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COMPOSITIONS AND METHODS FOR ENHANCING GENE EXPRESSION

RELATED APPLICATIONS
10001] The present application claims priority to U.S. Provisional Application
Serial No. 62/430,250, filed on December 5, 2016; U S Provisional Application Serial No.
62/486,361, filed on April 17, 2017, and U.S. Provisional Application Serial No. 62/587 954,
filed on November 17, 2017 The contents of the above-referenced applications are hereby

expressly incorporated by reference in their entireties.

INCORPORATION OF THE SEQUENCE LISTING

16002} The material in the accompanying sequence listing 1s hereby tncorporated
by reference nto this application. The accompanying sequence listing text file, named

SGIOIZWO SegListing txt, was created on December 4, 2017 and s 169 KB.

FIELD

[0003] The present disclosure relates to the field of molecular biology and genetic
engineering, including nucleic acid molecules useful for regulating gene expression, and the
use of the nucleic acid molecules for, for example, production of desired products in suitable
host cells in cell culture or in a subject, and for conferring beneficial characteristics to the

host cells or subjects.

BACKGROUND

10004] Advances in biotechnology and molecular biology have offered many
opportunities to develop recombinant cells and organisms with commercially desirable
characteristics or fraits. In particular, modern genetic engineering techniques have greatly
accelerated the introduction of genes and hence new traits into recombinant cells and
organisms. Proper expression level of a desirable gene in, for example, a host cell or a
transgenic organism is helpful to achieve this goal.

16005] However, despite the availability of many molecular tools, genetic

modifications of host cells and organisms are often constrained by insufficient expression
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level or uncontrolled expression of the gene of interest. Thus, there is still a need for
regulatory elements capable of enhancing transgene expression in host cells and organisms.
The identification of novel molecular tools including regulatory elements, expression vector,
and expression systems that function in various types of organisms can be useful in
developing genetically enhanced cells and organisms.

[0005a]  Any discussion of the prior art throughout the specification should in no
way be considered as an admission that such prior art is widely known or forms part of
common general knowledge in the field.

[0005b]  Unless the context clearly requires otherwise, throughout the description
and the claims, the words “comprise”, “comprising”, and the like are to be construed in an

inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of

“including, but not limited to”.

SUMMARY

[0006] This section provides a general summary of the present application, and is
not comprehensive of its full scope or all of its features.

[0007] The present disclosure relates generally to methods and compositions
useful for regulating, for example increasing, gene expression in vitro, ex vivo, or in vivo.
The gene expression can be, for example, in animal cells and other eukaryotic cells. The gene
can be, for example, a heterologous gene encoding a protein of interest.

[0007a] In one aspect, the present disclosure provides a nucleic acid molecule,
comprising a modified viral RNA replicon, wherein the modified viral RNA replicon
comprises: a first nucleic acid sequence encoding a viral capsid enhancer; and a second
nucleic acid sequence encoding at least one nonstructural viral protein encoding a replicase,
wherein the first nucleic acid sequence is operably linked upstream to the second nucleic acid
sequence, wherein the modified viral RNA replicon is derived from a virus species belonging
to the Togaviridae family or from a virus species belonging to the Arterivirus genus of the
Arteriviridae family; and the viral capsid enhancer comprises a nucleotide sequence having a
sequence identity of at least 80% to RNA corresponding to any one of SEQ ID Nos: 1 and
46-52.
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[0007b]  In another aspect, the present disclosure provides a nucleic acid molecule
comprising a modified viral RNA replicon, wherein the modified viral RNA replicon
comprises, ordered from the 5’- to 3’-end, (1) a 5° untranslated region (5’-UTR), (2) a
nucleotide sequence encoding an amino-terminal fragment of the nspl of the VEEV, (3) a
downstream loop (DLP) motif derived from Sindbis virus (SINV), (4) a nucleotide sequence
encoding a 2A protease sequence (P2A), and (5) a nucleotide sequence encoding a
polyprotein comprising the sequences of at least one of the non-structural proteins nspl,
nsp2, nsp3 and nsp4 of the VEEV.

[0007¢] In another aspect, the present disclosure provides nucleic acid molecule
comprising a nucleic acid sequence encoding the modified viral RNA replicon as described
herein.

[0007d] In another aspect, the present disclosure provides a recombinant cell
comprising a nucleic acid molecule of the invention.

[0007e]  In another aspect, the present disclosure provides a method for producing
a polypeptide of interest in a cell, comprising introducing a nucleic acid molecule of the
invention into the cell, thereby producing the polypeptide encoded by at least the first GOI in
the cell.

[00071] In another aspect, the present disclosure provides a composition,
comprising a nucleic acid molecule of the invention and a pharmaceutically acceptable
carrier.

[0007g]  In another aspect, the present disclosure provides a method for producing
a polypeptide of interest in a subject, comprising administering to the subject a nucleic acid
molecule of the invention.

[0008] In another aspect, some embodiments disclosed herein relate to a nucleic
acid molecule, including (i) a first nucleic acid sequence encoding one or more RNA stem-
loops of a viral capsid enhancer or a variant thereof; and (i1) a second nucleic acid sequence
operably linked to the first nucleic acid sequence, wherein the second nucleic acid sequence
comprises a coding sequence for a gene of interest (GOI).

[0009] Implementations of embodiments of the nucleic acid molecule according
to the present disclosure can include one or more of the following features. In some

embodiments, the first nucleic acid sequence is operably linked upstream to the coding

2a-
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sequence for the GOI. In some embodiments, the nucleic acid molecule further includes a
promoter operably linked upstream to the first nucleic acid sequence. In some embodiments,
the nucleic acid molecule further includes a 5 UTR sequence operably linked upstream to
the first nucleic acid sequence. In some embodiments, the 5° UTR sequence is operably
linked downstream to the promoter and upstream to the first nucleic acid sequence. In some
embodiments, the nucleic acid molecule further includes a coding sequence for an
autoprotease peptide operably linked upstream to the second nucleic acid sequence. In some
embodiments, the coding sequence for the autoprotease peptide is operably linked

downstream to the first nucleic acid sequence and upstream to the second nucleic acid

2b-
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sequence . In some embodiments, the autoprotease peptide comprises a peptide sequence
selected from the group consisting of porcine teschovirus-1 2A (P2A), a foot-and-mouth
disease virus (FMDV) 2ZA (F2A), an Equine Rhinitis A Virus (ERAV) 2A (E2A), a Thosea
asigna virus 2A (T2ZA), a cytoplasmic polyhedrosis virus 2A (BmCPV2A), a Flacherie Virus
2A (BmIFV2A), and a combination thereof. In some embodiments, the nucleic acid molecule
further includes a 3° UTR sequence operably linked downstream to the second sequence
nucleic acid sequence.

16010} In some embodiments, the viral capsid enhancer is derived from a capsid
gene of a virus species belonging to the Yogaviridae farily. In some embodiments, the vitus
species belongs to the Alphavirus gemus of the Togaviridae fanuly. In some embodiments,
the alphavirus species is Eastern equine encephalitis virus (EEEV), Venezuelan equine
encephalitis virus (VEEVY), Everglades virus (EVEV), Mucambo virus (MUCV), 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
{(BF}, Getah virus (GET), Sagivama virus {SAGV), Bebaru virus (BEBV), Mayaro virus
{(MAYV}, Una virus (UNAYVY), Sindbis virus (SINV), Aura virus (AURAV), Whataroa virus
(WHAYV), Babank: virus (BABV), Kyzylagach virus (KYZV), Western equine encephalitis
viras (WEEVY), Highland J virus (HIV), Fort Morgan virus (FMV), Nduma (NDUV),
Salmonid alphavirus (SAV}, or Buggy Creek virus. In some embodiments, the viral capsid
enhancer comprises a downstream loop (DLP) motif of the virus species, and wherein the
DLP motif comprises at least one of the one or more RNA stem-loops. In some
embodiments, the viral capsid enhancer comprises a nucleic acid sequence exhibiting at least
80% sequence identity to at least one of SEQ ID NOs: 1 and 46-52. In some embodiments,
the nucleic acid sequence exhibits at least 95% sequence identity to at least one of SEQ 1D
NOs: 1 and 46-52.

[0011] In some embodiments, the coding sequence for the GOI encodes a
polypeptide.  In some embodiments, the polypeptide is a therapeutic polypeptide, a
prophylactic polypeptide, a diagnostic polypeptide, a nutraceutical polypeptide, an industrial

enzyme, a reporter polypeptide, or a combination thereof In some embodiments, the
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polypeptide is an antibody, an antigen, an immune modulator, a cytokine, an enzyme, or a
combination thereof.

[0012] In some embodiments, the nucleic acid molecule of the disclosure further
includes a third nucleic acid sequence encoding one or more RNA stem-loops of a second
viral capsid enhancer or a variant thereof] and a fourth nucleic acid sequence operably linked
to the third nucleic acid sequence, wherein the fourth nucleic acid sequence comprises a
coding sequence for a second gene of interest (GO, In some embodiments, the nucleic acid
molecule further includes a coding sequence for a second autoprotease peptide operably
finked downstream to the third nucleic acid sequence and upstream to the fourth nucleic acid
sequence,

[0013] In some embodiments, the nucleic acid molecule of the disclosure is an
mRNA molecule or an RNA replicon. In some embodiments, the nucleic acid molecule is an
expression vector or a transcription vector. In some embodiments, the expression vector or a
transeription vector further includes one or more additional transcription regulatory
sequences.  In some embodiments, the expression vector or a transcription vector further
includes one or more additional transcription regulatory sequences. In some embodiments,
the expression vector or a transcription vector further includes one or more additional
transiation regulatory sequences. In some embodiments, the nucleic acid molecule is a
plasmid, a bacteriophage vector, a cosmid, a fosmid, a viral replicon, a shuitle vector, or a
combination thereof. In some embodiments, the nucleic acid molecule is a prokaryotic vector
or a eukaryotic vector. In some embodiments, the nucleic acid molecule is produced via de
novo synthesis,

6014} Also disclosed in some embodiments include a method for producing a
polypeptide of interest in  a cell, which includes introducing a nucleic acid molecule of
according to the present disclosure into a cell, thereby producing a polypeptide encoded by
the GOl in the cell. In yet another related aspect, some embodiments disclosed herein related
to a method for producing a polypeptide of interest in a cell, which includes introducing a
RNNA molecule into the cell, wherein the RNA molecule comprises one or more RNA stem-
loops of a wviral capsid enhancer or a variant thereof, and a coding sequence for the

polypeptide of interest, thereby producing the polypeptide of interest in the cell.
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[0015] In some embodiments, the RNA molecule is a messenger RNA (mRNA)
molecule or a replicion RNA molecule. In some embodiments, the RNA molecule is
produced via de novo synthesis and/or 7 vifro transcription before being introduced into the
cell. In some embodiments, the RNA molecule comprises a downstream loop (DLP) motif of
a virus species, and wherein the DLP motif comprises at least one of the one or more RNA
stem-loops of the viral capsid enhancer. In some embodiments, the RNA molecule further
comprises a coding sequence for an autoprotease peptide downstrean to at least one of the
one or more RNA stem-loops and upstream to the coding sequence for the polypeptide of
interest.  In some embodiments, the autoprotease peptide comprises a peptide sequence
selected from the group consisting of porcine teschovirus-1 2A (P2A), a foot-and-mouth
disease virus (FMDV) 2A (F2ZA), an Equine Rhinitis A Virus (ERAV) 2A (E2A), a Thosea
asigna virus ZA (T2A), a cytoplasmic polyhedrosis virus 2ZA (BmCPV2A), a Flacherie Virus
ZA (BmIFVZA), and a combination thereof. In some embodiments, the polypeptide is a
therapeutic polypeptide, a prophylactic polypeptide, a diagnostic polypeptide, a nutraceutical
polypeptide, an industrial enzyme, a reporter polypeptide, or a combination thereof. In some
embodiments, the polypeptide is an antibody, an antigen, an immune modulator, a cytokine,
an enzyme, or a combination thereof. In some embodiments, the cell 13 present in a tissue, an
organ, or a subject. In some embodiments, the subject 1s human, horse, pig, primate, mouse,
ferret, rat, cotton rat, cattle, swine, sheep, rabbit, cat, dog, bird, fish, goat, donkey, hamster, or
buffalo.

106016] Some embodiments disclose a method for producing a messenger RNA
{mRNA} in a cell. The method, in some embodiments, includes administering to the cell a
nucieic acid molecule comprising a first nucleic acid sequence encoding one or more RNA
stem-loops of a viral capsid enhancer or a variant thereof, and a second nucleic acid sequence
operably linked to the first nucleic acid sequence, wherein the second nucleic acid sequence
comprises a coding sequence for a gene of interest (GO}, thereby producing a mRNA of the
GOL

6617} In some embodiments, the first nucleic acid sequence is operably linked
upstream to the coding sequence for the GOL  In some embodiments, the nucleic acid

molecule further includes a promoter operably linked upstream to the first nucleic acid
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sequence. In some embodiments, the nuclete actd molecule further includes a 57 UTR
sequence operably linked upstream to the first nucleic acid sequence. In some embodiments,
the 5° UTR sequence 15 operably linked downstream to the promoter and upstream to the first
nucleic acid sequence. In some embodiments, the nucleic acid molecule further includes a
coding sequence for an autoprotease peptide operably linked upstream to the second nucleic
acid sequence. In some embodiments, the coding sequence for the autoprotease peptide is
operably linked downstream to the first nucleic acid sequence and upstream to the second
nucleic acid sequence. In some embodiments, the autoprotease peptide comprises a peptide
sequence selected from the group consisting of porcine teschovirus-1 2A (P2A), a foot-and-
mouth disease virus (FMDV} ZA {(F2A), an Equine Rhinitis A Virus (ERAV) 2A (E2A), a
Thosea asigna virus 2A (T2A), a cytoplasmic polyvhedrosis virus 2A (BmCPVZA), a
Flacherie Virus 2A (BmIFV2A), and a combination thereof. In some embodiments, the
nucleic acid molecule further includes a 3° UTR sequence operably linked downstream to the
second sequence nucleic acid sequence.

{0018} In some embodiments disclosed herein, the viral capsid enhancer is
derived from a capsid gene of a virus species belonging to the Togaviridae family. In some
embodiments, the virus species belongs to the Alphavirus genus of the Togaviridae family.
In some embodiments, the alphavirus species is Eastern equine encephalitis virus (EEEV),
Venezuelan equine encephalitis virus {(VEEV), Everglades virus (EVEV), Mucambo virus
(MUCV), Semlika forest virus (SFV), Pixuna virus (PIXV), Middleburg virus (MIDV),
Chikungunya virus (CHIKV}, ’Nyong-Nyong virus (ONNV), Ross River virus (RRV},
Barmah Forest virus (BF), Getah virus (GET), Sagivama virus {SAGV), Bebaru virus
(BEBV), Mavaro virus (MAYV), Una virus (UNAV), Sindbis virus (SINV), Aura virus
(AURAYV), Whataroa virus (WHAYV), Babanki virus (BABV}, Kyzvlagach virus (KYZV),
Western equine encephalitis virus (WEEV), Highland J virus (HIV), Fort Morgan vitus
(FMV), Ndumu (NDUYV), Salmonid alphavirus (SAV), or Buggy Creek virus. In some
embodiments, the viral capsid enhancer comprises a downstream loop (DLP) motif of the
virus species, and wherein the DLP motif comprises at least one of the one or more RNA
stem-loops. In some embodiments, the viral capsid enhancer comprises a nucleic acid

sequence exhibiting at least 80% sequence identity to at least one of SEQ ID NOs: 1 and 406-



WO 2018/106615 PCT/US2017/064561

52. In some embodiments, the nucleic acid sequence exhibits at least 95% sequence identity
to at least one of SEQ D NGs: 1 and 46-52.

[06019] In some embodiments disclosed herein, the coding sequence for the GOI
encodes a polypeptide. In some embodiments, the polypeptide is selected tfrom the group
consisting of a therapeutic polypeptide, a prophylactic polypeptide, a diagnostic polypeptide,
a nutraceutical pelypeptide, an industrial enzyme, a reporter polypeptide, and a combination
thereof. In some embodiments, the polypeptide is an antibody, an antigen, an immune
modulator, a cytokine, an enzyme, or a combination thereof. In some embodiments of the
method for producing a messenger RNA (roRNA) according to the present disclosure, the
nucleic acid molecule further includes a third nucleic acid sequence encoding one or more
RNA stem-loops of a second viral capsid enhancer or a variant thereof] and a fourth nucleic
acid sequence operably linked to the third nucleic acid sequence, wherein the fourth nucleic
acid sequence comprises a coding sequence for a second gene of interest {(GOI). In some
embodiments, the nucleic acid molecule further includes a coding sequence for a second
autoprotease peptide operably linked downsiream to the third nucleic acid sequence and
upstream to the fourth nucletce acid sequence.

[06020] The nucleic acid molecule of the present disclosure can be, in some
embodiments, an RNA replicon. In some embodiments, the nucleic acid molecule 1s an
expression vector or a transcription vector. In some embodiments, the nucleic acid molecule
further comprises one or more additional transcription regulatory sequences. In some
embodiments, the nucletc acid molecule further comprises . In some embodiments, one or
more additional translation regulatory sequences. In some embodiments, the nuclete acid
molecule is an expression vector selected from the group consisting of a plasmid, a
bacteriophage vector, a cosmid, a fosmid, a viral replicon, a shuttle vector, and a combination
thereof In some embodiments, the nucleic acid molecule 1s a prokaryotic expression vector
or a eukaryotic expression vector. In some embodiments, the cell is present in a tissue, an
organ, or a subject. In some embodiments, the subject is human, horse, pig, primate, mouse,
ferret, rat, cotton rat, cattle, swine, sheep, rabbit, cat, dog, bird, fish, goat, donkey, hamster, or
buffalo. In some embodiments of the method for producing a messenger RNA (mRNA)

according to the present disclosure further includes producing a polypeptide encoded by the
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mRNA of the GOI in the cell. In some embodiments, the method further includes obtaining
the produced mRNA of the GOI and ntroducing the obtained mRNA into a second cell for
expression of a polypeptide encoded by the mRNA of the GOl in the second cell.

[06021] In one aspect, some embodiments of the disclosure relate to nucleic acid
molecule comprising a nucleic acid sequence encoding a modified viral RNA replicon,
wherein the modified viral RNA replicon comprises (i) a first nucleic acid sequence encoding
one or more structural elements of a viral capsid enhancer or a vartant thereof, wherein the
viral capsid enhancer 1s heterologous to the viral RNA replicon, and (it) a second nucletc acid
sequence encoding at least one nonstructural viral protein or a portion thereof, wherein the
first nucleic acid sequence 1s operably linked upstream to the second nucleic acid sequence.

[0022] In some embodiments, at least one of the one or more structural elements
of the viral capsid enhancer comprises one or more RNA stem-loops. In some embodiments,
the viral capsid enhancer ts derived from a capsid gene of a virus species belonging to the
Togaviridae family. In some embodiments, the virus species belongs to the Alphavirus genus
of the Togaviridae family. In some embodiments, the alphavirus species Eastern equine
encephalitis virus (EEEV), Venezuelan equine encephalitis virus (VEEV), Everglades virus
(EVEV), Mucambo virus (MUCV), Semliki forest virus (SFV), Poana virus (PIXV),
Middleburg virus (MIDV), Chikungunya virus (CHIKV}, O’ Nyong-Nyong virus (ONNV},
Ross River virus (RRV), Barmah Forest virus (BF), Getah virus (GET), Sagivama virus
(SAGY), Bebaru virus (BEBV), Mayaro virus (MAYV), Una virus (UNAVY), Sindbis virus
(§INV), Aura virus (AURAV), Whatarca virus (WHAY), Babanki virus {(BABV),
Kyzylagach virus (KYZV), Western equine encephalitis virus (WEEV), Highland J virus
(HIV), Fort Morgan viras (FMV), Ndumu (NDUV), or Buggy Creek virus. In some
embodiments, the viral capsid enhancer comprises a downstream loop (DLP) motif of the
virus species, and wherein the DLP motif comprises at least one of the one or more RNA
stem-loops. In some embodiments, the viral capsid enhancer comprises a nucleic acid
sequence exhibiting at least 80% sequence identity to at least one of SEQ ID NOs: 1 and 406-
52. In some embodiments, the nucleic acid sequence exhibits at least 95% sequence identity

to at least one of SEQ D NGs: 1 and 46-52.
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[06023] In some embodiments, the nucleic acid sequence encoding the modified
viral RNA replicon further comprising a coding sequence for an autoprotease peptide
operably linked downstream to the first nucleic acid sequence and upstream to the second
nucleic acid sequence. In some embodiments, the autoprotease peptide comprises a peptide
sequence selected from the group consisting of porcine teschovirus-1 2A (P2A), a foot-and-
mouth disease virus (FMDV) ZA (F2A), an Equine Rhinitis A Virus (ERAV) 2ZA (E2A), a
Thosea asigna virus 2A (TZA), a cytoplasmic polyhedrosts virus ZA (BmUPVZA), a
Flacherie Virus 2A (BmIFV2ZA), or a combination thereof. In some embodiments, the first
nucleic acid sequence 1s operably positioned within a region of about 1 to 1000 nucleotides
dowustream of the S™~terminus of the modified viral RNA replicon. the second nucleic acid
sequence comprises substantially all the coding sequence for the native viral nonstructural
proteins of the corresponding unmodified viral RNA replicon.

6624 In some embodiments disclosed herein, the modified viral RNA replicon
comprises a modified RNA replicon dertved from a virus species belonging to the Alphavirus
genus of the Togaviridae family or to the Arrerivirus genus of the Arteriviridae fanuly.

[06025] In some embodiments, the arterivirus virus species is Equine arteritis virus
(EAV), Porcine respiratory and reproductive syndrome virus (PRRSV), Lactate
dehydrogenase elevating virus (LDV), or Simian hemorrhagic fever virus (SHFV). In some
embodiments, the first nucleic acid sequence is operably positioned upstream to a second
nucleic acid sequence encoding a portion or the entire pplab nonstructural protein of the
modified arterivirus RNA replicon.  In some embodiments, the nucleic acid sequence
encoding the modified arterivirus RNA replicon further comprising one or more expression
cassettes, wherein at least one of the one or more expression cassettes comprises a promoter
operably linked to a coding sequence for a gene of interest (GOT). In some embodiments, the
modified arterivirus RINA replicon comprises at least two, three, four, five, or six expression
cassettes. In some embodiments, at least one of the one or more expression cassettes is
operably linked downstream of the second nucleic acid sequence encoding a portion or the
entite pplab nonstructural protein of the meodified arterivirus RNA replicon.  In some
embodiments, at least one of the one or more expression cassettes is operably positioned

downstream to a transcriptional regulatory sequence (TRS) of the modified arterivirus RNA
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replicon, wherein the TRS is TRS1, TRSZ, TRS3, TRS84, TRSS5, TRS6, or TRSY7. In some
embodiments, at least one of the one or more expression cassettes further comprises a third
nucleic acid sequence encoding one or more structural elements of a viral capsid enhancer,
wherein the third nucleic acid sequence is operably linked upstream to the coding sequence
for the GOL

06026} In some embodiments, the nucleic acid sequence encoding the maodified
arterivirus RNA replicon further comprises a coding sequence for an autoprotease peptide
operably linked downstream to the third nucleic acid sequence and upstream to the coding
sequence for the GOL  In some embodiments, the coding sequence for the GOI encodes a
therapeutic polypeptide, a prophylactic polypeptide, a diagnostic polypeptide, a nutraceutical
polypeptide, an industrial enzyme, a reporter polypeptide, or any combination thereof. In
some embodiments, the coding sequence for the GOI encodes an antibody, an antigen, an
immune modulator, a cytokine, an enzyme, or any combination thereof.

16627} In some embodiments, the modified viral RNA replicon comprises a
modified RNA replicon derived from an alphavirus virus species selected from the group
consisting of Hastern equine encephalitis virus (EEEV), Venezuelan equine encephalitis virus
(VEEV), Everglades virus (EVEV), Mucambo virus (MUCV), 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 (BF), Getah virus
(GET), Sagivama virus (SAGV), Bebaru virus (BEBVY), Mayaro virus (MAY V), Una virus
(UNAVY}, Sindbis virus (SINV}, Aura virus (AURAV), Whataroa virus (WHAV), Babanki
virus (BABY), Kyzylagach virus (KYZV), Western equine encephalitis virus (WEEV),
Highland J virus (HIV), Fort Morgan virus (FMV), Ndumu (NDUV), Salmonid alphavirus
(SAV), and Buggy Creek virus. In some embodiments, the first nucleic acid sequence 1s
operably positioned upstream to a second nucleic acid sequence encoding one or more
nonstructural proteins nspl-4 or a portion thereof of the modified alphavirus RNA replicon.
in some embodiments, the nucleic acid sequence encoding the modified alphavirus RNA
replicon further comprises one or more expression cassettes, wherein each of the expression
cassettes comprises a promoter operably linked to a coding sequence for a gene of interest

(GO, In some embodiments, the modified alphavirus RNA replicon comprises at least two,
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three, four, five, or six expression cassettes. In some embodiments, t least one of the one or
more gxpression cassettes is operably linked downstream of a nucleic acid sequence encoding
one or more nonstructural proteins nspl-4 or a portion thereof of the modified alphavirus
RNA replicon. In some embodiments, at least one of the one or more expression cassettes
further comprises a third nucleic acid sequence encoding one or more structural elements of a
viral capsid enhancer, wherein the third nucleic acid sequence 1s operably linked upstream of
the coding sequence for the GOL In some embodiments, the nucleic acid sequence encoding
the modified alphavirus RNA replicon further comprises a coding sequence for an
autoprotease peptide operably linked downstream to the third nucleic acid sequence and
upstream to the coding sequence for the GOL In some embodiments, the coding sequence for
the GOI encodes a therapeutic polypeptide, a prophylactic polypeptide, a diagnostic
polypeptide, a nutraceutical polypeptide, an industrial enzyme, a reporter polypeptide, or a
combination thereof. In some embodiments, the coding sequence for the GOI encodes an
antibody, an antigen, an immune modulator, an enzyme, a cytokine, or a combination thereof.

{6028} In one aspect, some embodiments of the disclosure relate to nucleic acid
molecule comprising a nucleic actd sequence encoding a modified non-alphavirus RNA
replicon, wherein the modified non-alphavirus RNA replicon comprising a first nucleic acid
sequence encoding one or more structural elements of a viral capsid enhancer or a variant
thereof. In some embodiments, the nucleic acid sequence encoding the modified non-
alphavirus RNA replicon further comprises a second nucleic acid sequence encoding at least
one nonstructural viral protein or a portion thereof, wherein the first nucleic acid sequence is
operably linked upstream to the second nucleic acid sequence. In some embodiments,
nucleic acid sequence encoding the modified non-alphavirus RNA replicon further comprises
a coding sequence for an autoprotease peptide operably linked downstream to the first nucletc
acid sequence and upstream to the second nucleic acid sequence. In some embodiments, the
autoprotease peptide comprises a peptide sequence selected from the group consisting of
porcine teschovirus-1 2A (P2A), a foot-and-mouth disease virus (FMDV) 2A (F2A), an
Equine Rhinitis A Virus (ERAV) 2A (E2A), a Thosea asigna virus 2A (T2A), a cytoplasmic
polyhedrosis virus 2A (Bm{CPV2ZA), a Flacherie Virus 2A (BmIFVZA), or 2 combination

thereof. In some embodiments, the nucleic acid sequence encoding the modified non-
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alphavirus RNA replicon comprises a moditied RNA replicon derived from a positive-strand
RNA wvirus. In some embodiments, the positive-strand RNA virus is a virus species
belonging to a family selected from the group cousisting of Yogaviridae family, Flaviviridae
family, Orthomyxoviridae farily, Rhabdovindae family, and Paramyxoviridee family. To
some embodiments, the positive-strand RNA virus is a virus species belonging to the
Arterivirus genus of the Arteriviridae family.

16029] In some embodiments disclosed herein, the nucleic acid sequence
encoding the modified non-alphavirus RNA replicon further comprising one or more
expression cassettes, wherein each of the expression cassettes comprises a promoter operably
finked to a coding sequence for a gene of interest (GOI). In some embodiments, the modified
non-alphavirus RNA replicon comprises at least two, three, four, five, or six expression
cassettes. In some embodiments, at least one of the one or more expression cassettes is
operably linked downstream of the second nucleic acid sequence encoding the at least one
nonstructural viral protein or a portion thereof. In some embaodiments, at least one of the one
or more expression cassettes further comprises a third nucleic acid sequence encoding one or
more structural elements of a viral capsid enhancer, wherein the third nucleic acid sequence
is operably linked upstream to the coding sequence for the GOL  Tun some embodiments, the
nucleic acid sequence encoding the modified von-alphavirus RNA  replicon further
comprising a coding sequence for an autoprotease peptide operably linked downstream to the
third nucleic acid sequence and upstream to the coding sequence for the GOL In some
embodiments, the nucleic acid molecule is produced via de novo synthesis.

16030} In one aspect, some embodiments disclosed herein relate to a recombinant
cell including a nucleic acid molecule as disclosed herein.  In some embodiments, the
recombinant cell is a prokaryotic cell or a eukaryotic cell. In some embodiments, the
recombinant cell is an animal cell. In some embodiments, the nucleic acid molecule
comprises a nucleic acid sequence encoding a modified RNA replicon, and wherein
expression of the modified replicon RNA confers a resistance to innate immune response in

the recombinant cell. In a related aspect, some embodiments disclosed herein relate to a cell

culture which includes at least one recombinant cell as disclosed herein.
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[6031] In some aspects, some embodiments disclosed herein relate to a method
for conferring a resistance to the innate immune system in a subject which includes
administering to the subject a nucleic acid molecule comprising a nucleic acid sequence
which encodes a modified viral RNA replicon, wherein the modified viral RNA replicon
comprises (1) a first nucleic acid sequence encoding one or more structural elements of a viral
capstd enhancer or a variant thereof, wherein the viral capsid enhancer is heterclogous to the
viral RNA replicon, and (i) a second nucleic acid sequence encoding at least one
nonstructural protein or a portion thereof, wherein the first nucleic acid sequence is operably
finked upstream to the second nucleic acid sequence, and wherein expression of the modified
replicon RNA encoded by the nucleic acid molecule confers a resistance to innate immune
response in the subject. In some embodiments, the subject is selected from the group
consisting of human, horse, pig, primate, mouse, ferret, rat, cotton rat, cattle, swine, sheep,
rabbit, cat, dog, bird, fish, goat, donkey, hamster, and buffalo

0032} In some aspect, some embodiments disclosed herein relate to a method for
producing a polypeptide of interest in a subject which includes administering to the subject a
nucleic acid molecule comprising a nucleic acid sequence which encodes a modified viral
RNA replicon, wherein the modified viral RNA replicon comprises (i} a first nucleic acid
sequence encoding one or more structural elements of a viral capsid enhancer or a variant
thereof, wherein the viral capsid enhancer is heterologous to the viral RNA replicon, and (i)
a second nucleic acid sequence encoding at least one nonstructural protein or a portion
thereof, wherein the first nucleic acid sequence is operably linked upstream to the second
nucleic acid sequence. In some embodiments, the subject is human, horse, pig, primate,
mouse, ferret, rat, cotion rat, cattle, swine, sheep, rabbit, cat, dog, bird, fish, goat, donkey,
hamster, or buffalo.

[0033] In some aspect, some embodiments disclosed herein relate to a method for
producing a polypeptide of interest, which includes ulturing a host cell comprising a nucleic
actd molecule which comprises a nucleic acid sequence encoding a modified viral RNA
replicon, wherein the modified viral RNA replicon comprises (i) a first nuclete acid sequence
encoding one or more structural elements of a viral capsid enhancer or a variant thereof,

wherein the viral capsid enhancer 1s heterologous to the viral RNA replicon, and (i1) a second
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nucleic acid sequence encoding at least one nonstructural protein or a portion thereof,
wherein the first nucleic acid sequence is operably linked upstream to the second nucleic acid
sequence.

[0034] In some embodiments of the method for producing a polypeptide of
interest according to the present disclosure, the subject is selected from the group consisting
of human, horse, pig, primate, mouse, ferret, rat, cotton rat, cattle, swine, sheep, rabbit, cat,
dog, bird, fish, goat, donkey, hamster, and butfalo. In some embodiments, at feast one of the
one or more structural elements of the viral capsid enhancer comprises one or more RNA
stemn-loops. In some embodiments, the viral capsid enhancer is derived from a capsid gene of
a virus species belonging to the Yogaviridae family. In some embodiments, the virus species
belongs to the Alphavirus gemus of the Togaviridae family. In some embodiments, the
alphavirus species is Eastern equine encephalitis virus (EEEV), Venezuelan equine
encephalitis virus (VEEV), Everglades virus (EVEV), Mucambo virus (MUCV), Semliki
forest virus (SFV), Pixuna virus (PIXV), Middleburg virus (MIDV), Chikungunya virus
{CHIKVY), (Nyong-Nyong virus (ONNV), Ross River virus (RRV), Barmah Forest virus
(BF), Getah virus (GET), Sagiyama virus {SAGV), Bebaru virus (BEBV), Mayaro virus
(MAYV), Una virus (UNAV), Sindbis virus (SINV), Aura virus (AURAV), Whataroa virus
(WHAYV), Babank: virus (BABV), Kyzylagach virus (KYZV), Western equine encephalitis
virus (WEEV), Highland J virus (HIV), Fort Morgan virus (FMV}), Ndumu (NDUV), or
Buggy Creek virus. In some embodiments, the viral capsid enhancer comprises a
downstream loop (DLP) motf of the virus species, and wherein the DLP motif comprises at
least one of the one or more RNA stem-loops. In some embodiments, the viral capsid
enhancer comprises a nucleic acid sequence exhibiting at least 830% seguence identity to at
least one of SEQ H2 NOs: 1 and 46-52. In some embodiments, the nucleic acid sequence
exhibits at least 95% sequence identity to at least one of SEQ D NOs: 1 and 46-52.

[6035] In some embodiments disclosed herein, the nucleic acid sequence
encoding the modified viral RNA replicon further comprising a coding sequence for an
autoprotease peptide operably linked downstream to the first nucleic acid sequence and
upstream to the second nucleic acid seguence. In some embodiments, the autoprotease

peptide comprises a peptide sequence selected from the group consisting of porcine
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teschovirus-1 2A (P2A), a foot-and-mouth disease virus (FMDV} 2A (FZA), an Equine
Rhinitis A Virus (ERAV) 2A (E2A), a Thosea asigna virus 2A (T2A), a cytoplasmic
polyhedrosis virus 2A (BmCPVZA), a Flacherie Virus 2A (BmIFVZA), or a combination
thereof. In some embodiments, the first nucleic acid sequence is operably positioned within a
region of about 1 to 1000 nuclectides downstream of the S'-terminus of the modified viral
RNA replicon. the second nucleic acid sequence comprises substantially all the coding
sequence for the native viral nonstructural proteins of the corresponding unmodified viral
RNA replicon.

[0036] fn some embodiments, the modified viral RNA replicon comprises a
modified RNA replicon derived from a virus species belonging to the Alphavirus geous of the
Togaviridae family or to the Arterivirus genus of the Arreriviridoe family. In some
embodiments, the arterivirus virus species is Equine arteritis virus (EAV), Porcine respiratory
and reproductive syndrome virus (PRRSV}, Lactate dehydrogenase elevating virus (LDV), or
Simian hemorrhagic fever virus (SHFV).

6037} In some embodiments disclosed herein, the nucleic acid sequence
encoding the modified arterivirus RNA replicon further comprises one or more expression
cassettes, and wherein at least one of the expression cassettes comprises a promoter operably
linked to a coding sequence for a gene of interest (GOI). In some embodiments, the virus
species is an arterivirus, and wherein the first nucleic acid sequence is operably positioned
upstream to a nucleic acid sequence enceding a portion or the entire pplab nonstructural
protein of the modified arterivirus RNA replicon. In some embodiments, the modified
arterivirus RNA replicon further comprises at least two, three, four, five, or six expression
cassettes. In some embodiments, at least one of the one or more expression cassettes i3
operably linked downstream of the second nucleic acid sequence encoding a portion or the
entire pplab nonstructural protein of the modified arterivirus RNA replicon. In some
embodiments, at least one of the one or more expression cassettes is operably positioned
downstream to a transcriptional regulatory sequence (TRS) of the modified arterivirus RNA
replicon, wherein the TRS is TRS1, TRSZ, TRS3, TRS4, TRSS, TRS6, or TRS7. In some
embodiments, at least one of the one or more expression cassettes further comprises a third

nucleic acid sequence encoding one or more structural elements of a viral capsid enhancer,
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wherein the third nuclete actd sequence s operably linked upstream to the coding sequence
for the GOL In some embodiments, the nucleic acid sequence encoding the modified
arterivirus RNA replicon further comprising a coding sequence for an autoprotease peptide
operably linked downstream to the third nucleic acid sequence and upstream to the coding
sequence for the GOL In some embodiments, the coding sequence for the GOI encodes a
therapeutic polypeptide, a prophylactic polypeptide, a diagnostic polypeptide, a nutraceutical
polypeptide, an industrial enzyme, a reporter polypeptide, or any combination thereof. In
some embodiments, the coding sequence for the GOI encodes an antibody, an antigen, an
immune modulator, a cytokine, an enzyme, or any combination thereot.

[0038] fn some embodiments, the modified viral RNA replicon comprises a
moditied RNA replicon derived from an alphavirus virus species selected from the group
consisting of Eastern equine encephalitis virus (EEEV), Venezuelan equine encephalitis virus
{VEEVY), Everglades virus (EVEVY}, Mucambo virus (MUCV), Semliki forest virus (SFV),
Pixuna virus (PIXV), Middleburg virus (MIDV), Chikungunya virus (CHIKY), (’Nyong-
Nyong virus (ONNV), Ross River virus (RRV), Barmah Forest virus (BF), Getah virus
{GET), Sagtyama virus (SAGVY), Bebaru virus (BEBV), Mayarc virus (MAYV), Una virus
(UNAV), Sindbis virus (SINV), Aura virus (AURAYV), Whataroa virus (WHAYV), Babanl

Highland J virus (HIV), Fort Morgan virus (FMV), Ndumu (NDUV), Salmonid alphavirus
(SAV), and Buggy Creek virus. In some embodiments, the first nucleic acid sequence is
operably positioned upstream to a nucleic acid sequence encoding one or more nonstructural
proteins nspi-4 or a portion thereof of the modified alphavirus RNA replicon.

16039] In some embodiments, the nucleic acid sequence encoding the modified
alphavirus RNA replicon further comprises one or more expression cassettes, wherein each of
the expression cassettes comprises a promoter operably linked to a coding sequence for a
gene of interest (GOI). In some embodiments, the modified alphavirus RNA replicon
comprises at least two, three, four, five, or six expression cassettes. In some embodiments, at
feast one of the one or more expression cassettes is operably linked downstream of a nucleic

actd sequence encoding one or more nonstructural proteins nspl-4 or a portion thereof of the

modified alphavirus RNA replicon. In some embodiments, at least one of the one or more
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expression casseties further comprises a third nucleic acid sequence encoding one or more
structural elements of a viral capsid enhancer, wherein the third nucleic acid sequence is
operably linked upstream of the coding sequence for the GOL  In some embodiments, the
modified alphavirus RNA replicon further comprising a coding sequence for an autoprotease
peptide operably linked downstream to the third nucleic acid sequence and upstream to the
coding sequence for the GOL In some embodiments, the coding sequence for the GOI
encodes a therapeutic polypeptide, a prophylactic polypeptide, a diagnostic polypeptide, a
nutraceutical polypeptide, an industrial enzyme, a reporter polypeptide, or any combination
thereof. In some embodiments, the coding sequence for the GOI encodes an antibody, an
antigen, an tmmune modulator, a cytokine, an enzyme, or any combination thereof.

