPAYI
HPRKYLVETPPVDETPEPSAENQSTEGTPEQPPLITEDETRTRTPEPIIEEEEEDSISLLS
DGPTHQVLQVEADIHGPPSVSSSSWSIPHASDFDVDSLSILDTLEGASVTSGATSAETN

276



WO 2023/010128 PCT/US2022/074337

SYFAKSMEFLARPVPAPRTVFRNPPHPAPRTRTPSLAPSRACSRTSLVSTPPGVNRVIT
REELEALTPSRTPSRSVSRTSLVSNPPGVNRVITREEFEAFVAQQQRRFDAGAYIFSSD
TGQGHLQQKSVRQTVLSEVVLERTELEISYAPRLDQEKEELLRKKLQLNPTPANRSR
YQSRKVENMKAITARRILQGLGHYLKAEGKVECYRTLHPVPLYSSSVNRAFSSPKVA
VEACNAMLKENFPTVASYCIIPEYDAYLDMVDGASCCLDTASFCPAKLRSFPKKHSY
LEPTIRSAVPSAIQNTLONVLAAATKRNCNVTQMRELPVLDSAAFNVECFKKYACNN
EYWETFKENPIRLTEENVVNYITKLKGPKAAALFAKTHNLNMLQDIPMDRFVMDLK
RDVKVTPGTKHTEERPKVQVIQAADPLATAYLCGIHRELVRRLNAVLLPNIHTLFDM
SAEDFDAITAEHFQPGDCVLETDIASFDKSEDDAMALTALMILEDLGVDAELLTLIEA
AFGEISSIHLPTKTKFKFGAMMK SGMFLTLFVNTVINIVIASRVLRERLTGSPCAAFIG
DDNIVKGVKSDKLMADRCATWLNMEVKIIDAVVGEKAPYFCGGFILCDSVTGTACR
VADPLKRLFKLGKPLAADDEHDDDRRRALHEESTRWNRVGILSELCKAVESRYETV
GTSIIVMAMTTLASSVKSFSYLRGAPITLYG

SEQ ID NO:188 — nsP1-4 amino acid sequence (encoded by SEQ ID NO:20)
MEKVHVDIEEDSPFLRALQRSFPQFEVEAKQVTDNDHANARAFSHLASKLIETEVDP
SDTILDIGSAPARRMY SKHKYHCICPMRCAEDPDRLYKYATKLKKNCKEITDKELDK
KMKELAAVMSDPDLETETMCLHDDESCRYEGQVAVYQDVYAVDGPTSLYHQANK
GVRVAYWIGFDTTPFMFKNLAGAYPSYSTNWADETVLTARNIGLCSSDVMERSRRG
MSILRKKYLKPSNNVLFSVGSTIYHEKRDLLRSWHLPSVFHLRGKQNYTCRCETIVSC
DGYVVKRIAISPGLY GKPSGYAATMHREGFLCCKVTDTLNGERVSFPVCTYVPATLC
DOQMTGILATDVSADDAQKLLVGLNQRIVVNGRTQRNTNTMKNYLLPVVAQAFARW
AKEYKEDQEDERPLGLRDRQLVMGCCWAFRRHKITSIYKRPDTQTIIK VNSDFHSFV
LPRIGSNTLEIGLRTRIRKMLEEHKEPSPLITAEDVQEAKCAADEAKEVREAEELRAA
LPPLAADVEEPTLEADVDLMLQEAGAGSVETPRGLIKVTSYDGEDKIGSYAVLSPQA
VLKSEKLSCIHPLAEQVIVITHSGRKGRYAVEPYHGKVVVPEGHAIPVQDFQALSESA
TIVYNEREFVNRYLHHIATHGGALNTDEEYYKTVKPSEHDGEYLYDIDRKQCVKKEL
VTGLGLTGELVDPPFHEFAYESLRTRPAAPYQVPTIGVYGVPGSGKSGIIKSAVTKKD
LVVSAKKENCAEIIRDVKKMKGLDVNARTVDSVLLNGCKHPVETLYIDEAFACHAG
TLRALIAIIRPKKAVLCGDPKQCGFFNMMCLK VHFNHEICTQVFHKSISRRCTKSVTS
VVSTLFYDKKMRTTNPKETKIVIDTTGSTKPKQDDLILTCFRGW VKQLQIDYKGNEI
MTAAASQGLTRKGVYAVRYKVNENPLYAPTSEHVNVLLTRTEDRIVWKTLAGDPW
IKTLTAKYPGNFTATIEEWQAEHDAIMRHILERPDPTDVFQNKANVCWAKALVPVL
KTAGIDMTTEQWNTVDYFETDKAHSAEIVLNQLCVRFFGLDLDSGLFSAPTVPLSIR
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NNHWDNSPSPNMYGLNKEVVRQLSRRYPQLPRAVATGRVYDMNTGTLRNYDPRIN
LVPVNRRLPHALVLHHNEHPQSDFSSFVSKLKGRTVLVVGEKLSVPGKMVDWLSDR
PEATFRARLDLGIPGDVPKYDIIFVNVRTPYK YHHYQQCEDHAIKLSMLTKKACLHL
NPGGTCVSIGYGYADRASESIIGAIARLFKFSRVCKPKSSLEETEVLFVFIGYDRKART
HNPYKLSSTLTNIYTGSRLHEAGCAPSYHVVRGDIATATEGVIINAANSKGQPGGGV
CGALYKKFPESFDLQPIEVGKARLVK GAAKHITHAVGPNFNK VSEVEGDKQLAEAYE
SIAKIVNDNNYKSVAIPLLSTGIFSGNKDRLTQSLNHLLTALDTTDADVAIY CRDKKW
EMTLKEAVARREAVEEICISDDSSVTEPDAELVRVHPKSSLAGRKGY STSDGKTFSYL
EGTKFHQAAKDIAEINAMWPVATEANEQVCMYILGESMSSIRSKCPVEESEASTPPST
LPCLCIHAMTPERVQRLKASRPEQITVCSSFPLPK YRITGVQKIQCSQPILFSPKVPAYI
HPRKYLVETPPVDETPEPSAENQSTEGTPEQPPLITEDETRTRTPEPIIIEEEEEDSISLLS
DGPTHQVLQVEADIHGPPSVSSSSWSIPHASDFDVDSLSILDTLEGASVTSGATSAETN
SYFAKSMEFLARPVPAPRTVFRNPPHPAPRTRTPSLAPSRACSRTSLVSTPPGVNRVIT
REELEALTPSRTPSRSVSRTSLVSNPPGVNRVITREEFEAFVAQQQRRFDAGAYIFSSD
TGQGHLQQKSVRQTVLSEVVLERTELEISYAPRLDQEKEELLRKKLQLNPTPANRSR
YQSRKVENMKAITARRILQGLGHYLKAEGK VECYRTLHPVPLYSSSVNRAFSSPKVA
VEACNAMLKENFPTVASYCIPEYDAYLDMVDGASCCLDTASFCPAKLRSFPKKHSY
LEPTIRSAVPSAIQNTLQNVLAAATKRNCNVTQMRELPVLDSAAFNVECFKKYACNN
EYWETFKENPIRLTEENVVNYITKLK GPKAAALFAK THNLNMLQDIPMDRFVMDLK
RDVKVTPGTKHTEERPKVQVIQAADPLATAYLCGIHRELVRRLNAVLLPNIHTLFDM
SAEDFDAIIAEHFQPGDCVLETDIASFDK SEDDAMALTALMILEDLGVDAELLTLIEA
AFGEISSIHLPTK TKFKFGAMMK SGMFLTLFVNTVINIVIASRVLRERLTGSPCAAFIG
DDNIVK GVKSDKLMADRCATWLNMEVKIIDAVVGEKAPYFCGGFILCDSVTGTACR
VADPLKRLFKLGKPLAADDEHDDDRRRALHEESTRWNRVGILSELCKAVESRYETV
GTSIVMAMTTLASSVKSFSYLRGAPITLYG*

SEQ ID NO:189 - TEV (5’ UTR)
UCAACACAACAUAUACAAAACAAACGAAUCUCAAGCAAUCAAGCAUUCUACUU
CUAUUGCAGCAAUUUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAAA
AUUUUCACCAUUUACGAACGAUAG

SEQ ID NO:190 - AT1G58420 (5’ UTR)
AUUAUUACAUCAAAACAAAAAGCCGCCA
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SEQ ID NO:191 - ARCS5-2 (8 UTR)
CUUAAGGGGGCGCUGCCUACGGAGGUGGCAGCCAUCUCCUUCUCGGCAUCAAG
CUUACCAUGGUGCCCCAGGCCCUGCUCUUGGUCCCGCUGCUGGUGUUCCCCCU
CUGCUUCGGCAAGUUCCCCAUCUACACCAUCCCCGACAAGCUGGGGCCGUGGA
GCCCCAUCGACAUCCACCACCUGUCCUGCCCCAACAACCUCGUGGUCGAGGAC
GAGGGCUGCACCAACCUGAGCGGGUUCUCCUAC

SEQ ID NO:192 - HCV (5’ UTR)

UGAGUGUCGU ACAGCCUCCA GGCCCCCCCC UCCCGGGAGA GCCAUAGUGG
UCUGCGGAACCGGUGAGUAC ACCGGAAUUG CCGGGAAGAC UGGGUCCUUU
CUUGGAUAAA CCCACUCUAUGCCCGGCCAU UUGGGCGUGC CCCCGCAAGA

CUGCUAGCCG AGUAGUGUUG GGUUGCG

SEQ ID NO:193 - HUMAN ALBUMIN (5’ UTR)
AAUUAUUGGUUAAAGAAGUAUAUUAGUGCUAAUUUCCCUCCGUUUGUCCUAG
CUUUUCUCUUCUGUCAACCCCACACGCCUUUGGCACA

SEQ ID NO:194 - EMCYV (5’ UTR)

CUCCCUCCCC CCCCCCUAAC GUUACUGGCC GAAGCCGCUU GGAAUAAGGC
CGGUGUGCGU UUGUCUAUAU GUUAUUUUCC ACCAUAUUGC CGUCUUUUGG
CAAUGUGAGG GCCCGGAAAC CUGGCCCUGU CUUCUUGACG AGCAUUCCUA
GGGGUCUUUC CCCUCUCGCC AAAGGAAUGC AAGGUCUGUU GAAUGUCGUG
AAGGAAGCAG UUCCUCUGGA AGCUUCUUGA AGACAAACAA CGUCUGUAGC
GACCCUUUGC AGGCAGCGGA ACCCCCCACC UGGCGACAGG UGCCUCUGCG
GCCAAAAGCC ACGUGUAUAA GAUACACCUG CAAAGGCGGC ACAACCCCAG
UGCCACGUUG UGAGUUGGAU AGUUGUGGAA AGAGUCAAAU GGCUCUCCUC
AAGCGUAUUC AACAAGGGGC UGAAGGAUGC CCAGAAGGUA CCCCAUUGUA
UGGGAUCUGA UCUGGGGCCU CGGUGCACAU GCUUUACGUG UGUUUAGUCG
AGGUUAAAAA ACGUCUAGGC CCCCCGAACC ACGGGGACGU GGUUUUCCUU
UGAAAAACAC GAUGAUAAU

SEQ ID NO:195 - AT1G67090 (5’ UTR)
CACAAAGAGUAAAGAAGAACA
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SEQ ID NO:196 - AT1G35720 (5’ UTR)
AACACUAAAAGUAGAAGAAAA

SEQ ID NO:197 - AT5G45900 (5’ UTR)
CUCAGAAAGAUAAGAUCAGCC

SEQ ID NO:198 - AT5G61250 (5’ UTR)
AACCAAUCGAAAGAAACCAAA

SEQ ID NO:199 - AT5G46430 (5’ UTR)
CUCUAAUCACCAGGAGUAAAA

SEQ ID NO:200 - AT5G47110 (8’ UTR)
GAGAGAGAUCUUAACAAAAAA

SEQ ID NO:201 - AT1G03110 (5’ UTR)
UGUGUAACAACAACAACAACA

SEQ ID NO:202 - AT3G12380 (5’ UTR)
CCGCAGUAGGAAGAGAAAGCC

SEQ ID NO:203 - AT5G45910 (5’ UTR)
AAAAAAAAAAGAAAUCAUAAA

SEQ ID NO:204 - AT1G07260 (5’ UTR)
GAGAGAAGAAAGAAGAAGACG

SEQ ID NO:205 - AT3G55500 (5’ UTR)
CAAUUAAAAAUACUUACCAAA

SEQ ID NO:206 - AT3G46230 (5’ UTR)
GCAAACAGAGUAAGCGAAACG

SEQ ID NO:207 - AT2G36170 (5’ UTR)

280

PCT/US2022/074337



WO 2023/010128

GCGAAGAAGACGAACGCAAAG

SEQ ID NO:208 - AT1G10660 (5’ UTR)
UUAGGACUGUAUUGACUGGCC

SEQ ID NO:209 - AT4G14340 (5’ UTR)
AUCAUCGGAAUUCGGAAAAAG

SEQ ID NO:210 - AT1G49310 (5’ UTR)
AAAACAAAAGUUAAAGCAGAC

SEQ ID NO:211 - AT4G14360 (5’ UTR)
UUUAUCUCAAAUAAGAAGGCA

SEQ ID NO:212 - AT1G28520 (8’ UTR)
GGUGGGGAGGUGAGAUUUCUU

SEQ ID NO:213 - AT1G20160 (5’ UTR)
UGAUUAGGAAACUACAAAGCC

SEQ ID NO:214 - AT5G37370 (5’ UTR)
CAUUUUUCAAUUUCAUAAAAC

SEQ ID NO:215 - AT4G11320 (5’ UTR)
UUACUUUUAAGCCCAACAAAA

SEQ ID NO:216 - AT5G40850 (5’ UTR)
GGCGUGUGUGUGUGUUGUUGA

SEQ ID NO:217 - AT1G06150 (5’ UTR)
GUGGUGAAGGGGAAGGUUUAG

SEQ ID NO:218 - AT2G26080 (5’ UTR)
uuGuUUUUUUUUUGGUUUGGUU
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SEQ ID NO:219 - XBG (3’ UTR)
CUAGUGACUGACUAGGAUCUGGUUACCACUAAACCAGCCUCAAGAACACCCGA
AUGGAGUCUCUAAGCUACAUAAUACCAACUUACACUUACAAAAUGUUGUCCCC
CAAAAUGUAGCCAUUCGUAUCUGCUCCUAAUAAAAAGAAAGUUUCUUCACAU

SEQ ID NO:220 - HUMAN HAPTOGLOBIN (3’ UTR)
UGCAAGGCUGGCCGGAAGCCCUUGCCUGAAAGCAAGAUUUCAGCCUGGAAGAG
GGCAAAGUGGACGGGAGUGGACAGGAGUGGAUGCGAUAAGAUGUGGUUUGAA
GCUGAUGGGUGCCAGCCCUGCAUUGCUGAGUCAAUCAAUAAAGAGCUUUCUU
UUGACCCAU

SEQ ID NO:221 - HUMAN APOLIPOPROTEIN E (3’ UTR)
ACGCCGAAGCCUGCAGCCAUGCGACCCCACGCCACCCCGUGCCUCcUGCcuUCCG
CGCAGCCUGCAGCGGGAGACCCUGUCCCCGCCCCAGCCGUCCUCCUGGGGUGG
ACCCUAGUUUAAUAAAGAUUCACCAAGUUUCACGCA

SEQ ID NO:222 - HCV (3’ UTR)
UAGAGCGGCAAACCCUAGCUACACUCCAUAGCUAGUUUCUUUUUUUUUUGUU
[0]619]81918)610] 819181 81918)819]81918181018)61 6] 8191816101 8161 8] 81018161 [6{61 8101 {61 8101 01 6[S1 610 B[ &
UUUUUUUCCUCUUUUCUUGGUGGCUCCAUCUUAGCCCUAGUCACGGCUAGCUG
UGAAAGGUCCGUGAGCCGCAUGACUGCAGAGAGUGCCGUAACUGGUCUCUCUG
CAGAUCAUGU

SEQ ID NO:223 - MOUSE ALBUMIN (3’ UTR)
ACACAUCACAACCACAACCUUCUCAGGCUACCCUGAGAAAAAAAGACAUGAAG
ACUCAGGACUCAUCUUUUCUGUUGGUGUAAAAUCAACACCCUAAGGAACACAA
AUUUCUUUAAACAUUUGACUUCUUGUCUCUGUGCUGCAAUUAAUAAAAAAUG
GAAAGAAUCUAC

SEQ ID NO:224 - HUMAN ALPHA GLOBIN (3’ UTR)
GCUGGAGCCUCGGUAGCCGUUCCUCCUGCCCGCUGGGCCUCCCAACGGGCCCU
CCUCCCCUCCUUGCACCGGCCCUUCCUGGUCUUUGAAUAAAGUCUGAGUGGGC
AGCA
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SEQ ID NO:225 - EMCYV (3’ UTR)

UAGUGCAGUCAC UGGCACAACG CGUUGCCCGG UAAGCCAAUC
GGGUAUACAC GGUCGUCAUACUGCAGACAG GGUUCUUCUA CUUUGCAAGA
UAGUCUAGAG UAGUAAAAUAAAUAGUAUAAG