[0046] In another aspect, some embodiments disclosed herein relate to a method
for conferring a resistance to the innate immune system in a subject, comprising
administering to the subject a nucleic acid molecule comprising a nucleic acid sequence
encoding a modified non-alphavirus RNA replicon, wherein the modified non-alphavirus
RINA replicon comprises a first nucleic acid sequence encoding one or more structural
elements of an alphavirus capsid enbancer and wherein expression of the modified non-
alphavirus RNA replicon encoeded by the nucleic acid molecule confers a resistance to innate
immune response in the subject. In some embodiments, the subject is selected from the
group consisting of human, horse, pig, primate, mouse, ferret, rat, cotton rat, cattle, swine,
sheep, rabbit, cat, dog, bird, fish, goat, donkey, hamster, and buttalo,

106041} Also disclosed herein include a method for producing a polypeptide of
interest in a subject, where the method comprises administering to the subject a nucleic acid
molecule comprising a nucleic acid sequence encoding a modified non-alphavirus RNA
replicon, wherein the modified non-alphavirus RNA replicon comprises a first nucleic acid
sequence encoding one or more structural elements of an alphavirus capsid enhancer. In
some embodiments, the subject is human, horse, pig, primate, mouse, ferret, rat, cotton rat,
cattle, swine, sheep, rabbit, cat, dog, bird, fish, goat, donkey, hamster, or buffalo.

[6042] Some embodiments disclosed herein relate to a method for producing a
polypeptide of interest, where the method comprises culturing a host cell comprising a

nucleic acid molecule which comprises a nucleic acid sequence encoding a modified non-
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alphavirus RNA replicon, wherein the modified non-alphavirus RNA replicon comprises a
first nuclete actd sequence encoding one or more structural elements of an alphavirus capsid
enhancer.

[0043] In some embodiments according to the above aspects of the disclosure, the
modified non-alphavirus RNA replicon further comprising a second nucleic acid sequence
encoding at least one nonstructural viral protein or a portion thereof, wherein the first nucleic
acid sequence is operably linked upstream to the second nucleic acid sequence. In some
embodiments, the modified non-alphavirus RNA replicon further comprises a coding
sequence for an autoprotease peptide operably hinked downstream to the first nucleic acid
sequence and upstream to the second nucleic acid sequence. In some embodimentsthe
autoprotease peptide comprises a peptide sequence selected from the group consisting of
porcine teschovirus-1 2A (P2A), a foot-and-mouth disease virus (FMDV) 2A (F2A), an
Equine Rhinitis A Virus (ERAV} 2A (E2A}, a Thosea asigna virus 2A (T2A), a cytoplasmic
polyhedrosis virus 2A (BmCPV2A), a Flacherie Virus 2ZA (BmIFVZA), and a combination
thereof. In some embodiments, the modified non-alphavirus RNA replicon comprises a
modified RNA replicon derived from a positive-strand RNA virus. In some embodiments,
the modified non-alphavirus RNA replicon comprises a modified RNA replicon derived from
a virus species belonging to Togaviridae faroily, Flaviviridae faraily, Orthomyxoviridae
family, Rhabdoviridae family, or Paramyxoviridae family. In some embodiments, the
modified non-alphavirus RNA replicon comprises a modified RNA replicon derived from a
virus species belonging to the Arferivirus genus of the Arferiviridae family. In some
embodiments, the sequence encoding the non-alphavirus modified RNA replicon further
comprising one of more expression cassettes, wherein each of the expression cassettes

comprises a promoter operably linked to a coding sequence for a gene of interest (GOI). In

some embodiments, the moditied non-alphavirus RNA replicon comprises at least two, three,
four, five, or six expression cassettes. In some embodiments, at least one of the one or more
expression cassettes is operably linked downstream of the second nucleic acid sequence
encoding the at least one nonstructural viral protein or a portion thereof of the modified non-

alphavirus RNA replicon. In some embodiments, at least one of the one or more expression

cassettes further comprises a third nucleic acid sequence encoding one or more structural
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elements of an alphavirus capsid enhancer, wherein the third nucleic acid sequence is
operably linked upstream to the coding sequence for the GOIL In some embodiments, the
modified non-alphavirus RNA replicon further comprises a coding sequence for an
autoprotease peptide operably linked downstream to the third nucleic acid sequence and
upstream to the coding sequence for the GOL

06044} In some aspects, some embodiments disclosed herein relate to recombinant
polypeptides produced by a method in accordance with one or more embodiuments described
herein,

[0045] Some embodiments disclosed herein relate to a composition including a
recombinant polypeptide as described herein and a pharmaceutically acceptable carrier.

6046} Some embodiments disclosed herein relate to a composition including a
nucleic acid molecule as disclosed herein and a pharmaceutically acceptable carrier,

[0047] In some embodiments, one or more of the compositions and/or molecules
of the present application, ¢.g. nucleic acid molecules, RNA replicons, and polypeptides, is
further formulated into a pharmaceutical formulation. In some embodiments, one or more of
the compositions and/or molecules of the present application is formulated into a
pharmaceutical formulation with covalent compounds, non-covalent compounds, physical
compositions, or pharmaceutically acceptable buffers.

[0048] In some embodiments disclosed herein, one or more of the compositions
and/or molecules of the present application, e.g. nucleic acid molecules, RNA replicons, and
polypeptides, is further formulated for use as a protective composition {e.g., vaccine} or
therapeutic composition. In particular, protective compositions made in accordance with the
present disclosure have a variety of uses including, but not himtted to, use as vaccines and
other therapeutic agents, use as diagnostic agents and use as antigens in the production of
polyclonal or monoclonal antibodies.

[0049] The foregoing summary is iHustrative only and is not intended to be in any
way limiting. In addition to the illustrative embodiments and features described herein,
further aspects, embodiments, objects and features of the application will become fully

apparent from the drawings and the detailed description and the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0050] FIGURE 1 is a graphical illustration of a non-limiting exemplary stem-
loop RNA structure of an alphavirus capsid enhancer.

{0051} FIGURES 2A-2D are graphical representations of four non-limiting
exemplary nucleic acid molecules of the present disclosure, where each of the nucleic acid
molecules comprises a coding sequence for an alphavirus capsid enhancer{e.g., DLP motif)
and a coding sequence for a gene of interest (GOD), e.g., a red Firetly (tFF) reporter gene.
FIG. 2A: rEx-DLP-rFF; FIG. 2B: rEx-DLP-pplab-rFF; FIG. 2C: rEx-DLP-2A-pplab-rFF;
and FEG. 2D fEx-DLP-2A-pplab-DLP<FF.  DLP: Downstream Loop sequence, ZA:
autoprotease peptide; pplab: nonstructural polypeptide sequence; and rF¥: coding sequence
for red Firetly reporter gene.

[0052] FIGURES 3A-3D are graphical illustrations of four non-limiting
exemplary nucleic acid molecules of the present disclosure, where each of the nucleic acid
molecules comprises a coding sequence for an alphavirus capsid enhancer {e.g., a DLP motif)
and a coding sequence for a gene of wnterest (GOI), e.g., a red Firefly (tFF) reporter gene.
FIG. 3A: Alpha-R-rFF; FIG. 3B: Alpha-R-DLP-1FF; FIG, 3C: Alpha-R-DLP-2A-nsp-rFF;
and FIG. 3D Alpha-R-DLP-ZA-nsp-DLP-rFF.  DLP: Downstream Loop sequence; 2ZA:
autoprotease peptide; nspl-4: nonstructural polypeptide sequence; and rFF: coding sequence
for red Firefly reporter gene.

[0053] FIGURES 4A-4B are graphical illustrations of two other non-limiting
exemplary nucleic acid molecules of the present disclosure, where each of the nucleic acid
molecules comprises encoding coding sequence for an alphavirus capsid enhancer {e.g., a
DLP motif) and a coding sequence for a gene of interest {GOI), e.g., a red Firefly (¢/FF)
reporter gene. FIG. 4A: Alpha-R-DLP-2A-FF,; and FIG. 4B: Alpha-R-DLP-2A-usp-DLP-
2A-FF. DLP: Downstream Loop sequence; 2A: autoprotease peptide; nspl-4: nonstructural
polypeptide sequence; and rFF: coding sequence for red Firefly reporter gene.

[0054] FIGURES 5A-5B graphically summarizes the results of flow cytometry
analysis and bulk luciferase analyses performed to demonstrate that incorporating a DLP
motif upstream of nucleic acid sequence encoding either EAV nonstructural protein genes or

a gene of interest positioned in the subgenomic RNA, 7.e. FF reporter gene, did not
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negatively impact genomic RNA replication. In these experiments, FACS analysis (FIG. 8A)
and bulk-cell luciferase assays (FIG, 5B} were carried out on electroporated cells.

{0055} FIGURES 6A-B graphically summarize the results of another exemplary
flow cytometry analysis and bulk luciferase analysis performed to demonstrate that modified
arterivirus replicon RNAs with a DLP motif incorporated upstream of the sequence encoding
nonstructural protein genes can replicate and express efficiently in host cells that had been
treated with IFN to induce the cellular innate immune system. In these experiments, FACS
analysis (FIG. 6A) and bulk-cell hiciferase assays (FiG. 6B) were carried out on
electroporated cells. IFN was added to cell culture media five hours post electroporation.
Samples were collected in triplicate etghteen hours post electroporation for analysis.

[0036] FIGURES 7A-C graphically summarizes the results of another exemplary
bulk luciferase analysis performed to demonstrate that modified alphavirus replicon RNAs
with a DLP motif incorporated upstream of the sequence encoding nonstructural protein
genes can replicate and express efficiently in host cells that had been treated with IFN to
induce the cellular innate immune system. In these experiments, bulk-cell luciferase assays
were carried out on electroporated cells. IFN was added to cell culture media immediately
atter electroporation or three hours post electroporation.  Samples were collected in triplicate
eighteen hours post electroporation for analysis. FIG. 7A: o-tFF versus alpha-R-rFF
construct, ¥FI1G. 78 o-rFF versus a-DLP-2A-nsp-rFF; and FIG, 7C: o-rFF versus alpha-R-
DLP-2A-usp-rFF construct.

00571 FIGURE 8 graphically summarizes the results of exemplary in vivo
experiments performed to demonstrate that modified alphavirus replicon RNAs with a DLP
motif incorporated upstream of the sequence enceding nonstructural protein genes can
replicate and express efficiently in Balb/c mice. In these experiments, whole body imaging
of animals that had been injected with a modified alphavirus replicon RNA was conducted.
Each animal received 7.5 pg of replicon RNA injected intramuscularly. Individual animals
were imaged on day 1, day 3, and day 7. Original: mice injected with the alpha-R-FF
construct, DLP: mice injected with the alpha-R-DLP-2A-nsp-rFF construct.

[6058] FIGURE 9 schematically depicts a non-limiting exemplary alphavirus

genomic structure and genome expression {adapted from Strauss ef o/, Microbiological
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Reviews, pp. 491-562, Septermber 1994). Genome organization of a Sindbis virus (SINV) is
shown. The names of the nonstructural genes and structural profein genes are given.
Referenced to the nomenclature of the genes and proteins can be found in Strauss ef g/,
supra, 1994, The 495 genomic RNA is dlustrated schematically in the center, with its
translated ORF shown as an open box. Small black boxes are conserved sequence elements;
the open diamond denotes the leaky opal termination codon. The nonstructural polyproteins
and their processed products are shown above. Termination at the opal codon produces
P123, whose major function in replication is believed to be as a proteinase that acts in trans
to process the polyproteins in active RNA replicases; this proteinase domain is found in the
nsP2 region. Read-through of the opal stop codon produces P1234, which can form an active
replicase. The 268 subgenomic mRNA is expanded below to show the structural ORF and
its translation products. Polypeptides preseunt in the virion are shaded. vcRNA is the minus-
strand complement of the genomic RNA.

[0059] FIGURE 10 schematically depicts EAV genomic structure and genome
expression strategy. The names of the replicase gene and structural protein genes are given
{references to the nomenclature of genes and proteins can be found in Snijder ef af., 2005).
Below the genome organization, the structural relationships of the genome and sg mRNAs
are depicted. The leader sequence and TRSs found at the 57 end of the EAV mRNAs are
indicated as blue and orange boxes, respectively. The ribosomal frameshifting element (RFS)
found in the genome-length mRNAT 1s indicated and the translated region of each mRNA is
highlighted by a green line, whereas translationally silent regions are indicated by a red line.
Only the translated open reading frames are indicated for each mRNA. The right-hand panels
show a typical pattern of EAV mRNAs isolated from infected cells, visualized by
hybridization to a probe complementary to the 37 end of the genome and therefore
recoguizing all viral mRINA species.

[00606] FIGURES 11A-B schematically show the predicted stem-loop RNA
structure of the 57 CDS region of alphavirus mRNA 268 with a valley-peak topology. Two
dimensional (2D) models of RNA structure based for the first 70140 nucleotides of the CDS
from seven representative Alphavirus mRNAs (SINV, SFV, RRVY, SAGY, GETV, MIDV,
UNAVY, BEBV, MAYYV and AURAV). The sequences were numbered from the initiation
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codon {AUGIH), with A being the +1 position. The predicted structures are constructed based
on SHAPE (selective 2”-hvdroxyl acylation and primer extension) data (Tortbio ef al., 2016},

0061} FIGURES 12A-C graphically summarize the results of exemplary i vivo
experiments performed to demonstrate that modified alphavirus replicon RNAs with a DLP
motif effect on immunogenicity in Balb/c mice. In this experiment, 6-8 week old BALB/c
animals were primed at Days O and 42 using varying doses of the replicon RNA. Spleens and
serum were collected on Day 56, and (a) flow cytometry for HA-specitic T cell memory
(CD8 CD44"CDO2LK LRG-1IL-7RaMC XCR3™) using Dextramers for detection (H-2 Kd
TYSTVASSL; SEQ ID NO- 44)) and (b,c) IFN-y ELISpot to quantify CD8™ and CD4™ T cell
effector responses. Statistics were one using multiple comparisons between matched doses
using an ordinary one-way analysis of variance (ANOVA). FIG. 12A: A significant increase
in memory precursor effector cells (MPECs) was observed in constructs containing the DLP
motif compared with each comparable dose of unmodified replicon. FIG. 12B: Effector T
cell responses were measured by the number of antigen-specific HA cells that were secreting
IFN-y following stimulation with a CD8+ T cell peptide. FIG.12C: Effector T cell responses
were measured by the number of antigen-specific HA cells that were secreting IFN-y
following stimulation with a3 CD4+ T cell peptide.

0062} FIGURE 13 graphically summarizes the results of exemplary in vivo
experirnents performed to demonstrate that modified alphavirus replicon RNAg with a DLP
motif incorporated upstream of the sequence encoding noustructural protein genes effectively
prevent suppression of immune response upon pre-treatment with agents that simulate viral
infection in Balb/c mic. 6-8 week old BALB/c animals were pre-treated with 20 pg of
Poly(1:C) or saline administered via hydrodynamic tail vein injection 24 hours before
vaccination to simulate an ongoing viral infection. Mice were then primed at Day 0 and
boosted at Day 28 using a 1.5 pg dose of RNA replicon encoding HA. Serum was collected
on Day 42, and HA-specific antibodies were measured in the serum. Serum antibody
concentrations were calculated by interpolation of dilution versus optical density on a four-
parametic logistic regression and using the 8D2 HA-specific monoclonal antibody as a
standard. Statistics between individual groups were conducted using a Mann-Whitney (non-

parametric) test.

23



WO 2018/106615 PCT/US2017/064561

10063] FIGURES 14A-14C graphically summarize the results of in vivo
experiments performed to demonstrate that the DLP-containing replicons according to the
present disclosure are compatible with LNP (cationic lipid nanoparticle) formulations. In this
experiment, 6-8 week old BALB/¢ animals were primed at Days O and boosted at Day 28
using varying doses of an RINA replicon encoding HA. Spleens and serum were collected on
Day 42. FIG. 14A: HA-specific antibodies were measured in the serum. Serum antibody
titer is the inverse of the EC20% and was calculated by interpolation of dilution versus
optical density on a four-parametric logistic regression. FEG, 14B: IFN-y ELISpot used to
quantify CD8+ cell effector responses. For detection of antigen-specific CD8+ T cells,
splenocytes were incubated with the H-2 Kd (IYSTVASSL, SEQ 1D NO: 44) peptide. FIG.
14C: IFN-y ELISpot used to quantify CD4+ T cell effector responses. For detection of
antigen-specific CD4+ T cells, splenocytes were incubated with H2-D restricted CD4 T cell
epttope KSSFFRNVVWLIKKN (SEQ ID NO: 45). Statistics between individual groups were
conducted using a Mann-Whitney (non-parametric) test.

10064] FIGURE 15 graphically illustrates of a non-limiting exemplary
configuration of DLP-containing mRNA, in which a Sindbis virus DLP element is placed
upstream of a coding sequence for a gene of interest (GOL; dsGFP), and a ™ UTR sequence 18
placed immediately downstream of a T7 promoter and upstream of the Sindbis virus DLP
sequence. The coding sequence for dsGFP is linked to the DLP element via a P2ZA signal,
which is an autocatalytic self-cleaving peptide (e.g., autoprotease peptide) derived from the
porcine teschovirus-1. Also shown at the bottom portion of the figure is another non-limiting
exemplary configuration of DLP-containing mRNA, tn which a coding sequence for a
destabilized form of EGFP reporter gene (dsGFP) used as a GOl is operably linked to the
proteolytic PEST degradation signal derived from a mouse ornithine decarboxylase gene
(MODC).

06065} FIGURES 16A-D graphically summarize the results of experiments
performed to demonstrate that DLP-containing modified mRNAs can confer interferon
resistance. FIG, 16A: inclusion of DLP 1n mRNA results in a statistically significant increase
in the frequency of GFP positive cells in the presence of IFN. Mean with 95% confidence

intervals in Kruskai-Wallist test (non-parametric). FIG, 16B: unmodified mRNA is sensitive
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to IFN treatment (mean with 95% confidence intervals in 2-way ANOVA. Interaction:

p=0.0217 and # p=<0.0241). FIG. 16C: DLP modified mRNA vyields a statistically
significant 30% increase in protein production per cell compared to unmodified mRNA in the
presence of IFN (mean with 95% confidence intervals in Z-way ANOVA: p=<0.0001.
Sidak’s multiple comparison test with *** p=<0.0002 and **** p=<0.0001). FIG. 16D: DLP
modified mRNA 1n the presence of IFN produces an equivalent amount of protein compared
to unmodified mRNA in the absence of IFN treatment (mean with 95% confidence intervals
in 2-way ANOVA. Interaction: p=<0.0001. Row: p=<0.0001. Column: p=0.0023. Sidak’s
multiple comparison test with **%* p=<0 0001 and ** p=<0.0023).

06066} The foregoing and other features of the present disclosure will become
more fully apparent from the following description and appended claims, taken in
conjunction with the accompanying drawings. Understanding that these drawings depict only
several embodiments in accordance with the disclosure and are not to be considered Himiting
of' its scope; the disclosure will be described with additional specificity and detail through use

of the accompanying drawings.

10067} The present disclosure generally relates to compositions and methods for
use in regulating gene expression in cells. Some embodiments of the disclosure relate to
expression systems, such as viral-based expression systems, with superior expression
potential which are suitable for expressing heterologous molecules such as, for example,
vaccines and therapeutic polypeptides, in recombinant cells.  For example, some
embodiments of the disclosure relate to nucleic acid molecules containing one or more
structural elements of a viral capsid enhancer or a variant thereof. In some embodiments, at
least one of the one or more structural elements comprises a RNA stem-loop. In some
embodiments, at least one of the one or more structural elements is operably linked to a
coding sequence of a gene of interest. Some embodiments of the disclosure relate to nuclete
acid molecules such as transcription and/or expression constructs and vectors, containing a

nucleic acid sequence encoding one or more structural elements of a viral capsid enhancer.
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Also disclosed herein in some embodiments are transcription vectors and expression vectors,
such as viral-based vectors, comprising a coding sequence of a gene of interest. In some
embodiments, the nucleic acid molecules of the present disclosure, e.g, messenger (mRNA)
and RNA replicon, are generated via de novo synthesis and/or in vitro transcription.
Recombinant cells that are genetically modified to include one or more of the nucleic acid
molecules disclosed herein, as well as biomaterials and recombinant products derived tfrom
such cells are also within the scope of the application. Further provided herein are
compositions and kits that include one or more of the nucleic acid molecules and/or
recombinant cells disclosed herein, as well as methods for conferring a resistance to the
innate immune system in a host cell.

[0068] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof. In the drawings, similar symbols
typically identify similar components, unless context dictates otherwise. The illustrative
alternatives described in the detailed description, drawings, and claims are not meant to be
Himiting. Other alternatives may be used, and other changes may be made, without departing
from the spirit or scope of the subject matter presented here. It will be readily understood
that the aspects, as generally described herein, and illustrated 0 the Figures, can be arranged,
substituted, combined, and designed in a wide variety of ditferent configurations, all of which
are explicitly contemplated and make part of the present application.

{6069} Unless otherwise defined, all terms of art, notations and other scientific
terms or terminoclogy used herein are intended to have the meanings commonly understood by
those of skill in the art to which this application pertains. In some cases, terms with
commonly understood meanings are defined herein for clarity and/or for ready reference, and
the inclusion of such definitions herein should not necessarily be construed to represent a
substantial difference over what is generally understood in the art. Many of the techniques
and procedures described or referenced herein are well understood and commonly employed

using conventional methodology by those skilled in the art.

Some Definitions
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[0070] The singular form “a”, “an”, and “the” include plural references unless the
context clearly dictates otherwise. For example, the term “a cell” includes one or more cells,
comprising mixtures thereof.

6071} The term “about”, as used herein, has its ordinary meaning of
approximately. If the degree of approximation is not otherwise clear from the context,
“about” means either within plus or minus 10% of the provided value, or rounded to the
nearest significant figure, 1n all cases inclusive of the provided value. Where ranges are
provided, they are inclusive of the boundary values.

10072} The terms, "cells", "cell cultures”, "cell line", "recombinant host celis",
"recipient cells” and "host cells" as used herein, include the primary subject cells and any
progeny thereof, without regard to the number of transfers. In some situations, a progeny is
not exactly identical to the parental cell (due to deliberate or inadvertent mutations or
differences in environment}, however, such altered progeny is included in these terms, so
long as the progeny retain the same or substantially similar functionality as that of the
originally transformed cell.

16073} As used herein, the term "construct” is intended to mean any recombinant
nucleic acid molecule such as an expression cassette, plasmid, cosmid, fosmid, viral replicon,
shuttie vector, autonomously replicating polynucleotide molecule, bacteriophage, or linear or
circular, single-stranded or double-stranded, DNA or RNA polynucleotide molecule, derived
from any source, capable of genomic integration or autonorsous replication, comprising a
nucleic acid molecule where nucleic acid sequences are linked in a functionally operative
manner, e.g. operably linked.

[6674] The term "derived from" used herein refers to an origin or source, and may
include naturally-occurring, recombinant, unpurified or purified molecules. The molecules of
the present disclosure may be derived from viral or non-viral molecules. A protein or
polypeptide derived from an original protein or polypeptide may 1nclude the original protein

or polypeptide, in part or in whole, and may be a fragment or variant of the original protein or

polypeptide.
007 5] The term "gene" is used broadly to refer to any segment of nucleic acid

molecule that encodes a protein or that can be transcribed into a functional RNA. Genes may
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include sequences that are transcribed but are not part of a final, mature, and/or functional
RINA transcript, and genes that encode proteins may further comprise sequences that are
transcribed but not translated, for example, S' untranslated regions, 3' untranslated regions,
introns, efc. Further, genes may optionally further comprise regulatory sequences required for
their expression, and such sequences may be, for example, sequences that are not transcribed
or translated. Genes can be obtained from a variety of sources, including cloning from a
source of interest or synthesizing from known or predicted sequence information, and may
include sequences designed to have desired parameters.

[6076] The term "native” 1s used herein to refer to nucleic acid sequences or
amino actd sequences as they naturally occur in the host. The term "non-native” 1s used
herein to refer to nucleic acid sequences or amino acid sequences that do not occur naturally
in the host, or are not configured as they are naturally configured in the host. A nucleic acid
sequence or amino acid sequence that has been removed from a host cell, subjected to
faboratory manipulation, and introduced or reintroduced into a host cell is considered "non-
native." Synthetic genes or partially synthetic genes introduced into a host cell or organism
are "non-native." Non-native genes further include genes endogenous to the host cell
operably linked to one or more heterologous regulatory sequences that have been recombined
into the host genome, or genes endogenous to the host cell or organism that are in a locus of
the genome other than that where they naturally occur.

16077} The terms “naturally-occurring” and “wild-type”, as used herein, refer to a
form found in nature. For example, a naturally-occurring or wild-type nucleic acid molecule,
nucleic acid sequence or protein may be present in and isolated from a natural source, and is
not intentionally modified by buman manipulation.  As described in detail below, the nucleic
acid molecules according to some embodiments of the present disclosure are non-naturally
oceurring nucleic acid molecules.

{0078} The term "heterologous” when used in reference to a polynucleotide, a
gene, or a nucleic acid molecule refers to a polynuclectide, gene, or a nucleic acid molecule
that is not derived from the host species. For example, "heterologous gene” or "heterologous
nucleic acid sequence” as used herein, refers to a gene or nucleic acid sequence from a

different species than the species of the host organism it 15 introeduced into. When referring
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to a gene regulatory sequence such as, for example, an enhancer sequence, or to an auxiliary
nucleic acid sequence used for manipulating expression of a gene sequence (e.g a 5
untranslated region, 3' untranslated region, poly A addition sequence, efc. ) or to a nucleic
acid sequence encoding a protein domain or protein localization sequence, "heterologous”
means that the regulatory or auxiliary sequence or sequence encoding a protein domain or
localization sequence is from a different source than the gene with which the regulatory or
auxiliary nucleic acid sequence or nucleic acid sequence encoding a protein domain or
localization sequence is juxtaposed in a genome. Thus, a promoter operably linked to a gene
to which it is not operably linked to in its natural state (for example, 10 the genome of a non-
genetically engineered organism) is referred to herein as a "heterclogous promoter,” even
though the promoter may be derived from the same species {or, in some cases, the same
organism} as the gene to which it 1s linked. For example, in some embodiments disclosed
herein, a coding sequence of a heterologous gene of interest (GOI) is not linked to the
recombinant RNA replicon sequence in its natural state. In some embodiments, the coding
GOI sequence is derived from another organism, such as another virus, bacteria, fungi,
human cell (tumor Ag), parasite (malaria), efc.}

[0079] The terms "nucleic acid molecule” and "polynucleotide” are used
interchangeably herein, and refer to both RNA and DNA molecules, including nucleic acid
molecules comprising ¢cDNA, genomic DNA, synthetic DNA, and DNA or RNA molecules
containing nucleic acid analogs. Nucleic acid molecules can have any three-dimensional
structure. A nucleic acid molecule can be double-stranded or single-stranded {e.g., a sense
strand or an antisense strand). Non-limiting examples of nucleic acid molecules include
genes, gene fragments, exons, introns, messenger RNA (mRNA), transfer RNA, ribosomal
RNA, siRNA, micro-RNA, tracrRNAs, crRNAs, guide RNAs, rtbozymes, c¢DNA,
recombinant polynucleotides, branched polynucleotides, nucleic acid probes and nucleic acid
primers. A nucleic acid molecule may contain unconventional or modified nucleotides. The
terms “polynuclectide sequence” and “nucleic acid sequence” as used herein interchangeably
refer to the sequence of a polynucleotide molecule. The nomenclature for nucleotide bases as
set forth in 37 CFR §1.822 is used herein. The nucleic acid molecuies of the present

disclosure can be synthesized ex vifro by any means known in the art, for example, using one
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or more chemical or enzymatic technigues (for example, by use of chemical nucleic acid
synthesis, or by use of enzymes for the replication, polymerization, exomucleolytic digestion,
endonucleolytic digestion, ligation, reverse transcription, transcription, base modification
(including, e.g., methylation), or recombination {including homologous and site-specific
recombination) of nucleic acid molecules. In some embodiments, the nucleic acid molecules
of the present disclosure are generated from de movo synthesis. In some embodiments,
nucleic acid molecules can be synthesized de nove in whole or in part, using known chemical
methods, known enzymatic techniques, or any combination thereof. For example, the
component nucleic acid sequences can be synthesized by solid phase techniques, removed
from the resin, and purified by preparative high performance liquid chromatography followed
by chemical linkage and/or enzymatic ligation to form a chimeric nucleic acid molecule. The
composition of the synthetic nucleic acid molecules may be confirmed by nucleic acid
analysis or sequencing. In some embodiments, the nucleic acid molecules of the present
disclosure can be enzymatically assembled from chemically synthesized oligonucleotides
using techniques known in the art.

[0080] Nucleic acid molecules of the present disclosure can be nucleic acid
molecules of any length, for example between about 0.5 Kb and about 1000 Kb, between
about 0.5 Kb and about 500 Kb, between about 1 Kb and about 100 Kb, between about 2 Kb
and about 50 Kb, or between about 5 Kb and about 20 Kb. In some embodiments, the
nucleic acid molecule is, or is about, 0.5 Kb, 1 Kb, 2 Kb, 3 Kb, 4 Kb, 5 Kb, 6 Kb, 7Kb, §
Kb, 9 Kb, 10 Kb, 15 Kb, 20 Kb, 25 Kb, 30 Kb, 40 Kb, 50 Kb, 100 Kb, 200 Kb, 500 Kb, 1
Mb, or more, or a range between any two of these values.

16081} The polynucleotides of the present disclosure can be “biologically active”
with respect to etther a structural atiribute, such as the capacity of a nucleic acid to hybridize
to another nucleic acid, or the ability of a polynucleotide sequence to be recognized and
bound by one or more of a transcription factor, a ribosome, and a nucleic acid polymerase.

[6082] The term "recombinant” or "engineered” nucleic acid molecule as used
herein, refers to a nucleic acid molecule that has been altered through human intervention.
As nov-limiting examples, a cBNA is a recombinant DNA molecule, as 15 any nucleic acid

molecule that has been generated by ex vitro polymerase reaction(s), or to which linkers have
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been attached, or that has been integrated into a vector, such as a cloning vector or expression
vector. As non-limiting examples, a recombinant nucleic acid molecule: 1) has been
synthesized or modified ex vitro, for exaraple, using chemical or enzymatic techniques (for
exarple, by use of chemical nucleic acid synthesis, or by use of enzymes for the replication,
polymerization, exonucleolytic digestion, endonucleolytic digestion, ligation, reverse
transcription, transcription, base modification (including, e.g., methylation), or recombination
(including homologous and site-specific recombination} of nucleic acid molecules; 2)
includes conjoined nuclectide sequences that are not conjoined in nature, 3) has been
engineered using molecular cloning techniques such that it lacks one or more nucleotides
with respect to the naturally-occurring nucleic acid molecule sequence, and/or 4) has been
manipulated using molecular cloning techniques such that it has one or more sequence
changes or rearrangements with respect to the naturally-occurring nucleic acid sequence. As
non-limiting examples, a ¢cPDNA is a recombinant DNA molecule, as is any nucleic acid
molecule that has been generated by ex vifro polymerase reaction(s), or to which linkers have
been attached, or that has been integrated into a vector, such as a cloning vector or expression
vector. In some embodiments disclosed herein, the recombinant nucleic acid molecules of
the present application are generated from de novo synthesis.

[0083] The term "vanant” of a protein used herein refers to a polypeptide having
an amino acid sequence that 1s the same or essentially the same as that of the reference
protein except having at least one amino acid medified, for example, deleted, inserted, or
replaced, respectively. The amino acid replacement may be a conservative amino acid
substitution, preferably at a non-essential amino acid residue in the protein. A "conservative
amino acid substitution” is one in which the amino acid residue is replaced with an amino
acid residue having a similar side chain. Families of amino acid residues having similar side
chaings are known in the art. These families include amino acids with basic side chains {e.g.,
fysineg, arginine, histidine), acidic side chains {e.g., aspartic acid, glutamic acid), uncharged
polar side chains {(e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine),
non-polar side chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine,
methionine, tryptophan), beta-branched side chains (e.g. |, threonine, valine, isoleucine) and

aromatic side chains (e.g., tyrosine, phenvlalanine, tryptophan, histidine). A variant of a
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protein may have an amino acid sequence at least about 80%, 90%, 95%, or 99%, preferably
at least about 90%, more preferably at least about 95%, tdentical to the amino acid sequence
of the protein. Preferably, a variant 1s a functional variant of a protein that retains the same
function as the protein. The terms “varant”, when used in reference to a nucleic acid
sequence, refer to a nucleic acid sequence that differs by one or more nucleotides trom
another, usually related nucleotide acid sequence. As such, the term “variant” can refer to a
change of one or more nucleotides of a reference nucleic acid which includes the insertion of
one or more new nucleotides, deletion of one or more nucleotides, and substitution of one or
more existing nucleotides. A "variation” is a difference between two different nucleoctide
sequences; typically, one sequence is a reference sequence. Broadly, the term “nucleotide
variation” as used herein includes point mutation, multiple mutation, single nucleotide
polymorphism (SNP), deletion, insertion, and translocation. The term “reference nucleic
acid” is used herein to describe a nucleotide sequence having a known reference sequence of
interest.

[0084] As used herein, the terms, "identical” or percent "identity”, in the context
of two or more nucleic acids or polypeptide sequences, refer to two or more sequences of
subsequences that are the same or have a specified percentage of amino acid residues or
nucleotides that are the same, when compared and aligned for maximum correspondence over
a comparison window. Unless otherwise specified, the comparison window for a selected
sequence, e.g., “SEQ D NO: X7 is the entire length of SEQ ID NO: X and, e.g., the
comparison window for “100 bp of SEQ ID NOG: X" is the stated 100 bp. The degree of
amino acid or nucleic acid sequence identity can be determined by varicus computer
programs for aligning the sequences to be compared based on designated program
parameters. For example, sequences can be aligned and compared using the local homology
algorithm of Smith & Waterman 4dv. dppl. Math. 2:482-89, 1981, the homology alignment
algorithm of Needleman & Wunsch ./ Mol Biol 43:443-53, 1970, or the search for similanty
method of Pearson & Lipman Proc. Nat'l Acad. Sci. USA 85:2444-48, 1988, and can be
aligned and compared based on visual inspection or can use computer programs for the
analysis (for example, GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics

Software Package, Genetics Computer Group, 575 Science Dr., Madison, W1).
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10085 In addition to calculating percent sequence identity, the BLAST algorithm
also performs a statistical analysis of the similarity between two sequences (see, e.g., Karlin
& Altschul, Proc. Nat'l Acad Sci. USA 90:5873-87, 1993). The smallest sum probability
(P(IN}), provides an indication of the probability by which a match between two nucleotide or
amino acid sequences would occur by chance. For example, a nucleic acid is considered
similar to a reference sequence if the smallest sum probability in a comparison of the test
nucleic actd to the reference nucleic acid 1s less than about 0.1, preferably less than about
0.01, and more preferably less than about 0.001.

[0086] As used herein, the term "vector” refers to a recombinant polynucleotide
construct designed for transter to a host cell, or between host cells, and that may be used for
the purpose of transformation, e.g. the introduction of heterologous DNA into a host cell. A
vector can be, for example a replicon, such as a plasmid, bacteriophage, or cosmid, into
which another DNA segment may be inserted so as to bring about the replication of the
inserted segment. Generally, a vector is capable of replication when associated with the
proper control elements. The term "vector” tncludes cloning vectors and expression vectors,
as well as viral vectors and integrating vectors. An “expression vector" i3 a vector that
includes a regulatory region, thereby capable of expressing DNA sequences and fragments,
for example ex vitro, ex vivo, and in vive. In some embodiments, the vector 1s a plasmid, a
bacteriophage vector, a cosmid, a fosmid, a viral replicon, or a combination thereof. In some
embodiments, the vector is a eukaryotic vector, a prokaryotic vector {e.g., a bacterial
plasmid), or a shuttle vector. An expression system can be, for example, an expression
vector or an expression cassette. In some embodiments, the vector is a transcription vector
The term “transcription vector” refers to a vector capable of being transcribed but not
transiated. For example, transcription vectors can be used to amplify their nsert.

[0087] Virus-based "replicon” expression vectors can be used as, for example,
vaccines and therapeutic compositions. Replicon vectors may be utilized in several formats,
including DNA, RNA, and recombinant viral particles. A wide body of literature has now
demonstrated efficacy of viral replicon vectors for applications such as vaccines. Moreover,
these terms may be referred to collectively as vectors, vector constructs or gene delivery

vectors.
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16088] As will be understood by one having ordinary skill in the art, for any and all
purposes, such as in terms of providing a written description, all ranges disclosed herein also
encompass any and all possible sub-ranges and combinations of sub-ranges thereof. Any
listed range can be easily recognized as sufficiently describing and enabling the same range
being broken down into at least equal halves, thirds, quarters, fifths, tenths, efc. As a non-
limiting example, each range discussed herein can be readily broken down into a lower third,
middle third and upper third, efc.  As will also be understood by one skilled 1n the art all

32 (LE

language such as “up to,” “at jeast,” “greater than,” “less than,” and the like include the
nuraber recited and refer to ranges which can be subsequently broken down into sub-ranges
as discussed above. Finally, as will be understood by one skilled in the art, a range includes
each individual member. Thus, for example, a group having 1-3 articles refers to groups
having 1, 2, or 3 articles. Similarly, a group having 1-5 articles refers to groups having 1, 2,

3,4, or 5 articles, and so forth.

Viral Capsid Enhancers

[06089] Some viruses have sequences capable of forming one or more stem-loop
structures which regulate, for example increase, capsid gene expression. The term “viral
capsid enhancer” is used herein to refer to a regulatory element comprising sequences capable
of forming such stem-loop structures. In some examples, the stem-loop structures are formed
by sequences within the coding sequence of a capsid protein and named Downstream Loop
(DLP) sequence. As disclosed herein, these stem-loop structures or variants thereotf can be
used to regulate, for example increase, expression level of genes of interest. For example,
these stem-loop structures or vanants thereof can be used 1n a recombinant vector (e.g., 1n a
heterologous viral genome) for enhancing transcription and/or translation of coding sequence
operably linked downstream thereto. As an example, members of the Alphavirus genus can
resist the activation of antiviral RNA-activated protein kinase (PKR)} by means of a
prominent RNA structure present within in viral 268 transcripts, which allows an elF2-
independent translation initiation of these mRNAs. This structure, called the downstream
loop (BLP), is located downsiream from the AUG in SINV 268 mRNA and in other
members of the Aiphavirus genus. o the case of Sindbis virus, the DLP motif is found in the

-

first ~150 nt of the Sindbis subgenomic RNA. The hairpin is located downstream of the
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Stndbis capsid AUG initiation codon (AUG is collated at nt 50 of the Sindbis subgenomic
RINA} Previous studies of sequence comparisons and structural RNA analysis revealed the
evolutionary conservation of DLP in SINV and predicted the existence of equivalent DLP
structures in many members of the Alphavirus genus (see e.g., Ventoso, J. Virol 9484-9494,
Vol. 86, Sept. 2012},

6090} PKR phosphorylates the eukaryotic translation initiation factor 2¢ (elF2
a). Phosphorylation of elk2 o blocks translation initiation of mRNA and in doing so keeps
vituses from a completing a productive replication cycle. PKR is activated by interferon and
double stranded RNA. Alphavirus replication in host cells is known to induce the double-
stranded RNA-dependent protein kinase (PKR). For example, Sindbis virus infection of celis
induces PKR that results in phosphorylation of elF2 a yet the viral subgenomic mRNA s
efficiently translated while translation of all other cellular mRNAs 1s restricted.  The
subgenomic mRNA of Sindbis virus has a stable RNA hairpin loop located downstream of
the wild type AUG initiator codon for the virus capsid protein {e.g., capsid enhancer). This
hairpin loop, also called stem-loop, RNA structure is often referred to as the Downstream
LooP structure {or DLP motif). [t has been reported that the DLP structure can stall a
ribosome on the wild type AUG and this supports translation of the subgenomic mRNA
without the requirement for functional elF2 a. Thus, subgenomic mRNAs of Sindbis virus
(SINV) as well as of other alphaviruses are efficiently translated even in cells that have

highly active PKR resulting in complete phosphorylation of elFZa.

Structure of Alvhavirus DLPs

16091} The DLP structure was first charactenized in Sindbis virus (SINV) 268
mRNA and also detected in Semliki Forest virus (SFV). Similar DLP structures have been
reported to be present in at least 14 other members of the Alphavirus genus including New
World (for example, MAYV, UNAV, BEEV (NA), EEEV (SA), AURAV) and Old World
{8V, SFV, BEBVY, RRV, SAG, GETY, MIDV, CHIKV, and ONNV)} members. The
predicted structures of these Alphavirus 265 mRNAs were constructed based on SHAPE
{selective 2”-hvdroxyl acylation and primer extension) data (Toribio ef &f., Nucleic Acids Res.
May 19; 44(9):4368-80, 2016), the content of which is hereby incorporated by reference).

Stable stem-loop structures were detected 1n all cases except for CHIKVY and ONNV, whereas

-35-



WO 2018/106615 PCT/US2017/064561

MAYYV and EEEV showed DLPs of lower stability {see FIGS, 11A-B and Torbio ¢f al,
2016 supra). The highest DLP activities were reported for those Alphaviruses that contained
the most stable DLP structures. In some instances, DLP activity depends on the distance
between the DLP motif and the initiation codon AUG (AUG1). The AUG-DLP spacing in
Alphavirus 265 mRNAs is tuned to the topology of the ES6S region of the ribosomal 185
fRNA in a way that allows the placement of the AUGH in the P site of the 408 subunit stalled
by the DLP, allowing the incorporation of Met-tRNA without the participation of elF2. Two
main topologies were detected: a compact and stable structure in the SFV clade, and a more
extended structure in the SINV group. In both cases, it was observed that DLP structures
were preceded by a region of intense SHAPE reactivity, suggesting a single stranded
conformation for the AUG-DLP stretch. Accordingly, this region showed a high content of A
and a low content of G that resulted in a low propensity to form secondary structures when
compared with equivalent positions in whole mouse mRNA transcriptome or in those
Alphavirus mRNAs lacking DLPs. These results reported by Toribio ef af. {2016, supra)
suggest that the occurrence of DLPs in Alphavirus 1s probably linked to a flattening of the
preceding region, resulting tn a valley-peak topology for this region of mRNA.

[06092] In the case of Sindbis virus, the DLP motif is found in the first ~150 nt of
the Sindbis subgenomic RNA. The hairpin is located downstream of the Sindbis capsid AUG
initiation codon (AUG at nt 50 of the Sindbis subgenomic RNA) and results in stalling a
ribosome such that the correct capsid gene AUG is used to initiate translation. This is
because the hairpin causes ribosomes to pause elF2a i1s not required to support translation
initiation. Without being bound by any particular theory, it is believed that placing the DLP
motif upstream of a coding sequence for any GOT typically results in a fusion-protein of N-
terminal capsid amino acids that are encoded in the hairpin region to the GOI encoded protein
because initiation occurs on the capsid AUG not the GOI AUG. In some embodiments
disclosed herein, a porcine teschovirus-1 2A (P2A) peptide sequence was engineered in-
frame immediately after the DLP sequence and in-frame immediately upstream of all GOL
The incorporation of the P2A peptide in the modified viral RNA replicons of the present
disclosure allows release of a nearly pristine GOI protein from the capsid-GOI fusion; a

single proline residue is added to all GOI proteins.
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10093] Without being bound by any particular theory, it 1s believed that the DLP
allows translation to occur in an elF2a independent manner, nucleic acid molecules and
expression vectors (e.g., RINA replicon vectors) engineered to use it to initiate translation of
non-structural proteins have increased functionality in cells that are innate immune system
activated. Therefore, it is contemplated that DLP-engineered nucleic acid molecules and
expression vectors {e.g., RINA replicon vectors) also function with more uniformity in
innate immune activation in each will naturally cause variability. In some embodiments, the
DLP can assist in removing that variability because translation and replication of RNA
replicon vectors {(as well as GOI expression) can be less impacted by pre-existing innate
immune responses. One of the significant values of the compositions and methods disclosed
herein is that vaccine efficacy can be increased in individuals that are in a chronic or acute
state of immune activation. Causes of chronic or acute immune activation could be found in
individuals suffering from a subclinical or clinical infection or individuals undergoing
medical treatments for cancer or other maladies (e.g., diabetes, malnutrition, high blood
pressure, heart disease, Crobn’s disease, muscular scleroses, efe. ).

[0094] As described herein, DLP-containing nucleic acid molecules {for example,
transcription and expression vectors {(e.g., RNA viral replicons)) disclosed herein can be
useful in conferring a resistance to the innate immune system in a subject. Unmodified RNA
replicons are sensitive to the initial innate immune system state of cells they are introduced
into. If the cells/individuals are in a highly active innate immune system state, the RNA
replicon performance (e.g., replication and expression of a GOI) can be negatively timpacted.
By engineering a DLP to control initiation of protein translation, particularly of non-structural
proteins, the impact of the pre-existing activation state of the nnate immune system to
influence efficient RNA replicon replication is removed or lessened.  The result is more
uniform and/or enhanced expression of a GOI that can impact vaccine efficacy or therapeutic
impact of a treatment.

Arteriviruses
[6095] The arteriviruses (Family Arferiviridae, Genus Arferivirus) encompass an

important group of enveloped, single-stranded, positive-sense RNA viruses which infect
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domestic and wild animals. Arferiviruses share a similar genome organization and
replication strategy to that of members of the family Coronaviridae (genera Coronavirus and
Torovirus), but differ considerably in their genetic complexity, genome length, biophysical
properties, size, architecture, and structural protein composition of the viral particles (e.g.,
virion}.  Currently, the Arferivirus genus 1s considered to include equine arteritis virus
(EAV), porcne reproductive and respiratory syndrome virus (PRRSVY), lactate
dehydrogenase-elevating virus (LDV) of mice, simian hemorrhagic fever virus (SHFV), and
wobbly possum disease virus (WPDV),

[06096] A typical artertvirus genome varies between 12.7 and 15.7 kb i fength but
their genome organization is relatively counsistent with some minor variations. Exemplary
genome organization and virion architecture of an arterivirus is shown in FIG. 16, The

2

arterivirus genome is a polycistronic YRINA, with 5° and 3’ non-translated regions (NTRs)
that flank an array of 10-15 known OR¥s. The large replicase ORFs 1a and 1b occupy the
57-proximal three-quarters of the genome, with the size of ORF1a being much more variable
than that of ORF1b. Translation of ORF1a produces replicase polyprotein (pp} la, whereas
ORF1b is expressed by —1 programmed ribosomal frameshifting (PRF), which C-terminally
extends ppla iuto pplab. In addition, a short transframe ORF has been reported to overlap
the nsp2-coding region of ORFl1a in the +1 frame and to be expressed by -2 PRF. The 3’-
proximal genome part has a compact organization and contains 8 to 12 relatively small genes,
most of which overlap with neighboring genes. These ORFs encode structural proteins and
are expressed from a 3’-co-terminal nested set of sg mRNAs.  The organization of these
ORFs is conserved, but downstream of ORF1b, SHFV and all recently identified SHFV-like
viruses contain three or four additional ORFs (~1.6 kb) that may be derived from an ancient
duplication of ORFs 2-4.  Together with the size variation in ORFla, this presumed
duplication explains the genome size differences among arteriviruses,

10097} With regard to equine arteritis virus {(EAV), the wild-type EAV genome is
approximately 12.7 Kb in size. The 5 three fourths of the genome codes for two large
replicase proteins 1a and lab; the amino acid sequences of the two proteins are N-terminally
identical but due to a ribosomal frameshift the amino acid sequence of the C-terminal region

of lab is unique. The 37 one quarter of the EAV genome codes for the virus’s structural

-38-



WO 2018/106615 PCT/US2017/064561

protein genes, all of which are expressed from subgenomic RNAs. The subgenomic RNAs

2

form a nested set of 37 co-terminal RNAs that are generated via a discontinuous
transcriptional mechanism. The subgenomic RNAs are made up of sequences that are not
contiguous with the genomic RNA. All of the EAV subgenomic RNAs share a common 5
leader sequence (156 to 221 nt in length) that is identical to the genomic 57 sequence. The
leader and body parts of the subgenomic RNAs are connected by a conserved sequence
termed a transcriptional-regulatory sequence (TRS). The TRS is found on the 37 end of the
leader (leader TRS) as well as in the subgenomic promoter regions located upstream of each
structural protein gene (body TRS). Subgenomic RNAs are generated as the negative sirand
replication intermediate RNA is transcribed. As transcription occurs the replication complex
pauses as it comes to each body TRS and then the nascent negative strand RNA become
associated with the complementary positive strand leader TRS where negative strand RNA
transcription continues. This discontinuous transcription mechanism results in subgenomic
RINA with both 5" and 3° EAV conserved sequences. The negative strand subgenomic RNAs
then become the template for production of the subgenomic positive sense mRINA.

[8098] Infectious cBNA clones, representing the entire genome of EAVY, have been
reported and they have been used to study EAV RNA replication and transcription for nearly
two decades. In addition, infectious clones have been generated that contain the
chloramphenicol acetyltransterase (CAT) gene inserted in place of ORF2 and ORF7, and
CAT protein was shown to be expressed in cells electroporated with those RNAs.
Modifications of the infectious clone via site directed mutagenesis and deletion of the
structural protein gene regions has been used to determine the requirement for each structural
gene in support of RNA replication (Molenkamp 2000}, The study reported by Molenkamp
2000 concluded that the structural genes are not required to support RNA replication.
Analysis of sequence homology requirernents for TRS activity in subgenomic RNA
production was conducted and used to better define how discontinuous transcription
mechanistically occurs (van Marle 1999, Pasternak 2000, Pasternak 2001, Pasternak 2003,
van den Born 2005) and defective interfering RNAs have been used to understand the
minimal genomic sequences required for replication and packaging of RNA into virus

particles (Molenkamp 2000a).
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Alphaviruses

[0099] Alphavirus is a genus of genetically, structurally, and serologically related
viruses of the group IV Togaviridae family which includes at least 30 members, each having
single stranded RNA genomes of positive polarity enclosed in a nucleocapsid surrounded by
an envelope containing viral spike proteins. Currently, the alphavirus genus comprises
among others the Sindbis virus (SIN}), the Semiiki Forest virus (SFV), the Ross River virus
(RRV), Venezuelan equine encephalitis virus (VEEV), and Eastern equine encephalitis virus
(EEEV), which are all closely related and are able to infect various vertebrates such as
mammal, rodents, fish, avian species, and larger mammals such as bumans and horses as well
as invertebrates such as insects. Transmission between species and individuals occurs mainly
via mosquitoes making the alphaviruses a contributor to the collection of Arboviruses — or
Arthropod-Borne Viruses. In particular, the Sindbis and the Semliki Forest viruses have been
widely studied and, therefore, the life cycle, mode of replication, efc., of these viruses are
well characterized. In particular, alphaviruses have been shown to replicate very efficiently
in animal cells which makes them valuable as vectors for production of protein and nucleic
actds i such cells.

[0100] Alphavirus particles are enveloped, have a 70 nm diameter, tend to be
spherical (although slightly pleomorphic), and have an approximately 40 nm isometric
nucieocapsid. ¥F1G. 9 depicts a typical alphavirus genomic structure and genome expression.
Alphavirus genome is single-stranded RNA of positive polarity of approximately 11- 12 kb in
fength, comprising a 57 cap, a 37 poly-A tail, and two open reading frames with a first frame
encoding the nonstructural proteins with enzymatic function and a second frare encoding the
viral structural proteins {e.g., the capsid protein C, El glycoprotein, E2 glycoprotein, E3
protein and 6K protein).

[0101] The 5" two-thirds of the alphavirus genome encodes a number of
nonstructural proteins necessary for franscription and replication of viral RNA.  These
proteins are translated directly from the RNA and together with cellular proteins form the
RNA-dependent RNA polymerase essential for viral genome replication and transcription of
subgenomic RNA  Four nonstructural proteins (nsP1-4) are produced as a single polyprotein

which constitutes the virus' replication machinery. The processing of the polyprotein occurs
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in a highly regulated manner, with cleavage at the P2/3 junction influencing RNA template
use during genome replication. This site i1s located at the base of a narrow cleft and is not
readily accessible. Once cleaved, nsP3 creates a ring structure that encircles nsP2. These
two proteins have an extensive interface. Mutations in nsP2 that produce noncytopathic
viruses or a temperature sensitive phenotypes cluster at the P2/P3 interface region. P3
mutations opposite the location of the nsP2 noncytopathic mutations prevent etficient
cleavage of P2/3. This in turn can affect RNA infectivity altering viral RNA production
fevels.

[0102] The 37 one-third of the genome comprises subgenomic RNA which serves
as a teraplate for translation of all the structural proteins required for forming viral particles:
the core nucleocapsid protein C, and the envelope proteins P62 and El that associate as a
heterodimer. The viral membrane-anchored surface glycoproteins are responsible for
receptor recognition and entry into target celis through membrane fusion. The subgenomic
RINA is transcribed from the p26S subgenomic promoter present at the 3’ end of the RNA
sequence encoding the nspd protein.  The proteolytic maturation of P62 into E2 and E3
causes a change in the viral surface. Together the E1, E2, and sometimes E3, glycoprotein
"spikes” form an E1/E2 dimer or an E1/E2/E3 trimer, where E2 extends from the center to
the vertices, E1 fills the space between the vertices, and E3, if present, 1s at the distal end of
the spike. Upon exposure of the virus to the acidity of the endosome, E1 dissociates from E2
to form an E1 homotrimer, which is necessary for the fusion step to drive the cellular and
viral membranes together. The alphaviral glycoprotein El is a class Il viral fusion protein,
which is structurally different from the class I fusion proteins found in influenza virus and
HIV. The E2 glycoprotein functions to interact with the nucleocapsid through 1ts cytoplasmic
domatn, while its ectodomain is responsible for binding a cellular receptor. Most
alphaviruses lose the peripheral protein E3, while in Semliki viruses it remains associated
with the viral surface.

[0103] Alphavirus replication has been reported to take place on membranous
surface within the host cell. In the first step of the infectious cycle, the 5’ end of the genomic
RINA is translated into a polyprotein (nsP1-4) with RNA polymerase activity that produces a

negative strand complementary to the genomic RNA. In a second step, the negative strand is
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used as a template for the production of two RNAs, respectively: (1) a posttive genomic RNA
corresponding to the genome of the secondary viruses producing, by translation, other nsp
proteins and acting as a genome for the virus; and (2) subgenomic RNA encoding the
structural proteins of the virus forming the infectious particles. The positive genomic
RNA/subgenomic RNA ratio i1s regulated by proteolytic autocleavage of the polyprotein to
nsp 1, nsp 2, nsp 3 and nsp 4. In practice, the viral gene expression takes place in two phases.
In a first phase, there is main synthesis of positive genomic strands and of negative strands.
During the second phase, the synthesis of subgenomic RNA is virtually exclusive, thus

resulting in the production of large amount of structural protein.

Innate Immunity

[0104] Since innate immune activation can occur due to many different stimuli,
vaccine approaches that rely on self-amplifving RNA replicons to express antigen or
therapeutic GOl can be negatively impacted by the global host protetn shutdown associated
with PKR phosphorylation of elF2a.  Engineering RNA replicons to function in a cellular
environment where host protein translation s repressed would provide those systems with a
significant advantage over standard RNA replicon systems.

[0105] Accordingly, RNA replicon systems that are negatively impacted by innate
immune responses, such as systems derived from alphaviruses and arteriviruses, can be more
effective at expressing their encoded GOI when engineered to contain a DEP motif. The
DLP motif confers efficient mRNA translation in cellular environments where cellular
mRBRNA transiation 15 inhibited. When a DLP 15 linked with transiation of a replicon vectors
non-structural protein genes the replicase and transcriptase proteins are capable of initiating
functional replication in PKR activated cellular environments. When a DLP 1s linked with
translation of subgenomic mRNAs robust GOI expression is possible even when cellular
mRNA is restricted due to innate immune activation. Accordingly, engineering replicons that
contain DLP structures to help drive translation of both non-structural protein genes and
subgenomic mRNAs provides yet another powerful way to overcome innate immune
activation.

[0106] Some embodiments of the disclosure relate to DLP structures that have

been engineered to support translation of viral non-structural genes of replicon vectors
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derived from two different viruses, Venezuelan equine encephalitis virus (VEEV) and equine
arterttis virus (EAV), thus conveying innate immune response evasion to the systems. As
described in greater detail below, incorporation of the DLP structures into the replicon
vectors made them both resistant to interferon (JFN) treatment and unexpectedly also resulted
in an overall increase in GOI expression potential. The combination of IFN resistance and
superior protein expression potential imparted by engineering a DLP into the RNA replicon
systems make them suitable for use in individuals or populations where innate immune

activation is acutely or chronically present.

Nucleic Acid Molecules of the Disclosure

[0107] Some aspects of the present disclosure relate to nucleic acid molecules,
such as synthetic or recombinant nucleic acid molecules, that include one or more DLP
motifs, a coding sequence for one or more DLP motifs, or a combination thereof. In some
embodiments, the nucleic acid molecules of the disclosure can include a coding sequence for
a gene of interest {(GOI) operably linked to BLP motif{s) and/or the coding sequence for the
DLP motifs.

[0108] In one aspect, disclosed herein is a nucleic acid molecule, comprising (i} a
first nucleic acid sequence encoding one or more structural elements of a viral capsid
enhancer or a variant thereof, and (it) a second nucleic acid sequence operably linked to the
first nucleic acid sequence, wherein the second nucleic acid sequence comprises a coding
sequence for a gene of interest (GO}, In some embodiments, at least one of the one or more
structural elements of the viral capsid enhancer comprises one or more RNA stem-loops. In
some embodiments, at least one of the one or more RNA stem-loops is comprised by a DLP
motif present in the first nucleic acid sequence. In some embodiments, at least one of the one
or more structural elements of the viral capsid enhancer does not comprise any RNA stem-
foop.

[0109] As described above, a viral capsid enhancer comprises sequences within
the 5” non-coding and/or 57 coding sequences {preferably, the 57 coding sequences) of that
enhance expression {e.g., transcription and/or transiation) of sequences operably linked
therewith. In some embodiments of the present disclosure, the one or more structural

elements of the viral capsid enhancer include one or two RNA stem-loops of the viral capsid
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enhancer. In some embodiments, the viral capsid enhancer of the present disclosure includes
the sequences containing the 268 subgenomic promoter. In some embodiments, the viral
capsid enhancer of the disclosure contains the 3° coding sequences at about nucleotides 20 to
250, about nucleotides 20 to 200, about nucleotides 20 to 150, about nucleotides 20 to 100, or
about nucleotides 50 to 250, about nucleotides 100 to 250, about nucleotides 50 to 200, about
nuclectides 75 to 250, about nucleotides 75 to 200, about nucleotides 75 to 150, about
nucleotides 77 1o 139, or about nucleotides 100 to 250, about nuclectides 150 to 250, about
nuclectides 100 to 150, about nucleotides 100 to 200 of the viral 265 RNA, which is capable
of forming a hairpin structure. In some embodiments, the first nucleic acid sequence
encoding one or more structural elements of a viral capsid enhancer that are important for
enhancing expression of a heterologous sequence operably linked thereto. In some
embodiments, the first nucleic acid sequence includes encoding sequence for one or more
RINA stem-loops of a viral capsid enhancer. In some embodiments, the first nucleic acid
sequence encoding one or more structural elements of a viral capsid enhancer that are
important for enhancing translation of a heterologous sequence operably linked thereto. In
some embodiments, the first nucleic acid sequence encoding one or more structural elements
of a viral capsid enhancer that are important for enhancing transcription of a heterologous
sequence operably linked thereto.

[0110] In some embodiments, the first nucleic acid sequence of the nucleic acid
molecule includes at least about 50, about 75, about 100, about 130, about 200, about 300, or
more nucleotides from the 5 coding sequence for a viral capsid protein. In some
embodiments, the first nucleic acid sequence of the nucleic acid molecule includes about 50,
about 75, about 100, about 150, about 200, about 300, or more, or a range between any two
of these values, nucleotides from the 5 coding sequence for a viral capsid protein. In some
embodiments, the viral capsid enhancer is derived from a capsid gene of an alphavirus
species selected from the group counsisting of Eastern equine encephalitis virus (EEEV),
Venezuelan equine encephalitis virus (VEEVY), 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 (BF), Getah virus (GET), Sagiyama virus (SAGVY), Bebaru virus
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{(BEBYVY), Mayaro virus (MAYV), Una virus (UNAV), Sindbis virus (§8INV), Aura virus
{AURAV), Whataroa virus (WHAYV), Babanki virus (BABV), Kyzylagach virus (KYZV),
Western equine encephalitis virus (WEEVY), Highland J virus (HIV), Fort Morgan virus
(FMV), Ndumu (NDUV), and Buggy Creek virus. In some embodiments, the viral capsid
enhancer 1s derived from a capsid gene of a Sindbis virus species or a Semliki Forest virus
species. In some particular embodiments, the viral capsid enhancer is derived from a capsid
gene of a Sindbis virus species. Additionally, one of ordinary skill in the art will appreciate
that modifications may be made in the 5’ coding sequences from the viral capsid protein
without substantially reducing its enhancing activities. More information in this regard can
be found in, e.g., Frolov ef al., J Virology 70:1182, 1994; Frolov ef af., J. Virology 68:8111,
1994 In some embodiments, it can be advantage for such mutations to substantially preserve
the RNA hairpin structure formed by the §' capsid coding sequences.

[0111] In some embodiments, the viral capsid enhancer disclosed herein does not
contain one or more, or all, of the 57 coding sequences of the capsid protein that are upstream
of the hairpin structure. In some embodiments, the viral capsid enhancer disclosed herein
does not contain all of the 3’ coding sequences of the viral capsid protein that are upstream of
the hairpin structure. In some embodiments, the viral capsid enhancer sequence may encode
all or part of the capsid protein.  Accordingly, in some embodiments disclosed herein, the
capsid enhancer region will not encode the entire viral capsid protein. In some embodiments,
the viral capsid enhancer sequence encodes an amino ternunal fragment from the viral capsid
protein. In those embodiments in which an otherwise functional capsid protein is encoded by
the capsid enhancer sequence, it may be desirable to ablate the capsid autoprotease activity.
Capsid mutations that reduce or ablate the autoprotease activity of the capsid protein are
known in the art (see e.g., W(1996/37616). In addition or altemnatively, one or more of
amino acid residues 1n the capsid protein may be altered to reduce capsid protease activity.

0112 As indicated above, previous studies of sequence comparisons and
structural RNA analysis revealed the evolutionary conservation of DLP motifs in many
members of the Alphavirus genus (see e.g., Ventosg, 2012 supra). Accordingly, in some
further embodiments, the viral capsid enhancer sequence of the present disclosure can be of

any other variant sequence such as, for example, a synthetic sequence or a heterologous
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sequence, that can form an RNA hatrpin functionally or structurally equivalent to one or
more of the RNA stem-loops predicted for a viral capsid enhancer and which can act to
enhance translation of RNA sequences operably linked downstream thereto {(e.g., coding
sequence for a gene of interest). Non-limiting examples of RNA stem-loops which can act as
a transcriptional and/or translational enhancer include those shown in FIGS. 11A-B. In some
embodiments, the nucleic acid molecule of the disclosure includes an alphavirus capsid
enhancer as derived from Sindbis virus (SINV, NC 001547.1), Aura virus (AURAYV;
AF126284), Chikungunya virus {CHIKV, NC 004162), O’ Nyong-Nyong virus (ONNV,;, NC
001512), Fastern Equine Encephalitis virus (EEEV(SA), AF159559 and EEEV (NA);
U01558), Mayaro virus (MAYV; DQ001069), Semliki Forest virus (SFV; NC 003215), Ross
River virus (RRV; D(226993 and Sagivama virus (SAGV; AB032553), Getah virus (GETVY,
NC 006558), Middelburg virus (MIDV; EF336323), Una virus (UNAV, AF33948), or
Bebaru virus (BEBY,; AF339480) as described in Toribio er @/, 2016 supra, the content of
which is hereby incorporated by reference in its entirety, or a variant thereof.

[0113] Nucleic acid molecules having a high degree of sequence identity {e.g., at
feast 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%,
or 100% sequence identity) to the coding sequence for a viral capsid enhancer disclosed
herein can be identified and/or 1solated by using the sequence described herein (e.g., SEQ ID
NO: 1) or any others alphavirus capsid protein as they are known in the art, for example, by
using the sequences of Sindbis virus (SINV, NC 001547.1), Aura virus (AURAV;
AF126284), Chikungunya virus {CHIKV, NC 004162), O’ Nyong-Nyong virus (ONNV,;, NC
001512), Eastern Equine Euncephalitis virus (EEEV(SA), AF159559 and EEEV (NA)
U01558), Mayaro virus (MAYV; DQ001069), Semlilki Forest virus (SFV; NC 003215), Ross
River virus {RRV; DQ226993 and Sagiyama virus (SAGV, AB032553), Getah virus (GETV,
NC 006558), Middelburg virus (MIDV; EF536323), Una virus (UNAVY, AF33948), and
Bebaru virus (BEBV; AF339480), by genome sequence analysis, hybridization, and/or PCR
with degenerate primers or gene-specific primers from sequences identified in the respective
alphavirus genome. For example, the viral capsid enhancer can comprise, or consist of, a
DLP motif from a virus species belonging to the Togaviridae family, for example an

alphavirus species or a rubivirus species. In some embodiments, the nuclete acid molecule of
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the disclosure includes a viral capsid enhancer having a nucleic acid sequence that exhibits at
feast 80%, at least 85%, at least 90%, at least 95%, at least 96%0, at ieast 97%, ai least 98%, at
least 99%, or 100% sequence identity to the 57 CDS portion of an alphavirus capsid protein.
In some embodiments, the S CDS portion of an alphavirus capsid protein comprises at least
the tirst 25, 50, 75, 80, 100, 150, or 200 nucleotides of the coding sequence for the alphavirus
capsid protein. In some embodiments, the nucleic acid molecule of the disclosure includes a
viral capsid enhancer having a nucleic acid sequence that exhibits at least 80%, at least 85%,
at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to the nucleic acid sequence of any one of SEQ ID NQOs: 1 and 46-52. In
some embodiments, the nucleic acid molecule comprises a viral capsid enhancer having a
nucleic acid sequence that exhibits B0%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
8%, 99%, 100%, or a range between any two of these values, sequence identity to the
nucleic acid sequence of any one of SEQ ID NOs: | and 46-52. In some embodiments, the
nucleic acid molecule of the disclosure includes a viral capsid enhancer having a nucleic acid
sequence that exhibits at least 80%, at least 5%, at feast 90%, at least 95%, at least 96%, at
feast 97%, at least 98%, at least 99%, or 100% sequence identity to the sequence of SEQ D
NQO: 1 disclosed herein. In some embodiments, the nucleic acid molecule of the disclosure
includes a viral capsid enhancer having a nucleic acid sequence that exhibits at least 80%, at
feast 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%,
or 100% sequence identity to any one of the sequences described in FIGS, 11A-B and/or
Figure 1A in the publication by Toribio ef al. (2016 supra), the content of which is hereby
incorporated by reference in its entirety.

[0114] Accordingly, in some embodiments, the nucleic acid molecule of the
disclosure includes a viral capsid enhancer having a nucletc acid sequence that exhibits at
feast 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%%, at
feast 99%, or 100% sequence identity to the sequence of any one of SEQ ID NOS: 46-52
disclosed herein. In some embodiments, the nucleic acid molecule of the disclosure includes
a viral capsid enhancer having a nucleic acid sequence that exhibits at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or

100% sequence identity to the sequence set forth at SEQ ID NO: 46 disclosed herein. In
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some embodiments, the nucleic acid molecule of the disclosure includes a viral capsid
enhancer having a nucleic acid sequence that exhibits at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity
to the sequence set forth at SEQ ID NO: 47 disclosed herein.  In some embodiments, the
nucleic acid molecule of the disclosure includes a viral capsid enhancer having a nucleic acid
sequence that exhibits at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% sequence identity to the sequence set forth at
SEQ ID NG: 48 disclosed herein. In some embodiments, the nucleic acid molecule of the
disclosure includes a viral capsid enhancer having a nucletc acid sequence that exhibits at
feast 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
feast 99%, or 100% sequence identity to the sequence set forth at SEQ 1D NO: 49 disclosed
herein. In some embodiments, the nucleic acid molecule of the disclosure includes a viral
capsid enhancer having a nucleic acid sequence that exhibits at least 80%, at least §5%, at
feast 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to the sequence set forth at SEQ ID NO: 50 disclosed herein. In some
embodiments, the nucleic acid molecule of the disclosure includes a viral capsid enhancer
having a nucleic acid sequence that exhibiis at least 80%, at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity fo the
sequence set forth at SEQ ID NO: 51 disclosed herein. In some embodiments, the nucleic
acid molecule of the disclosure includes a viral capsid enhancer having a nucleic acid
sequence that exhibits at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%;, at least 99%, or 100% sequence identity to the sequence set forth at
SEQ ID NO: 52 disclosed herein.

[0115] In the nucletc acid molecule according to some embodiments of the
present disclosure, the one or more RNA stem-loops are operably positioned upstrearn of the
coding sequence for the GOI of the second nucleic acid sequence. In some embodiments, the
one or more RNA stern-loops are operably positioned from about | to about S0 nucleotides,
from about 10 to about 75 nucleotides, from about 30 to about 100 nucleotides, from about
40 to about 150 nucleotides, from about 50 to about 200 nucieoctides, from about 60 to about

250 nucleotides, from about 100 to about 300 nucleotides, or from about 150 to about 500
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nucleotides upstream of the coding sequence for the GOL  In some embodiments, the one or
more RNA stem-loops are operably positioned from about 1, about 2, about 5, about 10,
about 15, about 20, about 25, about 30, about 40, about 50, about 60, about 70, about 80,
about 90, about 100, about 200, about 300, about 400, about 300, or a range between any two
of these values, nucleotides upstream of the coding sequence for the GOL In some
embodiments, the one or more RNA stem-loops are operably positioned immediately
upstream of the coding sequence for the GOL

0116} In some embodiments, the nucleic acid molecule further includes a 5°-
unstranslated region (57-UTR) sequence operably positioned upstream to the first nucleic acid
sequence. In some embodiments, the 57-UTR sequence is operably positioned from about 1
to about 50, from about 10 to about 75, from about 30 to about 100, from about 40 to about
150, from about 530 to about 200, from about 60 to about 250, from about 100 to about 300,
or from about 150 to about 500 nuclectides upstream of the first nucleic acid sequence. In
some embodiments, the 5'-UTR sequence is operably positioned from about 1, about 2, about
5, about 10, about 15, about 20, about 25, about 30, about 40, about S0, about 60, about 70,
about 80, about 90, or 100 nuclectides upstream of the first nucleic acid sequence. In some
embodiments, the S-UTR sequence is operably positioned tmmediately upstream of the first
nucleic acid sequence,

06117} In some embodiments, the 5° UTR sequence is operably positioned
downstream to the promoter. In some embodiments, the 5-UTR sequence is operably
positioned from about 1 to about 50, from about 10 to about 75, from about 30 to about 100,
from about 40 to about 150, from about 50 to about 20C, from about 60 to about 250, from
about 100 to about 300, or from about 150 to about 500 nucleotides downstream of the
promoter sequence. In some embodiments, the S” UTR sequence is operably positioned from
about 1, about 2, about 5, about 10, about 15, about 20, about 25, about 30, about 40, about
50, about 60, about 70, about 80, about 90, or 100 nucleotides downstream of the promoter
sequence. In some embodiments, the 57 UTR sequence 1s operably positioned immediately
downstream to the promoter sequence. In some embodiments, the 57 UTR sequence is
operably positioned downstream to the promoter and upstream to the first nuclete acid

sequence.
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[0118] In some embodiments, the nucleic acid molecule comprises a 37
unstranslated region (37 UTR) sequence operably positioned downstream of the second
nucleic acid sequence. In some embodiments, the 37 UTR sequence is operably positioned
from about 1 to about 50 nucleotides, from about 10 to about 75 nucleotides, from about 30
to about 100 nucleotides, from about 40 to about 150 nucleotides, from about 50 to about 200
nuclectides, from about 60 to about 250 nucleotides, from about 100 to about 300
nucleotides, or from about 150 to about 500 nucleotides downstream of the second sequence
nucleic acid sequence. In some embodiments, the 3" UTR sequence is operably positioned
from about I, about 2, about 5, about 10, about 15, about 20, about 25, about 30, about 40,
about 50, about 60, about 70, about 80, about 90, about 100, about 200, about 300, about 400,
about 500, or a range between any two of these values, nucleotides downstream of the second
nucleic acid sequence. In some embodiments, the 3° UTR sequence is operably positioned
immediately downstream of the second nucleic acid sequence.

[0119] In some embodiments disclosed herein, the coding sequence for the GOl is
transcribed into a messenger RNA (mRNA) or part of an mRNA. As used herein, the term
“mRNA” or “messenger RNA” refers to a single stranded RNA molecule that is synthesized
during transcription, is complementary to one of the strands of double-stranded DNA, and
serves to transmit the genetic information contained in DNA to the ribosomes for protein
synthesis. The mRNA may be spliced, partially spliced or unspliced, and may be eukaryotic
or prokaryvotic mRNA. As discussed above, mRNA molecules according to some
embodiments of the disclosure can be produced via de novo synthesis. In some embodiments
disclosed herein, the coding sequence for the GO encodes a polypeptide. In some
embodiments, the polypeptide 15 a therapeutic polypeptide, a prophylactic polypeptide, a
diagnostic polypeptide, a nutraceutical polypeptide, an industrial enzyme, a reporter
polypeptide, or any combination thereof. In some embodiments, the polypeptide is an
antibody, an antigen, an immune modulator, a cytokine, an enzyme, or any combination
thereof.

[0126] In some embodiments, the nucleic actd molecule of the disclosure further
includes a coding sequence for an autoprotease peptide (e.g., autocatalytic self-cleaving

peptide), where the coding sequence for the autoprotease is optionally operably linked
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upstream to the second nucleic acid sequence. Generally, any proteolytic cleavage site
known tn the art can be incorporated into the nucleic acid molecules of the disclosure and can
be, for example, proteolytic cleavage sequences that are cleaved post-production by a
protease. Further suitable proteolytic cleavage sites also include proteolytic cleavage
sequences that can be cleaved following addition of an external protease. As used herein the
term "autoprotease” refers to a “self-cleaving” peptide that possesses autoproteolytic activity
and is capable of cleaving itself from a larger polypeptide motety. First identified in the toot-
and-mouth disease virus (FMDV), a member of the picornavirus group, several autoproteases
have been subsequently identified such as, for example, “2A like” peptides from equine
rhinitis A virus (EZA), porcine teschovirus-1 (P2A) and Thosea asigna virus (T2A}, and their
activities in proteolytic cleavage have been shown in various ex vitro and in vivo eukaryotic
systems.  As such, the concept of autoproteases 13 available to one of skill in the art with
many naturally-occurring  autoprotease systems have been identified. Well studied
autoprotease systems are e.g. viral proteases, developmental proteins (e.g. HetR, Hedgehog
proteins), RumA autoprotease domain, UmuD, erc.). Non-limiting examples of autoprotease
peptides suitable for the compositions and methods of the present disclosure include the
peptide sequences from porcine teschovirus-1 2A (P2A), a foot-and-mouth disease virus
(FMDV) 2A (FZA), an Equine Rhinitis A Virus (ERAV) 2A (E2A), a Thosea astigna virus 2A
(T2A), a cytoplasmic polyhedrosis virus 2ZA (BmCPV2A), a Flacherie Virus ZA (BmiFV2A),
or a combination thereof.

0121} In some embodiments, the coding sequence for an autoprotease peptide is
operably linked downstream to the first nucleic acid sequence and upstream to the second
nucleic acid sequence.  In some embodiments, the autoprotease peptide comprises, or
counsists of, a peptide sequence selected from the group consisting of porcine teschovirus-1
2A (P2A), a foot-and-mouth disease virus (FMDV) 2A (FZA), an Equine Rlunitis A Virus
(ERAV) 2A (E2A), a Thosea asigna virus 2A {T2ZA), a cytoplasmic polvhedrosis virus 2A
(BmCPVZA), a Flacherie Virus 2A (BmIFV2A), and a combination thereof. In some
embodiments, the autoprotease peptide includes a peptide sequence of porcine teschovirus-1

2A (P2A),
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[6122] One of skall in the art will appreciate that different configurations of the
viral capsid enhancer sequence, the sequence encoding the autoprotease peptide, and the
sequence encoding the gene of interest can be employed as long as the capsid enhancer
sequence enhances expression of the heterologous nucleic acid sequence(s), e.g. a coding
sequence for a GO, as compared with the level seen in the absence of the capsid enhancer
sequence. These sequences will typically be configured so that the polypeptide encoded by
the gene of interest can be released from the protease and any capsid protein sequence after
cleavage by the autoprotease.

[0123] A non-himiting list of exemplary combinations of autoprotease peptides
described herein (such as P2A, F2A, E2A, T2A, BmCPVZA, and BmIFV2A) with one or
more viral capsid enhancer sequences described herein are provided in Tables 1 and 2. Table
1 provides a shorthand name for each viral capsid enhancer {(e.g., “CE01”) and a shorthand
name for each autoprotease peptide (e.g., “AP01”). Each numbered ‘X’ peptide in Table 2
has a corresponding autoprotease peptide provided in Table 1. Likewise, each numbered Y’
enhancer in Table 2 has a corresponding viral capsid enhancer provided n Table 1.
Therefore, each “X:Y” entry in Table 2 provides an example of a combination of a viral
capsid enhancer and an autoprotease peptide that can be used in the molecules, compositions,
and methods of the present disclosure. For example, the combination designated as
“APO1.CEI6” in Table 2 provides a combination of viral capsid enhancer derived from

Sindbis virus {(SINV} and an autoprotease peptide from porcine teschovirus-1 ZA (P2ZA).

Viral Capsid Enhancer (V) Autoprotease Peptide (X)
Fastern equine encephalitis virus (EEEV) (CEOL) porcine teschovirus-1 2A (P2A) (APO1)
Yenezuelan equine encephalitis virus foot-and~-mouth diseasc virus
O'\
(VEEV) (CEO) (FMDV) 2A (F2A) (APO2)
E— T ST
Everglades virus (EVEV) (Cro3y | Dauine Rhinitis A Virus (ERAV) ) by
2A(BE2A)
Mucambo virus (MUCV) Thosea asigna virus 2A (T2A) {AP04)
L e e T A cvtoplasmic polyhedrosis viras 05
Sernliki forest viras (SFV) (CE04) 2A (BmCPVIA) {APOS)
Pixuna virus (PIXV) {CEGS) Flacheric Virps 2A (BmiFV2A) {APOG)
Middlcburz virus (MIDV) (CEO6)
Chikungunva virus (CHIKV) (CEOT)
O’Nyong-Nyong virus (ONNV) (CE0%)
Ross River virus (REV) (CEG9)
Barmah Forest viras (BF) {CEL1O)
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Viral Capsid Enhancer {(Y) Autoprotease Peptide (X}
Getah virus (GET) (CELD
Sagivama virus (SAGV) (CE12)
Bebar virus (BEBV) (CE13)
Mayaro virus (MAYV) (CE14)
Una virus (UNAWV) (CE15)
Sindbis vinus (SINV) {CE16)
Aura virgs (AURAV) (CE1T)
Whataroa virns (WHAV) (CE18)
Babankd virus (BABV) (CEI®)
Fyzylagach virps (KYZV) (CE20)
Western equine encephalitis vings (WEEY)  (CE21)
Highland J virus (HIV) (CE22)
Fort Morgan virus (FMV) (CE23)
Ndumu (NDUV) (CE24)
=almonid alpbavirus (SAV) (CE25)
Buggy Creek vinas (CE26)

TABLE 2.
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XY XY XY Xy XY XY

APOT : CEOL | APO2 : CEOL | APO3 : CEOY | APO4 . CEOL | APOS : CEOL | APOG . CEO]
AP0 CEOQ2 | APOZ . CEOZ { APO3 : CEOZ | APO4 . CEOZ | APOS  CEO2 | APO6 - CED2
APOL : CEO03 | APO2 : CEO3 | APO3 1 CEQ3 | APC4 - CEO3 | APOS : CEO03 | APOO : CEO3
APOL : CEO4 | APO2 : CEO4 | APO3 . CEO4 | APO4 - CEO4 | APO5S : CEO4 | APOG : CEO4
APOY  CEOS | APOZ : CEOS § APO3 : CEOS | APO4 : CEOS | APOS - CEOS | APO6 - CEOS
APOL : CEO6 | APOZ . CEO6 | APO3 1 CEOO6 | APG4 - CEO6 | APOS : CEGS | APOG : CEOO
APOL  CEQ7 | APOZ : CEO7 | APO3 : CEO7 | APO4 . CEOQ7 | APOS : CEOT7 | APO6 - CEO7
APOL : CE08 | APO2Z - CEO8 | APO3 : CEO8 | APO4 . CEO8 | APOS : CEO8 | APO6 . CEOB
APOT - CEO9 | APO2 : CE09 | APO3 . CEO9 | APG4 - CEOY | APOS : CEO9 | APOG : CEO9
AP0 CEIO | APOZ . CE10 1§ APO3 : CEIC | APO4 : CE10 | APOS  CEI0 | APO6 : CE1D
APOL : CE11 | APO2 : CE11 | APO3 ( CEL1 | APO4 . CE11 | APOS : CE11 | APOG : CE11
APOL  CE12 | APOZ2 : CE12 | APO3 : CE12Z | APO4 : CE1Z | APO5 . CEI2 | APOG : CE12
APOY CEI3 | APOZ . CEI3 { APO3 - CEI3 | APO4 : CE13 | APOS : CE13 | APO6 : CEL3
APOL : CE14 | APO2 : CE14 | APO3 [ CE14 | APG4 - CE14 | APOS . CE14 | APOG : CET4
AP0 CELS5 | APOZ : CE15 | APO3 : CEIS | APO4 . CE15 | APOS - CE15 | APO6 : CE1S
APOL : CEl6 | APO2 : CE16 | APO3 : CEL6 | APG4 . CE16 | APOS . CEl6 | APOG : CEI6
APOT - CE17 | APO2 : CE17 | APO3 . CEL7 | APG4 - CEL7 | APOS . CE17 | APOG : CET7
AP0 CEIS | APOZ . CEIB | APO3 : CEI8 | APO4 : CE18 | APOS | CEI8 | APU6 : CEISB
APOL : CE19 | APO2 : CE19 | APO3 : CEI9 | APC4 - CE19 | APOS : CE19 | APOO : CEI9
APOL : CE20 | APOZ : CE20 | APO3 : CEZ0 | APO4 - CE20 | APO5 - CE20 | APOG 1 CE20
APOY  CEZ1 | APOZ : CE2Z1 1 APO3 : CE21 | APO4 : CE21 | APOS . CE21 | APO6 - CEZL
APOY : CE22 | APO2 . CE22 | APO3 ( CE22 | APG4 - CE22 | APOS : CE22 | APOG : CE22
APOL  CE23 | APOZ 1 CE23 | APO3  CEZ3 | APO4 . CE23 | APOS : CE23 | APO6 : CE23
APOL : CE24 | APO2 - CE24 | APO3 : CE24 | APG4 . CE24 | APOS 1 CEZ4 | APOG : CE24
APOT - CE25 | APO2 : CE25 | APO3 : CE25 | APO4 . CE2S | APOS  CE25 | APO6 : CE25
APOT  CE26 | APOZ . CE26 1§ APO3 : CE26 | APO4 : CE26 | APOS : CE26 | APO6 - CEZ6

[0124] In one aspect, disclosed herein are novel nucleic acid molecules which
include a nucleic acid sequence encoding a modified viral RNA replicon, wherein the
modified viral RNA replicon includes a first nucleic acid sequence encoding one or more
structural elements of a viral capsid enhancer (e.g., a DLP motif) or a variant thereof, wherein
the viral capsid enhancer is heterologous to the viral RNA replicon, and a second nucleic acid
sequence encoding at least one nonstructural viral protein or a portion thereof, wherein the
first nucleic acid sequence is operably linked upstream to the second nucleic acid sequence.