SEQ ID NO:226 - HSP70-P2 (5 UTR Enhancer)
GUCAGCUUUCAAACUCUUUGUUUCUUGUUUGUUGAUUGAGAAUA

SEQ ID NO:227 - HSP70-M1 (5 UTR Enhancer)
CUCUCGCCUGAGAAAAAAAAUCCACGAACCAAUUUCUCAGCAACCAGCAGCAC
G

SEQ ID NO:228 - HSP72-M2 (5’ UTR Enhancer)
ACCUGUGAGGGUUCGAAGGAAGUAGCAGUGUUUUUUGUUCCUAGAGGAAGAG

SEQ ID NO:229 - HSP17.9 (5’ UTR Enhancer)
ACACAGAAACAUUCGCAAAAACAAAAUCCCAGUAUCAAAAUUCUUCUCUUUUU
UUCAUAUUUCGCAAAGAC

SEQ ID NO:230 - HSP70-P1 (5° UTR Enhancer)
CAGAAAAAUUUGCUACAUUGUUUCACAAACUUCAAAUAUUAUUCAUUUAUUU

SEQ ID NO:231 - Kozak Sequence
GCCACC

SEQ ID NO:232 - Kozak Sequence (Partial)
GCCA

SEQ ID NO:233 — SYNECHOCYSTIS sp. PCC6803 POTASSIUM CHANNEL (SynK)
(5 UTR)
AACUUAAAAAAAAAAAUCAAA

SEQ ID NO:234 - SYNTHETIC SEQUENCE (5’ UTR)
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UCAAGCUUUUGGACCCUCGUACAGAAGCUAAUACGACUCACUAUAGGGAAAU
AAGAGAGAAAAGAAGAGUAAGAAGAAAUAUAAGAGCCACC

SEQ ID NO:235 - MOUSE BETA GLOBIN (5’ UTR)
CACAUUUGCUUCUGACAUAGUUGUGUUGACUCACAACCCCAGAAACAGACAUC

SEQ ID NO:236 - HUMAN BETA GLOBIN (5’ UTR)
ACAUUUGCUUCUGACACAACUGUGUUCACUAGCAACCUCAAACAGACACC

SEQ ID NO:237 - MOUSE ALBUMIN (5’ UTR)
UGCACACAGAUCACCUUUCCUAUCAACCCCACUAGCCUCUGGCAAA

SEQ ID NO:238 - HUMAN ALPHA GLOBIN (5’ UTR)
CAUAAACCCUGGCGCGCUCGCGGGCCGGCACUCUUCUGGUCCCCACAGACUCA
GAGAGAACCCACC

SEQ ID NO:239 - HUMAN HAPTOGLOBIN (5’ UTR)
AUAAAAAGACCAGCAGAUGCCCCACAGCACUGCUCUUCCAGAGGCAAGACCAA
CCAAG

SEQ ID NO:240 - HUMAN TRANSTHYRETIN (5’ UTR)

AGACAAGGUUCAUAUUUGUAUGGGUUACUUAUUCUCUCUUUGUUGACUAAGU
CAAUAAUCAGAAUCAGCAGGUUUGCAGUCAGAUUGGCAGGGAUAAGCAGCCU
AGCUCAGGAGAAGUGAGUAUAAAAGCCCCAGGCUGGGAGCAGCCAUCACAGA

AGUCCACUCAUUCUUGGCAGG

SEQ ID NO:241 - HUMAN COMPLEMENT C3 (5’ UTR)

AGAUAAAAAGCCAGCUCCAGCAGGCGCUGCUCACUCCUCCCCAUCCUCUCCCU
CUGUCCCUCUGUCCCUCUGACCCUGCACUGUCCCAGCACC

SEQ ID NO:242 - HUMAN COMPLEMENT CS (8’ UTR)
UAUAUCCGUGGUUUCCUGCUACCUCCAACC

SEQ ID NO:243 - HUMAN ALPHA-1-ANTITRYPSIN (8’ UTR)
GGCACCACCACUGACCUGGGACAGUGAAUCGACA

SEQ ID NO:244 - HUMAN ALPHA-1-ANTICHYMOTRYPSIN (5’ UTR)

AUUCAUGAAAAUCCACUACUCCAGACAGACGGCUUUGGAAUCCACCAGCUACA
UCCAGCUCCCUGAGGCAGAGUUGAGA

SEQ ID NO:245 - HUMAN INTERLEUKIN 6 (5° UTR)
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AAUAUUAGAGUCUCAACCCCCAAUAAAUAUAGGACUGGAGAUGUCUGAGGCU
CAUUCUGCCCUCGAGCCCACCGGGAACGAAAGAGAAGCUCUAUCUCCCCUCCA
GGAGCCCAGCU

SEQ ID NO:246 - HUMAN FIBRINOGEN ALPHA CHAIN (5’ UTR)

AGGAUGGGAACUAGGAGUGGCAGCAAUCCUUUCUUUCAGCUGGAGUGCUCCU
CAGGAGCCAGCCCCACCCUUAGAAAAG

SEQ ID NO:247 - HUMAN APOLIPOPROTEIN E (5’ UTR)

AGGGGGAGCCCUAUAAUUGGACAAGUCUGGGAUCCUUGAGUCCUACUCAGCCC
CAGCGGAGGUGAAGGACGUCCUUCCCCAGGAGCCGACUGGCCAAUCACAGGCA
GGAAG

SEQ ID NO:248 - ALANINE AMINOTRANSFERASE 1 (5 UTR)

AGACGGGUGGGGCGGGGCCCAACUGUCCCCAGCUCCUUCAGCCCUUUCUGUCC
CUCCCAGUGAGGCCAGCUGCGGUGAAGAGGGUGCUCUCUUGCCUGGAGUUCCC
UCUGCUACGGCUGCCCCCUCCCAGCCCUGGCCCACUAAGCCAGACCCAGCUGUC
GCCAUUCCCACUUCUGGUCCUGCCACCUCCUGAGCUGCCUUCCCGCCUGGUCU
GGGUAGAGUC

SEQ ID NO:249 - HHV (5’ UTR)

CAGAUCGCCUGGAGACGCCAUCCACGCUGUUUUGACCUCCAUAGAAGACACCG
GGACCGAUCCAGCCUCCGCGGCCGGGAACGGUGCAUUGGAACGCGGAUUCCCC
GUGCCAAGAGUGACUCACCGUCCUUGACACG

SEQ ID NO:250 - ARC5-1 (8’ UTR)

GGGAGAAAGCUUACCAUGGUGCCCCAGGCCCUGCUCUUGGUCCCGCUGCUGGU
UUCCCCCUCUGCUUCGGCAAGUUCCCCAUCUACACCAUCCCCGACAAGCUGGG
GCCGUGGAGCCCCAUCGACAUCCACCACCUGUCCUGCCCCAACAACCUCGUGG
UCGAGGACGAGGGCUGCACCAACCUGAGCGGGUUCUCCUAC

SEQ ID NO:251 - ARCS-2 (8 UTR)

GGGGCGCUGCCUACGGAGGUGGCAGCCAUCUCCUUCUCGGCAUCAAGCUUACC
AUGGUGCCCCAGGCCCUGCUCUUGGUCCCGCUGCUGGUGUUCCCCCUCUGCUU
CGGCAAGUUCCCCAUCUACACCAUCCCCGACAAGCUGGGGCCGUGGAGCCCCA
UCGACAUCCACCACCUGUCCUGCCCCAACAACCUCGUGGUCGAGGACGAGGGC
UGCACCAACCUGAGCGGGUUCUCCUAC

SEQ ID NO:252 - MOUSE GROWTH HORMONE (5’ UTR)

GAAUAAAUGUAUAGGGGGAAAGGCAGGAGCCUUGGGGUCGAGGAAAACAGGU
AGGGUAUAAAAAGGGCACGCAAGGGACCAAGUCCAGCAUCCUAGAGUCCAGA
UUCCAAACUGCUCAGAGUCCUGUGGACAGAUCACUGCUUGGCA

SEQ ID NO:253 - MOUSE HEMOGLOBIN ALPHA (5’ UTR)
GACACUUCUGAUUCUGACAGACUCAGGAAGAAACC
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SEQ ID NO:254 - MOUSE HAPTOGLOBIN (5’ UTR)

UGCAAACACAGAAAUGGAGGAGGAGGGGAAGGAGGAGGAGGAGGAGAAGGAG
GAGGAGGUGGUGGUGGUGGUGGUGGGAUAAAACCCCUGAGGCAUAAAGGGCU
CGGCCGGAGUCAGCACAGCCCAGCCCUUCCAGAGAGAGGCAAGAGAGGUCCAC
G

SEQ ID NO:255 - MOUSE TRANSTHYRETIN (5’ UTR)

CUAAUCUCCCUAGGCAAGGUUCAUAUUUGUGUAGGUUACUUAUUCUCCUUUU
GUUGACUAAGUCAAUAAUCAGAAUCAGCAGGUUUGGAGUCAGCUUGGCAGGG
AUCAGCAGCCUGGGUUGGAAGGAGGGGGUAUAAAAGCCCCUUCACCAGGAGA
AGCCGUCACACAGAUCCACAAGCUCCUGACAGG

SEQ ID NO:256 - MOUSE ANTITHROMBIN (5’ UTR)

AUAGGUAAUUUUAGAAAUAGAUCUGAUUUGUAUCUGAGACAUUUUAGUGAAG
UGGUGAGAUAUAAGACAUAAUCAGAAGACAUAUCUACCUGAAGACUUUAAGG
GGAGAGCUCCCUCCCCCACCUGGCCUCUGGACCUCUCAGAUUUAGGGGAAAGA
ACCAGUUUUCGGAGUGAUCGUCUCAGUCAGCACCAUCUCUGUAGGAGCAUCGG
CcC

SEQ ID NO:257 - MOUSE COMPLEMENT C3 (5’ UTR)

AGAGAGGAGAGCCAUAUAAAGAGCCAGCGGCUACAGCCCC
AGCUCGCCUCUGCCCACCCCUGCCCCUUACCCCUUCAUUCCUUCCACCUU
UUUCCUUCACU

SEQ ID NO:258 - MOUSE COMPLEMENT CS (5’ UTR)
UUUAAAAGGAAAGUGGUUACAGGGAGGCCAUGCCCAUGGGUUU

SEQ ID NO:259 - MOUSE HEPCIDIN (8 UTR)
AGUCCUUAGACUGCACAGCAGAACAGAAGGCAUG

SEQ ID NO:260 - MOUSE ALPHA-1-ANTITRYPSIN (5’ UTR)

CCCCCAUAUCCCCCUUGGCUCCCAUUGCUUAAAUACAGACUAGGACAGGGCUC
UGUCUCCUCAGCCUCGGUCACCACCCAGCUCUGGGACAGCAAGCUGAAA

SEQ ID NO:261 - MOUSE FIBRINOGEN ALPHA CHAIN (5’ UTR)
AGUCAGUCCUCCUUCGCUUCAGCUCCAGUUCUCCUCAUGAGCCAUCCCUAAAC
GCAGACACC

SEQ ID NO:262 - APOLIPOPROTEIN E (5 UTR)

UUUCCUCUGCCCUGCUGUGAAGGGGGAGAGAACAACCCGCCUCGUGACAGGGG
GCUGGCACAGCCCGCCCUAGCCCUGAGGAGGGGGCGGGACAGGGGGAGUCCUA
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UAAUUGGACCGGUCUGGGAUCCGAUCCCCUGCUCAGACCCUGGAGGCUAAGGA
CUUGUUUCGGAAGGAGCUGACUGGCCAAUCACAAUUGCGAAG

SEQ ID NO:263 - ALANINE AMINOTRANSFERASE (5’ UTR)
GGCCGGCCACCGGGUUUGGGAGCAGCCCAGGCUCACCUUAACCGGAGCGGUGC
GGACGGUCCCGCGGCGACAGGGCUAAUCUCGGCAGGUUCGCG

SEQ ID NO:264 - CYTOCHROME P450, FAMILY 1(CYP1A2) (5’ UTR)
GUCCUGGACUGACUCCCACAACUCUGCCAGUCUCCAGCCCCUGCCCUUCAGUG
GUACAG

SEQ ID NO:265 - PLASMINOGEN (5’ UTR)
UUUAAGUCAACACCAGGAACUAGGACACAGUUGUCCAGGUGCUGUUGGCCAG
UCCCAAC

SEQ ID NO:266 - MOUSE MAJOR URINARY PROTEIN 3 (MUP3) (8 UTR)
AAGGAGCUGGGGAGUGGAGUGUAGGCACUAUAACCUGAAAGACGUGGUCCUG
ACAGGAGGACAAUUCUAUUCCCUACCAAA

SEQ ID NO:267 - MOUSE FVII (8’ UTR)

ACCAGCCAGAAGCCACAGUCUCAUC

SEQ ID NO:268 - HNF-1ALPHA (5’ UTR)

AAACAGAGCAGGCAGGGGCCCUGAUUCACUGGCCGCUGGGGCCAGGGUUGGGG
GCUGGGGGUGCCCACAGAGCUUGACUAGUGGGAUUUGGGGGGGCAGUGGGUG
CAGCGAGCCCGGUCCGUUGACUGCCAGCCUGCCGGCAGGUAGACACCGGCCGU
GGGUGGGGGAGGCGGCUAGCUCAGUGGCCUUGGGCCGCGUGGCCUGGUGGCA
GCGGAGCC

SEQ ID NO:269 - MOUSE ALPHA-FETOPROTEIN (5 UTR)
GGACUUCAGCAGGACUGCUCGAAACAUCCCACUUCCAGCACUGCCUGCGGUGA
AGGAACCAGCAGCC

SEQ ID NO:270 - MOUSE FIBRONECTIN (5’ UTR)

AGGGCCUCGUGGGGGGCGGGAAGGUACUGUCCCAUAUAAGCCUCUGCUCUUGG
GGCUCAACCGCUCGCACCCGCUGCGCUGCACAGGGGGAGAAAAGGAGCCCAGG
GUGUGAGCCGGACAACUUCUGGUCCUCUCCUUCCAUCUCCUUACCGGCGUCCC
CACCUCAGGACUUUUCCCGCAGGCUGCGAGGGGACCCACAGUUCGUGGCCACU
UGCCUCCUGGGGAGGGCGACUCUCCUCCCAUCCACUCAAG

SEQ ID NO:271 - MOUSE RETINOL BINDING PROTEIN 4, PLASMA (RBP4) (5’
UTR)

GGGGGAAAAAAAAACAGCCAAAAUAUGCCAAAAAGCUUCUCACAACAGCUCCU
CAGUAGAAGCAGGGGCCACUUGGGAAAGCCAGGGCCUGGACGCUAAUGUUCCA
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GGCUACAUCAUAGGUCCCUUUUCGCUCAGUGAGGCCACCAUCACCACACCAUG
GCCACGUAGGCCUCCAGCCAGGGCAACAGGACCUGGAGGCCACCCAAGACUGC
AGCUGGCUGCCGCUGGGUCCCCGGGCCAGCUCUUGGCCCCG

SEQ ID NO:272 - MOUSE PHOSPHOLIPID TRANSFER PROTEIN (PLTP) (8’ UTR)

GAACCGCGGCGAGGAGGGGGGUCGGAGGCCCAGACUUAUAAAGGCUGCUGGA
CCCGCGCUACCCGCCAGACCCCGCCGCCCGGAUCCCCCGCaUGCccuGueaeee
CACGUGACCACACUACUAAGCUUGGUCGCC

SEQ ID NO:273 - MOUSE ALANINE-GLYOXYLATE AMINOTRANSFERASE
(AGXT) (5 UTR)

AGGGACUCAUCAACCAGGCCUGGCCUCUGAGUUCAACGCAGAGCUAGCUGGGA
AAUGUUCCGGAUGUUGGCCAAGGCCAGUGUGACGCUGGGCUCCAGAGCGGCAG
GUUGGGUCCGGACC

SEQ ID NO:274 - ALDEHYDE DEHYDROGENASE 1 FAMILY, MEMBER L1
(ALDHILI) (5 UTR)

GCUGCCCCUGUGCUGACUGCUGACAGCUGACUGACGCUCGCAGCUAGCAGGUA
CUUCUGGGUUGCUAGCCCAGAGCCCUGGGCCGGUGACCCUGUUUUCCCUACUU
CCCGUCUUUGACCUUGGGUGCCUUCCAACCUUCUGUUGCC

SEQ ID NO:275 - FUMARYLACETOACETATE HYDROLASE (FAH) (5’ UTR)

GGGUGCUAAAAGAAUCACUAGGGUGGGGAGGCGGUCCCAGUGGGGCGGGUAG

GGGUGUGUGCCAGGUGGUACCGGGUAUUGGCUGGAGGAAGGGCAGCCCGGGG

UUCGGGGCGGUCCCUGAAUCUAAAGGCCCUCGGCUAGUCUGAUCCUUGCCCUA
AGCAUAGUCCCGUUAGCCAACCCCCUACCCGCCGUGGGCUCUGCUGCCCGGUG

CUCGUCAGC

SEQ ID NO:276 - FRUCTOSE BISPHOSPHATASE 1 (FBP1) (8’ UTR)

AGGAGGACCUUGGCCAGCGGGCAGAAUGGCAGUUGGUAGAGGAAGGGAGCAA
GGGGGUGUUUCCUGGGACAGGGGGGCGGAGACCUGGAGACUAUAGGCUCCCCC
AGGACUCAAGUUCAUUGAGUUUCUGCAGACACUGAACGGCUUUCAGUCUUCCC
GCUGUGACUAUCACCUGUGGGCUCCACCUGCCUGCACCUUUAGUCAGCACCUU
UAGCCAGCACCUGCGCCAGACCCCAGCA

SEQ ID NO:277 - MOUSE GLYCINE N-METHYLTRANSFERASE (GNMT) (5 UTR)
AGGCGCCGGUCAGG

SEQ ID NO:278 - MOUSE 4-HYDROXYPHENYLPYRUVIC ACID DIOXYGENASE
(HPD) (5’ UTR)
ACCAUCAACC

SEQ ID NO:279 - HUMAN ANTITHROMBIN (5’ UTR)
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UCUGCCCCACCCUGUCCUCUGGAACCUCUGCGAGAUUUAGAGGAAAGAACC
AGUUUUCAGGCGGAUUGCC
UCAGAUCACACUAUCUCCACUUGCCCAGCCCUGUGGAAGAUUAGCGGCC

SEQ ID NO:280 - MOUSE BETA GLOBIN (3’ UTR)