[6125] The terms “replicon RNA” and “RNA replicon” used interchangeably
herein, refers to RNA which contains all of the genetic information required for directing its
own amplification or self-replication within a permissive cell. To direct its own replication,

the RNA molecule 1) encodes polymerase, replicase, or other proteins which may interact
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with viral or host cell-derived proteins, nucleic acids or ribonucleoproteins to catalyze the
RINA amplification process, and 2} contain cis-acting RNA sequences reguired for replication
and transcription of the subgenomic replicon-encoded RNA. These sequences may be bound
during the process of replication to its self-encoded proteins, or non-~self-encoded cell-derived
proteins, nucleic acids or ribonucleoproteins, or complexes between any of these
components. In some embodiments of the present disclosure, a modified viral replicon RNA
molecule typically contains the following ordered elements: 5' viral or defective-interfering
RNA sequence(s) required in cis for replication, sequences coding for biologically active
nonstructural proteins, promoter for the subgenomic RNA, 37 viral sequences required in cis
for replication, and a polvadenylate tract. Further, the term replicon RNA generally refers to
a molecule of positive polarity, or “message” sense, and the replicon RNA may be of length
different from that of any known, naturally-occurring RNA vituses. In some embodiments of
the present disclosure, the replicon RNA does not contain coding sequences for at least one
of the structural viral proteins. In these instances, the sequences encoding structural genes
can be substituted with one or more heterclogous sequences such as, for example, a coding
sequence for a gene of interest (GOL). In those instances where the replicon RNA is to be
packaged into a recombinant alphavirus particle, it must contain ong or more sequences, so-
called packaging signals, which serve to inmitiate interactions with alphavirus structural
proteins that lead to particle formation.

[0126] As used herein, “subgenomic RNA” refers to a RNA molecule of a length
or size which is smaller than the genomic RNA from which it was derived. The viral
subgenomic RNA should be transcribed from an internal promoter, whose sequences reside
within the genomic RNA or its complement. Transcription of a subgenomic RNA may be
mediated by viral-encoded polymerase(s) associated with host cell-encoded proteins,
ribonucleoprotein{s), or a combination thereof. In some embodiments of the present
disclosure, the subgenomic RNA s produced from a moditfied replicon RNA as disclosed
herein and encodes or expresses one or more gene of interest (GOI).  Instead of the native
subgenomic promoter, the subgenomic RNA can be placed under control of internal ribosome

entry site (IRES) derived from encephalomyocarditis viruses (EMCV3, Bovine Viral Diarrhea
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Yiruses (BVDV), polioviruses, Foot-and-mouth disease viruses (FMD), enterovirus 71, or
hepatitis C viruses.

[0127] In some embodiments, the second nucleic acid sequence of the modified
viral RNA replicon includes the coding sequence for at least one, at least two, at least three,
or at least four nonstructural viral proteins. In some embodiments, the second nucleic acid
sequence of the modified viral RNA replicon includes the coding sequence for a portion of
the at least one nonstructural viral protein. For example, the second nucleic acid sequence of
the modified viral RNA replicon can include about 10%, 20%, 30%, 40%, 50%, 60%, 70%,
30%, 90%, 95%, 100%, or a range between any two of these values, of the encoding
sequence for the at least one nonstructural viral protein. In some embodiments, the second
nucleic acid sequence of the moditied viral RNA replicon can include the coding sequence
for a substantial portion of the at least one nonstructural viral protein. As used herein, a
“substantial portion” of a nucleic acid sequence encoding a nonstructural viral protein
comprises enough of the nucleic acid sequence encoding the nonstructural viral protein to
afford putative identification of that protein, either by manual evaluation of the sequence by
one skilled in the art, or by computer-automated sequence comparison and identification
using algorithms such as BLAST (see, for example, in “Basic Local Alignment Search Tool”;
Altschul SF ef of., J. Mol Biol. 215:403-410, 1993} In some embodiments, the second
nucleic acid sequence of the modified viral RNA replicon can include the entire coding
sequence for the at least one nonstructural protein. In some embodiments, the second nucleic
acid sequence comprises substantially all the coding sequence for the native wviral
nenstructural proteins.

[6128] The molecular techniques and methods by which these new nucleic acid
molecules were constructed and characterized are descrnibed more fully 1n the Examples
herein of the present application. As non-limiting examples, in the Examples section, the
Venezuelan equine encephalitis virus (VEEV) and Equine arteritis virus {EAV) have been
used to ilustrate the compositions and methods disclosed herein.

[0129] In some embodiments, the nucleic acid molecules disclosed herein are
recombinant nucleic acid molecules.  As used herein, the term recombinant means any

molecule {e.g. DNA, RNA, eic.), that is, or results, however indirect, from human
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manipulation of a polynucleotide. As non-limiting examples, a cDNA is a recombinant DNA
molecule, as is any nucleic acid molecule that has been generated by ex vifro polymerase
reaction(s), or to which linkers have been attached, or that has been integrated into a vector,
such as a cloning vector or expression vector. As non-limiting exarples, a recombinant
nucleic acid molecule: 1) has been synthesized or moditied ex vifro, for example, using
chemical or enzymatic techmgques (for example, by use of chemical nucleic acid synthesis, or
by use of enzymes for the replication, polymerization, exonucleolytic digestion,
endonucieolytic digestion, ligation, reverse transcription, transcription, base medification
(including, e.g., methylation), or recombination (including homologous and site-specific
recombination) of nucleic acid molecules; 2} includes conjoined nucleotide sequences that
are not conjoined in nature; 3) has been engineered using molecular cloning techoiques such
that it lacks one or more nucleotides with respect to the naturally-occurring nucleic acid
sequence; and/or 4) has been manipulated using molecular cloning techniques such that it has
one or more sequence changes or rearrangements with respect to the naturally-occurring
nucleic acid sequence.

[0130] A nucleic acid molecule, including a variant of a naturally-occurring
nucleic acid sequence, can be produced using a number of methods known to those skilled in
the art. The sequence of a nucleic acid molecule can be modified with respect to a naturally-
occurring sequence from which it is derived using a variety of techniques including, but not
himited to, classic mutagenesis techniques and recombinant DNA techniques, such as but not
limited to site-directed mutagenesis, chemical treatment of a nucleic acid molecule to induce
nmutations, restriction enzyme cleavage of a nucleic acid fragment, ligation of nucleic acid
fragments, PCR amplification and/or mutagenesis of selected regions of a nucleic acid
sequence, recombinational cloning, and chemical synthesis, including chemical synthestis of
oligonucleotide mixtures and ligation of mixture groups to "build" a mixture of nucleic acid
molecules, and combinations thereof. Nucleic acid molecule homologs can be selected from
a mixture of modified nucleic acid molecules by screening for the function of the protein or
the replicon encoded by the nucleic acid molecule and/or by hybridization with a wild-type
gene or tragment thereof, or by PCR using primers having homology to a target or wild-type

nucleic acid molecule or sequence.
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0131} In wvarious embodiments disclosed herein, the nucleic acid molecule
disclosed herein can include one or more of the following features.

06132} In some embodiments, the modified viral RNA replicon includes a
modified RNA replicon derived from a virus species belonging to the Alphavirus genus of the
{ogaviridoe family or to the Arterivirus genus of the Arferiviridae family. Suitable
arterivirus species includes Equine arterttis virus (EAV), Porcine respiratory and reproductive
syndrome  virus (PRRSV), Lactate dehydrogenase elevating virus (LDV), Simian
hemorrhagic fever virus (SHFV), and wobbly possum disease virus (WPDV). Virulent and
avirulent arterivirus strains are both suitable. Non-limiting examples of preferred arterivirus
strains include, but not limited to, EAV-virulent Bucyrus strain (VBS), LDV-Plagemann,
LDV-C, PRRSV-type 1, and PRRSV-type 2. Exemplary preferred EAV strains include, but
not limited to, EAV VB33, EAV ATCC VR-796, EAY HK25, FAV HK116, EAV ARVAC
MLV, EAV Bucyrus strain (Ohio), modified EAV Bucyrus, avirulant strain CA95, Red Mile
{Kentucky), 84KY-A1 (Kentucky), Wroclaw-2 (Poland), Bibuna (Switzerland), and Vienna
{Australia). Nop-limiting preferred exaroples of PRRSV strains include PRRSV LV4.2 1,
PRRSYVY 162448, PRRSV HB-I{shy/2002, PRRSV HB-2(sh)/2002, PRRSV HNI, PRRSV
SD 01-08, PRRSV SD0802, PRRSVY SDO803, PRRSV, and VR2332. Non-limiting preferred
examples of SHFV strains and variants include SHFV variants SHFV-krtgla and -krtgib
(SHFV-krtgla/b), SHFVkrtg2a/b {GenBank accession # JX473847 to JX473850), SHFV-
LVR, the SHFV prototype variant LVR 42-0/M6941 (NC 003092), SHFV-krcl and
SHFVEkre2 from Kibale red colobus (H(B45737 and H(QB845738, respectively). (Other non-
limiting examples of preferred arteriviruses include PRRSV-Lelystad, the European {type 1)
type strain (M96262); PRRSVVR2332, the North American (type 2) type stramn (UB7392);
EAV-Bucyrus (NC 002532); EAV-s368S (GQ9%03794); LDV-P, the Plagemann strain
(U15146); and LDV-C, the neurovirulent type C strain (L13298).

[0133] In some embodiments, the first nucleic acid sequence is positioned
upstream to a nucleic actd sequence encoding a portion or the entire pplab nonstructural
protein of the modified arterivirus RNA replicon. o some embodiments, the first nucleic
acid sequence 1s operably positioned within a region of about 1 to 1000 nucleotides

downstrearm of the S'-terminus of the moditied viral RNA replicon. In some embodiments,
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the first nuclete acid sequence is operably positioned within a region of about 1 to0 25, about 1
to 40, about 10 to 25, 10 to 50, about 10 to 100, about 20 to S0, about 20 to 73, about 25 to
100, about 25 to 100 nucleotides downsiream of the 5-terminus of the modified viral RNA
replicon. In some embodiments, the first nucleic acid sequence is operably positioned within
aregion of about 1, 2, 5, 10, 15, 20, 25, 30, 40, 50, 75, 100, 125, 150, 200, 250, 300, or more,
or a range between any two of these values, nucleotides downstream of the 5’ -terminus of the
modified viral RNA replicon. In some embodiments, the first nucleic acid sequence is
operably positioned within a region of about 1 to 100, about 1 to 500, about 25 to 800, about
50 to 900, about 50 to 300, about 25 to 200, about 25 to 100, about 50 to 400, about 100 {0
500, about 100 to 300, about 100 to 200, about 200 to 500, about 200 to 600, about 200 to
400, about 150 to 700, about 150 to 400, or about 500 to 10600 nucleotides downstream of the
S’ -terminus of the modified viral RNA replicoun.

[0134] Without being bound by any particular theory, it is believed that
transiational enhancing activity of a viral DLP motif can depend, in some embodiments, on
the distance between the viral BLP motif and the mnitiation AUGI codon (Toribio et o/, 2016
supra}. Accordingly, in some embodiments, the first nucleic acid sequence is operably
positioned a region of about 10 to 100 nuclectides downstrear of the initiation codon AUG
of the modified viral RNA replicon. In some embodiments, the first mucleic acid sequence is
operably positioned within a region of about 10 to 75, about 10 to 50, about 10 to 2§, 15 to
75, about 15 to 50, about 15 to 25, about 25 to 75, about 25 to 50, about 25 to 100
nuclectides downstream of the initiation codon AUGH of the modified viral RNA replicon. In
some embodiments, the first nucleic acid sequence is operably positioned within a region of
about 25, 28, 31, 34, 37, 37, 40, 43, 46, 49, 50, or a range between any two of these values,
nucleotides downstream of the inttiation codon AUGH of the modified viral RNA replicon.

[0135] In some embodiments, the sequence encoding the modified viral RNA
replicon further comprising one or more expression cassettes, wherein each of the expression
cassettes comprises a promoter operably linked to a coding sequence for a gene of interest
{GOI). As used herein, the term “expression cassette” refers to a construct of genetic
material that contains coding sequences and enough regulatory information 1o direct proper

transeription and/or translation of the coding sequences in a recipient cell, in vivo and/or ex
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vivo. The expression cassette may be inserted into a vector for targeting to a desired host cell
and/or into a subject. Further, the term expression cassette may be used interchangeably with
the term “expression construct”. The term "expression casseite” as used herein, refers to a
nucleic acid construct that encodes a protein or functional RNA operably hinked to expression
control elements, such as a promoter, and optionally, any or a combination of other nucleic
acid sequences that affect the transcription or translation of the gene.

[0136] The term "operably linked"”, as used herein, denotes a functional linkage
between two or more sequences. For example, an operably linkage between a polynucleotide
of interest and a regulatory sequence (for example, a promoter) 1s functional hink that allows
for expression of the polynucleotide of interest. In this sense, the term "operably linked"
refers to the positioning of a regulatory region and a coding sequence to be transcribed so that
the regulatory region is effective for regulating transcription or translation of the coding
sequence of interest. In some embodiments disclosed herein, the term "operably linked”
denoctes a configuration in which a regulatory sequence is placed at an appropriate position
relative {0 a sequence that encodes a polypeptide or functional RNA such that the control
sequence directs or regulates the expression or cellular localization of the mRNA encoding
the polypeptide, the polypeptide, and/or the functional RNA. Thus, a promoter 1s in operable
linkage with a nucleic acid sequence it it can mediate transcription of the nucleic acid
sequence. Operably hinked elements may be contiguous or non-contiguous.

0137} The basic techniques for operably linking two or more sequences of DNA
together are familiar to one of ordinary skill in the art, and such methods have been described
in many books for standard molecular biological manipulation (see, for example, Maniatis ef
al., "Molecular Cloning: A Laboratory Manual” 2nd ed. Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y ; and Gibson ef al., Nature Methods 6:343-45, 2009).

[0138] In some embodiments disclosed herein, the nucleic acid molecules
disclosed herein can include more than one expression cassette. In principle, the nucleic acid
molecules disclosed herein can generally include any number of expression cassettes. In
some particular embodiments, the modified viral RNA replicon comprises at least two, three,
four, five, or six expression cassettes. In some embodiments, at least one of the one or more

expression cassettes is operably positioned downstream to a transcriptional regulatory
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sequence (TRS) of the modified arterivirus RNA replicon, wherein the TRS can be TRS1,
TRS2, TRS3, TRS4, TRSS, TRS6, TRS7, or a combination thereof. In some particular
embodiments, at least one of the one or more expression cassettes is operably positioned
downstream of the TRS7 of the modified arterivirus RNA replicon.

[6139] The nucleic acid molecules as provided herein can find use, for example,
as an expression of transcription vector that, when operably linked to a heterologous nucleic
acid sequence such as, for example, a coding sequence of a gene of interest (GOI), can affect
expression of the GOL  In some embodiments, the coding sequence of the GOI 1s optimized
for expression at a level higher than the expression level of a reference coding sequence. In
some erbodiments, the reference coding sequence i1s a not codov-optimized. In some
embodiments, the GOI coding sequence comprises codon optimization. With respect to
codon-optimization of nucleic acid sequences, degeneracy of the genetic code provides the
possibility to substitute at least one base of the protein encoding sequence of a gene with a
different base without causing the amino acid sequence of the polypeptide produced from the
gene to be changed. Hence, the nucleic acid molecules of the present disclosure may also
have one or more nucleotide substitutions tn accordance with degeneracy of the genetic code.
References describing codon usage are readily publicly available.  In some further
embodiments of the disclosure, polynucieotide sequence variants can be produced for a
variety of reasons, e.g., to optimize codon expression for a particular host {e.g., changing
codons in the arterivirus mRNA to those preferred by other organisms such as human,
hamster, mice, or monkey}.

10140} In some embodiments disclosed herein, the sequence of the GOl encode a
polypeptide. The type of the polypeptide can vary depending on specific applications. For
exampie, the polypeptide can be a therapeutic polypeptide, a prophylactic polypeptide, a
diagnostic polypeptide, a nutraceutical polypeptide, an industrial enzyme, a reporter
polypeptide, or any combination thereof. In some embodiments, the polypeptide is an
antibody, an antigen, an immune modulator, a cytokine, an enzyme, or a combination thereof.

[6141] In some embodiments, the nucleic acid molecule as disclosed herein can
further corprise a third nucleic acid sequence encoding one or more structural elements of a

second viral capsid enhancer (e.g., a DLP motif), wherein the third nucleic acid sequence is
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operably linked upstream to the coding sequence for the GOL The second DLP motif may be
the same or may be different from the first DLP motif positioned upsiream of the coding
sequence for the nonstructural proteins. Accordingly, in some embodiments, the second DLP
motif 1s the same as the first DLP motif positioned upsiream of the coding sequence for the
nonstructural proteins. In some embodiments, the second DLP motif is different from the
first DLP motif positioned upstream of the coding sequence for the nonstructural proteins.
0142} In some embodiuments, the sequence encoding the modified viral RNA
replicon further comprising a coding sequence for a proteolvtic cleavage site operably linked
dowustream to the third nucleic acid sequence and upstream to the coding sequence for the
GOL Generally, any proteolytic cleavage site known tn the art can be incorporated into the
nucleic acid molecules of the disclosure and can be, for example, proteolytic cleavage
sequences that are cleaved post-production by a protease. Further suitable proteolytic
cleavage sites also include proteolytic cleavage sequences that can be cleaved following
addition of an external protease. In some embodiments, the sequence encoding the modified
viral RNA replicon further comprising a coding sequence for an autoprotease peptide
operably linked downstream to the third nucleic acid sequence and upstream to the coding
sequence for the GOL  To some embodiments, the autoprotease peptide includes a peptide
sequence selected from the group consisting of porcine teschovirus-1 2A (P2A), a foot-and-
mouth disease virus (FMDV) 2A (F2A), an Equine Rhunitis A Virus (ERAV) 2A (E2A), a
Thosea asigna virus 2A (T2A), a cytoplasmic polyhedrosis virus 2A (BmCPVZA), a
Flacherie Virus 2ZA (BmIFV2A), and a combination thereof. In some embodiments, the
autoprotease peptide includes a peptide sequence from porcine teschovirus-1 2A (P2A).
[3143] One of skill in the art will appreciate that different configurations of the
viral capsid enhancer sequence, the coding sequence for the nonstructural proteins, the
sequence encoding the autoprotease peptide, and the sequence encoding the gene of interest
can be employed as long as the capsid enhancer sequence augments expression of the
heterologous nucleic acid sequence(s), as compared with the level seen in the absence of the
capsid enhancer sequence. 'These sequences will typically be configured so that the
polypeptide encoded by the gene of interest can be released from the protease and any capsid

protein sequence after cleavage by the autoprotease.
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[0144] In some embodiments, the sequence of the nucleic acid molecule as
disclosed herein includes a rodified RNA replicon of an alphavirus virus species. In some
embodiments, the modified alphavirus RINA replicon is of an alphavirus belonging to the
VEEV/EEEV group, or the SF group, or the SIN group. Non-limiting examples of SF group
alphaviruses include Semliki Forest virus, O'Nyong-Nyong virus, Ross River virus,
Middelburg virus, Chikungunya virus, Barmah Forest virus, Getah virus, Mayaro virus,
Nagivama virus, Bebaru virus, and Una virus. Non-limiting examples of SIN group
alphaviruses include Sindbis virus, Girdwood S A. virus, South African Arbovirus No. 86,
Ockelbo virus, Aura virus, Babanki virus, Whataroa virus, and Kyzylagach virus. Non-
fimiting examples of VEEV/EEEV group alphaviruses include Eastern equine encephalitis
virus {(EEEV), Venezuelan equine encephalitis virus (VEEV), Everglades virus (EVEV),
Mucambo virus (MUCV), Powna virus (PIXV), Middleburg virus (MIDV), Chikungunya
virus (CHIKV), (¥ Nyong-Nyong virus (ONNV), Ross River virus (RRV}), Barmah Forest
virus {(BF), Getah virus (GET), Sagivama virus (SAGV), Bebaru virus (BEBV), Mayaro virus
{(MAYV), and Una virus (UNAV).

[0145] Non-limiting examples of alphavirus species include Eastern equine
encephalitis virus (EEEV), Venezuelan equine encephalitis virus (VEEV), Everglades virus
(EVEV), Mucambo virus (MUCV), Semliki forest virus (SFV), Poauna virus (PIXV),
Middleburg virus (MIDV}), Chikungunya virus (CHIKV), O'Nyong-Nyong virus (ONNV},
Ross River virus (RRV), Barmah Forest virus (BF), Getah virus (GET), Sagivama virus
(SAGY), Bebaru virus (BEBV), Mayaro virus (MAYV), Una virus (UNAV), Sindbis virus
(§INV), Aura virus (AURAV), Whatarca virus (WHAY), Babanki virus {(BABV),
Kyzylagach virus (KYZV), Western equine encephalitis vitus (WEEV), Highland J virus
(HIV), Fort Morgan virus (FMV), Ndumu (NDUV), and Buggy Creek virus. Virulent and
avirulent alphavirus strains are both suitable. In some embodiments, the modified alphavirus
RINA replicon is of a Sindbis virus (SIN}, a Semliki Forest virus (SFV}), a Ross River virus
{RRV), a Venezuelan equine encephalitis virus (VEEYVY), or an Eastern equine encephalitis
virus (EEEV). In some embodiments, the modified alphavirus RNA replicon is of a

Yenezuelan equine encephalitis virus (VEEV)
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[0146] In some instances where the nucleic acid molecule as disclosed herein
includes a modified RNA replicon of an alphavirus virus species, the first nucleic acid
sequence is positioned upstream to a nucleic acid sequence encoding one or more
nonstructural proteins nspl-4 or a portion thereof of the modified alphavirus RNA replicon.
Accordingly, in some embodiments, the first nucleic acid sequence is positioned upstream to
a nucleic acid sequence encoding the nonstructural proteins nspl, nspl-2, nspl-3, nspl-4,
nsp2-4, nsp3-4, nsp2-3, nsp2, nsp3, nsp4, or a portion thereof of the modified alphavirus
RNA replicon. In some embodiments, the sequence encoding the modified alphavirus RNA
replicon turther includes one or more expression cassettes, wherein each of the expression
cassettes includes a promoter operably linked to a coding sequence for a gene of interest
(GOI). In some embodiments, the modified alphavirus RNA replicon comprises at least two,
three, four, five, or six expression cassettes. In some embodiments, at least one of the one or
more expression cassettes is operably linked downstream of a nucleic acid sequence encoding
one or more nonstructural proteins nspl-4 or a portion thereof of the modified alphavirus
RNA replicon.  Accordingly, in some embodiments, at least one of the one or more
expression cassettes is operably linked downstream of a nucleic acid sequence encoding the
noustructural proteins nspl, nspl-2, nspl-3, nspl-4, nsp2-4, nsp3-4, nsp2-3, nsp2, nsp3,
nsp4, or a portion thereof, of the modified alphavirus RNA replicon.

10147} In some embodiments, at least one of the one or more expression casseites
further comprises a third nucleic acid sequence encoding one or more structural elements of a
second viral capsid enhancer (e.g., a DLP motf), wherein the third nucleic acid sequence is
operably linked upstream to the coding sequence for the GOL The second DLP motif may be
the same or roay be different from the first DLP motif positioned upstream of the coding
sequence tor at least of the nonstructural proteins nspl-4 or a portion thereof  Accordingly,
in some embodiments, the second DLP motif is the same as the first DLP motif positioned
upstream of the coding sequence for the nonstructural proteins. In some embodiments, the
second DLP motif is different from the first DLP motif positioned upstream of the coding
sequence for the nonstructural proteins.

[0148] In some embodiments, the nucleic acid sequence of the present disclosure

further comprises a coding sequence for an autoprotease peptide operably linked downstream
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to the third nucleic acid sequence and upstream to the coding sequence for the GOL  The
autoprotease peptide can generally be any autoprotease peptide known in the art. Non-
hmiting examples of auprotease peptides include the peptide sequences from porcine
teschovirus-1 2A (P2A), a foot-and-mouth disease virus (FMDV) 2A (F2A), an Equine
Rhinitis A Virus (ERAV) 2A (E2ZA), a Thosea asigna virus 2A {TZA), a cytoplasmic
polvhedrosis virus 2A (BmCPV2A), a Flacherie Virus 2ZA (BmIFV2A), and any
combinations thereof.

[0149] In a further aspect, some embodiments disclosed herein relate to a nucleic
acid molecule including a nucleic acid sequence encoding a modified nouv-alphavirus RNA
replicon, wherein the modified non-alphavirus RNA replicon comprising a first nucleic acid
sequence encoding a viral capsid enhancer {(e.g., a DLP motif}. In some embodiments, the
moditied non-alphavirus RNA replicon further comprising a second nucleic acid sequence
encoding at least one nonstructural viral protein or a portion thereof, wherein the first nucleic
acid sequence is operably linked upstream to the second nucleic acid sequence.

101350] In some embodiments, the modified non-alphavirus RNA replicon further
comprising a coding sequence for an autoprotease peptide operably linked downstream to the
first nucleic acid sequence and upstream to the second nucleic acid sequence. In some
embodiments, the modified non-alphavirus RNA replicon includes a moditied RNA replicon
of a positive-strand RNA virus. In some embodiments, the modified non-alphavirus RNA
replicon includes a modified RNA replicon of a negative-strand RNA virus.

[0151] Non-limiting examples of modified noun-alphaviras RNA replicons include
modified RNA replicons of virus species belonging to Togaviridae family, Flaviviridoe
family, Orthomyxoviridae family, Rhabdoviridae ftamily, or Paramyxoviridee family
Accordingly, 1n some embodiments, the modified non-alphavirus RNA replicon includes a
modified RNA replicon of a negative-strand RNA virus. Suitable negative-strand RNA virus
species include, but are not limited to viral species of the families Orthomyxoviridae,
Rhabdoviridae, and Paramyxoviridae. In some embodiments, the modified non-alphavirus
RINA replicon includes a modified RNA replicon of a positive-sirand virus species belonging
to the Yogaviridae tamily or Flaviviridae family. In some embodiments, the modified non-

alphavirus RNA replicon includes a modified RNA replicon of a positive-strand virus species
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belonging to the Arterivirus genus of the Arteriviridae family. Suitable arterivirus species
include, but are not limited to, species of Equine arteritis virus (EAV), Porcine respiratory
and reproductive syndrome virus (PRRSV), Lactate dehydrogenase elevating virus (LDV),
Stmian hemorrhagic fever virus (SHFV), and wobbly possum disease virus (WPDV).

0152} In some embodiments, the sequence encoding the non-alphavirus modified
RNA replicon further includes one or more expression cassettes, wherein each of the
expression cassettes comprises a promoter operably linked to a coding sequence for a gene of
interest (GOD). In some embodiments, the modified non-alphavirus RNA replicon comprises
at least two, three, four, five, or six expression cassettes. In some embodiments, at least one
of the one or more expression cassettes is operably linked downstream of the second nucleic
acid sequence encoding the at least one nonstructural viral protein or a portion thereof. In
some embodiments, at least one of the one or more expression cassettes further comprises a
third nucleic acid sequence encoding one or more structural elements of a viral capsid
enhancer, wherein the third nucleic acid sequence is operably linked upstream to the coding
sequence for the GOL  In some embodiments, the modified non-alphavirus RNA replicon
further includes a coding sequence for an autoprotease peptide operably linked downstream
to the third nucleic acid sequence and upstream to the coding sequence for the GOL

[0153] Some embodiments of the disclosure relate to a nucleic acid molecule
including a nucleic acid sequence encoding a modified viral RNA replicon which includes in
5’—>3 direction a first nucleic acid sequence encoding a capsid enhancer from a Sindbis
virus, a second nucletc acid sequence encoding an autoprotease peptide, and a third nucletc
acid sequence encoding all of the viral nonstructural proteins. Some embodiments of the
disclosure relate to a nucleic acid molecule including a nucleic acid sequence which encodes
a modified viral RNA replicon, wherein the modified viral RNA replicon comprises a viral
capsid enhancer and wherein the sequence of the modified viral RNA replicon exhibits at
feast 80% sequence 1identity to the sequence of at least one of SEQ ID NOs: 15-18 and 27-29.

[0154] Contemplated within the scope of the present disclosure are varniants of the
polynucleotides provided herein.  Such variants may be naturally-occurring, inchuding
homologous polynucleotides from the same or a different species, or may be non-natural

variants, for example polynucleotides synthesized using chemical synthesis methods, or
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generated using recombinant DNA techniques. With respect to nucleic acid sequences,
degeneracy of the genetic code provides the possibility to substitute at least one base of the
protein encoding sequence of a gene with a different base without causing the amino acid
sequence of the polypeptide produced from the gene to be changed. Hence, the nucleic acid
molecules of the present disclosure may also have any base sequence that has been changed
from any pelynuclectide sequence disclosed herein by substitution in accordance with
degeneracy of the genetic code. References describing codon usage are readily publicly
available. In further embodiments, polynuclectide sequence variants can be produced for a
variety of reasons, e.g., to optimize codon expression for a particular host {e.g., changing
codons in the viral mRNA to those preferred by other organisms such as mammals or fish
species).

[0155] In some embodiments, the nucleic acid molecules of the present disclosure
comprises in 5’—>3 direction a nucleic acid sequence encoding a capsid enhancer from a
Sindbis virus, a nucleic acid sequence encoding an autoprotease peptide, and a nucleic acid
sequence encoding all of the viral nonstructural proteins of a modified viral RNA replicon,
In some embodiments, the nucleic acid molecule comprises in 5->3 direction a S-UTR
sequence, a first capsid enhancer from a Sindbis vitus, an autoprotease peptide, a sequence
encoding all of the viral nonstructural proteins of a modified viral RNA replicon, one or more
expression cassettes, and a 3’UTR sequence, wherein at least one of the one or more
expression cassettes comprises a second capsid enhancer from a Sindbis virus operably
linked upstream of a coding sequence for a gene of interest {GOI).

[0156] Accordingly, in some embodiments, the nucleic acid molecule of the
present disclosure includes a nucleic acid sequence which encodes a modified viral RNA
replicon, wherein the sequence exhibits at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99%, or 100% sequence identity to the sequence of at least one of SEQ
D NOs: 15-18 and 27-29.

[0157] In some embodiments, the nucleic acid molecule of the disclosure is an
expression vector. In some embodiments, the expression vector further includes one or more
additional regulatory sequences, which can be a transcriptional regulatory element or a

iranslational reculatory element. The terms "regulatory element” and “regulatory region”™, as
= fas] o) s
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used interchangeably in the present disclosure, refer to a nucleic acid sequence that influences
transeription or translation initiation and rate, and stability and/or mobility of a transcription
or translation product.  Such regulatory elements need not be of naturally-occurring
sequences.  Regulatory sequences include but are not hmited to promoter sequences,
enhancer sequences, response elements, protein recognition sites, inducible elements, protein
binding sequences, 5' and 3' untranslated regions (UTRs), transcriptional start sites,
termination sequences, polyadenylation sequences, introns, and combinations thereof. In
some embodiments, the expression vector of the disclosure further includes one or more of
the following: an origin of replication, one or more sequences for promoting integration of
the expression cassette into the host genome, a terminator sequence,

[0158] In some embodiments, the expression vector comprises at least one origin
of replication ("ORI”) sequence for replication in a cell. The vectors may further optionally
comprise one of more selectable markers under the control of one or more eukarvotic
promoters, one or more selectable markers under the control of one or more prokaryotic
promoters, and/or one or more sequences that mediate recombination of an exogenous
nucleic acid sequence into the target cell's genome.

[0139] An ORI 1s the sequence in a DNA molecule at which replication begins.
The ORI serves as a base of assembly for the pre-replication complex. Depending on the
ORI, such replication can proceed uni-directionally or bi-directionally. An expression vector
as provided herein can include an ORI for replication of the expression vector in a cloning
host, such as £. cofli or yeast, and/or can include an ORI for replication of the expression
vector in a target cell, which can be, for example, a mammalian cell. The structural biology
of ORIs is widely conserved among prokaryotes, eukaryotes, and viruses. Most ORIs possess
siaple tri-, tetra~-, or higher nucleotide repetition patterns. Most are AT-rich and contain
inverted repeats. Those skilled in the art will be familiar with the more common ORIs, such
as P15A and the pUC’s ORL

[0166] The expression vector can also, in some embodiments, carry a selectable
marker. By way of example, a vector that includes an expression cassette may include, as a
selectable marker, a gene conferring resistance to a poisonous substance, such as an

antibiotic, a herbicide, or some other toxin, so that transformants can be selected by exposing
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the cells to the poison and selecting those cells which survive the encounter. In some
embodiments, the selectable marker may be under the control of a promoter. In some
embodiments, the promoter regulating expression of the selectable marker may be
conditional or inducible. In some embodiments, the promoter regulating expression of the
selectable marker may be preferably constitutive, and can be, for example, any promoter
described herein or another promoter.

{0161} In some embodiments, the expression vector 1s a plasmid, a bacteriophage
vector, a cosmid, a fosmid, a viral replicon, a shuttle vector, or a combination thereof. In
some embodirnents, the expression vector 1s an RNA replicon. In some embodiments, the
expression vector is a prokaryotic expression vector. In some embodiments, the expression
vector is a eukaryotic expression vector. In some embodiments, the nucleic acid molecule of
the disclosure is produced via de nove synthesis. In some embodiments of the disclosure, de

novo synthesis can be used to generate a synthetic mRNA molecule.

Recombinant Cells

[6162] In one aspect, some embodiments disclosed herein relate to a method of
transforming a cell that includes introducing into a host cell, such as an animal cell, a nucleic
acid molecule as provided herein, and selecting or screening for a transformed cell. The
terms “host cell” and “recombinant host cell” are used interchangeably herein. It is
understood that such terms refer not only to the particular subject cell but also to the progeny
or potential progeny of such a cell. Because certain modifications may occur in succeeding
generations due to either mutation or environmental 1ofluences, such progeny may not, in
fact, be 1dentical to the parent cell, but are still included within the scope of the term as used
herein. In some embodiments, the nucleic acid molecule is introduced into a host cell by an
electroporation procedure or a biolistic procedure.

[0163] In a related aspect, some embodiments relate to recombinant host cells, for
example, recombinant animal cells that include a nucleic acid molecule described herein.
The nucleic acid molecule can be stably integrated in the host genome, or can be episomally
replicating, or present in the recombinant host cell as a mini-circle expression vector for a
stable or transient expression. Accordingly, in some embodiments disclosed herein, the

nucleic acid molecule is maintained and replicated in the recombinant host cell as an
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episomal unit. In some embodiments, the nucleic acid molecule is stably integrated into the
genome of the recombinant cell. Stable integration can be completed using classical random
genomic recombination techniques or with more precise genome editing techniques such as
using guide RNA directed CRISPR/Cas9®, or DNA-guided endonuciease genome editing
NgAgo (Natronobacterium gregoryi Argonaute), or TALEN genome editing (transcription
activator-like effector nucleases). In some embodiments, the nucleic acid molecule present in
the recombinant host cell as a mini-circle expression vector for a stable or transient
exXpression.

[0164] In some embodiments, host cells can be genetically engineered (e.g
transduced or transformed or transfected) with, for example, a vector construct of the present
application that can be, for example, a vector for homologous recombination that includes
nucleic acid sequences homologous to a portion of the genome of the host cell, or can be an
expression vector for the expression of any or a combination of the genes of interest. The
vector can be, for example, in the form of a plasmid, a viral particle, a phage, efc. In some
embodiments, a vector for expression of a polypeptide of interest can alsc be designed for
integration into the host, e.g., by bomologous recombination. The vector containing a
polynucleotide sequence as described herein, e.g., nucleic acid mwolecule comprising a
modified alphavirus genome or replicon RNA, as well as, optionally, a selectable marker or
reporter gene, can be employed to transtorm an appropriate host cell,

[0165] The methods and compositions disclosed herein may be deployed for
genetic engineering of any species, including, but not limited to, prokaryotic and eukaryotic
species. Suitable host cells to be modified using the compositions and methods according to
the present disclosure can include, but not limiated to, algal cells, bacterial cells, heterokonts,
fungal cells, chytrid cells, microfungi, microalgae, and animal cells. To some embodiments,
the animal cells are invertebrate animal cells. In some embodiments, the vertebrate animal
cells are mammalians cells. Host cells can be either untransformed cells or cells that have
already been transfected with at least one nucleic acid molecule.

[0166] The methods and compositions disclosed herein can be used, for example,
with subject and/or host cells that are important or tnteresting for aquaculture, agriculture,

aniroal hushandry, and/or for therapeutic and medical applications, including production of
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polypeptides used in the manufacturing of vaccines, pharmaceutical products, industrial
products, chemicals, and the like. In some embodiments, the compositions and methods
disclosed herein can be used with host cells from species that are vatural hosts of
alphaviruses, such as rodents, mice, fish, birds, and larger mammals such as humans, horses,
pig, monkey, and apes as well as invertebrates. Particularly preferred species, in some
embodiments of the application, are vertebrate amimal species and invertebrate animal
species. In principle, any animal species can be generally used and can be, for example,
human, dog, bird, fish, horse, pig, primate, mouse, cotton rat, ferret, cattle, swine, sheep,
rabibit, cat, goat, donkey, hamster, or buffalo. Non-limiting examples of suitable bird species
include chicken, duck, goose, turkey, ostrich, emu, swan, peafowl, pheasant, partridge, and
guinea fowl In some particular embodiments, the fish is any species in the Salmonidae
family. Primary mammalian cells and continuous/imamortalized cells types are also suitable.
Non-limiting examples of suitable animal host cells include, but not limited to, pulmonary
equine artery endothelial cell, equine dermis cell, baby hamster kidney (BHK) cell, rabbit
kidney cell, mouse muscle cell, mouse connective tissue cell, human cervix cell, human
epidermoid larynx cell, Chinese hamster ovary cell (CHO), human HEK-293 cell, mouse 373
cell, Vero cell, Madin-Darby Canine Kidney Epithelial Cell (MDCK), primary chicken
fibroblast cell, a HuT78 cell, A549 lung cell, Hel.a cell, PER . Co® cell, WI-38 cell, MRC-5
cell, FRhL-2, and CEM T-cell. In some embodiments, the host cell 13 baby hamster kidney
cell. In some embodiments, the baby hamster kidney cell 15 a BHK-21 cell.

0167} Techniques for transforming a wide variety of the above-mentioned host
cells and species are known in the art and described in the technical and scientific literature.
Accordingly, cell cultures including at least one recombinant cell as disclosed herein are also
within the scope of this application. Methods and systems suitable for generating and

maintaining cell cultures are known in the art.

Heterologous Nucleic Acid Seguences

[0168] In accordance of some embodiments of the present disclosure, a wide
variety of nucleic acid sequences can be carried by the nucleic acid molecules of the present
disclosure. In some embodiments, nucleic acid molecules as described herein does not

contain any additional heterologous nucleic acid sequence. In some embodiments, the
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nuclete acid molecules of the present disclosure contains one or more additional heterologous
or foreign nucleic acid sequences. In some embodiments, the one or more additional
heterologous or foreign nucleic acid sequences include a coding sequence for a gene of
interest (GOI). In some embodiments disclosed herein, the coding sequence for the GOI
encodes a polypeptide or a functional RNA. In some embodiments, the coding sequence for
the GOI encodes a functional RNA selected from a ribosomal RNA, a tRNA, a nibozyme, a
transactivating (tr) RNA of a CRISPR system, a crispr (cr) RNA of a CRISPR system, a
chimeric guide RNA of a CRISPR system, a micro RNA, an interfering RNA (RNA1)
molecule, a short hairpin (sh) RNA, or an antisense RNA molecule. In some embodiments,
the coding sequence for the GOI encodes a polypeptide selected from the group consisting of
a therapeutic polypeptide, a prophylactic polypeptide, a diagnostic polypeptide, a
nutraceutical polypeptide, an industrial enzyme, a reporter polypeptide, or any combination
thereof. In some embodiments, the coding sequence for the GOI encodes a polypeptide is
selected from the group consisting of an antibody, an antigen, an immune modulator, and a
cytokine.

[0169] In some embodiments, the heterclogous nucleic acid sequence comprises a
heterologous nucleic acid sequence of at least about 100 bases, 2 kb, 3.5 kb, 5kb, 7kb, or 8
kb. The heterologous RNA or heterologous nucleic acid sequence can be chosen from a wide
variety of sequences derived from viruses, prokaryotes or eukaryotes. Examples of categories
of heterologous sequences include, but are not himited to, immunogens (including native,
modified or synthetic antigenic proteins, peptides, epitopes or immunogenic fragments),
cytokines, toxins, therapeutic proteins, enzvmes, antisense sequences, and immune response
modulators.

[0170] A wide variety of GOI can be included in the nucleic acid molecules of the
present disclosure to express a polypeptide of the GOL including but not limited to,
cytokines, toxins, prodrugs, antigens which stimulate an immune response, ribozymes, and
proteins which assist or inhibit an immune response, as well as antisense sequences {or sense
sequences for "antisense applications"}. As noted above, within various embodiments of the
disclosure the modified RNA replicon provided herein may contain the coding region of {(and

express, in some embodiments) two or more polypeptides of interest,
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1} Cytokines

[6171] In some embodiments disclosed herein, the GOI encodes a cytokine.
Generally, cytokines act to proliferate, activate, and/or differentiate immune effectors cells.
Examples of cytokines include, but are not limited to macrophages, B lymphocytes, T
lvimphocytes, endothelial cells, fibroblasts, lymphokines likes gamma interferon, tumor
necrosis factor, interleukin, [L-1, IL-2, IL-3, TL-4, 1L-5, IL-6, 1L-7, TL-8, 1L.-9, 1L-10, IL- 1,
H.-12, 013, IL-14, [L-15, GM-CSF, C8F-1 and G-CSF.

[06172] In some related embodiments, the GOI encodes an immunomodulatory
cofactor.  As utilized within the context of the present disclosure, "immunomodulatory
cotactor" refers to factors which, when manufactured by one or more of the cells involved in
an immune response, or when added exogenously to the cells, cause the immune response to
be different in quality or potency from that which would have occurred in the absence of the
cofactor. The quality or potency of a response may be measured by a variety of assays known
to one of skill wn the art including, for example, ex vifro assays which measure cellular
proliferation {e.g., 3 H thymidine uptake), and ex vifro cytotoxic assays (e.g., which measure
51 Crrelease) (see Warner ef of., AIDS Res. and Human Retroviruses 7.645-655, 1991).

16173} Examples of immunomodulatory co-facters include, but are not himited,
alpha interferon, gamma interferons, G-CSF, GM-CSF, TNFs, Interleukin-2 (-2}, IL-4, IL-
6, L~12, IL-15, ICAM-1, ICAM-2, LFA-1, LFA-3, MHC class I molecules, MHC class H
molecules, 2 -microglobulin, chaperones, CD3, B7/BB 1, MHC linked transporter proteins,
and analogues thereof.

[0174] The choice of which immunomodulatory cofactor to include within the
nucleic actd molecules of the present disclosure may be based upon known therapeutic
effects of the cofactor, or experimentally determined. For example, in chronic hepatitis B
infections alpha interferon has been found to be efficacious in compensating a patient's
immunological deficit and thereby assisting recovery from the disease. ln some situations, a
suttable immunomodulatory cofactor may be experimentally determined. Briefly, blood
samples are first taken from patients with a hepatic disease. Peripheral blood lymphocytes
(PBLs) are restimulated ex vifro with autologous or HLA-matched cells (e.g, EBV

transformed cells), and transduced with modified arterivirus genome or replicon RNA of the
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present disclosure which directs the expression of an immunogenic portion of a hepatitis
antigen and the immunomodulatory cofactor. Stimulated PBLs are used as effectors ina CTL
assay with the BLA-maiched transduced cells as targets. An increase in CTL response over
that seen in the same assay performed using HLA-matched stimulator and target cells
transduced with a vector encoding the antigen alone, indicates a useful immunomodulatory
cofactor. In some embodiments, the immunomodulatory cofactor gamma interferon is
particularly preferred.

106175] Another non-limiting example of an immunomodulatory cofactor s the
B7/BB1 costimulatory factor. Activation of the full functional activity of T cells requires two
signals. One signal is provided by interaction of the antigen-specific T cell receptor with
peptides which are bound to major histocompatibility complex (MHC) molecules, and the
second signal, referred to as costimulation, 1s delivered to the T cell by antigen-presenting
cells. The second signal is required for interleukin-2 (IL-2) production by T cells and appears
to involve interaction of the B7/BB 1 molecule on antigen-presenting cells with CD28 and
CTLA-4 receptors on T lymphocytes. In some embodiments, B7/BB 1 may be introduced
into tumor cells in order to cause costimulation of CD8+T cells, such that the CD8+T cells
produce enough IL-2 to expand and become fully activated. These CD8+T cells can kili
wmor cells that are not expressing B7 because costimulation 15 no longer required for further
CTL function. Vectors that express both the costimulatory B7/BB1 factor and, for example,
an immunogenic HBV core protein, may be constructed utilizing methods which are
described herein. Cells transduced with these vectors will become more effective antigen-
presenting cells. The HBV core-specific CTL response will be augmented from the fully

activated CD8+T cell via the costimulatory ligand B7/BB 1.

2} Toxins

[0176] In some embodiments disclosed herein, the GOI encodes a toxin. In some
embodiments, toxins act to directly inhibit the growth of a cell. Examples of toxins include,
but are not limited to, ricin, abrin, diphtheria toxin, cholera toxin, gelonin, pokeweed,
antiviral protein, fritin, Shigella toxin, Pseudomonas exotoxin A, herpes simplex virus

thymidine kinase (HSVTK), and 7. cofi. guanine phosphoribosyl transferase.

3} Pro-drugs
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18177] In some embodiments disclosed herein, the GOI encodes a "pro-drug”. As
uttlized within the context of the present disclosure, "pro-drug" refers to a gene product that
activates a compound with little or no cytotoxicity into a toxic product. Representative
examples of such gene products include HSVTK and VZVTK (as well as analogues and
derivatives thereof), which selectively monophosphorylate certain purine arabinosides and
substituted pyrimidine compounds, converting them to cytotoxic or cytostatic metabolites.
More specifically, exposure of the drugs ganciclovir, acyclovir, or any of their analogues
{e.g., FIAU, FIAC, and DHPG) to HSVTK phosphorylates the drug into its corresponding
active nucleotide triphosphate form.

[0178] Non-limiting examples of pro-drugs which may be utilized within the
context of the present disclosure include: £ coli guanine phosphoribosyl transferase which
converts thioxanthine into toxic thioxanthine monophosphate; alkaline phosphatase, which
will convert inactive phosphorviated compounds such as mitomyein phosphate and
doxorubicin-phosphate to toxic dephosphorylated compounds, fungal {eg., Fusarium
oxysporum)y and bacterial cytosine deaminase, which can convert S-fluorocytosine to the toxic
compound 5-fluorouracil; carboxypeptidase G2, which will cleave the glhutamic acid from
para-N-bis {2-chloroethyl) aminobenzoyl glutamic acid, thereby creating a toxic benzoic acid
mustard; and Penicillin-V anmidase, which will convert phenoxvacetabide derivatives of

doxorubicin and melphalan to toxic compounds.

4) Antisense Seqguence

[6179] In some embodiments disclosed herein, the coding sequence for the GOI is
an antisense sequence. Antisense sequences are designed to bind to RNA transcripts, and
thereby prevent cellular synthesis of a particular protein or prevent use of that RNA sequence
by the cell. Non-limiting examples of such sequences include antisense thymidine kinase,
antisense dihydrofolate reductase, antisense HER?2, antisense ABL, antisense Myc, antisense
ras, as well as antisense sequences which block any of the enzymes in the nucleotide
biosynthetic pathway. In addition, in accordance with some embodiments disclosed herein,
antisense sequences to interferon and 2 microglobulin may be utilized in order to decrease

HOMUNEe response.
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[0186] In some embodiments, antisense RNA may be utilized as an anti-tumor
agent in order to induce a potent Class I restricted response. In addition to binding RNA and
thereby preventing translation of a specific mRNA, high levels of specific antisense
sequences are believed to induce the increased expression of interferons (including gamma-
interferon) due to the formation of large quantities of double-stranded RNA. The increased
expression of gamma interferon, in turp, boosts the expression of MHC Class [ antigens.
Preferred antisense sequences for use in this regard include actin RNA, myosin RNA, and
histone RNA. Antisense RNA which forms a mismatch with actin RNA is particularly

preferred.

S) Ribozymes

0181} In some embodiments disclosed herein, nucleic acid molecules comprising
one or more RNA stem-loop structures are provided which produce ribozymes upon infection
of a host cell. Ribozymes are used to cleave specific RNAs and are designed such that it can
only affect one specific RNA sequence  Generally, the substrate binding sequence of a
ribozyme is between 10 and 20 nucleotides long. The length of this sequence is sufficient to
allow a hybridization with target RNA and disassociation of the ribozyme from the cleaved
RNA. Representative examples for creating ribozymes include those described in U.S. Pat,

Nos. 5,116,742; 5,225,337 and 5,246,921.

6} Proteins and Other Cellulor Constituents

[0182] In some embodiments disclosed herein, a wide variety of proteins or other
cellular constituents can be carried by the nucleic acid molecules of the present disclosure.
Non-limiting examples of such proteins include native or altered cellular components, as well
as foreign proteins or cellular constituents, found in for example, viruses, bacteria, parasites,

fungus or animal such as mammalian.

Methods for Producing Polyneptides

{0183} The host cells of the present disclosure, such as a prokaryotic or eukaryotic
host cell, can be used to produce {(e.g., express) a molecule of interest such as, eg, a
polypeptide, encoded in an open reading frame of a gene of interest (GOI) as disclosed

herein. Thus, the present application further provides methods for producing a molecule of
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interest such as, e.g., a polypeptide, using the host cells and/or the nucleic acid molecules of
the present disclosure. The host cells can be, for example, isolated cells, cells in cell culture,
cells in a living body, or a combination thereof.

[0184] Some embodiments disclosed herein provides methods for producing a
polypeptide of interest. The method can include the introduction of a nucleic acid molecule
according to any one of the aspects and embodiments of the present disclosure into a host
cell, thereby producing a polypeptide encoded by the GOI in the host cell. In some
embodiments where the introduced nucleic acid molecule is a RNA molecule, for example an
mRNA molecule or a RNA replicon. The RNA molecule can be generated by any method
known in the art, for example by de noveo synthesis in whole or in part. For example, the
RNA molecules, including but not limited to mRNA molecules and RNA replicons, can be
produced using chemical methods, enzymatic techniques, or any combination thereof, for
example, by chemical synthesis through de novo assembly {(such as with oligonucleotides} or
in vifro transcription reactions (using appropriate enzymes, buffers, nucleotides, etc.}. In
some instances where the introduced nucleic acid molecule 15 an mRNA, the mRNA can be
directly delivered to cells i vivo for producing a polypepide of interest {e.g., drug, antigen,
efc.yin cells. The cells can be 1solated cells; cells in cell cultures; cells in an tissue, an organ,
and/or a subject; or any combination thereof. In some embodiments, no new mRNA copies
are made in the cells, As disclosed herein, the incorporation of one or more RNA stem-loops
from a viral capsid enhancer (e.g., DLP motifs) into the chemically synthesized RNA can
confer the intended enhancement of gene expression once the DLP-containing mRNA is
introduced into the cells.

[0185] fn some embodiments where the introduced nucleic acid molecule is a
vector such as, for example, an RNA replicon, new mRNA copies may be generated which
includes coding sequence for a gene of interest operably linked to one or more DLP motifs.
The incorporation the one or more DLP motifs into the vector, e.g., RNA replicon, can then
confer the intended enhancementof gene expression once the DLP-containing vector or
replicon is introduced into the cells

[0186] Some embodiments disclosed herein provides methods for producing a

polypeptide of interest in a host cell. Such method includes the cultivation of a recombinant
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host cell, including a nucleic acid molecule according to any one of the aspects and
embodiments of the present disclosure. In some embodiments, the methods include culturing
the host cell of present disclosure (into which a recombivant expression vector encoding the
molecule of interest has been introduced) in a suitable medium such that the molecule of
interest 1s produced. In some embodiments, the methods further include isolating the
molecule of interest from the medium or the host cell.

16187} Also disclosed are methods for producing a polypeptide of interest in a
subject, including administering to the subject a nucleic acid molecule according to any one
of the aspects and embodiments.

[0188] Suitable host cells and/or subjects for use in the methods and compositions
disclosed herein include, but are not Himited to, prokaryotic and eukaryotic species. Suitable
host cells to be moditied using the compositions and methods according to the present
disclosure can include, but not limited to, algal cells, bacterial cells, heterokonts, fungal celis,
chytrid cells, microfungi, microalgae, and animal cells. In some embodiments, the animal
cells are invertebrate animal cells. In some embodiments, the veriebrate animal cells are
mammalians celis. Host cells can be either untransformed cells or cells that have already
been transtected with at least one nucleic acid molecule.  Accordingly, biological samples,
biomass, and progeny of a recombinant cell according to any one of the aspects and
embodiments are also within the scope of the present application. Thus, as discussed in more
detail below, polypeptides produced by a method according to this aspect of the application
are also within the scope of this application.

[6189] In some embodiments, the recombinant cell 1s an animal cell. Therapeutic
protein production in small and large scale is important field of development in
pharmaceutical industry, because proteins produced in animal cells are believe to generally
have proper processing, post-transiational modification and therefore have adequate activity
for treatment of the physiological condition. In principle, any animal species can be generally
used and can be, for example, human, dog, bird, fish, horse, pig, primate, mouse, cotton 1af,
ferret, cattle, swine, sheep, rabbit, cat, goat, donkey, hamster, or buffalo. Noon-limiting
examples of suitable bird species include chicken, duck, goose, turkey, ostrich, emu, swan,

peafowl, pheasant, partridge, and guinea fowl. In some particular embodiments, the fish is
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any species in the Salmonidae family Primary mammalian  cells and
continuous/immortalized cells types are also suitable.  Non-limiting examples of suitable
animal host cells include, but not limited to, pulmonary equine artery endothehal cell, equine
dermis cell, baby hamster kidney (BHK) cell, rabbit kidney cell, mouse muscle cell, mouse
connective tissue cell, human cervix cell, human epidermoid larynx cell, Chinese hamster
ovary cell (CHO), human HEK-293 cell, mouse 3T3 cell, Vero cell, Madin-Darby Canine
Kidney Epithelial Cell (MDCK), primary chicken fibroblast cell, 2 HuT78 cell, A549 lung
cell, Hela cell, PER . C6® cell, WI-38 cell, MRC-5 cell, FRhL-2, and CEM T-cell. In some
embodiments, the host cell is baby hamster kidney cell. In some embodiments, the baby

hamster kidney cell is a BHK-21 cell.

Becombinant Polvpeptides

[0196] Some embodiments disclosed herein relate to recombinant polypeptides
produced by a method in accordance with one or more embodiments described herein. The
recombinant polypeptides of the present application generally can be any recombinant
polypeptides and can be, for example, one or more of therapeutic polypeptides, prophylactic
polypeptides, diagnostic polypeptides, nutraceutical polypeptides, industrial enzymes, and
reporter polypeptides. In some embodiments, the recombinant polypeptides can be one or
more of antibodies, antigens, immune modulators, and cytokines. In some embodiments, the

polypeptide of interest may have therapeutic or prophvlactic activity.

Compositions and Formulations

[0191] Some embodiments disclosed herein relate to a composition comprising
any of the recombinant polypeptides described herein. The composition can be, for example,
a nutraceutical composition, a prophylactic composition, a pharmaceutical composition
comprising a pharmaceutically acceptable carrier, or a mixture thereof. In some
embodiments, the compositions of the present application can be used as a vaccine.

10192] Some ernbodirnents disclosed herein relate to a composition including any
of the nucleic acid molecules (e.g., expression vectors) described herein. The composition
can be, for example, a nutraceutical composition, a prophylactic composition, a

pharmaceutical composition comprising a pharmaceutically acceptable carrier, or a mixture
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thereof. In some embodiments, the compositions of the present application can be used as a
vaccine.

[0193] Some embodiments disclosed herein relate to a composition including any
of the recombinant cells described herein. The composition can be, for example, a
nutraceutical composition, a prophylactic composition, a pharmaceutical composition
comprising a pharmaceutically acceptable carrier, or a mixture thereof. In some
embodiments, the compositions of the present application can be used as a vaccine,

[0194] As used herein, the term “pharmaceutically-acceptable carner” means a
carrier that is useful in preparing a pharmaceutical composition or formulation that is
generally safe, non-toxic, and neither biologically nor otherwise undesirable, and includes a
carrier that is acceptable for veterinary use as well as human pharmaceutical use. In some
embodiments, a pharmaceutically acceptable carrier is as simple as water, but it can also
include, for example, a solution of physiological salt concentration. In some embodiments, a
pharmaceutically acceptable carrier can be, or may include, stabilizers, diluents and buffers,
Suitable stabilizers are for example SPGA, carbohydrates (such as dried milk, serum albumin
or casein) or degradation products thereof Suitable buffers are for example alkali metal
phosphates. Diluents include water, aqueous bufters (such as buffered saline}, alcohols and
polyols {such as glycerol}. For adnmunistration to anmimals or humans, the composition
according to the present application can be given by any enteral or parenteral route, which
includes inter alic intranasally, by spraving, intradermally, subcutaneously, orally, by aerosol,
intramuscularly, or any combination thereof.

[0195] fn some embodiments, the nucleic acid molecules {(e.g., mRNAs and/or

;
expression vectors), protein molecules, and/or compositions of the disclosure are in suitable
formulations, for example pharmaceutical formulations.  Provided herein include
pharmaceutical formulations containing one or more of the molecules and/or compositions
disclosed herein in a pharmaceutically acceptable vehicle. Some embodiments of the
disclosure relate to pharmaceutical formulations comprising one or more of the expression
vectors disclosed herein. Some embodiments of the disclosure relate to pharmaceutical
formulations containing one or more of the vucleic acid molecules disclosed herein. Some

embodiments of the disclosure relate to pharmaceutical formulations containing one or more
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of the polypeptides disclosed herein. Some embodiments of the disclosure relate to
pharmaceutical formulations containing one or more of the recombinant cells disclosed
herein.

[0196] The molecules (e.g., protein and nucleic acid molecules) and compositions
disclosed herein can be in various formulations, for example pharmaceutical formulations.
For example, the nucleic acid molecules (e.g., replicons, mRNAs and expression vectors),
protein molecules, and/or compositions of the disclosure can be formulated, for example into
a pharmaceutical formulation, with one or more covalent compounds {(e.g., via direct
finkage), non-covalent compounds {e.g., via charged based associations from LNPs or
cationic nano-emulsions), physical compositions (e.g., vault proteins, non-charged lipid
encapsulations), pharmaceutically acceptable buffers {e.g., saline, lactated Ringer’s), and any
combinations thereof. Many methods, reagents, and systems suitable for generating the
foregoing pharmaceutical formulations are known in the art.

0197} In some embodiments, molecules and/or compositions disclosed herein is
formulated in a saline or a lipid formulation. The lipid formulation can be selected from, but

is not limited to, liposomes, lipoplexes, copolymers such as PLGA, and lipid nanoparticles.

Particles and Nanoparticles

[0193] In some embodiments, one or more of the nucleic acid molecules,
polypeptide molecules, and/or compositions disclosed herein can be incorporated into
particles or nanoparticles. Particles comprising one or more of the molecules and
compositions disclosed herein can be polymeric particles, lipid particles, solid lipid particles,
self-assembled particles, composite nanoparticles of conjugate phospholipids, surfactants,
proteins, polvaminoacids, inorganic particles, or combinations thereof (e.g., lipid stabilized
polymeric particles). In some embodiments, the molecules and/or compositions disclosed
herein are substantially encapsulated or partially encapsulated in the particles. In some
embodiments, the molecules and/or compositions disclosed herein are deposited and/or
absorbed on the surface of the particles. In some embodiments, the molecules and/or
compositions disclosed herein are incorporated in the particles. In some embodiuments, the
molecules and/or compositions disclosed herein are part of or a component of the particle.

The molecules and/or compositions of the disclosure can be, in some embodiments, attached
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to the surface of the particles with covalent bonds, or non-covalent interactions. In some
embodiments, the molecules and/or compositions of the disclosure self-assemble into a
particle.

[0199] As used herein, the term “encapsulate” means to enclose, surround or
encase. As it relates to the formulation of the molecules and/or compositions of the present
disclosure, encapsulation may be substantial, complete or partial. The term “substantially
encapsulated” means that at least greater than 50%, 60%, 70%, 80%, 85%, 90%, 95%, 96%,
97%%, 98%, 99%, 99.9%, 99.99%, or 99.999% of the molecules and/or compositions of the
present disclosure may be enclosed, surrounded or encased within the particle. “Partially
encapsulation” means that less than 10%, 15%, 20%, 30%, 40%, 50% of the molecules
and/or compositions of the present disclosure may be enclosed, surrounded or encased within
the particle. For example, at least 1%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, 99.9%, 99.99%, or 99.999% of the molecules and/or
compositions of the present disclosure are encapsulated in the particle. Encapsulation may be
determined by any known method.

[0200] In some embodiments, the particles are polymeric particles or contain a
polymeric matrix. The particles can generally contain any of the polymers known in the art.
The particles will generally contain one or more biocompatible polymers. The polymers can
be biodegradable polymers. The polymers can be hydrophobic polymers, hydrophilic
polymers, or amphiphilic polymers. In some embodiments, the particles contain one or more
polymers having an additional targeting motety attached thereto. In some embodiments, the
particies are inorganic particles, such as but not limited to, gold nanoparticles and iron oxide
nanoparticles.

[0201] The size of the particles can be adjusted for the intended application. The
particles can be nanoparticles or microparticles. The particle can have a diameter of about 10
nm to about 10 microns, about 10 nm to about 1 micron, about 10 nm to about 500 nm, about
20 nm to about SO0 nm, or about 25 nm to about 250 nm. In some embodiments the particle
is a nanoparticle having a diameter from about 25 nm to about 250 nm. In some
embodiments, the particle is a nanoparticle having a diameter from about 50 nm to about 150

nm. In some embodiments, the particle 15 a nanoparticle having a diareter from about 70 n
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to about 130 nm. In some embodiments, the particle is a nanoparticle having a diameter of
about 100 nm. It is understood by those in the art that a plurality of particles will have a
range of sizes and the diameter is understood to be the median diameter of the particle size
distribution.

6202} In some embodiments, the molecules and/or compositions disclosed herein
may be incorporated into particles that are responsive to temperature, pH, and ionic
conditions. For example, the particles may comprise an ionizable network of covalently
cross-tinked homopolymeric ionizable monomers wherein the ionizable network is covalently
attached to a single terminal region of an amphiphilic copolymer to form a plurality of
“dangling chains” and wherein the “dangling chains” of amphiphilic copolymer form
immobile intra-network aggregates in aqueous solution, as disclosed 1n U.S. Pat. No.

7,204,997,

Liposomes. Linoplexes. and Lipid Nanoparticles (LNPs)

[0203] The molecules and/or compositions of the disclosure can be formulated
using one or more liposomes, lipoplexes, and/or lipid nanoparticles. In one embodiment,
pharmaceutical formulations of the molecules and/or compositions of the disclosure include
liposomes. Liposomes are artificially-prepared vesicles which may primarily be composed of
a lipid bilayer and may be used as a delivery vehicle for the administration of nutrients and
pharmaceutical formulations. Liposomes can be of different sizes such as, but not limited to,
a nultifamellar vesicle (MLV) which may be hundreds of nanometers in diameter and may
contain a series of concentric bilayers separated by narrow aqueous compartments, a small
unicellular vesicle (SUV) which may be smaller than 50 nm in diameter, and a large
unilamellar vesicle (LUV) which may be between 50 and 500 nm in diameter. Liposome
design may include, but is not limited to, opsonins or ligands in order to improve the
attachment of liposomes to unhealthy tissue or to activate events such as, but not limited to,
endocytosis. Liposomes may contain a low or a high pH in order to improve the delivery of
the pharmaceutical formulations.

[6204] The formation of liposomes may depend on the physicochemical
characteristics such as, but not limited to, the pharmaceutical formulation entrapped and the

liposomal ingredients, the nature of the medium in which the lipid vesicles are dispersed, the
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effective concentration of the entrapped substance and its potential toxicity, any additional
processes involved dusing the application and/or delivery of the vesicles, the optimization
size, polydispersity and the shelf-life of the vesicles for the intended application, and the
batch-to-batch reproducibility and possibility of large-scale production of safe and efficient
liposomal products.

06205} In some embodiments, the molecules and/or compositions of the
disclosure may be formulated in a lipid vesicle which may have crosslinks between
functionalized lipid bilayers. In some embodiments, the molecules and/or compositions of
the disclosure may be formulated in a lipid-polycation complex. The formation of the lipid-
polycation complex may be accomplished by methods known 1n the art.  As a non-limiting
example, the polycation may include a cationic peptide or a polypeptide such as, but not
limited to, polvlysine, polyornithine and/or polvarginine and the cationic peptides. In some
embodiments, the nucleic acid molecules and/or compositions disclosed herein may be
formulated in a lipid-polycation complex which may further include a neutral lipid such as,
but not limited to, cholesterol or dicleoyl phosphatidylethanolamine (DOPE). The liposome
formulation may be influenced by, but not limited to, the selection of the cationic lipid
component, the degree of cationic lipid saturation, the nature of the PEGylation, ratio of all
components and biophysical parameters such as size.

0206} In some embodiments, the ratio of PEG in the lipid nanoparticlie (L.NP)
formulations may be increased or decreased and/or the carbon chain length of the PEG lipid
may be modified from C14 to C18 to alter the pharmacokinetics and/or biodistribution of the
LINP formulations. As a non-limiting example, LNP formulations may contain 1-5% of the
fipid molar ratio of PEG-¢-DOMG as compared to the cationic lipid, DSPC and cholesterol.
fn another embodiment, the PEG-c-DOMG may be replaced with a PEG lipid such as, but not
himited to, PEG-DSG (1,2-Distearoyl-sn-glycerol, methoxypolyethylene glycol) or PEG-DPG
(1,2-Dipalmitoyl-sn-glycerol, methoxypolyethylene glycol). The cationic lipid may be
selected from any lipid known in the art such as, but not limited to, DLin-MC3-DMA, DLin-
DMA, C12-200, and DLin-KC2-DMA.

[6207] In some embodiments, LNP formulations described herein may comprise a

polycationic composition. In some embodiments, the LNP formulations comprising a
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polycationic composition may be used for the delivery of the modified RNA described herein
in vivo and/or ex viro. In some embodiments, the LNP formulations described herein may
additionally comprise a permeability enhancer molecule. The nanoparticle formulations may
be a carbohydrate nanoparticle coraprising a carbohydrate carrier and a modified nucleic acid
molecule (e.g., mRNA}. As a non-limiting example, the carbohydrate carrier may include,
but is not hmited to, an anhydride-modified phyvioglycogen or glycogen-type material,
phtoglycogen octenyl succinate, phytoglycogen beta-dextrin, and anhydride-modified
phytoglycogen beta-dexirin,

16208] Lipid nanoparticle formulations may be improved by replacing the cationic
fipid with a biodegradable cationic lipid which is known as a rapidly eliminated lipid
nanoparticle (reLINP). lonizable cationic lipids, such as, but not limited to, DLinDMA, DLin-
KC2-DMA, and DLin-MC3-DMA have been shown to accumulate in plasma and tissues
over time and may be a potential source of toxicity. The rapid metabolism of the rapidly
eliminated lipids can improve the tolerability and therapeutic index of the lipid nanoparticles
by an order of magnitude from a 1 mg/kg dose to a 10 mg/kg dose in rat. Inclusion of an
enzymatically degraded ester linkage can improve the degradation and metabolism profile of
the cationic component, while still maintaining the activity of the relLNP formulation. The
ester linkage can be internally located within the lipid chain or it may be terminally located at
the terminal end of the lipid chain. The internal ester linkage may replace any carbon in the
lipid chain.

10209] Additional information regarding cationic lipids suitable for LNP
formulations can be found in, for example, UK. Publication No. US2017/0151339, which is
herein incorporated by reference in its entirety.

[0216] The molecules and/or compositions of the disclosure can also be
formulated as a nanoparticle using a combination of polymers, lipids, and/or other
biodegradable agents, such as, but not limited to, calcium phosphate. Components may be
combined in a core-shell, hybrid, and/or layer-by-layer architecture, to allow for fine-tuning
of the nanoparticle so that delivery of the molecules and/or compositions of the disclosure

may be enhanced.
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10211} Pharmaceutical formulations of the present disclosure may additionally
comprise one of more pharmaceutically acceptable excipients, which, as used herein, 1ncludes
any and all solvents, dispersion media, diluents, or other liquid vehicles, dispersion or
suspension aids, surface active agents, isotonic agents, thickening and emulsitying agents,
preservatives, solid binders, lubricants, and the like, as suited to the particular dosage form
desired. More information in this regard can be found in Remington's The Science and
Practice of Pharmacy, 21st Edition, A. R. Gennaro (Lippincott, Williams & Wilkins,
Baltimore, Md., 2006} which discloses various excipients used in formulating pharmaceutical
compositions and known techniques for the preparation thereof Except insofar as any
conventional excipient mediur is incompatible with a substance or its derivatives, such as by
producing any undesirable biological effect or otherwise interacting in a deletericus manner
with any other component(s) of the pharmaceutical composition, its use is contemplated to be

within the scope of this disclosure.

EXAMPLES

[06212] Additional alternatives are disclosed in further detail in the following

examples, which are not in any way intended to limit the scope of the claims.

EXAMPLE 1

General Experimental Procedure

DNA Template Preparation

[0213] Plasmid DNA templates were purified (Qiagen Cat. no. 12163} from 300
mL of saturated 7. cofi TransforMax Epi300 (Epicentre Cat. no. EC300105) cultures grown
in LB broth media {(Teknova Cat. no. L8000 06} supplemented with 50ng/mi carbamicilin
(Teknova Cat. no. NC9730116). Plasmid DNA was linearized by Nor-I digestion (New
England Biolabs NEB cat. no. R31895) for one hour at 37°C. Linearized template DNA was
then re-purified (Zymo Cat. no. D4003), and analyzed by 08% agarose gel (Life
Technologies Cat. no. GS018-08) against a commercial 2-log DNA ladder (New England
Biolabs, NEB Cat. no. N32008). The presence of a single band was confirmed in each
sample, corresponding to the expected fragment size of the linear DNA template, prior to

proceeding with ex vifro transcription.
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Ix vitro transcription

[0214] Fox vitro transcaption (IVT) reactions were performed using tpg of DNA
template prepared as described above, in a 20 ul reaction over a one hour incubation at 37°C
(NEB cat. no. E2065S). 1 Unit of DNase 1, provided by the supplier was then added directly
to the IVT reaction, and incubated at 37°C for an additional 15 mins. Reactions were then
placed on ice, and purified using the manufactures suggested method (Qiagen Cat. no.
74104).  Puwrified RNA was then quantified using a NapnoDrop 2000c UV-Vis
Spectrophotometer. RNA was visualized by electrophoresis through 0.8% Agarose gels (Life
Technologies Cat. no. G5018-08) and compared with Millennium RNA Marker (Ambion

Cat. No. AM7150), prior to proceeding with electroporation.

Transfection and analvsis

[0215] In a typical cell transfection experiment, replicon RNA was introduced
into BHEK-21 cells by electroporation using the SF Cell Line Nucleotector™ kit for the 4D-
Nucleofector™ System (Lonza). BHE-21 cells were harvested using 0.25% trypsin and
washed once with cold PBS. Cells were resuspended in SF Buffer at a cell density of 1 x 10°
cells per 20 pL electroporation reaction. Three micrograms of RNA was electroporated into
cells in triplicate in a 16-well cuvette strip and incubated at room temperature for 10 minutes.
Electroporated cells were recovered into plates containing Dulbecco’s Modified Eagle
Medium containing 10% fetal bovine serum, followed by incubation for 16 — 18 h at standard
cell culture conditions,

[0216] Intracellular analyses of replicon transtection efficiency and protein
production were performed by flow cytometry. In these assays, transfected BHK-21 cells
were fixed and permeabilized using fix/perm concentrate and permeabilization buffer
{eBioscience). Cells were then incubated with antibodies for double-stranded RNA
production {J2 anti~-dsRNA I[gG2ZA monoclonal antibody, English & Scientific Company)
conjugated with R-Phycoerythrin (Innova Biosciences). Antigen production was assessed by
additional incubation with antigen-specific antibodies conjugated with PE-Cy5 (Invova
Biosciences) (e.g. antibodies for red Firefly, green Renlla, HA, or RSV-FO (Abcam)). Cells
were then washed once and analyzed using a FACSAra™ Fusion Cell Sorter (BD

Biosciences) or FACSAna™ H Cell Sorter (BD Biosciences). Transfected BHK-21 cells
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stained with single colors for compensation controls were run prior to sample collection.
Drata was collected using FACSDiva (BD Biosciences) and further analyzed using Flowlo
software, Tmitial gating was performed to exclude dead cells and debris using forward and
side scatter plots. Further gating was conducted to identify cell populations that were
positive for both dsRNA (R-PE-positive) and protein expression (PE-CyS-positive or FITC-
positive for GFP expression)}. Frequencies and mean fluorescence intensities were collected

and utilized for construct comparison and optimization.

EXAMPLE 2

Construction of DLP-containing EAY Replicon Designs

[0217] This Example describes the generation of a number of arterivirus RNA
replicon-based expression vectors with a DLP motif operably positioned upstream of the
polyprotein/non-structural  protein genes and/or a reporter gene. These arterivirus RNA
replicon-based expression vectors were subsequently characterized and analyzed in the flow

cytometry analysis and bulk luciferase analyses described in EXAMPLE 4.

A Design
[06213] The respective design features of four EAV-based DLP replicon constructs

are described below.

(L) rEX-DLP-rFF

0219} In this construct, a BLP motif as placed immediately upstream of rFF and

downstream of the TRS7 driving the transcription of rFF,

(23 rEX-DLP-pplab-rFF

6220} In this construct, a DLP motif was placed immediately upstream of the
pplab genes with a few careful design modifications described below to maintain the stem
loop structure in the 5’UTR of the replicon known to be essential for replication and
subgenomic mRNA transcription.

[0221] (1) The first 79 nucleotides of the nonstructural viral gene 1a is duplicated
with its start codon mutated from ATG to TAG, denoted as “ATG-shifting region” (bold in

the sequence of SEQ ID NO: 2 below).

K8
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(0222} {i1) The corresponding nucleotides, located upstream of the la gene, base-
pairing with its start codon ATG and forming the stem, were also changed accordingly from
CAT to CTA (underlined in the sequence of SEQ ID NO: 2 below).

06223} (111} DLP (italicized in the sequence below) was placed immediately
downstream of the “ATG-shifting region” and upstream of the polyprotein lab genes (start

codon ATG shown in the sequence of SEQ 1D NO: 2 below).
SEQ ID NO: 2 (partial sequence)

CGAAGTOGTGTATOOTGCCATATACGGCTCACCACCATATACACTGCAAGAATTACTATTC
TTGTGGGCCCCTCTCGOTAAATCCTAGAGGGCTTTCCTCTCGTTATTIGCGAGATTCGTCG
TTAGATAACGGCAAGTTCCCTTICTTACTATCCTATITTICATCTTGTGGCTTGACGGETCA
CTGCCTACGTCGTCGATCTCTATCAACTACCUTTGCCGACTTAGG CAACCTTCTCCGCTA
CTIGGATTTGGAGGGAGTTTTIGTTAGGGACTGGTCCCTGGACTTACCCGACGCTTIGTY
GAGCATAGTCAGCATAGTACATTTCATCTGACTAATACTACAACACCACCACCATGAATAGAGG
ATTCTTTAACATGCTCGGCCGCCGCCCCTTCCCGGUCCUCATTGUCATGTGGAGGCCGUGGA
GAAGGAGGUAGGCGGUCCCGATGATGGCAACCTTCTCCGCTACTGGATTITGGAGG .

16224} This construct was essentially identical to the second construct, where
DLP was placed following the same three design modifications, except that a 2ZA protease
sequence {SEQ D NO: 3) was added mumediately at the 37 end of DLP such that, when
transiated, the polyproteins could be released from the DLP-derived peptide through a
selective cleavage by the protease. A comparative analysis of performances by replicon
Construct 2 {described above) and Construct 3 would provide information on whether the 2A

protease was needed for a functional replicon (see EXAMPLE 4 below).

SEQ ID NO: 3
GGAAGCGGAGCTACTAACTTCAGCCTGUTGAAGCAGGUTGGAGACGTGGAGGAGAACC
CTGGACCT

{(4) rEX-DLP-2A-pplab-DLPTF

[0225] This construct was essentially identical to the third construct described
above, except that another DLP was placed immediately upstream of the reporter rFF gene
{the same way as a DLP motif was placed in construct 1). A comparative analysis of

performances by replicon Construct 3 (described above} and Construct 4 would provide

-89,
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information on whether the additional DLP placed upstream of the reporter gene has an added

value to the expression of the reporter gene.

B. Construction

(6226} tEx-DLP-rFF was built according to a 3-piece Gibson Assembly®
procedure described in Gibson ef @/ (Enzymatic assembly of DNA molecules up to several
hundred kilobases. Nar. Methods 6, 343-345, 2009} with rEx-tFF (c4; SEQ ID NO: 34)
digested with Sphi and EcoRI as a vector and a DLP-containing g-block as an insert. The
nucleic acid sequence of the g-block used for construction of tEx-DLP-rFF is set forth at
SEQ ID NO: 4 in the Sequence Listing.

10227} The following primers were designed to amplify the corresponding

fragments required to butld the 3 new EAV-based DLP replicon constructs described above.