ACCCCCUUUCCUGCUCUUGCCUGUGAACAAUGGUUAAUUGUUCCCAAGAGAGC
AUCUGUCAGUUGUUGGCAAAAUGAUAAAGACAUUUGAAAAUCUGUCUUCUGA
CAAAUAAAAAGCAUUUAUUUCACUGCAAUGAUGUUUU

SEQ ID NO:281 - HUMAN BETA GLOBIN (3’ UTR)

GCUCGCUUUCUUGCUGUCCAAUUUCUAUUAAAGGUUCCUUUGUUCCCUAAGUC
CAACUACUAAACUGGGGGAUAUUAUGAAGGGCCUUGAGCAUCUGGAUUCUGC
CUAAUAAAAAACAUUUAUUUUCAUUGCAA

SEQ ID NO:282 - HUMAN GROWTH FACTOR (3’ UTR)

UGGCAUCCCUGUGACCCCUCCCCAGUGCCUCUCCUGGCCCUGGAAGUUGCCAC
UCCAGUGCCCACCAGCCUUGUCCUAAUAAAAUUAAGUUGCAUCAUUUUGUCUG

SEQ ID NO:283 - HUMAN ANTITHROMBIN (3° UTR)

AAUGUUCUUAUUCUUUGCACCUCUUCCUAUUUUUGGUUUGUGAACAGAAGUA
AAAAUAAAUACAAACUACUUCCAUCUCA

SEQ ID NO:284 - HUMAN COMPLEMENT C3 (3’ UTR)

CCACACCCCCAUUCCCCCACUCCAGAUAAAGCUUCAGUUAUAUCUCACGUGUC
UGGAGUUCUUUGCCAAGAGGGAGAGGCUGAAAUCCCCAGCCGCCUCACCUGCA
GCUCAGCUCCAUCCUACUUGAAACCUCACCUGUUCCCACCGCAUUUUCUCCUG
GCGUUCGCCUGCUAGUGUG

SEQ ID NO:285 - HUMAN HEPCIDIN (3’ UTR)

AACCUACCUGCCCUGCCCCCGUCCCCUCCCUUCCUVAUUUAUUCCUGCUGCCCC
AGAACAUAGGUCUUGGAAUAAAAUGGCUGGUUCUUUUGUUUUCCAAA

SEQ ID NO:286 - HUMAN FIBRINOGEN ALPHA CHAIN (3’ UTR)

ACUAAGUUAAAUAUUUCUGCACAGUGUUCCCAUGGCCCCUUGCAUUUCCUUCU
UAACUCUCUGUUACACGUCAUUGAAACUACACUUUUUUGGUCUGUUUUUGUG
CUAGACUGUAAGUUCCUUGGGGGCAGGGCCUUUGUCUGUCUCAUCUCUGUAU
UCCCAAAUGCCUAACAGUACAGAGCCAUGACUCAAUAAAUACAUGUUAAAUG
GAUGAAUGAAUUCCUCUGAAACUCU

SEQ ID NO:287 - ALANINE AMINOTRANSFERASE 1 (3° UTR)

GCACCCCAGCUGGGGCCAGGCUGGGUCGCCCUGGACUGUGUGCUCAGGAGCCC
UGGGAGGCUCUGGAGCCCACUGUACUUGCUCUUGAUGCCUGGCGGGGUGGGG
UGGGGGGGGUGCUGGGCCCCUGCCUCUCUGCAGGUCCCUAAUAAAGCUGUGUG
GCAGUCUGACUCC
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SEQ ID NO:288 - MALAT (3’ UTR)

GAUUCGUCAGUAGGGUUGUAAAGGUUUUUCUUUUCCUGAGAAAACAACCUUU
UGUUUUCUCAGGUUUUGCUUUUUGGCCUUUCCCUAGCUUUAAAAAAAAAAAA
GCAAAA

SEQ ID NO:289 - ARC3-1 (3’ UTR)

GGACUAGUUAUAAGACUGACUAGCCCGAUGGGCCUCCCAACGGGCCCUCCUCC
CCUCCUUGCACCGAGAUUAAU

SEQ ID NO:290 - ARC3-2 (3’ UTR)

GGACUAGUGCAUCACAUUUAAAAGCAUCUCAGCCUACCAUGAGAAUAAGAGA
AAGAAAAUGAAGAUCAAUAGCUUAUUCAUCUCUUUUUCUUUUUCGUUGGUGU
AAAGCCAACACCCUGUCUAAAAAACAUAAAUUUCUUUAAUCAUUUUGCCUCUU
UUCUCUGUGCUUCAAUUAAUAAAAAAUGGAAAGAACCUAGAUCU

SEQ ID NO:291 - MOUSE GROWTH HORMONE (3’ UTR)

CCACUCACCAGUGUCUCUGCUGCACUCUCCUGUGCCUCCCUGCCCCCUGGCAAC
UGCCACCCCUGCGCUUUGUCCUAAUAAAAUUAAGAUGCAUCAUAUCACCCG

SEQ ID NO:292 - MOUSE HEMOGLOBIN ALPHA (3° UTR)

GCUGCCUUCUGCGGGGCUUGCCUUCUGGCCAUGCCCUUCUUCUCUCCCUUGCA
CCUGUACCUCUUGGUCUUUGAAUAAAGCCUGAGUAGGAAGAAAAAAAAAAAA

SEQ ID NO:293 - MOUSE HAPTOGLOBIN (3’ UTR)

UUCAGGGCUCACUAGAAGGCUGCACAUGGCAGGGCAGGCUGGGAGCCAUGGA

AGAGGGGGAAGUGGAAGGGUUGGGCUAUACUCUGAUGGGUUCUAGCCCUGCA
CUGCUCAGUCAACAAUAAAAAAAUGUGCUUUGGACCCAUAAAAAAAAAAAAA
AAAAAAA

SEQ ID NO:294 - MOUSE TRANSTHYRETIN (3’ UTR)

GAGACUCAGCCCAGGAGGACCAGGAUCUUGCCAAAGCAGUAGCAUCCCAUUUG
UACCAAAACAGUGUUCUUGCUCUAUAAACCGUGUUAGCAGCUCAGGAAGAUG
CCGUGAAGCAUUCUUAUUAAACCACCUGCUAUUUCAUUCAAACUGUGUUUCUU
UUUUAUUUCCUCAUUUUUCUCCCCUGCUCCUAAAACCCAAAAUCUUCUAAAGA
AUUCUAGAAGGUAUGCGAUCAAACUUUUUAAAGAAAGAAAAUACUUUUUGAC
UCAUGGUUUAAAGGCAUCCUUUCCAUCUUGGGGAGGUCAUGGGUGCUCCUGG
CAACUUGCUUGAGGAAGAUAGGUCAGAAAGCAGAGUGGACCAACCGUUCAAU
GUUUUACAAGCAAAACAUACACUAAGCAUGGUCUGUAGCUAUUAAAAGCACA
CAAUCUGAAGGGCUGUAGAUGCACAGUAGUGUUUUCCCAGAGCAUGUUCAAA
AGCCCUGGGUUCAAUCACAAUACUGAAAAGUAGGCCAAAAAACAUUCUGAAA
AUGAAAUAUUUGGGUUUUUUUUUAUAACCUUUAGUGACUAAAUAAAGACAAA
UCUAAGAGACUAAAAAAAAAAAAAAAAAA

SEQ ID NO:295 - MOUSE ANTITHROMBIN (3’ UTR)
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AAUAUUCUUAAUCUUUGCACCUUUUCCUACUUUGGUGUUUGUGAAUAGAAGU
AAAAAUAAAUACGACUGCCACCUCACGAGAAUGGACUUUUCCACUUGAAGACG
AGAGACUGGAGUACAGAUGCUACACCACUUUUGGGCAAGUGAAGGGGGAGCA
GCCAGCCACGGUGGCACAAACCUAUAUCCUGGUGCUUUUGAAGGUAGAAGCAG
GGCGGUCAGGAGUUAAGGCCAGUUGAGGCUGGGCUGCAGAGUGAAAGACCAU
GUCUCAAGAUGGUCUUUCUCCUCCCCAAAGUAGAAAAGAAAACCAUAAAAACA
AGAGGUAAAUAUAUUACUAUUUCAUCUUAGAGGAUAGCAGGCAUCUUGAAAG
GGUAGAGGGACCUUAAAUUCUCAUUAUUGCCCCCAUACUACAAACUAAAAAAC
AAACCCGAAUCAAUCUCCCAUAAAGACAGAGAUUCAAAUAAGAGUAUUAAAC
GUUUUAUUUCUCAAACCACUCACAUGCAUAAUGUUCUUAUACACAGUGUCAA
AAUAAAGAGAAAUGCAUUUUUAUACAAAAAAAAAAAA

SEQ ID NO:296 - MOUSE COMPLEMENT C3 (3’ UTR)
CUACAGCCCAGCCCUCUAAUAAAGCUUCAGUUGUAUUUCACCCAUC

SEQ ID NO:297 - MOUSE COMPLEMENT CS (3’ UTR)

AAAGUUCUGCUGCACGAAGAUUCCUCCUGCGGCGGGGGGAUUGCUCCUCCUCU
GGCUUGGAAACCUAGCCUAGAAUCAGAUACACUUUCUUUAGAGUAAAGCACA
AGCUGAUGAGUUACGACUUUGUGAAAUGGAUAGCCUUGAGGGGAGGCGAAAA
CAGGUCCCCCAAGGCUAUCAGAUGUCAGUGCCAAUAGACUGAAACAAGUCUGU
AAAGUUAGCAGUCAGGGGUGUUGGUUGGGGCCGGAAGAAGAGACCCACUGAA
ACUGUAGCCCCUUAUCAAAACAUAUCCUUGCUUGAAAGAAAAAUACCAAGGAC
AGAAAAUGCCAUAAAAUCUUGACUUUGCACUC

SEQ ID NO:298 - MOUSE HEPCIDIN (3’ UTR)

CCUAGAGCCACAUCCUGACCUCUCUACACCCCUGCAGCCCCUCAACCCCAUUAU
UUAUUCCUGCCCUCCCCACCAAUGACCUUGAAAUAAAGACGAUUUUAUUUUCA
AAAAAAAAAAAAAAAAA

SEQ ID NO:299 - MOUSE ALPHA-1-ANTITRYPSIN (3’ UTR)

CCACCCUAAAAUGUCAUCCUUCCUUCUGAAUUGGGUUCCUUCCAUUAAACACA
GGCUGGCCUGGCUCGUGCCUGAUGCUACAGCAAGUCCUUGACUCUGUGGGUUG
UGUGUGUGUGUGUGUGUGUGUGUGUGUGUGUGUGUGUGUGUGUGUGUGUGUG
UGUGUGUGUGUCUGUGUGUGUGUGUGUCUUUAUGCCCUGAGUUUGUUGUGGA
CUUGAGAUCAUAGUAUGUCUUGAUAUCUCCUCCAGCCAUGCAAAUAGGUUGU
GGGUAGAGGACUGUGGCUGAGACCACAGACUCUGGUCCAAGAACCAUCUGCUC
UAAAAAAAAUAAAUCUGUCAUCUCUGGAAAAUAAAGAGGACAUGCUCAAUGA
CUCAGGGUCCAGC

SEQ ID NO:300 - MOUSE FIBRINOGEN ALPHA CHAIN (3’ UTR)

CUGAAGGGUUAGAAAGUGGGGGCUCUGUUUUCUUUGCUCGGUUAUCCGAGAA
GAAAGACAAAACGGAAGAUGAAGGUGUCACGGAUCUUGUGAACUUUUUAAAA
CUUUCAAGGUGCUAUUCCAUUGUUCUUUGUACUGUAGCUAAAUGUAACUGAG
AUGAGUUACUGCUUUGAAAAAAUAAAGUUUUACAUUUUUUCCACCCUUUAAA
AAAAAAAAA
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SEQ ID NO:301 - APOLIPOPROTEIN E (3’ UTR)

GUAUCCUUCUCCUGUCCUGCAACAACAUCCAUAUCCAGCCAGGUGGCCCUGUC
UCAAGCACCUCUCUGGCCCUCUGGUGGCCCUUGCUUAAUAAAGAUUCUCCGAG
CACAUUCUGAGUCUCUGUGAGUGAUUCAAAAAAAA

SEQ ID NO:302 - ALANINE AMINOTRANSFERASE (3’ UTR)

GGACGC CUCAGGCACC GGAGCCAGAC CCUCCCAAGA CCACCCAGGC
CUUCCUCAAG GACUCUGCCU CAGACCUCAG ACAGGCCACC AACGCUGUUC
AUCUUCAUUU CCCCAAGGAG ACUUCUUUCU UUGUGCCUUG AUGUUUGAGA
GUUCUUCGAG CAAACAGUGG UUUUGCAAUG UCUCACAGGC CCUGUUUUUG
UUUUUGUUUU UGUUUUGUUU UGUUUUGUUC UUUUUUUAAA UGCAACCAAA
GUAGAGUCAA CCUGCUCGGC AGAUGUACUU GGAUUCUCUG AAUCGCUAUU
CUGUUUGGAG AGUUCCUUUG GGUCUUAAGC AGCCAGAGUA CAUGGAAAUG
AGAUUAUGUC AGAUCUGGAG AAACAAGCAG GUGUUGGGAA AUAUGUGACU
UGACAUGAUA AGGGCUGGGA AUCCAGAAAU CAAUAGUGAG AUCCAUGAAA
UCAAACCCUG ACCAGUGUGA AAAUGUAGCC UUUUGGACAG UAAGCCUGCA
AGUCUAGUGA GAACUCAGAG AAAGCUGACC AUUCUGGUCU GAAGAUAGGC
AGCGCAUCAC AGGCAAGAAU AUCGAAGUCA GUAGUAGGAC AGGGGUCACA
UCAGAUACCA GCUCAAAUUG CACUAGCUAU CUAGAACAGU UUUCUCCAGG
UUUGCCUGAG CCUUGAUGCA UACCAUCGCC CUCUGCUGGU CGCAGCAGAG
AUAAGCAAGG GCUGAAAAUG GAGGCAAUCC UUUCCCAAGG CCCUGAAAGU
UGUUUUUCAU GGUUUCAAAC UGAAUUUGGC UCAUUUGUAA CUAACUGAUC
ACGGUGCCUG GUUACACUGG CUGCCAAGAA GGAGCGCAUG CAAUCUGAUU
CAGUGCUCUC UUCACAUCAG UUUCCUGCCU CCCUCCCUCA UCUGCGGACA
GCAUCCUAUC UCAUCAGGCU UCCCUGUGUG UCACAAAGUA GCAGCCACCA
AGCAAAUAUA UUCCUUGAAU UAGCACACCU GGGUGGGCCA UGUGCGCACC
AAGGAAACAG GUGCUAUAGG GAGCGCCAGG CCAGGCUUGU CUCUUAACUG
UCUCGUUCUU CAGUGAGAGU GGGAAAGCUG UCCGGAGCUC CCGCGCAGGA
GCCUGGGUAC CCACGCAGCG AGUCAAGGGA GUUUUCGGAG CCAGAGAGAG
AAAGAUGUGA AGGCUGUGGA GUAAGGCUGA AACCAGCCUC CUGCCCUAUA
GUCCCACACU GCAGGGGGUG CGACUUUAAA ACAGAACUUC AAGUUGUUAA
CACUCACAAG CAUUGCAUUA CUGUGAAGGA AGUAGCCGCA UCCAUAACAG
GAUGUGAUGG UCUACAGCUU UUCCUUUAAA AGCUGAAAAG GUACCAUGUG
UGCUCGCUAG GCAUAUAAUC CAGAUAUGCU CCAGAGUUCU GAGAUUCUUC
CAUGAAAGGU UAACUAGAAG CUAGAAUAUU UUUUUAUAUU UUUGUAACAA
UUGGCUUUUU UCAUGGGGGG AGGGGAGUAG AGGGUUAGUA UUUAUAGUCC
UAACAAGUCC AAAAAUUUUU AUAAGUGUCU UCAGAUUAUA AAUAACCCUC
CAAAUUUUGC AAUGUUUACA UGUUUUUUUU UUAAGAUGAC AAAUAUGCUU
GAUUUGCUUU UUAAAUAAAA GUUUAGCUGU UCUAAGAGAU UAACUUCAAG
UAGGAUGGCU GGUUAUGAUA GUUUGGAUUU UCUACAGGUU CUGUUGCCAU
GCCUUUUGGG UUUCAGCAUC ACUCGAGUCG CAGCAUGUGG GUGGGGCUGU
GGAAACCUGG CCAGGCUGGA CCUGGUCAGC CACACCUCAG AGACAUUGUU
UCCAUUUGGA UGUGAGCAGG CGCAGGCCUG CAUGCUCUUU CCUACUUAGC
AUCAUCAGUU CUUCCGCCUC CUUAGCAUGG UUCUUUGUAA CAGCCAUGCU
GGGAAGCUCU GAACAAUAAA AUACUUCCAG AGUGGU

SEQ ID NO:303 - CYTOCHROME P450, FAMILY 1(CYP1A2) (3’ UTR)
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AGAUUGUCGAGGCAUCGGUGGGGCCGUCACCCUUGUUUCUUUUCCUUUUUUA
AAAAAAAAAAAAAAACAGCUUUUUUUUUUUUGAGAGAUACAAUUCUUUCCCC
AUUUAAUUCAUCUCCAAGCAAUUUUACAAUAGUGUCUAUCAUGUUCACCCCAU
AACCCAUACUCAUUAGGACUUAUGAUUUAAGAUUCCUCCUACCCUGUCUUGCU
UGCCGCACCUCAUGCUAAUCUAGUUUUUGACUCAAUAGAUUUGCCUACUCUGG
CUGUCUCAUAUAAAUCGAAUGAAUUAUG

SEQ ID NO:304 - PLASMINOGEN (3’ UTR)

CUAGGUGGAAGGCCGAGCAAAACCUCUGCUUACUAAAGCUUACUGAAUAUGG
GGAGAGGGCUUAGGGUGUUUGGAAAAACUGACAGUAAUCAAACUGGGACACU
ACACUGAACCACAGCUUCCUGUCGCCCCUCAGCCCCUCCCCUUUUUUUGUAUU
AUUGUGGGUAAAAUUUUCCUGUCUGUGGACUUCUGGAUUUUGUGACAAUAGA
CCAUCACUGCUGUGACCUUUGUUGAAAAUAAACUCGAUACUUACUUUG

SEQ ID NO:305 - MOUSE MAJOR URINARY PROTEIN 3 (MUP3) (3’ UTR)

AGAAUGGCCUGAGC CUCCAGUGUU GAGUGGAGAC UUUUCACCAG
GACUCCAGCA UCAUCCCUUC CUAUCCAUAC AGACUCCCAU GCCAAGGUCU
GUGAUCUGCU CUCCACCUGU CUCACAGAGA AGUGCAAUCC CGUUCUCUCC
AGCAUGUUAC CUAGGAUAAC UCAUCAAGAA UCAAAGACUU UCUUUAAAUU
UCUCUUUGCC AACACAUGGA AAUUCUCCAU UGAUUUCUUU CCUGUCCUGU
UCAAUAAAUG AUUACACUUG CACUUAAAAA AAAAAAAA

SEQ ID NO:306 - MOUSE FVII (3’ UTR)

CUCCUUGGAUAGCC CAACCCGUCC CAAGAAGGAA GCUACGGCCU
GUGAAGCUGU UCUAUGGACU UUCCUGCUAU UCUUGUGUAA GGGAAGAGAA
UGAGAUAAAG AGAGAGUGAA GAAAGCAGAG GGGGAGGUAA AUGAGAGAGG
CUGGGAAAGG GGAAACAGAA AGCAGGGCCG GGGGAAGAGU CUAAGUUAGA
GACUCACAAA GAAACUCAAG AGGGGCUGGG CAGUGCAGUC ACAGUCAGGC
AGCUGAGGGG CAGGGUGUCC CUGAGGGAGG CGAGGCUCAG GCCUUGCUCC
CGUCUCCCCG UAGCUGCCUC CUGUCUGCAU GCAUUCGGUC UGCAGUACUA
CACAGUAGGU AUGCACAUGA GCACGUAGGA CACGUGAAUG UGCCGCAUGC
AUGUGCGUGC CUGUGUGUCC AUCAUUGGCA CUGUUGCUCA CUUGUGCUUC
CUGUGAGCAC CCUGUCUUGG UUUCAAUUAA AUGAGAAACA UGGUCAAAAA
AAAAAAAAAA AAAAA

SEQ ID NO:307 - HNF-1ALPHA (3’ UTR)

CCGUGGUGACUGCCU CCCAGGAGCU GGGUCCCCAG GGCCUGCACU
GCCUGCAUAG GGGGUGAGGA GGGCCGCAGC CACACUGCCU GGAGGAUAUC
UGAGCCUGCC AUGCCACCUG ACACAGGCUG CUGGCCUUCC CAGAAGUCUA
CGCAUUCAUU GACACUGCUG CUCCUCCAUC AUCAGGAAGG GAUGGCUCUG
AGGUGUCUCA GCCUGACAAG CGAGCCUCGA GGAGCUGGAG GACGGCCCAA
UCUGGGCAGU AUUGUGGACC ACCAUCCCUG CUGUUUAGAA UAGGAAAUUU
AAUGCUUGGG ACAGGAGUGG GGAAGCUCGU GGUGCCCGCA CCCCCCCAGU
CAGAGCCUGC AGGCCUUCAA GGAUCUGUGC UGAGCUCUGA GGCCCUAGAU
CAACACAGCU GCCUGCUGCC UCCUGCACCU CCCCAGGCCA UUCCACCCUG
CACCAGAGAC CCACGUGCCU GUUUGAGGAU UACCCUCCCC ACCACGGGGA
UUUCCUACCC AGCUGUUCUG CUAGGCUCGG GAGCUGAGGG GAAGCCACUC
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GGGGCUCUCC UAGGCUUUCC CCUACCAAGC CAUCCCUUCU CCCAGCCCCA
GGACUGCACU UGCAGGCCAU CUGUUCCCUU GGAUGUGUCU UCUGAUGCCA
GCCUGGCAAC UUGCAUCCAC UAGAAAGGCC AUUUCAGGGC UCGGGUUGUC
AUCCCUGUUC CUUAGGACCU GCAACUCAUG CCAAGACCAC ACCAUGGACA
AUCCACUCCU CUGCCUGUAG GCCCCUGACA ACUUCCUUCC UGCUAUGAGG
GAGACCUGCA GAACUCAGAA GUCAAGGCCU GGGCAGUGUC UAGUGGAGAG
GGUACCAAGA CCAGCAGAGA GAAGCCACCU AAGUGGCCUG GGGGCUAGCA
GCCAUUCUGA GAAAUCCUGG GUCCCGAGCA GCCCAGGGAA ACACAGCACA
CAUGACUGUC UCCUCGGGCC UACUGCAGGG AACCUGGCCU UCAGCCAGCU
CCUUUGUCAU CCUGGACUGU AGCCUACGGC CAACCAUAAG UGAGCCUGUA
UGUUUAUUUA ACUUUUAGUA AAGUCAGUAA AAAGCAAAAA AAAAAAAAAA
AAA

SEQ ID NO:308 - MOUSE ALPHA-FETOPROTEIN (3’ UTR)

ACAUCUCCAGAAGGA AGAGUGGACA AAAAAAUGUG UUGACUCUUU
GGUGUGAGCC UUUUGGCUUA ACUGUAACUG CUAGUACUUU AACCACAUGG
UGAAGAUGUC CAUGUGAGAU UUCUAUACCU UAGGAAUAAA AACUUUUCAA
CUAUUUCUCU UCUCCUAGUC UGCUUUUUUU UUAUUAAAAA AUACUUUUUU
CCAUUU

SEQ ID NO:309 - MOUSE FIBRONECTIN (3’ UTR)

UCUUUCCAGCCCCA CCCUACAAGU GUCUCUCUAC CAAGGUCAAU
CCACACCCCA GUGAUGUUAG CAGACCCUCC AUCUUUGAGU GGUCCUUUCA
CCCUUAAGCC UUUUGCUCUG GAGCCAUGUU CUCAGCUUCA GCACAAUUUA
CAGCUUCUCC AAGCAUCGCC CCGUGGGAUG UUUUGAGACU UCUCUCCUCA
AUGGUGACAG UUGGUCACCC UGUUCUGCUU CAGGGUUUCA GUACUGCUCA
GUGUUGUUUA AGAGAAUCAA AAGUUCUUAU GGUUUGGUCU GGGAUCAAUA
GGGAAACACA GGUAGCCAAC UAGGAGGAAA UGUACUGAAU GCUAGUACCC
AAGACCUUGA GCAGGAAAGU CACCCAGACA CCUCUGCUUU CUUUUGCCAU
CUGACCUGCA GCACUGUCAG GACAUGGCCU GUGGCUGUGU GUUCAAACAC
CCCUCCCACA GGACUCACUU UGUCCCAACA AUUCAGAUUG CCUAGAAAUA
CCUUUCUCUU ACCUGUUUGU UAUUUAUCAA UUUUUCCCAG UAUUUUUAUA
CGGAAAAAAU UGUAUUGAAG ACACUUUGUA UGCAGUUGAU AAGAGGAAUU
CAGUAUAAUU AUGGUUGGUG AUUAUUUUUA UAAGCACAUG CCAACGCUUU
ACUACUGUGG AAAGACAAGU GUUUUAAUAA AAAGAUUUAC AUUCCAUGAU
GUGGACGUCA UUUCUUUUUU UUUUUAACAU CAUGUGUUUG GAGAG

SEQ ID NO:310 - MOUSE RETINOL BINDING PROTEIN 4, PLASMA (RBP4) (3’
UTR)

CAACGUCUAGGAUGUGAAG UUUGAAGAUU UCUGAUUAGC UUUCAUCCGG
UCUUCAUCUC UAUUUAUCUU AGAAGUUUAG UUUCCCCCAC CUCCCCUACC
UUCUCUAGGU GGACAUUAAA CCAUCGUCCA AAGUACAUGA GAGUCACUGA
CUCUGUUCAC ACAACUGUAU GUCUUACUGA AGGUCCCUGA AAGAUGUUUG
AGGCUUGGGA UUCCAAACUU GGUUUAUUAA ACAUAUAGUC ACCAUCUUCC
UAU

SEQ ID NO:311 - MOUSE PHOSPHOLIPID TRANSFER PROTEIN (PLTP) (3’ UTR)
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GCCCAUCACCCC ACCUGGGUGG CUGGCAUUCA GGAACCUAAC UGAAGUCUUC
UCUGCACCCC CUGCCAACCC CUUCCCAUCU ACAGUGUUAG UGGUCCCGGU
GCCACAGAGA AGAGCCCAGU UGGAAGCUAU ACCCGAUUUA AUUCCAGAAU
UAGUCAACCA UCAAUUAGAA UCCAUCCACC CCCCUC

SEQ ID NO:312 - MOUSE ALANINE-GLYOXYLATE AMINOTRANSFERASE
(AGXT) (3’ UTR)

GCAUCCUCUCA CCAGACUAUG CCCUCCUGGA GGGGCUGGGA AUAUAGCAAG
AACGAAAAGA CUGUGCAAGG CCUAGAGCCA GCAAAGAUGC UGAUGUAGCC
AGGCCAUGCC GGAAGGAGCA GGGUGAAGCU UCCCCUCUCC CUACAAAUGG
AACCUUGUGG AAACAGGAUG CUAAACACCU UCUGAUGGAG CUGUUGCCUG
CAGGCCACUG GUCUUUGGGA AUUUUCAAUA AAGUGCUUGC GAGGAAUCUC
CUA

SEQ ID NO:313 - ALDEHYDE DEHYDROGENASE 1 FAMILY, MEMBER L1
(ALDHILI) (3’ UTR)

AGCCAAGACUGUGAU ACUUCUCCUG UACCCUGUUG ACCUCAGGGA
GUGCUGACCC UGUCUGGUGA CUUAGCACCC UCCUGUCCCC AGCACUGCUC
CUUUCAGCUG CUGGAGCUCU UGGCCUGGAC CCCUGCUGGU GACAGGACAC
CCUCUGAACA AUCAGAAGUG GCUCCAAGUG GAGUGAGCAG UCAUGUCCCC
CAUGAAUAAA AAUUGUGAGC AGAGGUCGCC UACAAAAAAA AAAAAAAA

SEQ ID NO:314 - FUMARYLACETOACETATE HYDROLASE (FAH) (3’ UTR)

AGCUCCGGAAG UCACAAGACA CACCCUUGCC UUAUGAGGAU CAUGCUACCA
CUGCAUCAGU CAGGAAUGAA UAAAGCUACU UUGAUUGUGG GAAAUGCCAC
AGAAAAAAAA AAAAAAA

SEQ ID NO:315 - FRUCTOSE BISPHOSPHATASE 1 (FBP1) (3’ UTR)

AGGCCAGCCUUGCC CCUGCCCCAG AGCAGAGCUC AAGUGACGCU
ACUCCAUUCU GCAUGUUGUA CAUUCCUAGA AACAAACCUA ACAGCGUGGA
UAGUUUCACA GCUUAAUGCU UUGCAAUGCC CAAGGUCACU UCAUCCUCAU
GCUAUAAUGC CACUGUAUCA GGUAAUAUAU AUUUUGAGUA GGUGAAGGAG
AAAUAAACAC AUCUUUCCUU UAUAAAUUA

SEQ ID NO:316 - MOUSE GLYCINE N-METHYLTRANSFERASE (GNMT) (3’ UTR)

GUUUCUCCGGCUCC CAGAAGCCCA UGCUCAGGCA AUGGCCCCUA
CCCUAAGACC AUCCCCUAAU GCAGAUAUUG CAUUUGGGUG CAGAUGUGGG
GGUCGGGCAA ACGGAGUAAA CAAUACAGUC UGCAUUCUCC AAAAAAAAAA
AA

SEQ ID NO:317 - MOUSE 4-HYDROXYPHENYLPYRUVIC ACID DIOXYGENASE
(HPD) (3’ UTR)

GCCCCCAUCCACACAUGG ACCACGCAAA GUGCUGGACA CAUCAGUCAU
CUCCAACUGG CUGAAAGGCU GAACCUCAGG GCUCCACCCA CGUCAUGGCC
ACGCCCCCUC UAUUACAAGA GUCCGCCUUG CCUGAGUCCU CCCUGCUGAG

295



WO 2023/010128 PCT/US2022/074337

UAAAGCUACC CUCCCAGGUC CAAAAAAAAA AAAAAAAAAA AAAAAAAAAA
AAAAAAAAAA AAAAAAAA

SEQ ID NO:318 — LINKER
GGGS
SEQ ID NO:319 - LINKER
GPGP

SEQ ID NO:320 - LINKER
GGGSGGGS
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SEQ ID NO Description!

SEQ ID NO:1 mARM3325 (South Africa B.1.351; aka ARCT-165)

SEQ ID NO:2 mARM3280 (D614G; aka ARCT-154)

SEQ ID NO:3 mARM3333 (UK B.1.1.7)

SEQ ID NO:4 mARM3346 (Brazil P.1)

SEQ ID NO:5 5 UTR (of SEQ ID NOs:1-4)

SEQ ID NO:6 nsP1-nsP4 (of SEQ ID NOs:1-4)

SEQ ID NO:7 Intergenic region (of SEQ ID NOs:1-4)

SEQ ID NO:8 37 UTR (of SEQ ID NOs1-4), with poly-A

SEQ ID NO:9 3’ UTR (of SEQ ID NOs:1-4), without poly-A

SEQ ID NO:10 Transgene (nucleic acid sequence; mARM3325/SEQ
ID NO:1)

SEQ ID NO:11 Transgene (nucleic acid sequence; mARM3280/SEQ
ID NO:2)

SEQ ID NO:12 Transgene (nucleic acid sequence; mARM3333/SEQ
ID NO:3)

SEQ ID NO:13 Transgene (nucleic acid sequence; mARM3346/SEQ
ID NO:4)

SEQ ID NO:14 Transgene (amino acid sequence; mARM3325/SEQ
ID NO:1)

SEQ ID NO:15 Transgene (amino acid sequence; mARM3280/SEQ
ID NO:2)

SEQ ID NO:16 Transgene (amino acid sequence; mARM3333/SEQ
ID NO:3)

SEQ ID NO:17 Transgene (mARM3346/amino acid sequence; SEQ
ID NO:4)

SEQ ID NO:18 mARM3015 (Wuhan; aka ARCT-021)

SEQ ID NO:19 5> UTR (of mARM3015/SEQ ID NO:18)

SEQ ID NO:20 nsP1-4 (of mARM3015/SEQ ID NO:18)

SEQ ID NO:21 Intergenic region (of SEQ ID NO:18)

SEQ ID NO:22 3 UTR (of mARM3015/SEQ NO:18), with poly-A

SEQ ID NO:23 3’ UTR (of mARM3015/SEQ NO:18), without poly-A
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SEQ ID NO:24 Transgene (nucleic acid sequence; mARM3015/SEQ
ID NO:18; codon-optimized)

SEQ ID NO:25 Transgene (nucleic acid sequence; mARM3015/SEQ
ID NO:18; not codon-optimized)

SEQ ID NO:26 Transgene (amino acid sequence; mARM3015/SEQ
ID NO:18)

SEQ ID NO:27 Replicon sequence comprising SEQ ID NO:19, SEQ
ID NO:20, SEQ ID NO:21, and SEQ ID NO:22 (with
poly-A)

SEQ ID NO:28 Replicon sequence comprising SEQ ID NO:19, SEQ
ID NO:20, SEQ ID NO:21, and SEQ ID NO:23
(without poly-A)

SEQ ID NO:29 mARM3326 (mRNA, South Africa B.1.351)

SEQ ID NO:30 Transgene (nucleic acid sequence; mARM3326/SEQ
ID NO:29)

SEQ ID NO:31 Transgene (amino acid sequence; mARM3326/SEQ
ID NO:29)

SEQ ID NO:32 mARM3290 (mRNA, D614G; aka ARCT-143)

SEQ ID NO:33 Transgene (nucleic acid sequence; mARM3290/SEQ
ID NO:32)

SEQ ID NO:34 Transgene (amino acid sequence; mARM3290/SEQ
ID NO:32)

SEQ ID NO:35 5’ UTR (TEV)

SEQ ID NO:36 3’ UTR (Xbg), with poly-A

SEQ ID NO:37 3’ UTR (Xbg), without poly-A

SEQ ID NO:38 57 UTR (alternative VEEV-derived sequence)

SEQ ID NO:39 5° UTR (alternative VEEV-derived sequence)

SEQ ID NO:40 mARM3124 (self-replicating RNA HA
(A/California/07/2009))

SEQ ID NO:41 5> UTR (of mARM3124/SEQ ID NO:40)

SEQ ID NO:42 nsP1-nsP4 (of mARM3124/SEQ ID NO:40)

SEQ ID NO:43 Intergenic region (of mARM3124/SEQ ID NO:40)

SEQ ID NO:44 3> UTR (of mARM3124/SEQ ID NO:40), with poly-A
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SEQ ID NO:45 3’ UTR (of mARM3124/SEQ ID NO:40), without
poly-A

SEQ ID NO:46 Transgene (nucleic acid sequence; mARM3124/SEQ
ID NO:40)

SEQ ID NO:47 Transgene (amino acid acid sequence;
mARM3124/SEQ ID NO:40)

SEQ ID NO:48 mARM3038 (mRNA HA (A/California/07/2009))

SEQ ID NO:49 57 UTR (of mARM3038/SEQ ID NO:48)