TABLE 3

Primer | Primers designed for construction BLP-(2A}-pplab-rFF/DLP-rFF replicons

RP114 | ppla-DLB-F GCCATGTGGAGGCCGCGGAGAAGGAGGCAGGCG
GCCCCGATGATGGCAACCTTCTCCGCTACTGGAT
(SEQ ID NO: )

RP115 | pBR322-3'SrfI-R | ACAATGTTGCCTCCCACATCTGCAA (SEQ ID NO: 6)

RP116 | pBR322-3'SefI-F | GGGTCACAAGGTAGTCGCCGTGOGTT (SEQ ID NG: 7)

RPI117 | pBR322-bla-R ACGTCAGGTGGCACTTTTCGGGGAA (SEQ 1D NO: 8)

RP118 | ppla-DLP-2A-F | AGCCTGCTGAAGCAGGCTGGAGACGTGGAGGAG
AACCCTGGACCTATGGCAACCTTCTCCGCTACTGG
AT (SEQ ID NO: 9)

Construction of rEx-DL P-pplab-rFF

[0228] For the construction of the rEx-DLP-pplab-rFF vector, three nucleic acid
fragments were generated by using a 3-piece Gibson Assembly® procedure, as follows.

[0229] Fragment 1 was generated with primers RP114 and RP115 and the
template backbone rEx-rFF.

[0230] Fragment 2 was generated with primers RP116 and RP117 and template
backbone rEx-rFF.

0231} Fragment 3 was a g-block for rtEx-DLP-pplab-rFF with the nucleic acid
sequence set forth at SEQ ID NO: 10 in the Sequence Listing.

Construction of tEx-DLP-2 A-pplab-rFF
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16232] For the construction of tEx-DLP-2A-pplab-tFF vector, three nucleic acid
fragments were generated by using a 3-piece Gibson Assembly® procedure, as follows.

10233] Fragment 4 was generated with primers RP118 and RP115 and the
template backbone rEx-rFF.

10234] Fragment S was generated with primers RP116 and RP117 and template
backbone rEx-rFF.

[8235] Fragment 6 was a g-block for rEx-DLP-2A-pplab-rFF with the nucleic
acid sequence set forth at SEQ [D NO: 11 in the Sequence Listing,

Construction of tEx-DLP-2A-pplab-DLP-FF

(0236} For the construction of rEx-DEP-2A-pplab-DLP-tFF vector, three nucleic
acid fragments were generated by using a 3-ptece Gibson Assembly® procedure, as follows.

6237} Fragment 7 was generated with primers RP118 and RP115 and the
template backbone rEx-DLP~FF.

[0238] Fragment 8 was generated with primers RP116 and RP117 and template
backbone rEx-DLP-rFF.

[0239] Fragment 9 was a g-block for sEx-DLP-2A-pplab-DLP-rFF with the
nucleic acid sequence set forth at SEQ 1D NG 12 1n the Sequence Listing,

[0240] Construct assembly was performed according to a 3-piece Gibson
Assembly® procedure described in Gibson ef af. (2009, supra). In particular, the rEx-DLP-
pplab-rFF construct was built using fragments 1, 2, and 3; the rEx-DLP-2A-pplab-rFF

construct was built using fragments 4, 5, and 6, and the rEx-DLP-ZA-pplab-DLP-FF

construct was built using fragments 7, 8, and 9 Assembled products were subsequently

transformed into EPI300 cells tfrom Epicenter. A total of 144 colonies were screened using
the primers RP126 (SEQ ID NG: 13) and RP127 (SEQ ID NG: 14) for each transformation,
resulting in 4 PCR-positive clones for rEx-DLP-pplab-rFF, 3 PCR-positive clones for rEx-
DLP-2A-pplab-rFF, and 2 PCR-positive clones for rEx-DLP-ZA-pplab-DLP-tFF.
Subsequent MiSeq results revealed that clone 4, clones 3 and 15, and clones 18 and 20 were
completely sequence-correct for rEx-DLP-pplab-rFF, rEx-DLP-2A-pplab-rFF, and rEx-

DLP-2A-pplab-DLP-rFF, respectively.

TABLE 4
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Primer Primers designed for colony screening of the DEP-(2A)-pplab replicons

RP126 | DLP-pplab-screen-F | CAGCATCTTTTACTTTCACCAGCGTTTCTG
(SEQ ID NO: 13)

RP127 | BLP-pplab-screen-R | GGAACTGGCGAAGCCAGTTTTAACA
(SEQ ID NO: 14)

0241} The maps of tEx-DLP-rFF, rEx-DLP-pplab-rFF, rEx-DLP-2A-pplab-rFF,
and rEx-DLP-2A-pplab-DLP-rFF are also shown in FIGUREs 2A-2D.

[0242] The sequences of the resulting replicons are disclosed in the Sequence
Listing with a T7 promoter and a polvA tail of 65 A’s, as follows: rEx-DLP-rFF (SEGQ ID
NO: 15), rEx-DLP-pplab-rFF (SEQ ID NO: 16}, rEx-DLP-2A-pplab-rFF (SEQ D NO: 17),
and rEx-DLP-2A-pplab-DLP-rFF (SEQ ID NO: 18).

EXAMPLE 3

Construction of DLP-containing Alphavirus Replicon Designs

[0243] This Example describes the generation of a number of Alphavirus RNA
replicon-based expression vectors with a DLP motif positioned upstream of the
polyprotein/non-structural protein genes and/or a reporter gene. These Alphavirus RNA
replicon-based expression vectors were subsequently characterized and analyzed in the flow

cytometry analysis and bulk luciferase analyses described in EXAMPLE 5.

A. Design
10244] The respective design features of three Alphavirus-based DLP replicon

constructs are described below,

(1) Alpha-R-DLP-rFF

[0245] In this construct, In this construct, DLP was placed immediately upstream

of the start codon of the reporter gene rFF.
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2) Alpha-R-DLP-2 A-nsp-rFF

[0246] In this construct, the sequence encoding the DLP motif and the 2A peptide
sequence {which was the same sequence used in the rEx-DLP-ZA-pplab-rFF replicon
described in Example 2 above} was placed within the 5 end of the replicon with a few
careful design modifications described below, to potentially maintain the sequence-structure
requirement for replication and subgenomic mRNA transcription.

16247} (1} The first 195 nucleotides of the nspl gene was duplicated with 1ts start
codon mutated from ATG to TAG (bold in the sequence of SEQ ID NO: 19 below).

[0248] {1}y This 195-nucleotide duplicated sequence was placed immediately
following the 57 UTR of the wild-type Alphavirus (underlined in the sequence of SEQ ID
NO: 19 below) and is followed by the DLP-2A sequence (italicized in the sequence below),

[6249] (111} The start codon of the nspl gene following the DLP-2A sequence was
removed (strike-through in the sequence of SEQ ID NO: 19 below).

SE B NO: 19 (partial sequence)

GATAGGCGGUCGCATGAGAGAAGUCCAGACCAATTACCTACCCAAATAGGAGAAAGTTC
ACGTTGACATCGAGGAAGACAGCCCATTCCTCAGAGCTTIGCAGCGGAGCTTCCCG
CAGTTTGAGGTAGAAGCCAAGCAGGTCACTGATAATGACCATGCTAATGCCAGAGT
GTTTTCGCATCTGGCTTCAAAACTGATCGAAACGGAGGTGGACCCATCUGACACGA
TCCTTGACATTIGGAATAGTCAGCATAGTACATTTICATCTGACTAATACTACAACACCACCACC
ATGAATAGAGGATTCTTTAACATGCTCGGUCGCCGCCCCTTCCCGGCCCCCACTGCUATGIGG
AGGCCGCGGAGAAGGAGGUAGGLCGGCCCCGGGAAGUGGAGUTACTAACTTICAGUUTGUIGA
AGCAGGCTGGAGACGTGGAGGAGAACCCTGGACUTAFSGAGAAAGTTICACG. .

(3) Alpha-R-DLP-2A -nsp-DLP-1FF

[0250] This construct is essentially identical to Construct 2 following the same
three design modifications, except that ancther DLP motif was placed immediately upstream
of the reporter 1FF gene (the same way as a DLP motif was placed in Construct 1). A
comparative analysis of performances by replicon Constructs 2 and 3 would provide
information on whether the additional DLP placed upstream of the reporter gene has an added

value to the expression of the reporter gene (see EXAMPLE S below).
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B. Construction

Construction of Alpha-R-DILP-rFF

06251} Alpha-R-DLP-rFF was built via Gibson Assembly® procedure, using
Alpha-R-eGFP (c6; SEQ ID NO: 35) digested with EcoRVSapl as a vector and DLP-rFF as
an insert PCR-amplified from the template rtEx-DLP-FF (c2, SEQ ID NO: 15) using the
primers RP112 (SEQ 1D NO: 20) and RP113 (SEQ ID NOG: 21) to replace eGFP with DLP-
FF. Clones 2 and 3 were sequence-confirmed to be completely correct via MiSeq

sequencing.

TABLES

Primer Primaers used to clone DLP-rFF into Alpha-R~-GFP (EcoRV/Sapl)

RP112 | DLPFF-F | COCTGAATGGACTACGACATAGTCTAGTCCGCCAAGAT
ATCGCACCATAGTCAGCATAGTACATTTICATCTGAC
TAATACT (SEQ ID NG: 203

RP113 | DLP-+FF-R | GCAGUCTTGCCAATTGUTGCTGTATCGATCAATT
AATCACATCTTGGCCACGGOGTTTCTTC (SEQ 1D NG: 21)

Construction of Alpha-R-DLP-2A-nsp-rFF and Alpha-R-DLP-2A-nsp-DLP-rFF
102352] Alpha-R-DLP-2A-nsp-rFF (Construct 2) and Alpha-R-DLP-2A-nsp-DLP-

FF (Construct 3) were built via Gibson Assembly” procedure, using the respective g-blocks
as inserts and the vectors that had been PCR-amplified from the respective templates, Alpha-
R-rFF (c6; SEQ ID NO: 35) and Alpha-R-DLP-rFF (2, SEQ ID NO: 26), using the primers
RP124 (SEQ ID NO: 22} and RP125 (SEQ 1D NO: 23). Clones 1 and 3 of Alpha-R-DLP-ZA-
nsp-rFF and clones 8§ and 32 of Alpha-R-DLP-2A-nsp-DLP-rFF were sequence-confirmed to

be completely correct via MiSeq.

TABLE 6

Primer Primers used for construction of Alpha-DLP-nsp-rFF/DLP-FF

RP124 | 5Alpha-P2A-F | GAAGCAGGCTGGAGACGTGGAGGAGAACCCT
GGACCTGAGAAAGTTCACGTTGACATCGAGGA
AGAC (SEQ ID NO: 22)

RP125 | 3'Scal-R CACCAGTCACAGAAAAGCATCTTACGGATG
(SEQ 1D NO: 23)

[0253] The sequence of g-block used for the construction of Alpha-R-DLP-2ZA-

nsp-tFF ts provided in the Sequence Listing as SEQ ID NO: 24, The sequence of g-block
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used for the construction of Alpha-R-DLP-2A-nsp-DLP-FF is also provided in the Sequence
Listing as SEQ H3 NG: 25.

[0254] The maps of Alpha-R-rFF, Alpha-R-DLP-rFF, Alpha-R-DLP-2A-nsp-rFF,
and Alpha-R-DLP-2A-nsp-DLP-rFF are shown in FIGS, 3A-3D.

[6255] The sequences of the resulting replicons are also provided in the Sequence
Listing with a T7 promoter and a polyA tail of 40 A’s, as follows: Alpha-R~FF (SEQ ID NO:
263, Alpha-R-DLP-rFF (SEQ ID NO: 27), Alpha-R-DLP-2A-nsp-rFF (SEQ ID NO: 28), and
Alpha-R-DLP-2A-nsp-DLP-rFF (SEQ 1D NO: 29).

Construction of Alpha-R-DLP-2A-rFF and Alpha-R-DLP-2 A-nsp-DLP-2A-rFF

10236] Without being bound by any particular theory, it 1s believed that placing a
DLP motf immediately upstream of the reporter gene rFF without the inclusion of the 2A
protease in between them may negatively impact protein expression of the GOIL; this negative
impact could be due to the fact that rFF now became a “fusion” protein, resulting from the
presence of the DLP sequence translated into a peptide at the 5” end of rFF. Therefore, 2 new
constructs were designed and built, including the 2ZA protease sequence between the DLP
motif and the rFF gene for the two Alphavirus-replicon constructs, Alpha-R-DLP-rFF and
Alpha-R-DLP-2A-usp-DLP~FF, to generate Alpha-R-DLP-2A-FF and Alpha-R-DLP-2A-
nsp-DEP-2ZA-rFF, respectively.  The inclusion of the ZA protease peptide sequence would
enable cleavage of the peptide encoded by the DLP sequence from rFF (see Example §
below).

0257} For this purpose, two g-block fragments were synthesized {(SEQ ID NOS:
30 and 31) and cloned into their respective vectors digested with EcoRV/Sbfl via Gibson
Assembly. Clone 1 of Alpha-R-DLP-2A~FF and cloves 8 and 9 of Alpha-R-DLP-2A-nsp-
DLP-2A-FF were sequence-confirmed to be completely correct via Sanger sequencing using

RP123 (SEQ ID NO: 32) and RP96 (P89; SEQ ID NO: 96).

TABLE 7
Primer Primers used to sequence Alpha-R-(DLP-2A-nsp}-DLP-2A-rFF constructs
RPI23 Alpha-3'nsp4-F | GGCTGTTTAAGCTTGGCAAACCTCT (SEQ ID NO: 32)
RP96 rFF-seql AGCGAGAACTGCGAGGAATTCTT (SEQ ID NO: 33

OS5,
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[0238] Schematic maps of Alpha-R-DLP-2A«FF and Alpha-R-DLP-2A-nsp-
DLP-2A-rFF are provided in FIGS. 4A-4B.

EXAMPLE 4

Expression Analvsis of EAV-based DLP containing replicons

[6259] As presented in Examples 2 and 3 above, a number of EAV-based DLP
containing replicons were constructed to determine the impact of engineering a DLP motif
positioned upstream of either the replicon nonstructural protein genes or the GOl gene on a

subgenomic mRNA (TABLE 8).

TABLE 8: Listing of DLP-containing EAV Replicons and DLP-containing VEEV

replicons.

EAV DLP Replicons
rEX-DLP-rFE
rEx-DLP-2A-rFF
rEx-DLP-pplab-rFF
tEx-DLP-2 A~pplab-tFF
tEx-DLP-2 A-pplab-DLP-FF
rEx-DLP-2A-pplab-DLP-2 A~
tfF

VEEY DLP replicons
alpha-R-DLP-tFF
alpha-R-DLP-2A~1FF
alpha-R-DELP-2A-nsp-rFF
alpha-R-DEP-2A-nsp-DLP-rFF
alpha-R-DLP-2A-nsp-DLP-2 A-
rFF

{0260} Initial characterization of the DLP replicon constructs was carried out ex
vifro. RNA was produced and used to electroporate BHK cells as described in EXAMPLE 1
above. After electroporation cells were analyzed for protein expression by FACs analysis,
Western blot or bulk luciferase assay.

[0261] A graphical summary of the results of experiments performed to measure
the expression level of an exemplary gene of interest (GO, rFF luciferase reporter, from

EAV-based DLP replicons is shown in ¥FIG. 5. Both FACs analysis and bulk luciferase data
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are presented. In these experiments, four different EAV DLP replicons were analyvzed as
follows:

[0262] 1) rEx-DLP-rFF: an EAV-based replicon with a DLP motif positioned
upstream to the subgenomic mRNA rFF transcript);

[0263] 2y rEx-DLP-pplab-tFF. an EAV-based replicon with DLP positioned
upstream to the non-structural pplab genes);

[0264] 3) rEx-DLP-2A-pplab-rFF: an EAV-based replicon with a DLP motif
positioned upstream to the nonstructural proteins and a 2A protease peptide positioned
between the DLP and the pplab region}); and

[0265] 4) rEx-DLP-2A-pplab-DLP-rFF: an EAV-based replicon with a first BLP
motif positioned upstream to the nonstructural proteins and a 2A protease peptide positioned
between the DLP and the pplab region as well as a second DLP motif positioned upstream to
the rFF subgenomic mRNA transcript).

(0266} The results presented in FIGS. 5A-5B demonstrated that engineering a
DLP motif upstream to either the EAV nonstructural protein genes (e.g., tEx-DLP-pplab-
FF, rEx-DLP-2A-pplab-tFF or rEx-DLP-ZA-pplab-DLP-tFF)} or the rFF reporter gene
subgenomic RNA (e.g., rEx-DLP~FF and tEx-DLP-2A-pp1ab-DLP-rFF) did not negatively
impact genomic RNA replication as all four constructs demonstrated nearly identical
electroporation efficiencies (FIG. 5A).  Interestingly, bulk luciferase activity analysis
demonstrated that the rEx-DLP-pplab-rFF replicon expressed significantly less luciferase
than the other three replicon designs (FEG. 8B)  As stated above, incorporation of a DLP
motif upstream of any GOI@ would result in an N termunal fusion of Sindbis capsid amino
acids encoded in the in-frame codons found in the DLP sequence. The fusion protein
generated with the amino acids encoding DLP and the EAV nsPl protein is believed to
impact the EAV replication complex from efficiently producing subgenomic RNAs and result
in the reduced rFF GOI expression levels noted. One of the most remarkable results from
this study was that EAV replicon constructs with a DLP controlling translation of the
nonstructural protein genes (rEx-DLP-pplab-rFE, sEx-DLP-2A-pplab-rFF and tEx-BDLP-2A-
pplab-DLP-rFF) were as etficiently translated as the replicon RNA that did not have a DLP

in this position (FEx-DLP-rFF). This result would not be predicted based on work conducted
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by other researchers. It has been previously reported that incorporation 57 Sindbis virus
subgenomic RNA sequences (including the DLP region) were only efficiently translated in
cells infected with the virus. Stated differently, mRNA that contains a DLP motif associated
with a reporter gene was reported to be poorly translated in cells that were not infected with
Sindbis virus. The absence of innate immune activation in these cells rendered the DLP
modified mRNA at a distinct translation disadvantage relative to translation of mRNAs that
lack the DLP modification {all celiular mRNAs) The innate immune system was not
activated in these cells at the time the DLP-containing replicon vectors were introduced so
these DLP-containing mRNAs {capable of self-amplification) should be very inefficiently
transiated. Unexpectedly, that was not borne out in the experiments presented herein.

0267} Subsequently, the rEx-DLP-2A-pplab-rFF EAV replicon was examined in
cells that had been treated with IFN to induce the cellular innate immune system. N
treatment of BHK cells will induce PKR activation and phosphorylation of elF2g which in-
turn results in shut-down of global cellular mRNA translation. [t has been reported
previously that arteriviruses are sensitive to IFN treatment (Luo ef al Awmtiviral Res.
Aug;91(2):99-101, 2011), therefore the IFN treatment of BHK cells, which are capable of
responding to IFN exposure and induce the innate immune system, would result 1o shut-down
of arterivirus replication. A representative example of the expression capacity of the DLP
modified EAV replicon in the presence of innate immune system activation is shown in FIG.
6. The rEx-DLP-ZA-pplab-rFF replicon demonstrated significant resistance to innate
immune system activation when compared to an EAV replicon that was not modified to
contain the DLP motif, /.e. rEx-rFF. Both replication (FIG. 6A) and expression (FIG. 6B) of
the rEx-DLP-2A-pplab-rFF replicon were significantly higher in IFN treated cells when
compared to the control rEx-rFF replicon. These data demonstrate that DLP modified EAV
replicons are capable of overcoming innate immune system shut-down and that this replicon

vector represents a significant advance in self-amplifying RNA technology.

EXAMPLE 5

Expression Analysis of DLP-containing VEEY replicons

[0268] As presented in Examples 2 and 3 above, a number of VEEV-based DLP

containing replicons were constructed to determine the impact of engineering a DLP motif
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positioned upstream of either the replicon nonstructural protein genes or the GOl gene on a
subgenomic mRNA.

[0269] VEEV alphavirus replicon vectors were engineered to contain one or more
DLP motifs by using a strategy similar to the construction of EAV-based replicon vectors.
Importantly, unlike other members of the Alphavirus genus (mostly Old World virus
members), the genome of VEEV does not contain a DLP motif associated with translation of
its subgenomic mRNA.  Initial analysis of the VEEV DLP replicons was casried out in
BHEK-21 cells as described in EXAMPLE 1 above. BHK-21 cells do not secrete IFN in
response to RNA replication but these cells are able to respond to exogenous IFN to induce
innate immune activation. In this experiment, four different alphavirus replicon constructs
were tested. The experimental data presented in FIG. 7 shows DLP-containing alphavirus
replicon replication and expression of the rFF luciferase gene in BHK cells that had been
treated either at the time of electroporation (0 hr} or at 3 hr post electroporation with 1000
U/ml of exogenous IFN. The replicon RNAS tested were:

[6270] 1} Alpha-R-rFF: a control VEEV-based replicon with no DLP present;

06271} 2} Alpha-R-DLP-rFF: a VEEV-based replicon with a DLP motif
positioned upstream to the subgenomic mRNA FF transcript;

{0272} 3) Alpha-R-DLP-2A-nsp-rFF. a VEEV-based replicon with a DLP motif
positioned upstream to the nonstructural proteins with a 2ZA protease between the DLP and
the nsp region; and

[0273] 4) Alpha-R-DLP-2A-nsp-DLP-rFF: VEEV-based replicon with a first DLP
motif positioned upsiream to the nonstructural proteins with a 2A protease between the DLP
and the usp region as well as with a second DLP motif positioned upstrearn to the FF
subgenomic mRNA transcript.

[06274] The results of luciferase expression normalized to the number of positive
cells detected by FACs analysis are shown in FIG. 7. It was observed that the presence of a
DLP motif controlling the translation of the VEEV non-structural protein genes resulted in
higher reporter gene expression both in the absence and the presence of IFN treatment post
electroporation (FIG. 7A-7C).  Although the increase in rFF expression may have been

considered statistically insignificant, the trend in all conditions was for increased protein
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expression. As stated above in EXAMPLE 4 with respect to DLP-containing EAV replicons,
one may have expected that a DLP motif would have a negative impact on mRNA translation
in cells that are not in an innate tmmune respouse activated state. In direct contrast to that
expectation, the BHK cells that had not been treated with IFN (FEG. 7A) in these
experiments represent the sample with the largest benefit to incorporation of a DLP motif.

0275} Subsequently, the two RNA replicons alpha-R-tFF and alpha-DLP-ZA-
nsp~-rFF were tested in vivo in Balb/c mice. In this experiment, mice were tested in groups of
10 animals. In these experiments, equal doses of RNA were injected intramuscularly into
mice and whole body IVIS (/n vivo Imaging Systern) analysis was carried out over course of
one week. Whole body imaging was performed at day 1, day 3 and day 7 post injection. The
total flux measured at the injection site is shown in FIG. 8. Although only modest increases
in protein expression were noted ex vifro (FIG. 8) from the BLP modified VEEV replicon,
statistically signiticantly higher protein expression was detected at all time points measured
from the DLP modified VEEV replicon RNA (FIG. 8) This observation represents a
significant advantage, because as unmodified VEEV replicon vectors are capable of very high
protein expression that can reach up to 20% of the total cellular protein (Pushko et al 1997}
The DLP modified VEEV replicon surpassed even this expression potential and
demounstrated superior protein expression; for this reason, the DLP modified alphavirus
replicon vector represents a significant advance over existing alphavirus replicon RNA
technology.

[0276] There are at least three unexpected results that can be drawn from the
experimental data presented in the Examples above. First, the DLP motif has been shown to
negatively impact translation of mRNAs when a cell is not in an innate immune system
activated state. The DLP-containing replicon RNAs disclosed herein were found to have not
been negatively impacted 1o cells at a basal state of innate activation. Second, expression
levels, especially for the DLP-containing VEEV replicons, were found to have been even
higher than unmodified replicons i vive, this observation demonstrated that expression
levels even from an alphavirus replicon can be increased from previously high historic
expression levels. Third, all positive strand RNA viruses have considerable sequence

conservation in both the 5 and 37 ends of their genomes. The fact that both the VEEV
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replicon and the EAV replicon are flexible enough to accept incorporation of a stem loop

structure (the DLP) in the 57 end of their RNASs is unexpected.

EXAMPLE 6

In vive Immunogenicity Response Using DLP Replicon Expression Systems

16277} Alphavirus replicon vectors were engineered to contain one or more DLP
motifs, as described above. The RNA replicon, Alpha-R-gDLP-HA, containing the DLP
sequence was further analyzed in vive in Balb/c mice. In this experiment, 1S ug, 1.5 ug or
0.15 ug of RNA encoding Hemagglutinin from Influenza A/Vietnan/1203/2004 (HSN1) was
injected into mice at intervals 6 weeks apart. Fourteen days following the final boost, spleens
and serum were collected to analyze the immune responses to HA. A summary of the resulis
of these experiments is presented in FIGs, 12A-12C. In FIG. 124, a significant increase in
memory precursor effector cells (MPECs) was observed in constructs containing the DLP
motif compared with each comparable dose of an unmodified replicon. HA-specific MPECs
were detected using dextramers (H-2 Kd (IYSTVASSL; SEQ ID NO: 44)) along with other
population-specific markers (CDS CD44"CDOZLYKLRG-1IL-7RaCXCR3M). Of note,
this benefit was also chservable at low doses. In FIGs 12B and 12C, effector T cell responses
were measured by the number of antigen-specific HA cells that were secreting IFN-y
following stimulation with a CD4" T cell or CD8" T cell peptide. Animals immunized with
replicons containing the DLP motif had a significantly higher frequency of cyiokine-
expressing CD4" and CD8" T cells are the 15ug and 1 Sug doses. Taken together, these data
indicate a significant increase in both effector and memory T cell responses in response to
immunization with antigen expressed by replicons containing the DLP motif as compared to
the unmodified verston.

[6278] The above DLP-containing replicons were further analyzed in vivo in
Balb/c mice for compatibility with LNP formulations. In this experiment, 2 pg or 0.2 ug of
RNA encoding Hemagglutinin from Influenza A/Vietnam/1203/2004 (HSN1) was injected
into mice at intervals 4 weeks apart. Fourteen days following the final boost, spleens and
serum were collected to analyze the immune response to HA. A summary of these
experirnents is presented in FIG. 14A-14C. In figures 14A-14C, an increase in T-cell and B-

cell responses was observed using constructs containing the DLP motif when combined with
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LNP {cationic lipid nanoparticles) formulations. In figure 14A, HA-specific total IgG titers
were significantly higher in all dose groups using LNP formulations compared to the group
with replicon administered in saline. Furthermore, in figure 14B and 14C, it was observed
that HA-specific CD8+ and CD4+ T cells were also significantly higher in all dose groups
using LNP formulations compared to the group with replicon administered in saline. Taken
together, this data demonstrates that replicon constructs containing the DLP motif are

compatible with representative formulations.

EXAMPLE 7

Preventing Suppression of Immune Response Usineg DLP-containing Replicons

[0279] DLP-containing replicons constructed as described above were further
evaluated 7z vivo for the ability to prevent suppression of immune response in Balb/c mice.
In these experiments, 1.5 ug of mRNA, with or without DLP motif, and carrying a coding
sequence for Hemagglutinin derived from Influenza A/Vietnam/1203/2004 (HSN1} is
injected into mice at intervals 4 weeks apart. Approximately 24 hours prior to injection, 6-8
week old BALB/c mice are pre-treated with 20 pg of Poly(L.C) or saline by hydrodynamic tatl
vetn injection to simulate a viral infection. Fourteen days following the final boost, serum
from these mice are collected to analyze the immune response to Hemagglutinin (HA). A
summary of these experiments is presented in FIG, 13, In Figure 13, a significant decrease 18
observed in the serum concentration of HA-specific antibodies in mice who were pre-treated
with Poly(1.C) and received a doses of unmodified replicons. The levels in the Poly(L:C)
group were not significantly above background. In contrast, animals pre-treated with
Poly(I.(C) and dosed with a construct containing the BLP motif showed no significant
reductions in serum antigen-specific total IgG concentration. Taken together, these data
show that the DLP motit protects against suppression of serum antibody levels in response to

vaccination following a simulated viral infection compared to the unmodified version.

EXAMPLE B

Construction of DLP-containing Expression Casseties

[0280] This Example describes the generation of a plasmid vector for ex vitro

transcription of an mRNA containing a Sindbis virus DLP element upstream of a gene of
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interest, e.g., a reporter gene, tn accordance with some embodiments of the disclosure. The 57
and 37 untranslated regions (UTR) used in these experiments (SEQ ID NG: 36 and SEQ 1D
NO: 41, respectively) were derived from the human beta globin gene. The 5 UTR sequence
was placed immediately downstream of a T7 promoter (SEQ ID NO: 37) and upstream of the
Sindbis virus DLP sequence (SEQ ID NO: 38). In some experiments, the coding sequence for
a gene of interest (GO} was linked to the DLP via a PZA signal, which is an autocatalytic
self-cleaving peptide (e.g., autoprotease peptide) derived from the porcine teschovirus-1. In
some experiments, a coding sequence for a destabilized form of EGFP reporter gene (dsGFP)
which, in this case used as a GOI, was operably linked to the proteolytic PEST degradation
signal dertved from a mouse ornithine decarboxylase gene (MODC) In some other
experiments, a coding sequence of the Red firefly luciferase reported gene was used as the
gene of interest (also see, Example 9 below). However, it is contemplated that coding
sequences for any gene of interest could be deployed in this configuration. In addition, as
illustrated in FIG. 15, a2 3° UTR sequence derived from human beta globin, a polyA tail
conststing of 120 adenine residues, and a T7 terminator were inserted downsiream and
adjacent 1o the stop codon of dsGFP. The nucleic acid sequences of each of the components

described above are as follows:

TABLE ©
Components of DLP dsGFP mRNAs
5” human beta 5- ACATTIGCTTCTGACACAACTGTGTTCACTAGCAACCTCAA
globin UTR ACAGACACCGCCGCCACC-3” (SEQ ID NO 36)
T7 Promoter S-TAATACGACTCACTATAG-3 (SEQID NGO 37)
DLP Motif 5T-ATAGTCAGCATAGTACATITCATCTGACTAATACTACAACALC

CACCACCATGAATAGAGGATTCTTTAACATGCTCGGCCGCCGC
CCCTTCCCGGCCCCCACTGCCATGTGOAGGUCGCGGAGAAGGA
GGCAGGCGGCCCOG -3 (SEQ ID NO 38)

P2A peptide 5. GGAAGCGGAGCTACTAACTTCAGCCTGCTGAAGCAGG
CTGGAGACGTGGAGGAGAACCCTGGACCT-3
(SEQ ID NO 39)

DsGEP 5= ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGOT
GGTGCCCATCCTGGTCCGAGCTGGACGGCGACGTAAAL
GOGCCACAAGTTCAGCOGTOGTCCGGCGAGGGCGAGGGCG
ATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGC
ACCACCGGCAAGCTGOCCOGTGCCCTGGCCCACCCTOOT
GACCACCCTGACCTACGGUGTGCAGTGCTTCAGCCGLT
ACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCC
GCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTT
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CTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGG
TGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAG
CTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCT
GGGGCACAAGCTGOAGTACAACTACAACAGCCACAACG
TCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAG
GTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAG
CGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCA
TCGOGCOGACGGCCCCOTGCTGCTGCCCGACAACCACTAC
CTGAGCACCCAGTCCGUCCTGAGCAAAGACCCCAACGA
GAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCG
CCGCCGOGATCACTCTCGGUATGGACGAGUTGTACAA
GAAGCTTAGCCATGGCTTCCCGCCGGAGOGTGGAGGAG
CAGGATGATGGCACGCTGCCCATGTCTTGTGCLUCAGGA
GAGCGGOGATGGACCGTCACCCTGCAGCCTGTGOTTCTG
CTAGGATCAATGTGTAG -37 (SEQ ID NO 40)

3° Human beia
globin UTR

. GCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTT
GTTCCCTAAGTCCAACTACTAAACTGGGGGATATTATGAAGG
GCCTTGAGCATCTGGATTCTGCCTAATAAAAAACATTTATTT
TCATTGCAA -3 (SEQ ID NO: 41)

T7 Terminator

5'- AACCCCTCTCTAAACGGAGGGGTTTTTTT3
(SEQ D NO: 42)

Sequence of DLP
dsGFP Mina

S-TAATACGACTCACTATAGACATTTGCTTCTGACAC
AACTOGTGTTCACTAGCAACCTCAAACAGACACCGE
CGCCACCATAGTCAGCATAGTACATTTCATCTGAC
TAATACTACAACACCACCACCATGAATAGAGGATT
CTTTAACATGCTCGGCCGCCGUCCCTTCCCGGCCCC
CACTGCCATGTGGAGGCCGUGGAGAAGGAGGCAGG
CGGCCCCGGGAAGCGGAGCTACTAACTTCAGCCTG
CTGAAGCAGGUTGGAGACGTGGAGGAGAACCCTGG
ACCTATGGTGAGCAAGGOGCGAGGAGCTGTTCACCG
GGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACG
TAAACGGCCACAAGTTCAGCOGTGTCCGGCGAGGGC
GAGGGCCGATGCCACCTACGGCAAGCTGACCCTGAA
OGTTCATCTGCACCACCGGCAAGCTGOCCGTGCCCTE
GCCCACCCTCOGTGACCACCCTGACCTACGGCGTGCA
GTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCA
CGACTTCTTCAAGTCCGCCATGCCCGAAGGUTACGTC
CAGGAGCGCACCATCTTCTTCAAGGACGACGGCAAC
TACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGALC
ACCCTGOGTGAACCGCATCGAGCTGAAGGGCATCGAC
TTCAAGGAGGACGGLCAACATCCTGGGGCACAAGCTG
GAGTACAACTACAACAGCCACAACGTCTATATCATGG
CCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCA
AGATCCGCCACAACATCGAGGACGOGCAGCOTGCAGC
TCGCCGACCACTACCAGCAGAACACCCCCATCGGCG
ACGGCCCCOGTGCTOGCTGCCCGACAACCACTACCTGAG
CACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAA
GCGCGATCACATGOGTCCTGCTGGAGTTCGTGACCGCC
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GCCGGGATCACTCTCGGCATGGACGAGUTGTACAAGA
AGCTTAGCCATGGCTTCCCGCCGGAGGTOGAGGAGCA
GGATGATGGCACGCTGCUCATGTCTTIGTGCCCAGGAG
AGCGGOGATGCGACCGTCACCCTGCAGCCTGTGCTTCTG
CTAGGATCAATGTIGTAGGCTCGCTTTOTTGUTGTICCAA
TTTCTATTAAAGOGTTCCTITGTTCCCTAAGTCCAACTA
CTAAACTGOGGGATATTATGAAGGGUUTTGAGCATCTG
GATTCTGCCTAATAAAAAACATTTATTITCATTGCAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAACCCCTCTCTAAACGGAGGGGTTTT
TTT -3° (SEQ ID NO: 43)

06281} In the above experiments, a DLP sequence from Sindbis virus was used.
Additional experiments are performed to incorporate DLP sequences from other Old World
alphavirus members such as SV, SFV, BEBV, RRV, SAG, GETV, MIDV, CHIKYV, and
ONNYV, into the nucleic acid molecules of the present disclosure. The linkage of the DLP to
the gene of interest can be configured with or without a self-cleaving peptide such as P2A.
Without bound to any particular theory, it 1s believed that the requirement for a 2A sequence
or other self-cleaving peptide is dependent on the individual gene being inserted into the gene
cassette and on whether the additional amino acids added by the inclusion of DLP would
affect the translated proteins function. It is further contemplated that the 5" and 3 UTR
sequences used here may also be changed for any other set of functional UTRs regardless of

origin.

EXAMPLE O

Fx vive Evaluation of Gene Expression in DLP-containing Expression {asseties

16282] mBNAs derived from DLP-containing expression cassettes engineered to
contain one or more DLP motifs, as described above, were evaluated ex vivo for the ability to
enhance expression of the gene of interest in BHK-21 cells. As control, mRNA samples
lacking the DLP sequence but otherwise identical to the DLP-containing mRNAs described
above were assayed in parallel under the same conditions. In these experiments, BHK-21
cells were pre-treated with 300, 600 or 1000 U/mL of universal type I interferon or vehicle
control for 2 hours. Following pre-treatment the cells were electroporated, in triplicate, with

2.5 pg of mRNA containing or lacking DLP motifs. The cells were placed back into media
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containing the same concentrations of interferon used during the pretreatment. The frequency
of GFP positive cells and Mean Fluorescence Intensity (MFI) was assayed at 2, 4 and 24
hours post electroporation by flow cytometry. It was observed that DLP-containing mRNA
yields significantly higher frequency of GFP positive cells compared to the non-DLP mRNA
in the presence of interferon (FIG. 16A).

[0283] Farthermore, when the MFI of GFP was normalized to the frequency of
GFP positive cells and plotted versus time, it was observed that the unmoditied mRNA was
sensitive to interferon treatment as exhibited by a statistically significant reduction of 30% in
overall protein produced during the 24-hour time course (FIG. 168). In contrast, the DLP-
containing modified mRNA demonstrated resistance to interferon treatment as exhibited by a
statistically significant increase of 30% in overall protein production over the control
unmodified mRNA during the same 24-hour time course (FIG. 16C). The resistance to
interferon treatment conferred by the presence of the DLP motifs was further strengthened by
the finding that cells treated with interferon and electroporated with a DLP-containing
mRNA produced as much protein as untreated cells electroporated with an unmodified

mRNA (FIG. 16(C).

EXAMPLE 10

n vive Evaluation of Gene Expression in DL P-containing Expression Cassettes

[0284] mRNAs derived from DLP-containing expression cassettes engineered to
contain one or more DLP motifs, as described above, are further evaluated 7n vivo for the
ability to enhance expression of the gene of interest in Balb/c mice. In this experiment, 30 ug,
15 ug, or 1.5 pg of DLP-containing mRNA enceding red firefly luciferase is injected into
mice at interval of 6 weeks apart. Red firefly luciferase expression is subsequently monitored
by IVIS (/n vivo Imaging System} analysis at 1, 3, 7, 10, 14, 21 and 28 days post injection. A
significant increase in luciferase expression is observed in mice that recetve DLP-containing

mRNAs when compared to control animals that receive mRNA lacking the DLP motif.

EXAMPLE 11

Preventing Suppression of Immune Response Using DL P-containineg mRNAs
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[0285] DLP-containing mRNAs as described above are further evaluated 7# vivo
for the ability to enbance expression of the gene of interest in Balb/c mice. In this
experiment, 30 pg, 15 pg, or 1.5 pug of mRNA, with or without DLP motf, and carrying a
coding sequence for Hemagglutinin derived from Influenza A/Vietnanm/1203/2004 (HSN1) is
injected into mice at intervals 4 weeks apart. Approximately 24 hours prior to injection, mice
are pre-treated with 20 ug of Poly(I:C) or saline by hydrodynamic tail vein injection to
simulate a viral infection. Fourteen days following the final boost, serum from these mice are
collected to analyze the immune response to Hemagglutinin (HA). A significant decrease in
the serum concentration of HA-specific antibodies 1s expected to be observed in mice that are
pre-treated with Poly(I.C) and receive a dose of mRNA lacking the DLP sequence. In
contrast, animals pre-treated with Poly(1.C) and dosed with mRNA containing the DLP motif
are expected to not show significant reductions in serum antigen-specific total IgG

concentration.

[0286] While particular alternatives of the present disclosure have been disclosed,
it 18 to be understood that various modifications and combinations are possible and are
contemplated within the true spirit and scope of the appended claims. There is no intention,
therefore, of limitations to the exact abstract and disclosure herein presented.

[0287] All of the references disclosed herein, including but not imited to journal
articles, textbooks, publications, patents and patent applications are hereby incorporated by
reference in their entireties to the same extent as if each reference was specifically and
individually indicated to be incorporated by reference.