SEQ ID NO:50 3" UTR (of mARM3038/SEQ ID NO:48), with poly A

SEQ ID NO:51 3’ UTR (of mARM3038/SEQ ID NO:48), without
poly A

SEQ ID NO:52 Transgene (nucleic acid sequence; mARM3038/SEQ
ID NO:48)

SEQ ID NO:53 Transgene (amino acid acid sequence;
mARM3038/SEQ ID NO:48)

SEQ ID NO:54 mmu-miR-451a (muscle)

SEQ ID NO:55 mmu-miR-191-5p (muscle)

SEQ ID NO:56 mmu-miR-181a-5p (muscle)

SEQ ID NO:57 mmu-miR-99b-5p (muscle)

SEQ ID NO:58 mmu-miR-10a-5p (muscle)

SEQ ID NO:59 mmu-miR-10b-5p (muscle)

SEQ ID NO:60 mmu-miR-193b-3p (muscle)

SEQ ID NO:61 mmu-miR-22-3p (muscle)

SEQ ID NO:62 mmu-miR-126a-5 (muscle)p

SEQ ID NO:63 mmu-miR-92a-3p (muscle)

SEQ ID NO:64 mmu-miR-125a-5p (muscle)

SEQ ID NO:65 mmu-miR-378a-3p (muscle)

SEQ ID NO:66 mmu-miR-143-3p (muscle)

SEQ ID NO:67 mmu-let-7a-5p (muscle)

SEQ ID NO:68 mmu-let-7b-5p (muscle)

SEQ ID NO:69 mmu-let-7¢-5p (muscle)

SEQ ID NO:70 mmu-let-7f-5p (muscle)

SEQ ID NO:71 mmu-miR-126b-3p (muscle)
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SEQ ID NO:72 mmu-miR-423-3p (muscle)
SEQ ID NO:73 mmu-miR-30a-5p (muscle)
SEQ ID NO:74 mmu-miR-30d-5p (muscle)
SEQ ID NO:75 mmu-miR-30e-5p (muscle)
SEQ ID NO:76 mmu-miR-26a-5p (muscle)
SEQ ID NO:77 mmu-miR-27b-3p (muscle)
SEQ ID NO:78 mmu-miR-133a-3p.1 (muscle)
SEQ ID NO:79 mmu-miR-133a-3p.2 (muscle)
SEQ ID NO:80 hsa-miR-486-5p (muscle)
SEQ ID NO:81 hsa-miR-486-3p (muscle)
SEQ ID NO:82 hsa-miR-451a (muscle)

SEQ ID NO:83 hsa-miR-423-3p (muscle)
SEQ ID NO:84 hsa-miR-378a-3p (muscle)
SEQ ID NO:85 hsa-miR-193b-3p (muscle)
SEQ ID NO:86 hsa-miR-191-5p (muscle)
SEQ ID NO:87 hsa-miR-181a-5p (muscle)
SEQ ID NO:88 hsa-miR-143-3p (muscle)
SEQ ID NO:89 hsa-miR-133a-3p.2 (muscle)
SEQ ID NO:90 hsa-miR-133a-3p.1 (muscle)
SEQ ID NO:91 hsa-miR-125a-5p (muscle)
SEQ ID NO:92 hsa-miR-101-3p.2 (muscle)
SEQ ID NO:93 hsa-miR-101-3p.1 (muscle)
SEQ ID NO:%4 hsa-miR-99b-5p (muscle)
SEQ ID NO:95 hsa-miR-30a-5p (muscle)
SEQ ID NO:96 hsa-miR-30d-5p (muscle)
SEQ ID NO:97 hsa-miR-30e-5p (muscle)
SEQ ID NO:98 hsa-miR-27b-3p (muscle)
SEQ ID NO:99 hsa-miR-26a-5p (muscle)
SEQ ID NO:100 hsa-miR-92a-3p (muscle)
SEQ ID NO:101 hsa-miR-22-3p (muscle)
SEQ ID NO:102 hsa-miR-10a-5p (muscle)
SEQ ID NO:103 hsa-miR-10b-5p (muscle)
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SEQ ID NO:104 hsa-let-7a-5p (muscle)

SEQ ID NO:105 hsa-let-7b-5p (muscle)

SEQ ID NO:106 hsa-let-7¢c-5p (muscle)

SEQ ID NO:107 hsa-let-7f-5p (muscle)

SEQ ID NO:108 mmu-miR-191-5p (dendritic cells)
SEQ ID NO:109 mmu-miR-181a-5p (dendritic cells)
SEQ ID NO:110 mmu-miR-181b-5p (dendritic cells)
SEQ ID NO:111 mmu-miR-99b-5p (dendritic cells)
SEQ ID NO:112 mmu-miR-10a-5p (dendritic cells)
SEQ ID NO:113 mmu-miR-29a-3p (dendritic cells)
SEQ ID NO:114 mmu-miR-16-5p (dendritic cells)
SEQ ID NO:115 mmu-miR-22-3p (dendritic cells)
SEQ ID NO:116 mmu-miR-21a-5p (dendritic cells)
SEQ ID NO:117 mmu-miR-142a-5p (dendritic cells)
SEQ ID NO:118 mmu-miR-25-3p (dendritic cells)
SEQ ID NO:119 mmu-miR-92a-3p (dendritic cells)
SEQ ID NO:120 mmu-miR-148a-3p (dendritic cells)
SEQ ID NO:121 mmu-miR-378a-3p (dendritic cells)
SEQ ID NO:122 mmu-miR-146b-5p (dendritic cells)
SEQ ID NO:123 mmu-miR-27b-5p (dendritic cells)
SEQ ID NO:124 mmu-let-7a-5p (dendritic cells)
SEQ ID NO:125 mmu-let-7f-5p (dendritic cells)
SEQ ID NO:126 mmu-let-7g-5p (dendritic cells)
SEQ ID NO:127 mmu-let-7i-5p (dendritic cells)
SEQ ID NO:128 mmu-miR-103-3p (dendritic cells)
SEQ ID NO:129 mmu-miR-221-3p (dendritic cells)
SEQ ID NO:130 mmu-miR-222-3p (dendritic cells)
SEQ ID NO:131 mmu-miR-24-3p (dendritic cells)
SEQ ID NO:132 mmu-miR-27a-5p (dendritic cells)
SEQ ID NO:133 mmu-miR-30d-5p (dendritic cells)
SEQ ID NO:134 mmu-miR-223-3p (dendritic cells)
SEQ ID NO:135 mmu-miR-223-5p (dendritic cells)
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SEQ ID NO:136 mmu-miR-155-5p (dendritic cells)
SEQ ID NO:137 mmu-miR-26a-5p(dendritic cells)
SEQ ID NO:138 mmu-miR-26b-5p (dendritic cells)
SEQ ID NO:139 mmu-miR-27a-3p (dendritic cells)
SEQ ID NO:140 mmu-miR-27b-3p (dendritic cells)
SEQ ID NO:141 hsa-miR-423-5p (dendritic cells)
SEQ ID NO:142 hsa-miR-423-3p (dendritic cells)
SEQ ID NO:143 hsa-miR-378a-3p (dendritic cells)
SEQ ID NO:144 hsa-miR-342-3p (dendritic cells)
SEQ ID NO:145 hsa-miR-223-5p (dendritic cells)
SEQ ID NO:146 hsa-miR-223-3p (dendritic cells)
SEQ ID NO:147 hsa-miR-191-5p (dendritic cells)
SEQ ID NO:148 hsa-miR-186-5p (dendritic cells)
SEQ ID NO:149 hsa-miR-181a-5p (dendritic cells)
SEQ ID NO:150 hsa-miR-146b-5p (dendritic cells)
SEQ ID NO:151 hsa-miR-142-5p (dendritic cells)
SEQ ID NO:152 hsa-miR-142-3p.2 (dendritic cells)
SEQ ID NO:153 hsa-miR-142-3p.1 (dendritic cells)
SEQ ID NO:154 hsa-miR-140-3p.2 (dendritic cells)
SEQ ID NO:155 hsa-miR-140-3p.1 (dendritic cells)
SEQ ID NO:156 hsa-miR-103a-3p (dendritic cells)
SEQ ID NO:157 hsa-miR-107 (dendritic cells)

SEQ ID NO:158 hsa-miR-30a-5p (dendritic cells)
SEQ ID NO:159 hsa-miR-30c-5p (dendritic cells)
SEQ ID NO:160 hsa-miR-30d-5p (dendritic cells)
SEQ ID NO:161 hsa-miR-30e-5p (dendritic cells)
SEQ ID NO:162 hsa-miR-28-3p (dendritic cells)
SEQ ID NO:163 hsa-miR-27b-5p (dendritic cells)
SEQ ID NO:164 hsa-miR-27a-5p (dendritic cells)
SEQ ID NO:165 hsa-miR-27a-3p (dendritic cells)
SEQ ID NO:166 hsa-miR-27b-3p (dendritic cells)
SEQ ID NO:167 hsa-miR-26a-5p (dendritic cells)
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SEQ ID NO:168 hsa-miR-26b-5p (dendritic cells)

SEQ ID NO:169 hsa-miR-25-3p (dendritic cells)

SEQ ID NO:170 hsa-miR-92a-3p (dendritic cells)

SEQ ID NO:171 hsa-miR-24-3p(dendritic cells)

SEQ ID NO:172 hsa-miR-22-3p (dendritic cells)

SEQ ID NO:173 hsa-miR-21-5p (dendritic cells)

SEQ ID NO:174 hsa-miR-21-3p (dendritic cells)

SEQ ID NO:175 hsa-miR-16-5p (dendritic cells)

SEQ ID NO:176 hsa-let-7a-5p (dendritic cells)

SEQ ID NO:177 hsa-let-7b-5p (dendritic cells)

SEQ ID NO:178 hsa-let-7c-5p (dendritic cells)

SEQ ID NO:179 hsa-let-7d-5p (dendritic cells)

SEQ ID NO:180 hsa-let-7e-5p (dendritic cells)

SEQ ID NO:181 hsa-let-7f-5p (dendritic cells)

SEQ ID NO:182 hsa-let-7g-5p (dendritic cells)

SEQ ID NO:183 hsa-let-7i-5p (dendritic cells)

SEQ ID NO:184 hsa-miR-98-5p (dendritic cells)

SEQ ID NO:185 Codon optimized region of nsP1-4 (nucleotide 463 to
nucleotide 7455)

SEQ ID NO:186 Self-replicating RNA with codon-optimized nsP1-4
and Luciferase Transgene

SEQ ID NO:187 nsP1-4 amino acid sequence (encoded by SEQ ID
NO:6 and SEQ ID NO:42)

SEQ ID NO:188 nsP1-4 amino acid sequence (encoded by SEQ ID
NO:20)

SEQ ID NO:189 TEV (5’ UTR)

SEQ ID NO:190 AT1G58420 (5° UTR)

SEQ ID NO:191 ARC5-2 (5° UTR)

SEQ ID NO:192 HCV (5’ UTR)

SEQ ID NO:193 HUMAN ALBUMIN (5” UTR)

SEQ ID NO:1%4 EMCYV (5’ UTR)

SEQ ID NO:195 AT1G67090 (5" UTR)

SEQ ID NO:196 AT1G35720 (5 UTR)

SEQ ID NO:197 AT5G45900 (5° UTR)

SEQ ID NO:198 AT5G61250 (5° UTR)
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SEQ ID NO:199 AT5G46430 (5 UTR)

SEQ ID NO:200 AT5G47110 (5 UTR)

SEQ ID NO:201 AT1GO03110 (5 UTR)

SEQ ID NO:202 AT3G12380 (5 UTR)

SEQ ID NO:203 AT5G45910 (5° UTR)

SEQ ID NO:204 AT1G07260 (5 UTR)

SEQ ID NO:205 AT3GS55500 (5 UTR)

SEQ ID NO:206 AT3G46230 (5° UTR)

SEQ ID NO:207 AT2G36170 (5 UTR)

SEQ ID NO:208 AT1G10660 (5 UTR)

SEQ ID NO:209 AT4G14340 (5° UTR)

SEQ ID NO:210 AT1G49310 (5 UTR)

SEQ ID NO:211 AT4G14360 (5 UTR)

SEQ ID NO:212 AT1G28520 (5 UTR)

SEQ ID NO:213 AT1G20160 (5* UTR)

SEQ ID NO:214 AT5G37370 (5 UTR)

SEQ ID NO:215 AT4G11320 (5 UTR)

SEQ ID NO:216 AT5G40850 (5 UTR)

SEQ ID NO:217 AT1G06150 (5 UTR)

SEQ ID NO:218 AT2G26080 (5 UTR)

SEQ ID NO:219 XBG (3’UTR)

SEQ ID NO:220 HUMAN HAPTOGLOBIN (3°’UTR)
SEQ ID NO:221 HUMAN APOLIPOPROTEIN E (3°’UTR)
SEQ ID NO:222 HCV (3°UTR)

SEQ ID NO:223 MOUSE ALBUMIN (3°’UTR)
SEQ ID NO:224 HUMAN ALPHA GLOBIN (3°UTR)
SEQ ID NO:225 EMCV (3°UTR)

SEQ ID NO:226 HSP70-P2 (5° UTR Enhancer)
SEQ ID NO:227 HSP70-M1 (5° UTR Enhancer)
SEQ ID NO:228 HSP72-M2 (5’ UTR Enhancer)
SEQ ID NO:229 HSP17.9 (5 UTR Enhancer)
SEQ ID NO:230 HSP70-P1 (5° UTR Enhancer)
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SEQ ID NO:231

Kozak Sequence

SEQ ID NO:232 Kozak Sequence (Partial)

SEQ ID NO:233 SYNECHOCYSTIS sp. PCC6803 POTASSIUM
CHANNEL (SynK) (5 UTR)

SEQ ID NO:234 SYNTHETIC SEQUENCE (5° UTR)

SEQ ID NO:235 MOUSE BETA GLOBIN (5* UTR)

SEQ ID NO:236 HUMAN BETA GLOBIN (5 UTR)

SEQ ID NO:237 MOUSE ALBUMIN (5” UTR)

SEQ ID NO:238 HUMAN ALPHA GLOBIN (5* UTR)

SEQ ID NO:239 HUMAN HAPTOGLOBIN (5’ UTR)

SEQ ID NO:240 HUMAN TRANSTHYRETIN (5° UTR)

SEQ ID NO:241 HUMAN COMPLEMENT C3 (5 UTR)

SEQ ID NO:242 HUMAN COMPLEMENT C5 (5 UTR)

SEQ ID NO:243 HUMAN ALPHA-1-ANTITRYPSIN (5° UTR)

SEQ ID NO:244 HUMAN ALPHA-1-ANTICHYMOTRYPSIN (5

SEQ ID NO:245 gallaAN INTERLEUKIN 6 (5* UTR)

SEQ ID NO:246 HUMAN FIBRINOGEN ALPHA CHAIN (5 UTR)

SEQ ID NO:247 HUMAN APOLIPOPROTEINE (5” UTR)

SEQ ID NO:248 ALANINE AMINOTRANSFERASE 1 (5° UTR)

SEQ ID NO:249 HHV (5’ UTR)

SEQ ID NO:250 ARCS5-1 (5 UTR)

SEQ ID NO:251 ARCS5-2 (5 UTR)

SEQ ID NO:252 MOUSE GROWTH HORMONE (5” UTR)

SEQ ID NO:253 MOUSE HEMOGLOBIN ALPHA (5’ UTR)

SEQ ID NO:254 MOUSE HAPTOGLOBIN (5* UTR)

SEQ ID NO:255 MOUSE TRANSTHYRETIN (5° UTR)

SEQ ID NO:256 MOUSE ANTITHROMBIN (5° UTR)

SEQ ID NO:257 MOUSE COMPLEMENT C3 (5’ UTR)

SEQ ID NO:258 MOUSE COMPLEMENT C5 (5’ UTR)

SEQ ID NO:259 MOUSE HEPCIDIN (5” UTR)

SEQ ID NO:260 MOUSE ALPHA-1-ANTITRYPSIN (5° UTR)

SEQ ID NO:261 MOUSE FIBRINOGEN ALPHA CHAIN (5 UTR)

SEQ ID NO:262 APOLIPOPROTEIN E (5 UTR)
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SEQ ID NO:263

ALANINE AMINOTRANSFERASE (5’ UTR)

SEQ ID NO:264 CYTOCHROME P450, FAMILY 1(CYP1A2) (5’
UTR)

SEQ ID NO:265 PLASMINOGEN (5’ UTR)

SEQ ID NO:266 MOUSE MAJOR URINARY PROTEIN 3 (MUP3)
(5’ UTR)

SEQ ID NO:267 MOUSE FVII (5" UTR)

SEQ ID NO:268 HNF-1ALPHA (5’ UTR)

SEQ ID NO:269 MOUSE ALPHA-FETOPROTEIN (5° UTR)

SEQ ID NO:270 MOUSE FIBRONECTIN (5° UTR)

SEQ ID NO:271 MOUSE RETINOL BINDING PROTEIN 4,
PLASMA (RBP4) (5’ UTR)

SEQ ID NO:272 MOUSE PHOSPHOLIPID TRANSFER PROTEIN
(PLTP) (5’ UTR)

SEQ ID NO:273 MOUSE ALANINE-GLYOXYLATE
AMINOTRANSFERASE (AGXT) (5’ UTR)

SEQ ID NO:274 ALDEHYDE DEHYDROGENASE 1 FAMILY,
MEMBER L1 (ALDHIL1) (5 UTR)

SEQ ID NO:275 FUMARYLACETOACETATE HYDROLASE
(FAH) (5° UTR)

SEQ ID NO:276 FRUCTOSE BISPHOSPHATASE 1 (FBP1) (5° UTR)

SEQ ID NO:277 MOUSE GLYCINE N-METHYLTRANSFERASE
(GNMT) (5’ UTR)

SEQ ID NO:278 MOUSE 4-HYDROXYPHENYLPYRUVIC ACID
DIOXYGENASE (HPD) (5° UTR)

SEQ ID NO:279 HUMAN ANTITHROMBIN (5’ UTR)

SEQ ID NO:280 MOUSE BETA GLOBIN (3’ UTR)

SEQ ID NO:281 HUMAN BETA GLOBIN (3’ UTR)

SEQ ID NO:282 HUMAN GROWTH FACTOR (3’ UTR)

SEQ ID NO:283 HUMAN ANTITHROMBIN (3’ UTR)

SEQ ID NO:284 HUMAN COMPLEMENT C3 (3’ UTR)

SEQ ID NO:285 HUMAN HEPCIDIN (3’ UTR)

SEQ ID NO:286 HUMAN FIBRINOGEN ALPHA CHAIN (3’ UTR)

SEQ ID NO:287 ALANINE AMINOTRANSFERASE 1 (3’ UTR)

SEQ ID NO:288 MALAT (3’ UTR)

SEQ ID NO:289 ARC3-1 (3° UTR)

SEQ ID NO:290 ARC3-2 (3° UTR)

SEQ ID NO:291 MOUSE GROWTH HORMONE (3’ UTR)
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SEQ ID NO:292 MOUSE HEMOGLOBIN ALPHA (3’ UTR)

SEQ ID NO:293 MOUSE HAPTOGLOBIN (3’ UTR)

SEQ ID NO:294 MOUSE TRANSTHYRETIN (3° UTR)

SEQ ID NO:295 MOUSE ANTITHROMBIN (3’ UTR)

SEQ ID NO:296 MOUSE COMPLEMENT C3 (3’ UTR)

SEQ ID NO:297 MOUSE COMPLEMENT C5 (3’ UTR)

SEQ ID NO:298 MOUSE HEPCIDIN (3° UTR)

SEQ ID NO:299 MOUSE ALPHA-1-ANTITRYPSIN (3’ UTR)

SEQ ID NO:300 MOUSE FIBRINOGEN ALPHA CHAIN (3’ UTR)

SEQ ID NO:301 APOLIPOPROTEIN E (3’ UTR)

SEQ ID NO:302 ALANINE AMINOTRANSFERASE (3’ UTR)

SEQ ID NO:303 CYTOCHROME P450, FAMILY 1(CYPIA2) (3’
UTR)

SEQ ID NO:304 PLASMINOGEN (3’ UTR)

SEQ ID NO:305 MOUSE MAJOR URINARY PROTEIN 3 (MUP3)
(3’ UTR)

SEQ ID NO:306 MOUSE FVII (3’ UTR)

SEQ ID NO:307 HNF-1ALPHA (3’ UTR)

SEQ ID NO:308 MOUSE ALPHA-FETOPROTEIN (3’ UTR)

SEQ ID NO:309 MOUSE FIBRONECTIN (3’ UTR)

SEQ ID NO:310 MOUSE RETINOL BINDING PROTEIN 4,
PLASMA (RBP4) (3’ UTR)

SEQ ID NO:311 MOUSE PHOSPHOLIPID TRANSFER PROTEIN
(PLTP) (3’ UTR)

SEQ ID NO:312 MOUSE ALANINE-GLYOXYLATE
AMINOTRANSFERASE (AGXT) (3’ UTR)

SEQ ID NO:313 ALDEHYDE DEHYDROGENASE 1 FAMILY,

MEMBER L1 (ALDHIL1) (3° UTR)

SEQ ID NO:314

FUMARYLACETOACETATE HYDROLASE
(FAH) (3’ UTR)

SEQ ID NO:315 FRUCTOSE BISPHOSPHATASE 1 (FBP1) (3° UTR)

SEQ ID NO:316 MOUSE GLYCINE N-METHYLTRANSFERASE
(GNMT) (3° UTR)

SEQ ID NO:317 MOUSE 4-HYDROXYPHENYLPYRUVIC ACID
DIOXYGENASE (HPD) (3° UTR)

SEQ ID NO:318 Linker (Amino acid)

SEQ ID NO:319 Linker (Amino acid)

SEQ ID NO:320 Linker (Amino acid)
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'hsa — homo sapiens; mmu — mus musulus; descriptions of constructs sequences occur in are provided
as non-limiting examples

[00427] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as is commonly understood by one of skill in the art to which this invention
belongs.

[00428] Any and all references and citations to other documents, such as patents, patent
applications, patent publications, journals, books, papers, web contents, that have been made
throughout this disclosure are hereby incorporated herein in their entirety for all purposes.
[00429]  Although the invention has been described with reference to the above examples, it
will be understood that modifications and variations are encompassed within the spirit and

scope of the invention. Accordingly, the invention is limited only by the following claims.
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CLAIMS

What is claimed is:

1.

An RNA molecule comprising:
(a) a first polynucleotide encoding one or more viral replication proteins,
wherein one or more miRNA binding sites in the first polynucleotide have been
modified as compared to a reference polynucleotide; and
(b) a second polynucleotide comprising a first transgene encoding a first antigenic
protein or a fragment thereof.
The RNA molecule of claim 1, wherein modification of the one or more miRNA
binding sites reduces or eliminates miRNA binding.
The RNA molecule of claim 1 or claim 2, wherein two, three, four, five, six, seven,
eight, nine, ten, 11, 12, 13, 14, or 15 miRNA binding sites in the first polynucleotide
have been modified.
The RNA molecule of any one of claims 1-3, wherein the one or more miRNA
binding sites are selected from regions that bind a miRNA having a sequence of SEQ
ID NOs:58, 59, 72, 80, 81, 83, 101, 102, 103, 112, 113, 114, 128, 131, 142, 156, 157,
171, 175, and any combination thereof.
The RNA molecule of any one of claims 1-4, wherein the one or more viral
replication proteins are alphavirus proteins or rubivirus proteins.
The RNA molecule of claim 5, wherein the alphavirus proteins are from Venezuelan
Equine Encephalitis Virus (VEEV), Eastern Equine Encephalitis Virus (EEEV),
Everglades Virus (EVEV), Mucambo Virus (MUCYV), Semliki Forest Virus (SFV),
Pixuna Virus (PIXV), Middleburg Virus (MIDV), Chikungunya Virus (CHIKYV),
O'Nyong-Nyong Virus (ONNYV), Ross River Virus (RRV), Barmah Forest Virus
(BFV), Getah Virus (GETV), Sagiyama Virus (SAGV), Bebaru Virus (BEBV),
Mayaro Virus (MAYYV), Una Virus (UNAYV), Sindbis Virus (SINV), Aura Virus
(AURAY), Whataroa Virus (WHAYV), Babanki Virus (BABV), Kyzylagach Virus
(KYZV), Western Equine Encephalitis Virus (WEEV), Highland J Virus (HJV), Fort
Morgan Virus (FMV), Ndumu Virus (NDUYV), Salmonid Alphavirus (SAV), Buggy
Creek Virus (BCRV), or any combination thereof.
The RNA molecule of any one of claims 1-6, wherein the first polynucleotide encodes
a polyprotein comprising an alphavirus nsP1 protein, an alphavirus nsP2 protein, an

alphavirus nsP3 protein, an alphavirus nsP4 protein, or any combination thereof.
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10.

11

12.

13.

14.

15.

The RNA molecule of any one of claims 1-7, wherein the first polynucleotide encodes
a polyprotein comprising an alphavirus nsP1 protein, an alphavirus nsP2 protein, an
alphavirus nsP3 protein, or any combination thereof, and an alphavirus nsP4 protein.
The RNA molecule of claim 1, wherein the first polynucleotide comprises a sequence
having at least 80% identity to a sequence of SEQ ID NO:6.

The RNA molecule of claim 9, wherein the first polynucleotide comprises a sequence
having at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 97.5%, at least 98%, at least
98.5%, at least 99%, at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%, at
least 99.9%, or 100% identity to a sequence of SEQ ID NO:6.

. The RNA molecule of any one of claims 1-7 or 9-10, wherein the first polynucleotide

encodes a polyprotein comprising a sequence having at least 80%, at least 85%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 97.5%, at least 98%, at least 98.5%, at least 99%, at least
99.5%, at least 99.6%, at least 99.7%, at least 99.8%, at least 99.9%, or 100% identity
to a sequence of SEQ ID NO:187.

The RNA molecule of any one of claims 1-11, further comprising a 5’ untranslated
region (UTR).

The RNA molecule of claim 12, wherein the 5° UTR comprises a viral 5° UTR, a non-
viral 5° UTR, or a combination of viral and non-viral 5> UTR sequences.

The RNA molecule of claim 13, wherein the 5 UTR comprises an alphavirus 5’
UTR.

The RNA molecule of claim 14, wherein the alphavirus 5> UTR comprises a
Venezuelan Equine Encephalitis Virus (VEEV), Eastern Equine Encephalitis Virus
(EEEV), Everglades Virus (EVEV), Mucambo Virus (MUCYV), Semliki Forest Virus
(SFV), Pixuna Virus (PIXV), Middleburg Virus (MIDV), Chikungunya Virus
(CHIKYV), O'Nyong-Nyong Virus (ONNYV), Ross River Virus (RRV), Barmah Forest
Virus (BFV), Getah Virus (GETV), Sagiyama Virus (SAGV), Bebaru Virus (BEBV),
Mayaro Virus (MAYYV), Una Virus (UNAYV), Sindbis Virus (SINV), Aura Virus
(AURAY), Whataroa Virus (WHAYV), Babanki Virus (BABV), Kyzylagach Virus
(KYZV), Western Equine Encephalitis Virus (WEEV), Highland J Virus (HJV), Fort
Morgan Virus (FMV), Ndumu Virus (NDUYV), Salmonid Alphavirus (SAV), or
Buggy Creek Virus (BCRV) 5’ UTR sequence.
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16.

17.

18.

19.

20.

21.

22.

23.

24.

The RNA molecule of claim 12, wherein the 5 UTR comprises a sequence of SEQ ID
NO:s.

The RNA molecule of any one of claims 1-16, further comprising a 3’ untranslated
region (UTR).

The RNA molecule of claim 17, wherein the 3° UTR comprises a viral 3° UTR, a non-
viral 3’ UTR, or a combination of viral and non-viral 3’ UTR sequences.

The RNA molecule of claim 18, wherein the 3° UTR comprises an alphavirus 3’
UTR.

The RNA molecule of claim 19, wherein the alphavirus 3 UTR comprises a
Venezuelan Equine Encephalitis Virus (VEEV), Eastern Equine Encephalitis Virus
(EEEV), Everglades Virus (EVEV), Mucambo Virus (MUCYV), Semliki Forest Virus
(SFV), Pixuna Virus (PIXV), Middleburg Virus MIDV), Chikungunya Virus
(CHIKYV), O'Nyong-Nyong Virus (ONNV), Ross River Virus (RRV), Barmah Forest
Virus (BFV), Getah Virus (GETV), Sagiyama Virus (SAGV), Bebaru Virus (BEBV),
Mayaro Virus (MAYYV), Una Virus (UNAYV), Sindbis Virus (SINV), Aura Virus
(AURAYV), Whataroa Virus (WHAYV), Babanki Virus (BABV), Kyzylagach Virus
(KYZV), Western Equine Encephalitis Virus (WEEV), Highland J Virus (HJV), Fort
Morgan Virus (FMV), Ndumu Virus (NDUYV), Salmonid Alphavirus (SAV), or
Buggy Creek Virus (BCRV) 3° UTR sequence.

The RNA molecule of claim 17, wherein the 3> UTR comprises a sequence of SEQ ID
NO:9.

The RNA molecule of any one of claims 17-21, wherein the 3° UTR further
comprises a poly-A sequence.

The RNA molecule of any one of claims 1-22, wherein the first antigenic protein is a
viral protein, a bacterial protein, a fungal protein, a protozoan protein, or a parasite
protein.

The RNA molecule of claim 23, wherein the viral protein is a coronavirus protein, an
orthomyxovirus protein, a paramyxovirus protein, a picornavirus protein, a flavivirus
protein, a filovirus protein, a rhabdovirus protein, a togavirus protein, an arterivirus
protein, a bunyavirus protein, an arenavirus protein, a reovirus protein, a bornavirus
protein, a retrovirus protein, an adenovirus protein, a herpesvirus protein, a
polyomavirus protein, a papillomavirus protein, a poxvirus protein, or a hepadnavirus

protein.
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25.

26.

27.

28.

29.

30.

31

32.

33

The RNA molecule of claim 23, wherein the first antigenic protein is a SARS-CoV-2
protein, an influenza virus protein, a respiratory syncytial virus (RSV) protein, a
human immunodeficiency virus (HIV) protein, a hepatitis C virus (HCV) protein, a
cytomegalovirus (CMV) protein, a Lassa Fever Virus (LFV) protein, an Ebola Virus
(EBOV) protein, a Mycobacterium protein, a Bacillus protein, a Yersinia protein, a
Streptococcus protein, a Pseudomonas protein, a Shigella protein, a Campylobacter
protein, a Salmonella protein, a Plasmodium protein, or a Toxoplasma protein.

The RNA molecule of any one of claims 1-25, wherein the first antigenic protein is a
SARS-CoV-2 spike glycoprotein.

The RNA molecule of claim 26, wherein the SARS-CoV-2 spike glycoprotein
comprises an amino acid sequence having at least 85%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
97.5%, at least 98%, at least 98.5%, at least 99%, at least 99.5%, at least 99.6%, at
least 99.7%, at least 99.8%, at least 99.9%, or 100% identity to a sequence of SEQ ID
NO:14, SEQ ID NO:15, SEQ ID NO:16, or SEQ ID NO:17.

The RNA molecule of any one of claims 1-27, wherein the second polynucleotide
comprises a sequence having at least 85%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 97.5%, at
least 98%, at least 98.5%, at least 99%, at least 99.5%, at least 99.6%, at least 99.7%,
at least 99.8%, at least 99.9%, or 100% identity to a sequence of SEQ ID NO:10, SEQ
ID NO:11, SEQ ID NO:12, or SEQ ID NO:13.

The RNA molecule of any one of claims 1-28, wherein the first transgene is expressed
from a first subgenomic promoter.

The RNA molecule of any one of claims 1-29, wherein the second polynucleotide

comprises at least two transgenes.

. The RNA molecule of claim 30, wherein a second transgene encodes a second

antigenic protein or a fragment thereof or an immunomodulatory protein.

The RNA molecule of claim 30 or claim 31, wherein the second polynucleotide
further comprises a sequence encoding a 2A peptide, an internal ribosomal entry site
(IRES), a second subgenomic promoter, or a combination thereof, located between

transgenes.

. The RNA molecule of claim 31 or claim 32, wherein the immunomodulatory protein

is a cytokine, a chemokine, or an interleukin.
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42.

43.

44.
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46.

47.

The RNA molecule of any one of claims 31-33, wherein the first and second
transgenes encode viral proteins, bacterial proteins, fungal proteins, protozoan
proteins, parasite proteins, immunomodulatory proteins, or any combination thereof.
The RNA molecule of any one of claims 1-34, wherein the first polynucleotide is
located 5° of the second polynucleotide.
The RNA molecule of claim 35, further comprising an intergenic region located
between the first polynucleotide and the second polynucleotide.
The RNA molecule of claim 36, wherein the intergenic region comprises a sequence
having at least 85% identity to a sequence of SEQ ID NO:7.
The RNA molecule of any of claims 1-37, wherein the RNA molecule is a self-
replicating RNA molecule.
The RNA molecule of claim 38, wherein the RNA molecule comprises a sequence
having at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 97.5%, at least
98%, at least 98.5%, at least 99%, at least 99.5%, at least 99.6%, at least 99.7%, at
least 99.8%, at least 99.9%, or 100% identity to a sequence of SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, or SEQ ID NO:4.
The RNA molecule of claim 38 or claim 39, wherein the RNA molecule further
comprises a 5° cap.
The RNA molecule of claim 40, wherein the 5° cap has a Cap 1 structure, a Cap 1
(™ A) structure, a Cap 2 structure, or a Cap 0 structure.
A DNA molecule encoding the RNA molecule of any one of claims 1-39.
The DNA molecule of claim 42, wherein the DNA molecule comprises a promoter.
The DNA molecule of claim 43, wherein the promoter is located 5° of the 5 UTR.
The DNA molecule of claim 44, wherein the promoter is a T7 promoter, a T3
promoter, or an SP6 promoter.
An RNA molecule comprising:

() a first polynucleotide comprising a sequence having at least 80%

identity to a sequence of SEQ ID NO:6; and
(ii)  asecond polynucleotide comprising a first transgene encoding a first
antigenic protein or a fragment thereof.

The RNA molecule of claim 46, wherein the first polynucleotide comprises a
sequence having at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 97.5%, at least 98%, at
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48.

49.

50.

51.

52.

53.

54.

55.

56.

least 98.5%, at least 99%, at least 99.5%, at least 99.6%, at least 99.7%, at least
99.8%, at least 99.9%, or 100% identity to a sequence of SEQ ID NO:6.

The RNA molecule of claim 46 or claim 47, wherein the first polynucleotide encodes
a polyprotein comprising a sequence having at least 80%, at least 85%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 97.5%, at least 98%, at least 98.5%, at least 99%, at least 99.5%, at
least 99.6%, at least 99.7%, at least 99.8%, at least 99.9%, or 100% identity to a
sequence of SEQ ID NO:187.

The RNA molecule of any one of claims 47-48, further comprising a 5’ untranslated
region (UTR).

The RNA molecule of claim 49, wherein the 5° UTR comprises a viral 5° UTR, a non-
viral 5> UTR, or a combination of viral and non-viral 5> UTR sequences.

The RNA molecule of claim 50, wherein the 5 UTR comprises an alphavirus 5’
UTR.