[0288] No admission is made that any reference cited herein constitutes prior art.
The discussion of the references states what their authors assert, and the inventors reserve the
sight to challenge the accuracy and pertinence of the cited documents. It will be clearly
understood that, although a number of information sources, including scientific journal
articles, patent documents, and textbooks, are referred to herein; any discussion and comment
in a specific information source should no way be considered as an adroission that such

comment was widely accepted as the general opinion in the field.
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[0289] The discussion of the general compositions and methods given herein 1s
intended for illustrative purposes only. It is not intended to be exhaustive or to limit the
disclosure. Individual aspects or features of a particular embodiment are generally not
himited to that particular embodiment, but, where applicable, are interchangeable and can be
used in a selected embodiment, even if not specifically shown or described. It is expressly
contemplated that any aspect or feature of the present disclosure can be combined with any
other aspect, features, or combination of aspects and features disclosed herein. Other
alternative compositions, methods, and embodiments will be apparent to those of skill in the
art upon review of this disclosure, and are to be included within the spirit and purview of this

application.
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CLAIMS

1. A nucleic acid molecule, comprising a modified viral RNA replicon, wherein the modified
viral RNA replicon comprises:
a first nucleic acid sequence encoding a viral capsid enhancer; and
a second nucleic acid sequence encoding at least one nonstructural viral protein encoding a
replicase, wherein the first nucleic acid sequence is operably linked upstream to the second
nucleic acid sequence,
wherein the modified viral RNA replicon is derived from a virus species belonging to the
Togaviridaec family or from a virus species belonging to the Arterivirus genus of the
Arteriviridae family; and the viral capsid enhancer comprises a nucleotide sequence having a
sequence identity of at least 80% to RNA corresponding to any one of SEQ ID NOs: 1 and 46-
52.

2. The nucleic acid molecule of claim 1, wherein the modified viral RNA replicon further
comprises a coding sequence for an autoprotease peptide operably linked upstream to the

second nucleic acid sequence.

3. The nucleic acid molecule of claim 2, wherein the coding sequence for the autoprotease
peptide is operably linked downstream to the first nucleic acid sequence and upstream to the

second nucleic acid sequence.

4. The nucleic acid molecule of claim 2 or claim 3, wherein the autoprotease peptide comprises
a peptide sequence selected from the group consisting of porcine teschovirus-1 2A (P2A), a
foot-and-mouth disease virus (FMDV) 2A (F2A), an Equine Rhinitis A Virus (ERAV) 2A
(E2A), a Thosea asigna virus 2A (T2A), a cytoplasmic polyhedrosis virus 2A (BmCPV2A), a
Flacherie Virus 2A (BmIFV2A), and a combination thereof.

5. The nucleic acid molecule of any one of claims 1-4, wherein the viral capsid enhancer is

heterologous to the viral RNA replicon.
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6. The nucleic acid molecule of any one of claims 1 to 5, wherein the second nucleic acid
sequence comprises substantially all the coding sequence for the native viral nonstructural

proteins of the corresponding unmodified viral RNA replicon.

7. The nucleic acid molecule of any one of claims 1-6, wherein the second nucleic acid
sequence comprises the coding sequence for the native viral nonstructural proteins of the
corresponding unmodified viral RNA replicon from an Venezuelan equine encephalitis virus

(VEEV) or from an Equine arteritis virus (EAV).

8. The nucleic acid molecule of any one of claims 1-6, wherein the modified viral RNA
replicon comprises a modified RNA replicon derived from a virus species belonging to Eastern
equine encephalitis virus (EEEV), Venezuelan equine encephalitis virus (VEEV),

Everglades virus (EVEV), Mucambo virus (MUCYV), Semiiki forest virus (SFV), Pixuna
virus (PIXV), Middleburg virus (MH3V), Chikungunya virus (CHIKV), O’Nyong-Nyong
virus (O’NNV), Ross River virus (RRV), Barm ah Forest virus (BF), Getah virus (GET),
Sagiyama virus (SAGV), 13eba.ru virus (BEBV), Mayaro virus (MAYV), Una virus
(UNAYV), Sindbis virus (SINV), Aura virus (AURAV), Whataroa virus (WHAYV), Babanki
virus (BABV), Kyzyl agach virus (KYZV), Western equine encephalitis virus (WEEV),
Highland J virus (HJV), Fort Morgan virus (FMV), Ndumu (NDUV), Salmonid alphavirus
(SAV), or Buggy Creek virus, or the modified viral RNA replicon comprises a modified
RNA replicon derived Equine arteritis virus (EAV), Porcine respiratory and reproductive
syndrome virus (PRRSV), Lactate dehydrogenase elevating virus (LDV), or Simian
hemorrhagic fever virus (SHFV).

9. The nucleic acid of claim 8, wherein the modified viral RNA replicon is derived from

Venezuelan equine encephalitis virus (VEEV).

10. The nucleic acid molecule of any one of claims 1-6, wherein the modified viral RNA
replicon is derived from a virus species belonging to the Arterivirus genus of the Arteriviridae

family, and wherein the second nucleic acid sequence encoding the nonstructural protein is a
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portion of or the entire pplab nonstructural protein of the virus species belonging to

the Arterivirus genus.

11. The nucleic acid of claim 10, wherein the second nucleic acid sequence encodes the
nonstructural of pplab nonstructural protein of the virus species belonging to

the Arterivirus genus.

12. The nucleic acid molecule of any one of claims 1 to 11, wherein the viral capsid enhancer
comprises a nucleic acid sequence exhibiting at least 90% sequence identity to RNA

corresponding to at least one of SEQ ID Nos: 1 and 46-52.

13. The nucleic acid molecule of claim 12, wherein the viral capsid enhancer comprises a
nucleic acid sequence exhibiting at least 95% sequence identity to RNA corresponding to at

least one of SEQ ID Nos: 1 and 46-52.

14. The nucleic acid molecule of claim 13, wherein the viral capsid enhancer comprises a

nucleic acid sequence of RNA corresponding to SEQ ID Nos: 1 or 46-52.

15. The nucleic acid molecule of any one of claims 1 to 14, wherein the modified viral RNA
replicon further comprises one or more expression cassettes, wherein at least one of the one or
more expression cassettes comprises a promoter operably linked to a sequence for a first gene

of interest (GOI).

16. The nucleic acid molecule of claim 15, wherein the modified viral RNA replicon further
comprises:
a third nucleic acid sequence encoding one or more RNA stem-loops of a second viral capsid
enhancer or a variant thereof; and
a fourth nucleic acid sequence operably linked to the third nucleic acid sequence, wherein

the fourth nucleic acid sequence comprises a sequence for a second gene of interest (GOI).
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17. The nucleic acid molecule of claim 15 or claim 16, wherein the coding sequence for the

first GOI encodes a polypeptide.

18. The nucleic molecule of claim 17, wherein said polypeptide is selected from the group
consisting of an antibody, an antigen, an immune modulator, a cytokine, an enzyme, and any

combination thereof.

19. A nucleic acid molecule comprising a modified viral RNA replicon, wherein the modified
viral RNA replicon comprises, ordered from the 5°- to 3’-end,

(1) a 5’ untranslated region (5’-UTR),

(2) a nucleotide sequence encoding an amino-terminal fragment of the nspl of the
VEEV,

(3) a downstream loop (DLP) motif derived from Sindbis virus (SINV),

(4) a nucleotide sequence encoding a 2A protease sequence (P2A), and

(5) a nucleotide sequence encoding a polyprotein comprising the sequences of at least

one of the non-structural proteins nspl, nsp2, nsp3 and nsp4 of the VEEV.

20. The nucleic acid molecule of claim 19, wherein the modified viral RNA replicon
comprises, ordered from the 5’- to 3’-end,

(1) a 5’-UTR comprising nucleotides 1 to 45 of SEQ ID NO: 19,

(2) a nucleotide sequence consisting of nucleotides 46-240 of SEQ ID NO: 19,

(3) a DLP motif comprising the nucleotide sequence of SEQ ID NO: 38,

(4) a nucleotide sequence encoding a P2A having the nucleotide sequence of SEQ ID
NO: 3, and

(5) anucleotide sequence encoding a polyprotein comprising the sequences of the non-

structural proteins nspl, nsp2, nsp3 and nsp4 of the VEEV.

21. The nucleic acid molecule of claim 19, wherein the nucleic acid molecule comprises the

nucleotide sequence of SEQ ID NO: 19.
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22. A nucleic acid molecule comprising a nucleic acid sequence encoding the modified viral

RNA replicon defined in any one of claims 1-21.

23. A method for producing a polypeptide of interest in a cell, comprising introducing the
nucleic acid molecule of any one of claims 17-22 into the cell, thereby producing the

polypeptide encoded by at least the first GOI in the cell.

24. The method of claim 23, wherein the cell is present in a tissue, an organ, or a subject, and

wherein the subject is a vertebrate or invertebrate.

25. A composition, comprising the nucleic acid molecule of any one of claims 15-24 and a

pharmaceutically acceptable carrier.

26. A method for producing a polypeptide of interest in a subject, comprising administering to

the subject the nucleic acid molecule of any one of claims 17-22.
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SEQUENCE LI STI NG

COVPOSI TI ONS AND METHCDS FOR ENHANCI NG GENE EXPRESSI ON

<110> SYNTHETI C GENOM CS | NC
<120>

<130> Sd.012W0

<150> 62/430, 250

<151> 2016-12-05

<150> 62/486, 361

<151> 2017-04-17

<150> 62/587, 954

<151> 2017-11-17

<160> 52

<170> Patentln version 3.5
<210> 1

<211> 145

<212> DNA

<213> Sindbis virus

<400> 1

at agt cagca tagtacattt catctgacta atactacaac accaccacca tgaatagagg

attctttaac atgctcggcc gccgeccctt cccggecccce actgccat gt ggaggecgeg

gagaaggagg caggcggccc cgatg

<210> 2

<211> 480
<212> DNA
<213>

<220>
<223>

<400> 2
gct cgaagt g

ttcttgtggg
tcgttagata
gt cact gcct
ctact ggatt
agcat agt ca

aggattcttt

gcggagaagg

<210> 3
<211> 66

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

Artificia

t gt at ggt gc
cccctct cgg
acggcaagtt
acgt cgt cga
t ggagggagt
gcat agt aca

aacat gctcg

aggcaggcgg

Sequence

Synt heti ¢ pol ynucl eoti de

cat at acggc
t aaat cct ag
ccctttctta
tctctatcaa
tttgttaggg
tttcatctga
gccgecgecce

ccccgat gat

t caccaccat
agggctttce
ctatcctatt
ctacccttgce
act ggt ccct
ct aat act ac
cttcccggee

ggcaaccttc

at acact gca
tctcgttatt
ttcatcttgt
gact taggca
ggacttaccc
aacaccacca
cccact gcca

tccgctactg

agaattacta
gcgagat tcg
ggct t gacgg
accttctccg
gacgcttgtg
ccat gaat ag
t gt ggaggcc

gattt ggagg

Page 1 of 78

60
120

145

60
120
180
240
300
360
420

480

3/06/2019



ggaagcggag ctactaactt cagcctgctg aagcaggctg gagacgt gga ggagaaccct

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic pol ynucl eotide
<220>

<221> msc_feature

<223> 2A proteolytic cleavage site
<400> 3

ggacct

<210> 4

<211> 1749

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic pol ynucl eotide
<220>

<221> msc_feature

<223> g-block for construction of
<400> 4

cagaggcgca ggacttgatc

acctttggtc
tccccat caa
aaaagcaat c
attccccaga
tagt gt ccaa
t cagt aaacc
gt gt gacatc
Ccttattctc
aaaagtttgc
gaggat ccca
ccct ggt agg
tctatgctcc
ttatgatcga
aagagggt gt
cggccaat ga
cgcecccagge

cgccacct gc

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

caat gagggc
ggatggt gt a
caacaaaat t
cttaccagga
t gat agat ac
gt gct cagcg
ttactggctt
gt ccggt agg
cgccgct cac
cttcatcttt
tgcttcattg
atcatttgaa
tttcaagccg
tgatgcagtt
gcctgtttca

taaaatttca

tggttatgcg

cat ggcccac
ctcgaatatt
at acacagtt
tcgt gcctce
ttttgcccca
ccgaat t gct
ggct at at gg
act gaat ggg
ttcgagact a
cct cat gect
tcccaatatt
gct gggaaag
ccttatctac
tgtaggctta
acat cagcac
ttccatgtgg
at t ggagcct

at cgt gcggce

ctacagcat g
acaaggaagt
accctaattg
cgagagt ggc
t accaaaaga
tgcaaattac
ttggacaatc
t cgacggcaa
acagccgcgc
gtttgggaga
taccaccatt
ct gct aaagc
accct gagac
tggt gt ggag
t agcagct gt
cat cagggt a
acgccgcecga

gat at att gt

r ex- DLP-r FF

ccacct gggce
caacctgctg
t ggccct gce
acaaaatttg
act cgct gag
cttacagcaa
ggttttcgtg
agcgcegt get
tttcctcgat
aat t aat aag
gct acccgeca
tgctt gcage
act gagt cgc
aaacgcgacc
gt ccaaactc
cagaaccaac

gt gggcactg

aaagaggct c

caagaaattg
tacacacacg
t gt ggct ggg
ggct accact
cattggcccg
gt at gt gaac
cagacgcct g
ctaccagatt
gaagccgagg
tccaccgt gg
gacgctgttg
gttgttgatg
gt gt acaaga
ttttatgtcc
at caaagt gc
gcgct ggt ag
t caact gaac

ctcagct caa

Page 2 of 78

60

66

60
120
180
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300
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480
540
600
660
720
780
840
900
960

1020

1080
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cagaagt gtt
cact agaggg
tgtgactcta
gcaacgggt a
t gact aat ac
ccccttceceg
gat ggaaaat
cgaggaaggc
cgccattgcec

aaagagct gc

cttgtgcecge
at gt aaacct
gagt ggacct
caccgcagtt
tacaacacca
gcccccact g
at ggaaaacg
agcgccggea
ttcaccaacg

t gcct gggea

aggggtgttg
ct gttcaact
gttcccatcc
ggt aacaagc
ccaccat gaa
ccat gt ggag
acgagaacat
cccagct gcg
ccgt gaccgg
aggctctgca

gcgaggaat t

Sequence

Synt heti ¢ pol ynucl eoti de

tgtcttccac
tcttacaaat
cccgct caac
ttgtcgatag
tagaggattc
gccgeggaga
cgt ggt gggce
gaagt acat g
cgt ggact ac
gaact acggc

cttcatcccc

ct cagt gcag
tggttcagtc
tact caggt a
t cagcat agt
tttaacatgc
aggaggcagg
cccaagccct
gaaagat acg
agct acgccg
ctggtggt gg

gt gat cgccg

accatttgtg

att gggcccg
gt ggt t cgcg
acatttcatc
t cggcegeceg
cggccccgat
tctaccccat
ccaagct ggg
agt acct gga
acggccggat

gcctgttcat

gccat gt gga ggccgcggag aaggaggcag gcggccccga tgatggcaac cttctccgcet

Sequence

Synt heti ¢ pol ynucl eoti de

cgccct gt gc agcgagaact
cggcat ggg

<210> 5

<211> 67

<212> DNA

<213> Artificial
<220>

<223>

<220>

<221> nmisc _feature
<223> nprinmer ppla-DLP-F
<220>

<221> msc_feature
<223> RP114

<400> 5

act ggat

<210> 6

<211> 25

<212> DNA

<213> Artificial
<220>

<223>

<220>

<221> msc_feature
<223> prinmer pBR322-3' Srfl-R
<220>

<221> nisc _feature
<223> RP115

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...
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<400>

6

acaatgttgc ctcccacatc tgcaa

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<223>

<220>
<221>
<223>

<400>

7

25

DNA

Artificial Sequence

Synt heti ¢ pol ynucl eoti de

m sc_feature
prinmer pBR322-3' Srfl-F

m sc_feature
RP116

7

gggt cacaag gtagtcgccg tggtt

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<223>

<220>
<221>
<223>

<400>

8

24

DNA

Artificial Sequence

Synt heti ¢ pol ynucl eoti de

m sc_feature
primer pBR322-bla-R

msc_feature
RP117

8

cgtcaggtgg cacttttcgg ggaa

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<223>

<400>

agcct gct ga agcaggcet gg agacgt ggag gagaaccctg gacctatggc aaccttctcc

9

70

DNA

Artificial Sequence

Synt heti ¢ pol ynucl eoti de
m sc_feature

prinmer ppla- DLP-2A-F

9

gct act ggat

<210>
<211>

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

10
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<212> DNA

<213> Artificial
<220>

<223>

<220>

<221> msc_feature
<223>

<400> 10

aaacaaat ag
attattatca
acgact cact
gcaagaatta
at t gcgagat
tgtggcttga
gcaaccttct
cccgacgcett

ccaccat gaa

gggttccgceg

t gacat t aag
at agct cgaa
ctattcttgt
tcgtcgttag
cgggt cact g
ccgct act gg
gt gagcat ag

tagaggattc

Sequence

Synt heti ¢ pol ynucl eoti de

cacatttccc
catccgcectt
gt gt gt at gg
gggcccct ct
at aacggcaa
cctacgt cgt
atttggaggg
t cagcat agt

tttaacat gc

g- bl ock for rEx-DLP-pplab-rFF

cgaaaagt gc
tcogttttatt
tgccat at ac
cggt aaat cc
gttccctttc
cgat ctct at
agttttgtta
acatttcatc

tcggccgecg

ccat gt ggag gccgcggaga aggaggcagg cggccccgat
<210> 11

<211> 655

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic pol ynucl eotide

<220>

<221> msc_feature

<223> g-block for rEx-DLP-2A-pplab-rFF
<400> 11

aaacaaat ag
attattatca
acgact cact
gcaagaatta
at t gcgagat
tgtggcttga
gcaaccttct
cccgacgcett
ccaccat gaa

ccat gt ggag

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

gggttccgceg

tgacat t aag
at agct cgaa
ctattcttgt
tcgtcgttag
cgggt cact g
ccgct act gg
gt gagcat ag
tagaggattc

gccgcggaga

cacatttccc
catccgccett
gt gt gt at gg
gggcccect ct
at aacggcaa
cctacgt cgt
atttggaggg
t cagcat agt

tttaacatgc

aggaggcagg

cgaaaagt gc
tcgttttatt
tgccat at ac
cggt aaat cc
gttccctttce
cgat ct ct at
agttttgtta
acatttcatc
t cggcecgeceg

cggccccgat

cacct gacgt
t gaccatgtt
ggct caccac
t agagggct t
ttactatcct
caact accct
gggact ggt ¢
t gact aat ac
cceccttceccg

gat ggcaac

cacct gacgt
tgaccatgtt
ggct caccac
t agagggct t
ttactatcct
caact accct
gggact ggt ¢
t gact aat ac

ccccttceccg

gggaagcgga

ct aagaaacc
ggt at gt aat
cat at acact
tcctetegtt
attttcatct
tgcgacttag
cctggactta
t acaacacca

gcccccact g

ct aagaaacc
ggt at gt aat
cat at acact
tcctctegtt
attttcatct
tgcgacttag
cctggactta
tacaacacca
gcccccact g

gct act aact
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tcagcct gct gaagcaggct ggagacgt gg aggagaaccc tggacctatg gcaac

<210> 12

<211> 655

<212> DNA

<213> Artificial
<220>

<223>

<220>

<221> nisc _feature
<223>

<400> 12

aaacaaat ag
attattatca
acgact cact
gcaagaatta
at t gcgagat
tgtggcttga
gcaaccttct
cccgacgcett

ccaccat gaa

gggttccgcg

tgacat t aag
at agct cgaa
ctattcttgt
tcgtcgttag
cgggt cactg
ccgct act gg
gt gagcat ag

tagaggattc

Sequence

Synt heti ¢ pol ynucl eoti de

cacatttccc
cat ccgcectt
gtgtgtatgg
gggcccect ct
at aacggcaa
cctacgt cgt
attt ggaggg
t cagcat agt

tttaacat gc

ccatgtggag gccgcggaga aggaggcagg
t cagcct gct gaagcaggct ggagacgt gg
<210> 13

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic pol ynucl eoti de

<220>

<221> msc_feature

<223> primer DLP-pplab-screen-F
<220>

<221> msc_feature

<223> RP126

<400> 13

cagcatcttt tactttcacc agcgtttctg

<210> 14

<211> 25

<212> DNA
<213> Artificia

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

Sequence

g- bl ock for rEx-DLP-2A-pplab-DLP-rFF

cgaaaagt gc
tcogttttatt
tgccat at ac
cggt aaat cc
gttccctttc
cgat ctct at
agttttgtta
acatttcatc
t cggccgeceg
cggccccgat

aggagaaccc

cacct gacgt
t gaccat gt t
ggct caccac
t agagggct t
ttactatcct
caact accct
gggact ggt ¢
t gact aat ac
ccccttcecg
gggaagcgga

tggacctatg

ct aagaaacc
ggt at gt aat
cat at acact
tcctetegtt
attttcatct
tgcgacttag
cctggactta
t acaacacca
gcccccact g
gct act aact

gcaac
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<220>
<223>

<220>
<221>
<223>

<220>
<221>
<223>

<400> 14

m sc_feature
pri ner

m sc_feature
RP127

Synt heti ¢ pol ynucl eoti de

DLP- pplab- screen-R

ggaact ggcg aagccagttt taaca

<210> 15
<211>
<212>
<213>

DNA

<220>
<223>

<220>
<221>
<223>

<220>
<221>

Artificial

m sc_

12529

m sc_feature
Construct

feature

<222>
<223>

<400>

(1)...(18)

T7 pronoter

15

t aat acgact
cact gcaaga
cgttattgcg
at ctt gt ggc
t at ggcaacc
cttacccgac
at gcgccgag
act gt t aaaa
agct gccaaa
ccagct gegt
t gaccacgcg
taacgcttgg

agatgggttc

gt attacaac

at ggcttgga

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

cact at agct
attactattc
agattcgtcg
tt gacgggtc
ttctccgcta
gctt gt gagc
tgttttcgeg
ctggcttcge
gt caccgggc
gtggttgatg
tct gct aagc
gt t gt gagcc
tgctggttaa

cattaccgcg

gacct gggt t

Sequence

Synt heti ¢ pol ynucl eoti de

r ex- DLP-r FF

cgaagt gt gt
tt gt gggccc
ttagat aacg

actgccat cg

ctggatttgg
at ggcgcgag
gt t gcgaagg
cagt t ccagt
gttacaattt
ctaggttagc
gtttccctgg
cggct gct aa
aacttttgcc
aacaaaggac

t gggcat caa

at ggt gccat
ctctcggt aa
gcaagttccc
t cgt cgat ct
agggagtttt
attgtgctgc
aat ggagcaa
gggacat aag
ccttgagctg
catt gaagag
cgctagattt
cagtttgata
acct gaccgc
cgggt ggct g

t gcgagct ct

at acggct ca
at cct agagg
tttcttacta

ct at caact a

gt t agggact
gaagt ggacg
t gt cct ggct
ttcctgattg
tt gcaacacc
gcaagt gt gt
gcgct gacac
gt gaccact g
cgt gaggct g

t ct aaaacag

ggagggct ga

ccaccat at a
gctttcctct
tcctattttc
cccttgecgac
ggt ccct gga
gct ccacctt
t gtt cat ggg

gttggtatcg

ctgctttcge
ttatttccac
cggt gt at gc
accaggaaca
gtttgcggtt
gacttcgctt

aattccacat
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tat gaggggt

ctactacgtt
cggct acaat
cgccactgtt
tcgagtcttt
gaat gccaag
cgtcggect g
t ggaccacca
gtttggcaac
agttcgtccc
accaaaacca
gcgcacgcga
t gact cggca
gaccgaact g
caaaacccca
ttggcact gc
atctcttgct
tgttctgaca
t gaaggt gcg
gcgcecgat t
agctcgttcc
tgctattctg
tgggcctgec
tgatttgtgt
gagcggat gt
tcactcgttc
cgggt cagcg
t ggggaacaa
ctgcgtctct
caaccggttg

tct aaaactt

tgtgttggtg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

t cgcct cage
t gt gacat ct
ccaccagggg
gt gt cggctg
caattgtcac
tacgcaat ga
tgtctcgatg
cctgcacccg
gttcgcgtgg
agcgccaact
aggaccaagc
ctt caagggg
cct aaat ggc
gt acaacgt g
gcagt gcagc
gacgt gt ggt
ttgctcctta
gcgcettctgg
gcttgcttag
acaggcgcgc
acctttgatg
tacctctgcc
acgcatgttt
gaccactttt
t acacaggaa
gaccagaaga
ct gcagt gcc
acaggagct g
accactttgc
actgcttcag
aat ccggggt

gttgtgtcaa

gagct t ggca
ct gaagcaga
acggagcttg
gttgcagttc
ccacgttcac
tttgtgacaa
aaagctgttt
t gt cagccgce
ttacacctga
cttctggaga
ttgccacacc
cct caacaca
gt gt ggccaa
ct cggt ccgt
ggt at accat
accctttggc
gctttgccat
tttcatcagc
ccttgctgga
tgtcgettagt
cagctt at gt
gcaatcgttg
t gggct ccac
caaagcccac
ccgccgceaat
aggcaggagc
t caat gt cat
tt gt gacggc
ccacccgacc
gggt cgat cc
t ccggct gat

cttttacctg

t at cacaaca
ctggt cct gt
cggt t acagg
tgacttgtgg
ggttaccatc
gcagcact gg
caggggcatc
cgt gt t agat
agggcagcca
t gt caaagat
gaacccaact
ggagccact g
aactgtgtac
tggggacgtt
gact ct gaag
t gt aat cgct
tgggttgata
taattatgtt
agaagaacac
gctcaattta
tccttgcact
ct ggagat gc
cgggcaacga
catcgatgtt
ggagcgt cag
gactgtttac
gt ggaagcga
ggt caagagt
cggt gt gacc
cgctttattg
aggt ggat gg

cttacctatc

cgcagct gca
ttgcctgetg
tgcttggecet
tgtgat gatg
ccaggt gggce
cgcgt caaac
tgcaattgcc
cacat act gg
cgccecgt ac
ccggcgeccg
caggcgccca
gcgagt gcag
agct ccgegg
cttgttcaag
at gat gcgtt
tgtttgctce
cccagt gt gg
gcgt caat gg
tattatagag
ctggggcagg
gtgttcgatc
tt cggacgct
gtttccaaac
gt gggcat gg
tgtgcctcta
ct cacccccc
ccaat t gggt
atctctttct
gtt gt cgacc
cgt gt t gggc
atttatggga

aaat gt ggca

agct gaagag
gcaact acgg
t cat gaat gg
agttggctta
gagtttgtcc
gt gcaaaggg
aacgcat gag
aggcggcgac
cagcgccgeg
ttccgccagt
t cccagcacc
gagttgcttc
agcgctttcg
cgct accgct
cacgcttcag
ct at at ggcc
gcaat aat gt
accat caat g
cggtccgttg
t aggct at gt
tttgcagett
gt gt gcgagt
t ggcgct cat
caactggttg
cggt ggaccc
ct gt caacag
ccact gt cct
cacctccctg
atgctcttta
aaggtgattt
tatgctattt

ttggcacccg
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cgaccctttc
tgctggaatg
acaaagttac
cctggecatc
cccttgggea
acagttgttg
gggat act gg
agt gaatgtg
acagt caaga
agt ggct cgt
gatggtgttt
t ggt agcagc
agcgt cacac
gact ct gact
cccaggcaat
cact gccaca
t agt ggcgac
ttcgaacaca
caccgt gact
ggacat ccct
gatt gat ggc
ttgttttatg
tgccgct aac
gttgtgctge
taccgt cacg
cctttctgag
gtaccagttc
ggct gct gcc
caggactttc
agt cacccgc
cct cact gat

ggcaat gaat

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

tgccgcagag
t gt gct agcg
t ggat cgcag
agcgccttgg
t ct gt gggge
gcgacgcttt
gcgt gegt gg
cccatgtgtg
gagcagat gc
gattgttatg
gaagggct at
tacggcacag
gt ggt t ggcc
tt caaaaaga
t ggccacagt
ggagat gaag
tctggatctg
agtggtgttg
ttgtcatcac
gacaacatta
ttatccaata
tggtcttatc
ttcttcctge
ctcttcacac
ggaaacgt ga
atgtggttcg
cccggct ggg
ct cggt caca
at gat gaaat
gcttatggca

gat gacttcc

ctgcgtgceg

tgttttctgt
ct gaaggcat
ccgt cact ag
acttgttgac
ttttacttge
tt gt gaat ct
cggctttgge
t gacacct gc
t ccgggt cag
t cacaggcac
t caggt cacc
ggt cagt gt g
gcgct aacat
at ggcgactt
tgcatttcgce
aaggctt gct
cagtggttca
cctacgt gac
t gt caaagca
ttgccgat gt
gagagagcag
ttaaccaacc
caaaaagt gt
cgctttccat
tatctttgtg
gaggct at cc
ctattggcac
ccctgttact
acttcctgga
aaccaattac
aattcctctc

ctctcacaag

acccgt cacc
ctctctggac
cggattagtg
tctagcttcc
ttgcagtctc
attctttccc
cgtttacagt
ccattttctg
cgct gct gecc
aact cggct g
gaaggcgcegce
gaccaggaac
ggccactctg
cgccgaggcea
ccaaccaaca
cagt ggcgag
gggt gacgct
caccccaagc
tttcacaggc
tgatgctgtt
cctttctgga
tgcttacttg
tggccgcecct
gcgettgtge
gttctacatc
caccatgttg
agt act agcg
ggatgtgttc
gggaggagt g
ccaggagagt
tgatgtgett

ttttcaagtg

aagacccaag
t ct ct ggggt
atcttgttgg
cctttagtgt
gctggtgetg
caagct accc
tt gat gggct
ct gct ggcga
cccaccaatt
tacat accca
ggcaacgt cg
aacgaggt cg
aagat cggt g
gt gacgacac
accgggcccg
gtttgtctgg

gt ggt agggg

ggaaaact cc
cctttgacat
cctegttcte
cctcagttgt
ccttatgtgce
gtggtcactg
ttgttccatc
actgccgcetg
tttgtgccac
gt at gcagca
tccgect cag
aaagagagt g
ct cact gcaa

gact gt cggg

gcgcagtatc

agcact gcca
taact cagtt
tct gccaccg
tgcttgtgtt
ct gt gaaaat
ttgtcact at
t gcgagt gaa
ggt cagct gg
cact gcttgg
aggaaggcgg
gcttcgtgge
tcgtact gac
acgcaat gct
agt ccgagct
cttcatggtg
cgt ggact ac
t ccacaccgg
ttggcgccga
caat cccgaa
t ggccat get
tgttaattgc
tgggettctt
ggcttctatg
tggtctgtgce
gcacgtctta
ggttcct agt
t caccat gct
gtcgctttga
tcaccgcectc
cattagctgc
ccgtccgatc

gt aacat cct
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taatgcatcc
ggctgatttt
t ct ggaccgc
agt aggcggt
agtt aagcca
gt gggaccgt
tgattatgtc
gaaaat cgcc
ggagcat cag
t caggacaaa
caaagacaaa
t gaggcagt g
cggacctttg
ttagctgccc
accccaaaag
cgt cgt acgc
cttcccacca
tgggattttg
gcttttcaag
agt ggt gacc
tattctgtcc
gttaccgacg
ccggacat cc
gcgeecceget g
ggttttgtgt
gacgct ccac
aacggcgct g
tcacagtcca
tgtt ccaaat
cgtgect gec
atttatttgg

acagacct gg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

ttgcaagtcg
gcggt t gaac
at ggct cact
tctaggtgca
at gcccagca
caccaggaag
aagagagt gc
ggcact acct
gaagat ct gc
gt gt t ggacc
gccaaggcgc
aat cagttaa
ctgactctaa
gggacttttt
acacact gct
accggt cgct
tatctgattt
aat ct cccgg
ggttccacgg
cgtatcggtc
caaccaat gc
ggaccaacgt
caaagagcgt
cagagacagc
tgcct agt gt
cactctactt
agtttcctac
t gaaaagcaa
acaagatt ag

tttcggggat

gcaagt caaa

agagttgtga

at cgt gacgc
aagaagt aac
t caaagacga
ccatttgtga
ggagacgccg
agaagaggaa
caaagt actg
at cagaaagt
t agact acgt
t cacaaacat
gt cagcttgc
act gagagcg
agacaagggt
atttaacatc
tgggt acgt a
gattgatgca
t gat gt gagc
aggaggccgt
agcctcttat
ggacggegt ¢
tttggaagcc
cat cgcaaca
gctt gacaac
cctgt gt gga
tttctccatg
gccat ct act
aaagtcttta
t ct acaaacc
gagcattctg
tacggccgca
attcgacccg

tcgctccacc

t gct cgt agt
agct ggagac
tttggtgctg
cgt cgt t aag
caagggcct g
cgccggt gat
ggat cccagc
ggt t gact at
gctgggcaag
gcttaaagtg
tcatctgctg
ccccacat ct
ttcgtggetc
aaatttgtgt
cgcgcect gee
tact gggaca
ccaggt gacg
gcaaaacgtc
tcctatgatg
ttgtataaca
acagct t gct
at t gggccct
tgcgct gaca
gatttagaga
gt gcgggegt
gtaccatcta
cagagct act
gccaccat gg
ggcaccaaca
ttccaaaaag

at accagctc

ccggctttgg

cgcagact aa
cgtgttgtgg
gttcctttga
gaagaagcca
cctaaaggt g
gatgattttg
gacacccgag
t caggcaat g

gggagctatg

gaccccacgg
ttggatctgg
ttcccggcga
tacacagt cg
gcgacgaaga
ctggttactg
gtat ggagt g
t cgcagt gac
t cacagct ga
acaaggt ggc
ccecgttgggg
accgt gct gg
tcccggagca
t cagct gt ga
aat acaacct
actt aaaaga
aaaat t caca
gtttgattga
cgacttgtaa
attacattgg
ct ggaaagga

ct gacaagt a

tgcgttggtt

t ggcaaaact
ttatcgacgg
ccaccaaagt
at gacacccc
ctcagttgga
cggt ct cgaa
gcacgacagt
tgcattacgt
aaggcct aga
agctctcctc
ct aacccagt
t gt ggggegt
cacaatgttt
gtt cacaaag
gtttattttc
cgtttacgcg
gggcgagcega
tct ggt gcac
agctgetgtc
caacattcca
at gt gaggcc
acaacccat a
cgctttcata
at ccacgcag
ggagat t gga
agccggaat t
t gacat ggt g
acggcaat ac
cctaggtttg
t gggt caccg
ctgccttgaa

cgct act aat
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cttatttttg
cacgat ct ag
gaccctatca
ttgctatgtg
ct ggagct gc
ct aaccacac
gcgct get ag
ttgggct gcc
gttacacgct
gctgtttcca
cat cgacgta
ttaacat cct
cccgtggeca
ggtcattgtc
acttactgca
atcctggatc
gtggcggat g
gccgtggttg
gcagt accac
gccgectctg
gat gt gct ag
gact gcat ca
acagttcttg
ggaaccagt g
gcgcgeattt
gt cggacccg
ttgcgagt gt
tattat gagc
aaaggt gt ag
tcaattcaag
acgcgcccgce

ccctttgatc

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

agct agct gg
ttgtggcggy
cttccatttc
gact t gaagg
gggacat gtt
ccaaccagca
gtttcaaggt
ggtt caagca
ctctgttata
tctttaagga
t cagt ggcgc
tccgcaccaa
agtctgcettg
acacaacctc
caat gt gt ga
atttgctgtg
gt cgaacaac
cagat gt ggg
tt caggat ac
agt acgt gga
ccgt ggt cgg
acaagct caa
actttccccg
agggagaaac
taacccaggg
cgagcgt gcc
gccatcgatt
cagct ccaca
t cat caccgc
gctgtacatt
gcgcagt t gt

agct t agcgg

ccagcccgag
tagt gt agca
caat accatc
ctatttccca
caagt acgtt
ttacgcggcc
t gacccaaag
agt ggacggc
ccacatt ggt
ctccattatc
tgcgcgt acc
gcagt at gag
tggagggt gg
gctcttcgec
gggttcccca
ccacatt gat
at caccgccc
aggcaacat t
gct caagggc
aggaccccct
tagcgcgacc
acaagcgggc
gcct ggcagt
ctttgtggat
t cgagt caag
acgt aacctt
cggcgcet get
taccact aaa
ct accacaaa
ccctgttgtg
ggcggt t act

gttgttgaag

ttggt gcaca
tt caccaaac
tattcattgg
gagat t gcag
cgagt gt aca
agctttgacc
aaaact gt ga
aagtgttatc
gcaaagaat c
tgctgtgatg
gacggagttg
agt gccgt gt
ttctgtggca
aact gcgggc
aaacagat gg
tacggcagt a
gggcgct aca
gtgtttggot
gtggtggt ga
gggagt ggga
ttggttgtge
gccgat ccat
ggaaacat ca
gaggt ggcct
ggttacggtg
t ggct ccgac
gtgtgtgatt
gtggtgtttg
gat cgcggtc
actcttcgac

agggcgtctc

tt caccaagg

gctacgtgtt
gcgggggt tt
tgct gt acac
aaaaat at ct
tctact cgga
gct gggt ccc
acaccagctc
tagccagt ct
cct cagagt a
aagact ggt g
agttccccac
gcacagtttg
attgtgtccc
acgacat cat
t accaaaagt
aagaggaact
aagt gggt ca
gcggt cct gg
at aaagct ct
agacttttca
ccacccacgce
actttgtggt
cagt gcgact
acttctcacc
atttaaat ca
attttgtcag
t gat caaggg
t gccaaat cc
tt ggt caccg
tgcccacacc
aggaattata

aagcagaggc

gaat t gct gt
gt cat ct gga
ccagcacat g
t gat ggcagc
cgat gt ggtt
ccacct gcag
cccttceccettt
t caggaccgc
ct at gaagct
gacggacctc
cattgaaatg
tggggccgcee
gt accacgcg
gt accgct cc
gcct cacccg
aact ctggt a
caaggtagtc
at cacacatc
gaagaacgcc
cct ggt caaa
gtccatgctg
gcccaagt at
gccacaggtc
agtggatctg
gctcgggtgc
cctggagecc
catttatcct
agact ttgag
cacaatt gat
ccaat cactg

cat ct acgac

gcaggacttg
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at ccat ggcc
ggcct cgaat
gt aat acaca
atttcgtgcc
ggattttgcc
tacccgaatt
gcgggct ata
cttact gaat
aggt t cgaga
caccctcatg
ttttcccaat
ttggctggga
gaaccttatc
ccgt gt aggc
gttacat cag
tcattccatg
t caat t ggag
gcgat cgt gc
cgcaggggtg
cctctgttca
cctgttccca
gtt ggt aaca
ccaccaccat
ctgccatgtg
acgacgagaa
gcacccagct
acgccgt gac
gcaaggct ct
act gcgagga
ccaccaacga
ccatcgtgtt

ccaccat caa

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

cacct acagc
at t acaagga
gttaccctaa
t cccgagagt
ccat accaaa

gct t gcaaat

tggttggaca
gggt cgacgg
ct aacagccg
cctgtttggg
atttaccacc
aagct gct aa
tacaccct ga
ttatggtgtg
cact agcagc
t ggcat cagg
cctacgccegce
ggcgat at at
ttgtgtcttc
acttcttaca
tccceegetc
agcttgtcga
gaat agagga
gaggccgegg
catcgtggtg
gcggaagt ac
cggcgt ggac
gcagaact ac
attcttcatc
gat ct acacc
cagcagcaag

gaccatcgtg

at gccacctg
agt caacct g
ttgtggcccet
ggcacaaaat
agaact cgct
taccttacag
atcggttttc
caaagcgcgt
cgctttcctce
agaaat t aat
attgctaccc
agctgettge
gacact gagt
gagaaacgcg
t gt gt ccaaa
gt acagaacc
cgagt gggca
t gt aaagagg
cacct cagtg
aattggttca
aact act cag
t agt cagcat
ttctttaaca
agaaggaggc
ggccccaagce
at ggaaagat
tacagct acg
ggcctggt gg
cccgt gat cg
ct gcgggagc
aagggcctgg

at cct ggaca

ggccaagaaa
ct gt acacac
gcct gt gget
ttgggctacc
gagcat t ggc
caagtatgtg
gt gcagacgc
gct ct accag
gat gaagccg
aagt ccaccg
gcagacgct g
agcgttgttg
cgcgt gt aca
accttttatg
ct cat caaag
aacgcgct gg
ctgtcaactg
ct cct cagcet

cagaccattt

gt catt gggc
gtagtggttc
agtacatttc
tgct cggecg
aggcggcccc
ccttctaccce
acgccaagct
ccgagt acct
tggacggccg
ccggectgtt
t ggt gcacag
acaaagt cat