The RNA molecule of claim 51, wherein the alphavirus 5> UTR comprises a
Venezuelan Equine Encephalitis Virus (VEEV), Eastern Equine Encephalitis Virus
(EEEV), Everglades Virus (EVEV), Mucambo Virus (MUCYV), Semliki Forest Virus
(SFV), Pixuna Virus (PIXV), Middleburg Virus (MIDV), Chikungunya Virus
(CHIKYV), O'Nyong-Nyong Virus (ONNYV), Ross River Virus (RRV), Barmah Forest
Virus (BFV), Getah Virus (GETV), Sagiyama Virus (SAGV), Bebaru Virus (BEBV),
Mayaro Virus (MAYYV), Una Virus (UNAYV), Sindbis Virus (SINV), Aura Virus
(AURAY), Whataroa Virus (WHAYV), Babanki Virus (BABV), Kyzylagach Virus
(KYZV), Western Equine Encephalitis Virus (WEEV), Highland J Virus (HJV), Fort
Morgan Virus (FMV), Ndumu Virus (NDUYV), Salmonid Alphavirus (SAV), or
Buggy Creek Virus (BCRV) 5’ UTR sequence.

The RNA molecule of claim 49, wherein the 5 UTR comprises a sequence of SEQ ID
NO:s.

The RNA molecule of any one of claims 46-53, further comprising a 3’ untranslated
region (UTR).

The RNA molecule of claim 54, wherein the 3° UTR comprises a viral 3° UTR, a non-
viral 3> UTR, or a combination of viral and non-viral 3> UTR sequences.

The RNA molecule of claim 55, wherein the 3> UTR comprises an alphavirus 3’

UTR.
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60.

61.

62.

63.

The RNA molecule of claim 56, wherein the alphavirus 3’ UTR comprises a
Venezuelan Equine Encephalitis Virus (VEEV), Eastern Equine Encephalitis Virus
(EEEV), Everglades Virus (EVEV), Mucambo Virus (MUCYV), Semliki Forest Virus
(SFV), Pixuna Virus (PIXV), Middleburg Virus (MIDV), Chikungunya Virus
(CHIKYV), O'Nyong-Nyong Virus (ONNYV), Ross River Virus (RRV), Barmah Forest
Virus (BFV), Getah Virus (GETV), Sagiyama Virus (SAGV), Bebaru Virus (BEBV),
Mayaro Virus (MAYV), Una Virus (UNAYV), Sindbis Virus (SINV), Aura Virus
(AURAY), Whataroa Virus (WHAYV), Babanki Virus (BABV), Kyzylagach Virus
(KYZV), Western Equine Encephalitis Virus (WEEV), Highland J Virus (HJV), Fort
Morgan Virus (FMV), Ndumu Virus (NDUYV), Salmonid Alphavirus (SAV), or
Buggy Creek Virus (BCRV) 3’ UTR sequence.

The RNA molecule of claim 57, wherein the 3° UTR comprises a sequence of SEQ ID
NO:9.

The RNA molecule of any one of claims 54-58, wherein the 3° UTR further
comprises a poly-A sequence.

The RNA molecule of any one of claims 46-59, wherein the first antigenic protein is a
viral protein, a bacterial protein, a fungal protein, a protozoan protein, or a parasite
protein.

The RNA molecule of claim 60, wherein the viral protein is a coronavirus protein, an
orthomyxovirus protein, a paramyxovirus protein, a picornavirus protein, a flavivirus
protein, a filovirus protein, a rhabdovirus protein, a togavirus protein, an arterivirus
protein, a bunyavirus protein, an arenavirus protein, a reovirus protein, a bornavirus
protein, a retrovirus protein, an adenovirus protein, a herpesvirus protein, a
polyomavirus protein, a papillomavirus protein, a poxvirus protein, or a hepadnavirus
protein.

The RNA molecule of claim 60, wherein the first antigenic protein is a SARS-CoV-2
protein, an influenza virus protein, a respiratory syncytial virus (RSV) protein, a
human immunodeficiency virus (HIV) protein, a hepatitis C virus (HCV) protein, a
cytomegalovirus (CMV) protein, a Lassa Fever Virus (LFV) protein, an Ebola Virus
(EBOV) protein, a Mycobacterium protein, a Bacillus protein, a Yersinia protein, a
Streptococcus protein, a Pseudomonas protein, a Shigella protein, a Campylobacter
protein, a Salmonella protein, a Plasmodium protein, or a Toxoplasma protein.

The RNA molecule of any one of claims 46-62, wherein the first antigenic protein is a

SARS-CoV-2 spike glycoprotein.
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The RNA molecule of claim 63, wherein the SARS-CoV-2 spike glycoprotein
comprises an amino acid sequence having at least 85%, at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
97.5%, at least 98%, at least 98.5%, at least 99%, at least 99.5%, at least 99.6%, at
least 99.7%, at least 99.8%, at least 99.9%, or 100% identity to a sequence of SEQ ID
NO:14, SEQ ID NO:15, SEQ ID NO:16, or SEQ ID NO:17.

The RNA molecule of any one of claims 46-64, wherein the second polynucleotide
comprises a sequence having at least 85%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 97.5%, at
least 98%, at least 98.5%, at least 99%, at least 99.5%, at least 99.6%, at least 99.7%,
at least 99.8%, at least 99.9%, or 100% identity to SEQ ID NO:10, SEQ ID NO:11,
SEQ ID NO:12, or SEQ ID NO:13.

The RNA molecule of any one of claims 46-65, wherein the first transgene is
expressed from a first subgenomic promoter.

The RNA molecule of any one of claims 46-66, wherein the second polynucleotide
comprises at least two transgenes.

The RNA molecule of claim 67, wherein a second transgene encodes a second
antigenic protein or a fragment thereof or an immunomodulatory protein.

The RNA molecule of claim 67 or claim 68, wherein the second polynucleotide
further comprises a sequence encoding a 2A peptide, an internal ribosomal entry site
(IRES), a second subgenomic promoter, or a combination thereof, located between
transgenes.

The RNA molecule of claim 68 or claim 69, wherein the immunomodulatory protein
is a cytokine, a chemokine, or an interleukin.

The RNA molecule of any one of claims 68-70, wherein the first and second
transgenes encode viral proteins, bacterial proteins, fungal proteins, protozoan
proteins, parasite proteins, immunomodulatory proteins, or any combination thereof.
The RNA molecule of any one of claims 46-71, wherein the first polynucleotide is
located 5° of the second polynucleotide.

The RNA molecule of claim 72, further comprising an intergenic region located
between the first polynucleotide and the second polynucleotide.

The RNA molecule of claim 73, wherein the intergenic region comprises a sequence

having at least 85% identity to a sequence of SEQ ID NO:7.
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The RNA molecule of any of claims 46-74, wherein the RNA molecule is a self-
replicating RNA molecule.

The RNA molecule of claim 75, wherein the RNA molecule comprises a sequence
having at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 97.5%, at least
98%, at least 98.5%, at least 99%, at least 99.5%, at least 99.6%, at least 99.7%, at
least 99.8%, at least 99.9%, or 100% identity to a sequence of SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, or SEQ ID NO:4.

The RNA molecule of claim 75 or claim 76, wherein the RNA molecule further
comprises a 5’ cap.

The RNA molecule of claim 77, wherein the 5° cap has a Cap 1 structure, a Cap 1

(™ A) structure, a Cap 2 structure, or a Cap 0 structure.

A DNA molecule encoding the RNA molecule of any one of claims 46-76.

The DNA molecule of claim 79, wherein the DNA molecule comprises a promoter.
The DNA molecule of claim 80, wherein the promoter is located 5 of the 5 UTR.
The DNA molecule of claim 81, wherein the promoter is a T7 promoter, a T3
promoter, or an SP6 promoter.

A composition comprising the RNA molecule of any one of claims 1-41 or 46-78 and
a lipid.

The composition of claim 83, wherein the lipid comprises an ionizable cationic lipid.

The composition of claim 84, wherein the ionizable cationic lipid has a structure of
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, or a pharmaceutically acceptable salt

thereof.

86. A composition comprising the RNA molecule of any one of claims 1-41 or 46-78 and
a lipid formulation.

87. The composition of claim 86, wherein the lipid formulation comprises an ionizable
cationic lipid.

88. The composition of claim 87, wherein the ionizable cationic lipid has a structure of
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97.

, or a pharmaceutically acceptable salt
thereof.
The composition of claim 86, wherein the lipid formulation is selected from a
lipoplex, a liposome, a lipid nanoparticle, a polymer-based carrier, an exosome, a
lamellar body, a micelle, and an emulsion.
The composition of claim 88, wherein the lipid formulation is a liposome selected
from a cationic liposome, a nanoliposome, a proteoliposome, a unilamellar liposome,
a multilamellar liposome, a ceramide-containing nanoliposome, and a multivesicular
liposome.
The composition of claim 89, wherein the lipid formulation is a lipid nanoparticle.
The composition of claim 91, wherein the lipid nanoparticle has a size of less than
about 200 nm.
The composition of claim 91, wherein the lipid nanoparticle has a size of less than
about 150 nm.
The composition of claim 91, wherein the lipid nanoparticle has a size of less than
about 100 nm.
The composition of claim 91, wherein the lipid nanoparticle has a size of about 55 nm
to about 90 nm.
The composition of any one of claims 86-95, wherein the lipid formulation comprises
one or more cationic lipids.
The composition of claim 96, wherein the one or more cationic lipids is selected from
S-carboxyspermylglycinedioctadecylamide (DOGS), 2,3-dioleyloxy-N-[2(spermine-
carboxamido)ethyl]-N,N-dimethyl-1-propanaminium (DOSPA), 1,2-Dioleoyl-3-
Dimethylammonium-Propane (DODAP), 1,2-Dioleoyl-3-Trimethylammonium-
Propane (DOTAP), 1,2-distearyloxy-N,N-dimethyl-3-aminopropane (DSDMA), 1,2-
dioleyloxy-N,N-dimethyl-3-aminopropane (DODMA), 1,2-dilinoleyloxy-N,N-
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98.

99.

dimethyl-3-aminopropane (DLinDMA), 1,2-dilinolenyloxy-N,N-dimethyl-3-
aminopropane (DLenDMA), N-dioleyl-N,N-dimethylammonium chloride (DODAC),
N,N-distearyl-N,N-dimethylammonium bromide (DDAB), N-(1,2-dimyristyloxyprop-
3-yl)-N,N-dimethyl-N-hydroxyethyl ammonium bromide (DMRIE), 3-
dimethylamino-2-(cholest-5-en-3-beta-oxybutan-4-oxy)-1-(cis,cis-9,12-oc-
tadecadienoxy)propane (CLinDMA), 2-[5'-(cholest-5-en-3-beta-oxy)-3'-oxapentoxy)-
3-dimethy 1-1-(cis,cis-9',1-2'-octadecadienoxy)propane (CpLinDMA), N, N-dimethyl-
3,4-dioleyloxybenzylamine (DMOBA), 1,2-N,N'-dioleylcarbamyl-3-
dimethylaminopropane (DOcarbDAP), 2,3-Dilinoleoyloxy-N,N-dimethylpropylamine
(DLinDAP), 1,2-N,N'-Dilinoleylcarbamyl-3-dimethylaminopropane (DLincarbDAP),
1,2-Dilinoleoylcarbamyl-3-dimethylaminopropane (DLinCDAP), 2,2-dilinoleyl-4-
dimethylaminomethyl-[1,3]-dioxolane (DLin-K-DMA), and 2,2-dilinoleyl-4-
dimethylaminoethyl-[1,3]-dioxolane or (DLin-K-XTC2-DMA).

The composition of any one of claims 86-95, wherein the lipid formulation comprises
an ionizable cationic lipid.

The composition of claim 98, wherein the ionizable cationic lipid has a structure of

Formula I:
R7
0
R3 L2 )k X’ N
~ ~ ~
~ X6 ~ T L7 ~ R ~ RS
L6
\X5
R )

or a pharmaceutically acceptable salt or solvate thereof, wherein R’ and R® are each
independently selected from the group consisting of a linear or branched C1-Cs; alkyl,
C»-Cs1 alkenyl or C»-Cs; alkynyl and cholesteryl; L° and L° are each independently
selected from the group consisting of a linear C1-Cao alkyl and C2.Ca alkenyl; X’ is -
C(0)0-, whereby -C(0)O-R¢ is formed or -OC(O)- whereby -OC(O)-R° is formed;
X®is -C(0)0O- whereby -C(0)O-R’ is formed or -OC(O)- whereby -OC(0)-R7 is
formed; X"is S or O; L’is absent or lower alkyl; R*is a linear or branched C1-Cs
alkyl; and R” and R® are each independently selected from the group consisting of a

hydrogen and a linear or branched C1.Cs alkyl.

320



WO 2023/010128

100.

from

ATX-001

PCT/US2022/074337

The composition of claim 98, wherein the ionizable cationic lipid is selected

O
,»L__/ T

i e 2 6] s

— o
N <

;=5
—
NS B "

- s
; N

., o
T =) RPN Ay
e
M 5
—_ -5
NN « NPT .

ATX-005

B 6 M 5,

PN« R, / —

ATX-006

O
] T

O
] P

- S -
T e (

0 0
M = M=
. " _ \_R.’
S—— Tr”—'ﬁ{ " e (] n,-_,’_'r — )
0 — N o] N
ATX-007 ATX-008
0 0
- PR N — o PR G T
P () (P o
N0 0
N -4 N4
A - A S
e O N e O N
¢} _

ATX-011

ATX-012

321



WO 2023/010128

PCT/US2022/074337

e e, P N O . e \‘_,,x"x,/\../ﬁ._
T — . 5 =0
0 ' "
8 N N
HIJ, T S ‘_N\ i7) o ~ = - / N
ATX-013 ATX-014
o . R by
P -g)r e S N ._\ J{‘) i o) e \\_‘.‘ o
r'N _\"u N-¢
. - ’ , AR
T e e T T T e - = D, 7 [y
W e R . !
¢ 5] =
ATX-015 ATX-016
0
- ey A TN,
e () —
50
N «
; S-,
PN N Ve —N
ATX-018
[0) 0
TN - I S \
e e e OfL--.,. o \'% P S ¢ M N
N < N
_ s- —/ 5=
P N / -N e e S / —N
ATX-019 ATX-020
0 0 _
Tt ”’“"O'Fk P ﬁ‘.\_\ TP /"()"L‘-u’ T \__\
o0 N0
N _{‘\ N
P = JEEVA O RN
S \w,.x=-\___0._‘r.’n . J - _N e e, O ‘T"ﬂ\- . / N
= : ¢
ATX-021 ATX-022
O
AN,
_\.\J o
o e T e e T . ,‘ ﬁ‘/v
o j‘ e T “‘.\_ . — S ‘LN

J VD

-~ H - - P R

T -‘D.— e ‘\-/"‘v'\\_/\\_ K n_

ATX-023

ATX-024

322



PCT/US2022/074337

WO 2023/010128
a .
A e (T /'ﬁ\\ﬂ e ot (T -‘;\.
QO o
N= M
,— S P ¢ NS N
4 e ey - ¥ " M’
N a '

ATX-025 ATX-026
] ] B T TN
— - - pth - e et kY
PN »”h“‘-.._./’\ ,,/"\-:«"" "\'k"' Y ™ .
T - — 0 SN0
N a N=
4 =5 — 5 .
N N e 0. o .rj/ - Y T, -'I'L‘« B 3 _\‘— ’
m N— ,‘} - N I"“J1
Q P .
ATX-028

. - e
R

ATX-027
-4
i '\_S

(@]
e T Hmm,.r“-\_o__l——\_\
L)
Mo
— 5 /
e T i i 0. 7 —\—N ,-"\\.-"'“\v./"“‘\_/-"‘\v./‘-\_a__-f’\\__,O.“ = N
L 0 Vi
ATX-029 ATX-030
(0] T T e e e
1 N - o
AT S M=
0 PR NN NP i U

i RN
—_— o N S - N
ATX-031 ATX-032
/
o
)K/\ S _/— N\
v

0
o>,—\j o
N_/< OY\/ o)
N 0
Y

/S g
ATX-057

ATX-43

323



WO 2023/010128

PCT/US2022/074337

"’k‘
PN

e}

ATX-058

ATX-061

)\f\
oy

ATX-063

ATX-064

(6]
[¢]

NJ<O
ﬁoﬁ T
0

ATX-082

ATX-083

324



WO 2023/010128 PCT/US2022/074337
/
o N
o Ao~ s/ 0 _/_N/
W " o0 '\<S \
o) 0 N
o o
o f\/
/ /
ATX-086 ATX-087

ATX-088

ATX-109

}meo

S
_\—N/
0 \
(@]

ATX-085

\

;}Smw{o
=\ %/_ﬂ

J_/ﬂ S_\_N/
(o]

ATX-0121

325



WO 2023/010128 PCT/US2022/074337

Oh—\w—/(o o—(o_\j
- N o
J—/—m % /—/_/ \ I/_mo> Jf %S‘L,\(

ATX-091 ATX-0102

;}m |
ﬁxowfﬂ " ﬁgjﬁ—{“

ATX-098 ATX-092

/
/

}x :j}N
T e e

ATX-084 ATX-0125

>N Ny
PIRaSVoat &L o "

ATX-094 ATX-0110

326



WO 2023/010128 PCT/US2022/074337

. e
o %\_\_\—\
x o{_\_\ﬁ O
\_\_2\_\0{/_/_)‘_(8_\_’( J_/ﬂ )_/—/_/_/

ATX-0118 ATX-0108

D}R ?‘w
P vt

ATX-0107 ATX-093

D

P S S

ATX-097 ATX-096

)\\ﬁ »\ﬁ
/07/ Ow/

327



WO 2023/010128 PCT/US2022/074337
ATX-0111 ATX-0132
( \
"N N—
)3\ ‘/—/ OL _5 ‘/J
o N
7}/ y 0?)'/ o
ATX-0134 ATX-0100
( N\
o fﬁ
A o
07/ y ZJ
ATX-0117 ATX-0114

)
o& el
7)/

ATX-0115

)l\_/_\

fﬁ

ATX-0101




WO 2023/010128 PCT/US2022/074337
(
o) N\
o)\ S‘/—/ »\ J—/
v
o e %/J
o)
ATX-0106 ATX-0116
o
o)
o
— o} 0
— N J_/ﬂo
o)
Jﬂ )—/_/ S_\—N/ °© J
lo) \
ATX-0123 ATX-0122
o)
0
. :
o 0
J_/_/ﬂ A O
o) )_/—/ s
o
p “?NJ
ATX-0124 ATX-0129
o} } )—\_\_\
I o
"\ N_qs S—\_ /
>/_/_/ . )_/_/—/
o) \
ATX-081 ATX-095

329



WO 2023/010128 PCT/US2022/074337
/\\>\ )
O>_\—\ o]
v
ow—/ S
?«3 it
/
ATX-0126
\N—
0o \N— 0 O,
o)
(6] fe) o]
o]
0 0
ATX-193 ATX-200

Wy
kS

ATX-202

330



WO 2023/010128 PCT/US2022/074337

o o
o\;o\
Z/
[
OO O 0O
o\;o\
Zl/

ATX-209 ATX-210

o)
o\ﬁ
o @]
\Z
|

ATX-230 ATX-231

LR
0O (o)

OJ\/\/K/\/U\O
and /\q:N .

ATX-232

O

101. The composition of claim 98, wherein the ionizable cationic lipid is ATX-126:
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102. The composition of any one of claims 86-101, wherein the lipid formulation
encapsulates the nucleic acid molecule.

103. The composition of any one of claims 86-101, wherein the lipid formulation is
complexed to the nucleic acid molecule.

104. The composition of any one of claims 86-103, wherein the lipid formulation
further comprises a helper lipid.

105. The composition of claim 104, wherein the helper lipid is a phospholipid.

106. The composition of claim 104, wherein the helper lipid is selected from
dioleoylphosphatidyl ethanolamine (DOPE), dimyristoylphosphatidyl choline
(DMPC), distearoylphosphatidyl choline (DSPC), dimyristoylphosphatidyl glycerol
(DMPG), dipalmitoyl phosphatidylcholine (DPPC), and phosphatidylcholine (PC).

107. The composition of claim 106, wherein the helper lipid is
distearoylphosphatidylcholine (DSPC).

108. The composition of any one of claims 86-107, wherein the lipid formulation
further comprises cholesterol.

109. The composition of any one of claims 86-108 wherein the lipid formulation

further comprises a polyethylene glycol (PEG)-lipid conjugate.

110. The composition of claim 109, wherein the PEG-lipid conjugate is PEG-
DMG.

111. The composition of claim 110, wherein the PEG-DMG is PEG2000-DMG.

112. The composition of any one of claims 86-111, wherein the lipid portion of the

lipid formulation comprises about 40 mol% to about 60 mol% of the ionizable
cationic lipid, about 4 mol% to about 16 mol% DSPC, about 30 mol% to about 47
mol% cholesterol, and about 0.5 mol% to about 3 mol% PEG2000-DMG.
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113. The composition of claim 112, wherein the lipid portion of the lipid
formulation comprises about 42 mol% to about 58 mol% of the ionizable cationic
lipid, about 6 mol% to about 14 mol% DSPC, about 32 mol% to about 44 mol%
cholesterol, and about 1 mol% to about 2 mol% PEG2000-DMG.

114. The composition of claim 113, wherein the lipid portion of the lipid
formulation comprises about 45 mol% to about 55 mol% of the ionizable cationic
lipid, about 8 mol% to about 12 mol% DSPC, about 35 mol% to about 42 mol%
cholesterol, and about 1.25 mol% to about 1.75 mol% PEG2000-DMG.

115. The composition of any one of claims 86 to 114, wherein the composition has
a total lipid:nucleic acid molecule weight ratio of about 50:1 to about 10:1.

116. The composition of claim 115, wherein the composition has a total
lipid:nucleic acid molecule weight ratio of about 44:1 to about 24:1.

117. The composition of claim 116, wherein the composition has a total lipid:
nucleic acid molecule weight ratio of about 40:1 to about 28:1.

118. The composition of claim 117, wherein the composition has a total lipid:
nucleic acid molecule weight ratio of about 38:1 to about 30:1.

119. The composition of claim 118, wherein the composition has a total lipid:

nucleic acid molecule weight ratio of about 37:1 to about 33:1.

120. The composition of any one of claims 86-119, wherein the composition
comprises a HEPES or TRIS buffer at a pH of about 7.0 to about 8.5.
121. The composition of claim 120, wherein the HEPES or TRIS buffer is at a

concentration of about 7 mg/mL to about 15 mg/mL.

122. The composition of claim 120 or 121, wherein the composition further
comprises about 2.0 mg/mL to about 4.0 mg/mL of NaCl.

123. The composition of any one of claims 86-122, wherein the composition further
comprises one or more cryoprotectants.

124. The composition of claim 123, wherein the one or more cryoprotectants are
selected from sucrose, glycerol, or a combination of sucrose and glycerol.

125. The composition of claim 124, wherein the composition comprises a
combination of sucrose at a concentration of about 70 mg/mL to about 110 mg/mL
and glycerol at a concentration of about 50 mg/mL to about 70 mg/mL.

126. The composition of any one of claims 86-122, wherein the composition is a

lyophilized composition.
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127. The composition of claim 126, wherein the lyophilized composition comprises
one or more lyoprotectants.
128. The composition of claim 126, wherein the lyophilized composition comprises
a poloxamer, potassium sorbate, sucrose, or any combination thereof.
129. The composition of claim 128, wherein the poloxamer is poloxamer 188.
130. The composition of any one of claims 126-129, wherein the lyophilized
composition comprises about 0.01 to about 1.0 % w/w of the RNA molecule.
131. The composition of any one of claims 126-130 wherein the lyophilized
composition comprises about 1.0 to about 5.0 % w/w lipids.
132. The composition of any one of claims 126-131, wherein the lyophilized
composition comprises about 0.5 to about 2.5 % w/w of TRIS buffer.
133. The composition of any one of claims 126-132, wherein the lyophilized
composition comprises about 0.75 to about 2.75 % w/w of NaCl.
134. The composition of any one of claims 126-133, wherein the lyophilized
composition comprises about 85 to about 95 % w/w of a sugar.
135. The composition of claim 134, wherein the sugar is sucrose.
136. The composition of any one of claims 126-135, wherein the lyophilized
composition comprises about 0.01 to about 1.0 % w/w of a poloxamer.
137. The composition of claim 136, wherein the poloxamer is poloxamer 188.
138. The composition of any one of claims 126-137, wherein the lyophilized
composition comprises about 1.0 to about 5.0 % w/w of potassium sorbate.
139. The composition of any one of claims 86-138, wherein the RNA molecule
comprises
(A) a sequence of SEQ ID NO:1;
(B) a sequence of SEQ ID NO:2;
(C) a sequence of SEQ ID NO:3; or
(D) a sequence of SEQ ID NO:4.
140. A lipid nanoparticle composition comprising
a. a lipid formulation comprising
i. about 45 mol% to about 55 mol% of an ionizable cationic lipid

having the structure of ATX-126:
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ii. about 8 mol% to about 12 mol% DSPC;

1i1. about 35 mol% to about 42 mol% cholesterol; and

iv. about 1.25 mol% to about 1.75 mol% PEG2000-DMG; and

b. an RNA molecule having at least 80% identity to a sequence of SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, or SEQ ID NO4;
wherein the lipid formulation encapsulates the RNA molecule and the lipid
nanoparticle has a size of about 60 to about 90 nm.
141. A method for administering the composition of any of claims 86-140 to a

subject in need thereof, wherein the composition is administered intramuscularly,
subcutaneously, intradermally, transdermally, intranasally, orally, sublingually,

intravenously, intraperitoneally, topically, by aerosol, or by a pulmonary route.

142. The method of claim 141, wherein the composition is administered
intramuscularly.
143. A method of administering the composition of any of claims 86-140 to a

subject in need thereof, wherein the composition is lyophilized and is reconstituted
prior to administration.
144. A method of preventing or ameliorating COVID-19, comprising administering

the composition of any of claims 86-140 to a subject in need thereof.

145. The method of claim 144, wherein the composition is administered one time.
146. The method of claim 144, wherein the composition is administered two times.
147. A method of administering a booster dose to a vaccinated subject, comprising

administering the composition of any of claims 86-140 to a subject who was

previously vaccinated against coronavirus.
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148. The method of any of claims 141-147, wherein the composition is
administered at a dosage of about 0.01 pg to about 1,000 ug of nucleic acid.

149. The method of claim 148, wherein the composition is administered at a dosage
of about 1,2, 5, 7.5, or 10 pg of nucleic acid.

150. A method of inducing an immune response in a subject comprising:
administering to the subject an effective amount of an RNA molecule of any one of
claims 1-41 or 46-78.

151. The method of claim 150, comprising administering the RNA molecule
intramuscularly, subcutaneously, intradermally, transdermally, intranasally, orally,
sublingually, intravenously, intraperitoneally, topically, by aerosol, or by a pulmonary
route.

152. A method of inducing an immune response in a subject comprising;
administering to the subject an effective amount of a composition of any one of
claims 86-140.

153. The method of claim 152, comprising administering the composition
intramuscularly, subcutaneously, intradermally, transdermally, intranasally, orally,
sublingually, intravenously, intraperitoneally, topically, by aerosol, or by a pulmonary
route.

154. The RNA molecule of any one of claims 1-41 or 46-78 for use in inducing an
immune response to the first antigenic protein or fragment thereof.

155. Use of the RNA molecule of any one of claims 1-41 or 46-78 in the
manufacture of a medicament for inducing an immune response to the first antigenic
protein or fragment thereof.

156. An RNA molecule for expressing an antigen comprising an open reading
frame having at least 80% identity to a sequence of:

(a) SEQ ID NO:33; or
(b) SEQ ID NO:30,
wherein T is substituted with U.

157. The RNA molecule of claim 156, further comprising a 5> UTR having a
sequence selected from SEQ ID NO:35, SEQ ID NOs:189-218, or SEQ ID NOs:233-
279.

158. The RNA molecule of claim 156 or 157, further comprising a 3> UTR having
a sequence selected from SEQ ID NO:37, SEQ ID NOs:219-225, or SEQ ID
NOs:280-317.
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159. The RNA molecule of any one of claims 156-158, further comprising a 5’ cap.

160. The RNA molecule of claim 159, wherein the 5° cap has a Cap 1 structure, a
Cap 1 ("A) structure, a Cap 2 structure, or a Cap O structure.

161. The RNA molecule of any one of claims 156-160, further comprising a poly-A
tail.

162. An RNA molecule for expressing an antigen comprising;

(a) an open reading frame having at least 80% identity to a sequence of SEQ ID
NO:33, a5 UTR comprising a sequence of SEQ ID NO:35, and a 3 UTR
comprising a sequence of SEQ ID NO:37; or

(b) an open reading frame having at least 80% identity to a sequence of SEQ ID
NO:30, a 5> UTR comprising a sequence of SEQ ID NO:35, and a 3 UTR
comprising a sequence of SEQ ID NO:37,

wherein T is substituted with U.

163. The RNA molecule of claim 162, further comprising a 5° cap.

164. The RNA molecule of claim 163, wherein the the 5’ cap has a Cap 1 structure,
a Cap 1 (™A) structure, a Cap 2 structure, or a Cap 0 structure.

165. The RNA molecule of any one of claims 162-164, further comprising a poly-A
tail.

166. A DNA molecule encoding the RNA molecule of any one of claims 156-165.

167. The DNA molecule of claim 166, comprising a promoter.

168. The DNA molecule of claim 167, wherein the promoter is a T7 promoter, a T3

promoter, or an SP6 promoter.

169. A composition comprising the RNA molecule of any one of claims 156-165
and a lipid formulation.

170. The composition of claim 169, wherein the lipid formulation is selected from a
lipoplex, a liposome, a lipid nanoparticle, a polymer-based carrier, an exosome, a
lamellar body, a micelle, and an emulsion.

171. The composition of claim 170, wherein the lipid formulation is a liposome
selected from a cationic liposome, a nanoliposome, a proteoliposome, a unilamellar
liposome, a multilamellar liposome, a ceramide-containing nanoliposome, and a
multivesicular liposome.

172. The composition of claim 170, wherein the lipid formulation is a lipid

nanoparticle.
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173. The composition of any one of claims 169-172, wherein the lipid formulation
comprises one or more cationic lipids.

174. The composition of claim 173, wherein the one or more cationic lipids is
selected from 5-carboxyspermylglycinedioctadecylamide (DOGS), 2,3-dioleyloxy-N-
[2(spermine-carboxamido)ethyl]-N,N-dimethyl-1-propanaminium (DOSPA), 1,2-
Dioleoyl-3-Dimethylammonium-Propane (DODAP), 1,2-Dioleoyl-3-
Trimethylammonium-Propane (DOTAP), 1,2-distearyloxy-N,N-dimethyl-3-
aminopropane (DSDMA), 1,2-dioleyloxy-N,N-dimethyl-3-aminopropane (DODMA),
1,2-dilinoleyloxy-N,N-dimethyl-3-aminopropane (DLinDMA), 1,2-dilinolenyloxy-
N,N-dimethyl-3-aminopropane (DLenDMA), N-dioleyl-N,N-dimethylammonium
chloride (DODAC), N,N-distearyl-N,N-dimethylammonium bromide (DDAB), N-
(1,2-dimyristyloxyprop-3-yl)-N,N-dimethyl-N-hydroxyethyl ammonium bromide
(DMRIE), 3-dimethylamino-2-(cholest-5-en-3-beta-oxybutan-4-oxy)-1-(cis,cis-9,12-
oc-tadecadienoxy)propane (CLinDMA), 2-[5'-(cholest-5-en-3-beta-oxy)-3'-
oxapentoxy)-3-dimethy 1-1-(cis,cis-9',1-2'-octadecadienoxy)propane (CpLinDMA),
N,N-dimethyl-3,4-dioleyloxybenzylamine (DMOBA), 1,2-N,N'-dioleylcarbamyl-3-
dimethylaminopropane (DOcarbDAP), 2,3-Dilinoleoyloxy-N,N-dimethylpropylamine
(DLinDAP), 1,2-N,N'-Dilinoleylcarbamyl-3-dimethylaminopropane (DLincarbDAP),
1,2-Dilinoleoylcarbamyl-3-dimethylaminopropane (DLinCDAP), 2,2-dilinoleyl-4-
dimethylaminomethyl-[1,3]-dioxolane (DLin-K-DMA), and 2,2-dilinoleyl-4-
dimethylaminoethyl-[1,3]-dioxolane or (DLin-K-XTC2-DMA).

175. The composition of any one of claims 169-172, wherein the lipid formulation
comprises an ionizable cationic lipid.

176. The composition of claim 175, wherein the ionizable cationic lipid has a

structure of Formula I:

R7
(0]
Rf’\XG/Lii\N)kL/W\R/N\Re
L6\X5
F|<6 )
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or a pharmaceutically acceptable salt or solvate thereof, wherein R’ and R are each
independently selected from the group consisting of a linear or branched C1.Cs; alkyl,
C».Cs1 alkenyl or C2-Cs1 alkynyl and cholesteryl; L and L° are each independently
selected from the group consisting of a linear C1-Cao alkyl and C>.Ca alkenyl; X’ is -
C(0)0-, whereby -C(0)O-R¢ is formed or -OC(O)- whereby -OC(O)-R° is formed;
X®is -C(0)0O- whereby -C(0)O-R? is formed or -OC(O)- whereby -OC(0)-R? is
formed; X"is S or O; Lis absent or lower alkyl; R*is a linear or branched C1-Cs
alkyl; and R” and R® are each independently selected from the group consisting of a

hydrogen and a linear or branched C1.Cs alkyl.

177. The composition of claim 175, wherein the ionizable cationic lipid is selected
from
/;b» )
O»_\—\ (0]
N
o>_/—/ s—\_\
o
N
— S
\
, 0
o N/

, or a pharmaceutically acceptable salt
thereof.
178. The composition of any one of claims 169-176, wherein the lipid formulation
comprises a helper lipid.

179. The composition of claim 178, wherein the helper lipid is a phospholipid.
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180. The composition of claim 178, wherein the helper lipid is selected from
dioleoylphosphatidyl ethanolamine (DOPE), dimyristoylphosphatidyl choline
(DMPC), distearoylphosphatidyl choline (DSPC), dimyristoylphosphatidyl glycerol
(DMPG), dipalmitoyl phosphatidylcholine (DPPC), and phosphatidylcholine (PC).

181. The composition of any one of claims 169-180, wherein the lipid formulation
comprises cholesterol.

182. The composition of any one of claims 169-181 wherein the lipid formulation
comprises a polyethylene glycol (PEG)-lipid conjugate.

183. A method of inducing an immune response in a subject comprising:

administering to the subject an effective amount of an RNA molecule of any
one of claims 156-165 or a composition of any one of claims 169-182.

184. The method of claim 183, comprising administering the RNA molecule or the
composition intramuscularly, subcutaneously, intradermally, transdermally,
intranasally, orally, sublingually, intravenously, intraperitoneally, topically, or by a
pulmonary route.

185. A method of administering administering a booster dose to a vaccinated
subject, comprising administering an RNA molecule of any one of claims 156-165 or
a composition of any one of claims 169-182 to a subject who was previously
vaccinated against coronavirus.

186. The method of claim 185, comprising administering the RNA molecule or the
composition intramuscularly, subcutaneously, intradermally, transdermally,
intranasally, orally, sublingually, intravenously, intraperitoneally, topically, or by a
pulmonary route.

187. The RNA molecule of any one of claims 156-165 or the composition of any
one of claims 169-182 for use in inducing an immune response to the antigen.

188. Use of the RNA molecule of any one of claims 156-165 or the composition of
any one of claims 169-182 in the manufacture of a medicament for inducing an

immune response to the antigen.
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