gcaaggt gga

ttgacctttg
acgt ccccat
gggaaaagca
actattcccc
ccgtagtgtc
aact cagt aa
ct ggt gt gac
attccttatt
aggaaaagtt
t gggaggat c
ttgccct ggt
atgtctatgc
agat t at gat
t ccaagaggg
tgccggccaa
tagcgcccca
aaccgccacc
caacagaagt
gt gcact aga
ccgt gt gact
gcggcaacgg
at ct gact aa
ccgceccttce
gat gat ggaa
cat cgaggaa
gggcgcecatt
ggaaaagagc
gat cgccct g
cat cggcgt g
cctgggcatc
caccgt gcag

ct accggggc

gt ccaat gag
caaggat ggt
at ccaacaaa
agacttacca
caat gat aga
accgtgctca
atcttactgg
ct cgt ccggt
tgccgecgcet
ccacttcatc
aggtgcttca
tccatcattt
cgatttcaag
tgttgatgca
tgagcctgtt
ggct aaaat t
tgctggttat
gttcttgtge
gggat gt aaa
ct agagt gga
gt acaccgca
tactacaaca
ccggccccca
aat at ggaaa
ggcagcgecg
gccttcacca
tgctgcctgg
t gcagcgaga
ggcgt gget ¢
agcaagccca
aaaaccgt ga

taccagt gcc
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t ggacacctt
t ggaggt gga
t gcccaaggg
accccatcta
accacggctt
tgct gaccaa
acgtgattct
acgacct gag
gagaggccgt
agacaaccag
aggt ggt gcc
ccaacagacg
accccgaggc
gct actacga
acaagggct a
tcttcgacgc
t ggt ggt get
gccaggtgtc
agggcct gac
ccaagatgtg
gt gagt at ct
tagcat ct gg
atatttggtt
ctgcttttct
ttttcaacca
ccatcccccg
acaagct t gt
cggcggcegac
cgcaaaccgc
gatttaaatc

gggcat ggt t

aCCaaacCaaa

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

cat caagcgg
ccggaaagaa
cgtgcagct g
cggcaaccag
cggcatgttc
gtt cgacgag
ggt gcccacc
caacctggtg
cgccaggcgg
cgccatcatc
cctgttcaag
gggcgaagt g
caccaaagag
cgaagagaag
t caggt gccc
cggcgt ggcc
ggaat ccggc
caacgccaag
cggcaagat c
attataactc
agattacttt
gttagt gt at
tgttatagtt
gttattagta
tcgccaactg
cccaaccact
cgat ggcgtc
agcct acaag
ccgcgcaacc
aacaggagcg
cact cact gc

t ccagcgcaa

aacacccccc
caggt ggccc
acccacgaga
gtgtccceccg
accaccct gg
gaaaccttcc
ctgttcgcca
gagat cgcca
ttcaatctgc
at cacccccg
gccaaagt ga
t gcgt gaagg
ct gat cgacg
cacttcttca
cctgccgage
ggggt gccag
aagaacat ga
cggct gagag
gacggcaggg
gagggagcca
attctgtccg
gttttgactg
ggaagagcct
at gaggat ga
gt ggt agct g
caggt agt gg
aagacgat ca
ct acaat gac
cact caggct
cgccaccctt
agat gccgga

agttgcgcect

ctggcttcca
t gat cat gaa
acaccgt gac
gcaccgccgt
gct acct gat
t gaaaaccct
tcct gaacaa
gcggcggagce
ccggegtgeg
agggcgacga
t cgacct gga
gccccat get
aagagggct g
t cgt ggaccg
t ggaaagcgt
at cct gt ggc
ccgagaaaga
gcggcegt gag
ccat ccggga
tagattcatt
tcccactctt
ccttgttcta
tttctactgc
tt gt gggt at
attttgtgga
ttcgcggcaa
cgt ccgcagg
ctact gcgca
attattgcag
t cgt cgaacg
ggact cacgt

ccagcagggc

ggccagcagc
cagcagcggc
ccggttcagc
gctgaccgtg
ctgcggettc
gcaggact ac
gagcgagct g
ccccct gage
gcagggct ac
caagcct gga
caccaagaag
gat gaagggc
gctgcacacc
gct gaagagc
cctgctgcag
cggcgagct g
agt gat ggac
attcgtggac
gat cct gaag
tt gt ggt gac
gctgttgett
ttcctttgta
ttatgectttt
gat gcct cgt
cacacct agt
cgggt acacc
ccgectcttt
tgtttggtca
agcct ggaga
tacaacggtt
acaccgt cag

cgt aagacgt

tt caagaccg
agcaccggcc
cacgccaggg
gtgcccttcc
cgggt ggt ga
aagt gcacct
ct gaacaagt
aaagaagt gg
ggcct gaccg
gccagcggcea
agcct gggece
t acgt gaaca
ggcgacat cg
ct gat caagt
caccccagca
cctggcgecg
tacgt cgcca
gaagt gccaa
aaacccgt gg
gggattttag
actaggtatg
ttagcagctt
gtgcttttgg
cttcggtcca
ggacctgttc
gcagttggta
t cgaaacgga
gatgcgggtc
ccttaggcat
cttcatgatt
ttgggttcct

ggatattctc
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ctgtgtggceg tcatgttgaa gtagttatta gccacccagg aaccaaaaaa aaaaaaaaaa

daaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaa

<210> 16

<211> 12608

<212> DNA

<213> Artificial
<220>

<223>

<220>

<221> msc_feature
<223> Construct
<220>

<221> msc_feature
<222> (1)...(18)
<223> T7 pronoter

<400> 16
t aat acgact

cact gcaaga
cgttattgcg
at ctt gt ggc
ttaggcaacc
cttacccgac
accaccacca
act gccat gt
gct act ggat
gagcat ggcg
cgcggttgcg
tcgccagttc
gggcgtt aca
gat gct aggt
aagcgtttcc
agcccggcet g
ttaaaacttt
cgcgaacaaa
ggtttgggca
cagcgagctt

at ct ct gaag

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

cact at agct
attactattc
agattcgtcg
ttgacgggtc
ttctccgcta
gctt gt gagc
t gaat agagg
ggaggccgceg
tt ggagggag
cgggattgtg
aaggaat gga
cagt gggaca
atttccttga
tagccattga
ct ggcgct ag
ctaacagttt
tgccacctga
ggaccgggt g
t caat gcgag
ggcat at cac

cagact ggtc

Sequence

Synt heti ¢ pol ynucl eoti de

cgaagt gt gt
ttgtgggccc
tt agat aacg
actgcctacg
ctggatttgg
at agt cagca
attctttaac
gagaaggagg
ttttgttagg
ct gcgaagt g
gcaat gt cct
taagttcctg
gctgttgcaa
agaggcaagt
atttgcgctg
gat agt gacc
ccgcegt gag
gct gt ct aaa
ct ct ggaggg
aacacgcagc

ctgtttgect

r Ex- DLP- pplab-r FF

at ggt gccat
ctctcggt aa
gcaagttccc
t cgt cgat ct
agggagtttt
tagtacattt
at gct cggcece
caggcggccc
gact ggt ccc
gacggct cca
ggcttgttca
attggttggt
caccctgctt
gtgtttattt
acaccggt gt
act gaccagg
gctggtttge
acaggacttc
ctgaaattcc
t gcaagct ga

gct ggcaact

at acggct ca
at cct agagg
tttcttacta
ctat caacta
gt t agggact
catctgacta
gccgeccctt
cgat gat ggc
tggacttacc
ccttatgcge
tgggact gt t
at cgagct gc
t cgcccagcet
ccact gacca
at gct aacgc
aacaagat gg
ggttgtatta
gcttat ggct
acat t at gag
agagct acta

acggcggct a

ccaccat at a
gctttcctct
tcctattttc
cccttgcgac
ggt ccct gga
at act acaac
cccggecccce
aaccttctcc
cgacgct t gt
cgagtgtttt
aaaact ggct
caaagt cacc
gcgt gt ggt t
cgcgt ct gct
ttgggttgtg
gttctgctgg
caaccattac
t ggagacctg
gggt t cgect
cgtttgtgac

caat ccacca
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ggggacggag
gctggttgca
tcacccacgt
atgatttgtg
gat gaaagct
cccgt gt cag
gt ggttacac
aactcttctg
aagcttgcca
ggggcct caa
tggcgtgtgg
cgt gct cggt
cagcggt ata
tggtaccctt
cttagctttg
ctggtttcat
ttagccttgce
gcgct gt cge
gat gcagctt
tgccgcaatc
gttttgggct
ttttcaaagc
ggaaccgccg
aagaaggcag
tgcctcaatg
gctgttgtga
ttgcccaccc
tcaggggtcg

gggtt ccggc

tcaactttta
agagtgtttt

agcgct gaag

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

cttgcggtta
gttctgactt
tcacggttac
acaagcagca
gtttcagggg
ccgeegtgtt
ct gaagggca
gagat gt caa
caccgaaccc
cacaggagcc
ccaaaact gt
ccgttgggga
ccat gact ct
t ggct gt aat
ccattgggtt
cagctaatta
t ggaagaaga
ttgtgctcaa
atgttccttg
gttgctggag
ccaccgggca
ccaccat cga
caat ggagcg
gagcgact gt
t cat gt ggaa
cggcggt caa
gacccggt gt
atcccgettt
tgataggt gg
cctgcttacc
ct gt acccgt

gcat ctctct

caggtgcttg
gt ggt gt gat
cat cccaggt
ctggcgegtc
cat ct gcaat
agat cacat a
gccacgcccc
agat ccggcg
aact caggcg
act ggcgagt
gt acagct cc
cgttcttgtt
gaagat gat g
cgcttgtttg
gat acccagt
tgttgcgtca
acactattat
tttactgggg
cactgtgttc
atgcttcgga
acgagtttcc
tgttgtgggc
tcagt gt gcc
ttacctcacc
gcgaccaatt
gagt at ct ct
gaccgttgtc
attgcgtgtt
atggatttat
t at caaat gt
caccaagacc

ggactctctg

gccttcatga
gat gagttgg
gggcgagt t t
aaacgt gcaa
t gccaacgca
ctggaggcgg
gt accagcgc
ccecgttcege
cccat cccag
gcaggagttg
gcggagcgcet
caagcgct ac
cgttcacgct
ctccct at at
gt gggcaat a
at ggaccatc
agagcggt cc
caggt aggct
gatctttgca
cgctgtgtge
aaact ggcgc
at ggcaact g

tct acggt gg

cccectgtca
gggt ccact g
ttctcacctc

gaccat gctc

gggcaaggtg

gggat at gct

ggcatt ggca
caagagcact

gggt taactc

at ggcgccac
cttat cgagt
gt ccgaat gc
agggcgt cgg
t gagt ggacc
cgacgtttgg
cgcgagttcg
cagt accaaa
caccgcgcac
cttctgactc
ttcggaccga
cgct caaaac
tcagttggca
ggccat ct ct
atgttgttct
aat gt gaagg
gttggcgecc
at gt agct cg
gctttgetat
gagttgggcc
tcattgattt
gttggagcgg
accctcactc
acagcgggtc
tccttgggga
cctgctgegt
tttacaaccg
attttctaaa
attttgtgtt
cccgegaccce

gccat gct gg

agt t acaaag

tgttgtgtcg
ctttcaattg
caagt acgca
cctgtgtctc
accacct gca
caacgttcgc
t cccagcgec
accaaggacc
gcgacttcaa
ggcacct aaa
act ggt acaa
cccagcagt g
ctgcgacgtg
tgctttgetc
gacagcgctt
tgcggettge
gatt acaggc
ttccaccttt
tctgtacctc
t gccacgcat
gt gt gaccac
at gttacaca
gttcgaccag
agcgct gcag
acaaacagga
ctctaccact
gt t gact gct
acttaatccg
ggtggttgtg
tttctgccge
aat gt gt gct

ttactggatc
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gcagccgt ca
ttggacttgt
gggcttttac
ctttttgtga
gtggcggcett
t gt gt gacac
at gct ccggg
t at gt cacag
ctattcaggt
acagggt cag
ggccgegcet a
aagaat ggcg
cagttgcatt
gaagaaggct
t ct gcagt gg
gttgcctacg
tcact gt caa
attattgccg
aat agagaga
tatcttaacc
ct gccaaaaa
acaccgcttt

gtgatatctt

tt cggaggct

tgggctattg

cacaccct gt
aaat acttcc
ggcaaaccaa
ttccaattcc
gccgctctca
gtcgatcgtg

gaacaagaag

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

ctagcggatt
t gact ct agc
ttgcttgcag
atctattctt
tggccgttta
ctgcccattt
t cagcgct gc
gcacaact cg
caccgaaggc
t gt ggaccag
acat ggccac
acttcgccga
tcgcccaacc
tgct cagt gg
ttcagggt ga
t gaccacccc
agcatttcac
at gtt gatgc
gcagcctttc
aacctgctta
gt gt t ggccg
ccat gcgctt
tgtggttcta
at cccaccat
gcacagt act
tact ggat gt
t ggagggagg
ttacccagga
tctct gat gt
caagttttca
acgct gctcg

t aacagct gg

agtgatcttg
ttcceccttta
tctcgct ggt
t ccccaagct
cagtttgatg
tctgctgctg
tgcccccacc
gctgtacata
gcgcggcaac
gaacaacgag
t ct gaagat ¢
ggcagt gacg
aacaaccggg
cgaggtttgt
cgctgtggta
aagcggaaaa
aggccctttg
tgttcctcgt
t ggacct cag
cttgccttat
ccctgtggtc
gtgcttgttc
cat cact gcc
gttgtttgtg
agcggt at gc
gttctccgece
agt gaaagag
gagt ct cact
gctt gact gt
agt ggcgcag
t agt cgcaga

agaccgtgtt

ttggtctgec
gtgttgcttg
gctgctgtga
acccttgtca
ggct t gcgag
gcgaggt cag
aattcactgc
cccaaggaag
gt cggcttcg
gtcgtcgt ac
ggt gacgcaa
acacagt ccg
cccgcettcat
ct ggcgt gga
ggggt ccaca
ctccttggeg
acat caat cc
tctctggcca
ttgttgttaa
gt gct gggct
actgggcttc
cat ct ggt ct
gct ggcacgt
ccacggttcc
agcat cacca
t caggt cgct
agt gt caccg
gcaacat t ag
cgggccgt cc
tat cgt aaca

ct aat ggcaa

gtggttatcg

accgcct ggc
tgttceccttg
aaat acagtt
ct at gggat a
t gaaagt gaa
ct ggacagtc
tt ggagt ggc
gcgggat ggt
tggctggtag
t gacagcgt ¢
tgct gact ct
agct cccagg
ggt gcact gc
ct act agt gg
ccggttcgaa
ccgacaccgt
cgaaggacat
tgctgattga
ttgcttgttt
tctttgccge
tatggttgtg
gt gct accgt
cttacctttc
tagt gt acca
tgctggct gc
tt gacaggac
cctcagt cac
ctgccctcac
gat cggcaat
tccttaatgce
aact ggct ga

acggt ct gga

cat cagcgce

ggcatctgtg
gttggcgacg
ctgggcgtge
tgtgcccatg
aagagagcag
t cgt gattgt
gtttgaaggg
cagct acggc
acacgtggtt
gactttcaaa
caat t ggcca
cacaggagat
cgact ct gga
cacaagt ggt
gactttgtca
ccct gacaac
tggcttatcc
t at gt ggt ct
taacttcttc
ctgcctcttc
cacgggaaac
t gagat gt gg
gttccccgge
tgccct cggt
tttcatgatg
ccgcgcet t at
t gat gat gac
gaat ct gcgt
atccttgcaa
ttttgcggtt

ccgcat ggct
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3240
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cactt caaag
tgcaccattt
agcaggagac
gaagagaaga
gt gccaaagt
acct at caga
ct gct agact
gacct cacaa
gcgcegt cage
tt aaact gag
ct aaagacaa
ttttatttaa
tgcttgggta
cgctgattga
attttgatgt
ccggaggagg
acggagcctc
ggt cggacgg
atgctttgga
acgt cat cgc
gcgtgcttga
cagccctgtg
gtgttttctc
acttgccatc
ctacaaagtc
gcaat ct aca
tt aggagcat
gggt t acggce
caaaattcga
gtgatcgctc
ct ggccagcec

cgggt agt gt

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

acgatttggt
gt gacgt cgt
gccgcaaggg

ggaacgccgg

act gggat cc
aagt ggttga
acgt gct ggg
acatgcttaa
ttgctcatct
agcgccccac
gggtttcgtg
catcaaattt
cgt acgcgcec
tgcat act gg
gagcccaggt
ccgt gcaaaa
ttattcctat
cgtcttgtat
agccacagct
aacaatt ggg
caact gcgct
tggagattta
cat ggt gcgg
tactgtacca
tttacagagc
aaccgccacc
t ct gggcacc
cgcattccaa
cccgat acca
caccccggct
cgagttggtg

agcattcacc

gctggttcct
t aaggaagaa
cctgcct aaa
t gat gat gat
cagcgacacc
ctattcaggc
caaggggagc
agt ggacccc
gct gt t ggat
atctttcccg
gctct acaca
gt gt gcgacg
tgccctggtt
gacagt at gg
gacgt cgcag
cgt ct cacag
gat gacaagg
aacacccgtt
tgctaccgtg
cccttccegg
gacat cagct
gagaaat aca
gcgtacttaa
tct aaaaatt
tactgtttga
at ggcgactt
aacaattaca
aaagct ggaa
gct cct gaca
ttggtgcgtt

cacagct acg

aaacgcgggg

ttgaccacca
gccaat gaca
ggt gct cagt
tttgcggtct
cgaggcacga
aatgtgcatt
t at gaaggcc
acggagct ct
ct ggct aacc
gcgat gt ggg
gt cgcacaat
aagagttcac
actggtttat
agtgcgttta
t gacgggcga
ct gat ct ggt
t ggcagct gc
ggggcaacat
ct ggat gt ga
agcaacaacc
gtgacgcttt
acctatccac
aagaggagat
cacaagccgg
tt gat gacat

gt aaacggca

ttggcct agg

aggat gggt c

agt act gcct
ggttcgctac
tgttgaattg

gtttgtcatc

aagt agt agg
ccccagttaa
t ggagt ggga
cgaatgatta
cagt gaaaat
acgt ggagca
t agat cagga
cct ccaaaga
cagt t gaggc
gcgt cggacc
gtttttagct
aaagacccca
tttccgtcgt
cgcgettccc
gcgat gggat
gcacgctttt
t gt cagt ggt
tccatattct
ggccgttacc
cataccggac

cat agcgccc

gcagggtttt
t ggagacgct
aat t aacggc
ggt gt cacag
atactgttcc
tttgcgtgec
accgatttat
t gaaacagac
taatcttatt
ct gt cacgat

t ggagaccct

cggttctagg

gccaat gcce
ccgt caccag
t gt caagaga
cgccggcact
t caggaagat
caaagtgttg
caaagccaag
agt gaat cag
tttgct gact
gcccgggact
aaagacacac
acgcaccggt
accatatctg
tttgaatctc
caagggttcc
gacccgtatc
gt cccaacca
gacgggacca
at cccaaaga
gct gcagaga
gtgttgccta
ccaccact ct
gctgagtttc
t ccat gaaaa
aaat acaaga

tgcctttcgg

tt gggcaagt
ct ggagagt t
tttgagctag
ctagttgtgg

atcacttcca
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tttccaatac
aaggct attt
tgttcaagta
agcat tacgc
aggt t gaccc
agcaagt gga
t at accacat
aggact ccat
gcgetgegeg
ccaagcagt a
ctt gt ggagg
cctcgetcett
gtgagggttc
t gt gccacat
caacat cacc
t gggaggcaa
at acgct caa
t ggaaggacc
t cggt agcgce
t caaacaagc
cccggcect gg
aaacctttgt
agggt cgagt
tgccacgt aa
gattcggcgc
cacat accac
ccgcect acca
cattccctgt
ttgtggecgot
gcgggttgtt
cagcat gcca

aggaagt caa

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

catctattca
cccagagat t
cgttcgagtg
ggccagettt
aaagaaaact
cggcaagt gt
t ggt gcaaag
tat ct gct gt
taccgacgga
t gagagt gcc
gtggttctgt
cgccaact gc
cccaaaacag
tgattacggc
gccegggegce
cattgtgttt
gggcgt ggt g
ccct gggagt
gaccttggtt
gggcgccgat
cagt ggaaac
ggat gaggt g
caagggt tac
cctttggetc
tgct gt gt gt
t aaagt ggt g
caaagat cgc
tgtgactctt
tact agggcg
gaagt t cacc
cctgggccaa

cctgctgtac

ttggtgct gt
gcagaaaaat
tacat ctact
gaccgct ggg
gt gaacacca
tatctagcca
aat ccct cag
gat gaagact
gttgagttcc
gt gt gcacag
ggcaattgtg
gggcacgaca
at ggt accaa
agt aaagagg
t acaaagt gg
gggtgcggtc
gt gaat aaag
gggaagact t
gt gcccaccc
ccatactttg
at cacagt gc
gcctacttct
ggtgatttaa
cgacattttg
gatttgatca
tttgtgccaa
ggtcttggtc
cgact gccca
t ct caggaat
aaggaagcag
gaaat t gacc

acacacgtcc

acacccagca
at ctt gat gg
cggacgat gt
tcccccacct
gctccccttc
gtcttcagga
agt act at ga
ggt ggacgga
ccaccattga
tttgtgggge
tcccgtacca
t cat gt accg
aagt gcct ca
aact aact ct
gt cacaaggt
ct ggat caca
ct ct gaagaa
ttcacct ggt
acgcgt ccat
t ggt gcccaa
gact gccaca
caccagt gga
at cagct cgg
tcagcct gga
agggcattta
at ccagactt
accgcacaat
caccccaatc
tatacatcta
aggcgcagga
tttggtccaa

ccat caagga

catgttgcta
cagcct ggag
ggttctaacc
gcaggcgctg
ctttttggge
ccgcgttaca
agctgct gt t
cctccatcga
aat gt t aaca
cgccecccgt g
cgcgggt cat
ctccacttac
cccgatcctg
ggt agt ggcg
agtcgcegt g
cat cgcagt a
cgccgecgec
caaagat gt g
gct ggact gc
gt at acagtt
ggt cggaacc
t ct ggcgege
gt gcgt cgga
gcccttgega
tccttattat
t gagaaaggt
tgattcaatt
act gacgcgc
cgaccccttt
cttgatccat

t gagggcct ¢

tggt gt aat a

tgtggacttg
ct gcgggaca
acacccaacc
ctaggtttca
tgccggttca
cgctctct gt
tccatcttta
cgtat cagtg
tccttccgea
gccaagtctg
t gt cacacaa
t gcacaat gt
gatcatttgc
gat ggt cgaa
gttgcagatg
ccact t cagg
t ct gagt acg
ct agccgt gg
at caacaagc
cttgactttc
agt gagggag
attttaaccc
cccgcgageg
gtgtgccatc
gagccagctc
gt agt cat ca
caaggct gt a
ccgcgegeag
gatcagctta
ggcccacct a
gaat attaca

cacagttacc
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ctaattgtgg
gagt ggcaca
caaaagaact
aaattacctt
gacaat cggt
acggcaaagc
gccgegettt
t gggagaaat
caccat t gct
ct aaagct gc
ct gagacact
t gt ggagaaa
cagctgtgtc
cagggt acag
ccgccgagt g
atattgtaaa
cttccacctc
tacaaattgg
gct caact ac
t cgat ggaaa
at cgaggaag
ggcgcecattg
gaaaagagct
at cgccct gt
at cggcgt gg
ct gggcat ca
accgt gcaga
t accggggct
gccagcagct
agcagcggca
cggt t cagcc

ct gaccgt gg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

ccctgect gt
aaat tt gggc
cgct gagcat
acagcaagt a
tttcgtgcag
gcgtgctcta
cct cgat gaa
t aat aagt cc
acccgcagac
ttgcagegtt
gagtcgcgtg
cgcgaccttt
caaactcatc
aaccaacgcg
ggcact gt ca
gaggctcctc
agt gcagacc
ttcagtcatt
tcaggt agtg
at at ggaaaa
gcagcgcecgg
ccttcaccaa
gctgcct ggg
gcagcgagaa
gcgt ggct cc
gcaagcccac
aaaccgt gac
accagt gcct
t caagaccgt
gcaccggcct
acgccaggga

tgcccttcca

ggct gggaaa

taccactatt
tggccegt ag
t gt gaact ca
acgcctggtg
ccagattcct
gccgaggaaa
accgtgggag
gctgttgecc
gttgat gt ct
tacaagatta
t at gt ccaag
aaagt gccgg
ct ggt agcgc
act gaaccgc
agct caacag
atttgtgcac
gggeccgt gt
gttcgcggca
cgacgagaac
cacccagct g
cgccgt gacc
caaggctctg
ct gcgaggaa
caccaacgag
catcgtgttc
caccat caag
ggacaccttc
ggaggt ggac
gcccaagggc
ccccatctac

ccacggcttc

agcaat ccaa
ccccagactt
t gt ccaat ga
gt aaaccgt g
tgacatctta
tattctcgtc
agtttgccge
gatcccactt
t ggt aggt gc
atgctccatc
tgatcgattt
agggt gt t ga
ccaat gagcc
cccaggct aa
cacct gct gg
aagtgttctt
tagagggatg
gact ct agag
acgggt acac
atcgt ggt gg
cggaagt aca
ggcgt ggact
cagaact acg
ttcttcatcc
at ct acaccc
agcagcaaga
accat cgt ga
at caagcgga
cggaaagaac
gt gcagct ga
ggcaaccagg

ggcatgttca

caaaatttcg
accaggattt
t agat acccg
ct cagcgggce
ctggcttact
cggtaggttc
cgct caccct
catcttttcc
ttcattggct
attt gaacct
caagccgt gt
tgcagttaca
tgtttcattc
aatttcaatt
ttatgcgatc
gtgccgcagg
taaacctctg
tggacctgtt
cgcagtt ggt
gccccaagcec
t ggaaagat a
acagct acgc
gcct ggt ggt
ccgt gat cgc
t gcgggagct
agggcct gga
tcct ggacag
acaccccccc
aggt ggccct
cccacgagaa
tgtccccegg

ccaccct ggg

tgcctcccga
t gccccat ac
aattgcttgc
tatatggttg
gaat gggt cg
gagact aaca
catgcctgtt
caatatttac

gggaaagct g

tat ct acacc
aggct t at gg
t cagcact ag
cat gt ggcat
ggagcct acg
gt gcggcgat
ggt gt t gt gt
ttcaacttct
cccat cceccc
aacaagcttg
cttctacccc
cgccaagct g
cgagtacctg
ggacggccgg
cggcctgttc
ggt gcacagc
caaagtcatc
caaggt ggac
tggcttccag
gat cat gaac
caccgt gacc
caccgccegt g

ctacctgatc
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tgcggcttcc
caggact aca
agcgagct gc
cccct gagea
cagggct acg
aagcct ggag
accaagaaga
at gaagggct
ct gcacaccg
ct gaagagcc
ct gct gcagc
ggcgagct gc
gt gat ggact
ttcgt ggacg
at cct gaaga
t gt ggt gacg
ctgttgctta
tcctttgtat
tatgcttttg
atgcctcgtc
acacct agtg
gggt acaccg
cgectetttt
gtttggtcag
gcct ggagac
acaacggttc
caccgt cagt
gt aagacgt g
accaaaaaaa
aaaaaaaa

<210>
<211>

17

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

gggt ggt gat
agt gcaccta
t gaacaagt a
aagaagt ggg
gcct gaccga
ccagcggcaa
gcct gggecc
acgt gaacaa
gcgacat cgg
t gat caagt a
accccagcat
ct ggcgecegt
acgt cgccag
aagt gccaaa
aacccgt ggc
ggattttagg
ct aggt at gt
tagcagctta
tgcttttgge
ttcggt ccat
gacctgttcc
cagttggtaa
cgaaacggac
at gcggagt cc
cttaggcatg
ttcatgattg
tgggttccta
gatattctcc

aaaaaaaaaa

12674

gct gaccaag
cgtgattctg
cgacct gagc
agaggccgtc
gacaaccagc
ggt ggt geec
caacagacgg
ccccgaggcec
ctact acgac
caagggct at
cttcgacgcc
ggtggtgctg
ccaggt gt cc
gggcct gacc
caagat gt ga
tgagtatcta
agcat ct ggg
tatttggttt
tgcttttctg
tttcaaccat
cat ccccegce
caagcttgtc
ggcggcgaca
gcaaaccgcc
atttaaatca
ggcatggttc
ccaaacaaat
t gt gt ggcgt

aaaaaaaaaa

tt cgacgagg
gt gcccaccc
aacct ggt gg
gccaggcggt
gccat cat ca
ct gt t caagg
ggcgaagt gt
accaaagagc
gaagagaagc
caggt gcccc
ggcgtggecg
gaat ccggca
aacgccaagc
ggcaagat cg
ttataactcg
gattacttta
ttagtgtatg
gttatagttg
ttattagtaa
cgccaact gg
ccaaccactc
gat ggcgt ca
gcct acaagc
cgcgcaaccc
acaggagcgc
act cact gca
ccagcgcaaa
cat gt t gaag

aaaaaaaaaa

aaaccttcct
t gttcgccat
agat cgccag
tcaat ctgcc
t cacccccga
ccaaagt gat
gcgt gaaggg
t gat cgacga
acttcttcat
ct gccgagct
gggt gccaga
agaacat gac
ggct gagagg
acggcagggc
agggagccat
ttctgtccgt
ttttgactgc
gaagagcctt
t gaggat gat
t ggt agct ga
aggt agt ggt
agacgat cac
t acaat gacc
act caggct a
gccacccttt
gat gccggag
gttgcgectc
tagttattag

aaaaaaaaaa

gaaaaccct g
cct gaacaag
cggcggagcec
cggcgt gcgg
gggcgacgac
cgacct ggac
ccccatgctg
agagggct gg
cgtggaccgg
ggaaagcgt c
tcct gt ggcc
cgagaaagaa
cggcgt gaga
cat ccgggag
agattcattt
cccactcttg
cttgttctat
ttctactgct
tgtgggtatg
ttttgtggac
t cgcggcaac
gt ccgcaggce
tact gcgcat
ttattgcaga
cgt cgaacgt
gact cacgt a
cagcagggcc
ccacccagga

aaaaaaaaaa
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<212> DNA

<213> Artificial
<220>

<223>

<220>

<221> msc_feature
<223> Construct
<220>

<221> msc_feature
<222> (1)...(18)
<223> T7 pronoter

<400> 17
t aat acgact

cact gcaaga
cgttattgcg
atcttgtggc
ttaggcaacc
cttacccgac
accaccacca
act gccat gt
aact t cagcc
ttctccgcta
gctt gt gagc
tgttttcgeg
ctggcttcge
gt caccgggc
gtggttoatg
tct gct aagc
gt t gt gagcc
tgctggttaa
cattaccgcg
gacct gggt t
t cgcct cage
t gt gacat ct

ccaccagggg

gtgtcggctg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

cact at agct
attactattc
agattcgtcg
ttgacgggtc
ttctccgcta
gctt gt gagc
t gaat agagg
ggaggccgceg
tgct gaagca
ctggatttgg
at ggcgcggg
gttgcgaagg
cagt t ccagt
gttacaattt
ctaggttagc
gtttccctgg
cggct gct aa
aacttttgcc
aacaaaggac
t gggcat caa
gagct t ggca
ct gaagcaga
acggagcttg

gttgcagttc

Sequence

Synt heti ¢ pol ynucl eoti de

cgaagt gt gt
ttgtgggccc
tt agat aacg
actgcctacg
ctggatttgg
at agt cagca
attctttaac
gagaaggagg
ggct ggagac
agggagtttt
attgtgctgc
aat ggagcaa
gggacat aag
ccttgagctg
catt gaagag
cgctagattt
cagtttgata
acct gaccgc
cgggtggctg
t gcgagct ct
t at cacaaca
ct ggt cct gt

cggt t acagg

tgacttgtgg

r Ex- DLP- 2A- pplab-r FF

at ggt gccat
ctctcggt aa
gcaagttccc
tcgt cgat ct
agggagtttt
tagtacattt
at gct cggcece
caggcggccc
ot ggaggaga
gt t agggact
gaagt ggacg
t gt cct ggct
ttcctgattg
tt gcaacacc
gcaagt gt gt
gcgct gacac
gt gaccactg
cgt gaggct g
t ct aaaacag
ggagggct ga
cgcagct gca
ttgcctgcetg
tgcttggect

tgtgatgatg

at acggct ca
at cct agagg
tttcttacta
ctatcaacta
gt t agggact
catctgacta
gccgeccctt
cgat gggaag
accct ggacc
ggt ccct gga
gctccacctt
tgttcatggg

gttggtatcg

ctgctttcge
ttatttccac
cggt gtatgc
accaggaaca
gtttgcggtt
gacttcgcett
aattccacat
agct gaagag
gcaact acgg
t cat gaat gg

agttggctta

ccaccat ata
gctttcctct
tcctattttec
cccttgcgac
ggt ccct gga
at act acaac
cccggeccce
cggagct act
t at ggcaacc
cttacccgac
at gcgccgag
act gtt aaaa
agct gccaaa
ccagct gcgt
t gaccacgcg
t aacgcttgg
agat gggttc
gtattacaac
at ggct t gga

tat gaggggt

ctactacgtt
cggct acaat
cgccactgtt

tcgagtcttt
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caattgtcac
tacgcaat ga
tgtctcgatg
cctgcacccg
gttcgegt gg
agcgccaact
aggaccaagc
ctt caagggg
cct aaat ggc
gt acaacgt g
gcagt gcagc
gacgt gt ggt
ttgctcctta
gcgcttctgg
gcttgcttag
acaggcgcgc
acctttgatg
tacctctgcc
acgcatgttt
gaccactttt
t acacaggaa
gaccagaaga
ct gcagt gcc
acaggagct g
accactttgc
actgcttcag
aat ccggggt
gttgtgtcaa
tgccgcagag
t gt gct ageg
t ggat cgcag

agcgccttgg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

ccacgttcac
tttgtgacaa
aaagctgttt
t gt cagccgce
ttacacctga
cttctggaga
ttgccacacc
cct caacaca
gt gt ggccaa
ct cggt ccgt
ggt at accat
accctttggc
gctttgccat
tttcatcagc
ccttgctgga
tgtcgettgt
cagctt at gt
gcaatcgttg
t gggct ccac
caaagcccac
ccgccgceaat
aggcaggagc
t caat gt cat
tt gt gacggc
ccacccgacc
gggt cgat cc
t ccggct gat
cttttacctg
tgttttctgt
ct gaaggcat
ccgt cact ag

acttgttgac

ggttaccatc
gcagcact gg
caggggcatc
cgt gt t agat
agggcagcca
t gt caaagat
gaacccaact
ggagccact g
aactgtgtac
t ggggacgt t
gact ct gaag
t gt aat cgct
tgggttgata
taattatgtt
agaagaacac
gctcaattta
tccttgcact
ct ggagat gc
cgggcaacga
catcgatgtt
ggagcgt cag
gactgtttac
gt ggaagcga
ggt caagagt
cggt gt gacc
cgctttattg
aggt ggat gg
cttacctatc
acccgt cacc
ctctctggac
cggattagtg

tctagcttcce

ccaggt gggc

cgcgt caaac
tgcaattgcc
cacat act gg
cgccccgt ac
ccggcgeecg
caggcgccca
gcgagt gcag
agct ccgegg
cttgttcaag
atgat gcgtt
tgtttgctce
cccagt gt gg
gcgt caat gg
tattatagag
ctggggcagg
gtgttcgatc
tt cggacgct
gtttccaaac
gt gggcat gg
tgtgcctcta
ct cacccccc
ccaat t gggt
atctctttct
gttgtcgacc
cgt gt tgggc
atttatggga
aaat gt ggca
aagacccaag
tct ct ggggt
atcttgttgg

cctttagtgt

gagtttgtcc
gt gcaaaggg
aacgcat gag
aggcggcgac
cagcgccgeg
ttccgccagt
t cccagcacc
gagttgcttc
agcgctttcg
cgct accgct
cacgcttcag
ct at at ggcc
gcaat aat gt
accat caat g
cggtccgttg
t aggct at gt
tttgcagctt
gt gt gcgagt
t ggcgct cat
caactggttg
cggt ggaccc
ct gt caacag
ccact gt cct
cacctccctg
atgctcttta
aaggtgattt
tatgctattt
tt ggcacccg
agcact gcca
taact cagtt
tctgccaccg

tgcttgtgtt

gaat gccaag
cgtcggect g
t ggaccacca
gtttggcaac
agttcgtccc
accaaaacca
gcgcacgcga
t gact cggca
gaccgaact g
caaaacccca
ttggcact gc
atctcttget
tgttctgaca
t gaaggt gcg
gcgcecgatt
agctcgttcc
tgctattctg
t gggcct gce
tgatttgtgt
gagcggat gt
tcactcgttc
cgggt cagcg
t ggggaacaa
ctgcgtctct
caaccggttg
tct aaaactt
tgtgttggtg
cgaccctttc
tgctggaatg
acaaagttac
cctggcecatc

ccctt gggcea
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t ct gt ggggc
gcgacgcettt
gcgtgcgt gg
cccatgtgtg
gagcagat gc
gattgttatg
gaagggct at
tacggcacag
gtggttggcc
tt caaaaaga
t ggccacagt
ggagat gaag
tctggatctg
agtggtogttg
ttgtcatcac
gacaacatta
ttatccaata
tggtcttatc
ttcttcctge
ctcttcacac
ggaaacgt ga
atgtggttcg
ccecggetggg
ct cggt caca
at gat gaaat
gcttatggca
gat gacttcc
ctgcgtgccg
tt gcaagt cg
gcggt t gaac
at ggct cact

tctaggtgca

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

ttttacttge
tt gt gaat ct

cggctttggce

t gacacct gc
t ccgggt cag
t cacaggcac
t caggt cacc
ggtcagtgtg
gcgct aacat
at ggcgactt
tgcatttcgce
aaggct t gct
cagtggttca
cctacgt gac
t gt caaagca
ttgccgat gt
gagagagcag
tt aaccaacc
caaaaagt gt
cgctttccat
tatctttgtg
gaggct at cc
ctattggcac
ccctgttact
acttcctgga
aaccaattac
aattcctctc
ct ct cacaag
at cgt gacgc
aagaagt aac
t caaagacga

ccatttgtga

ttgcagtctc
attctttccc
cgtttacagt
ccattttctg
cgct gct gecc
aact cggctg
gaaggcgcegce
gaccaggaac
ggccactctg
cgccgaggcea
ccaaccaaca
cagtggcgag
gggt gacgct
caccccaagc
tttcacaggc
tgatgctgtt
cctttctgga
tgcttacttg
t ggccgcecct
gcgcettgtge
gttctacatc
caccatgttg
agt act agcg
ggatgtgttc
gggaggagt g
ccaggagagt
tgat gt gctt
ttttcaagtg
tgct cgt agt
agct ggagac
tttggtgctg

cgtcgttaag

gctggtgctg
caagct accc
tt gat gggct
ctgct ggcga
cccaccaatt
tacat accca
ggcaacgt cg
aacgaggt cg
aagat cggt g
gt gacgacac
accgggcccg
gtttgtctgg

gt ggt agggg

ggaaaact cc
cctttgacat
cctegttcetce
cctcagttgt
ccttatgtgc
gt ggt cactg
ttgttccatc
actgccgctg
tttgtgccac
gt at gcagca
tccgectcag
aaagagagt g
ctcactgcaa
gact gt cggg
gcgcagtatc
cgcagact aa
cgtgttgtgg
gttcctttga

gaagaagcca

ct gt gaaaat
ttgtcactat
t gcgagt gaa
ggt cagct gg
cact gcttgg
aggaaggcgg
gcttcgtgge
tcgtact gac
acgcaat gct
agt ccgagct
cttcatggtg
cgt ggact ac
tccacaccgg
ttggcgccga
caat cccgaa
t ggccat get
tgttaattgc
tgggcttctt
ggcttctatg
tggtctgtgce
gcacgtctta
ggttcct agt
t caccat gct
gtcgctttga
t caccgcectc
cattagctgc
ccgtccgatc
gt aacat cct
t ggcaaaact
ttatcgacgg
ccaccaaagt

at gacacccc

acagttgttg
gggat act gg
agt gaatgtg
acagt caaga
agt ggct cgt
gatggtgttt
t ggt agcagc
agcgt cacac
gact ct gact
cccaggcaat
cact gccaca
t agt ggcgac
tt cgaacaca
caccgt gact
ggacat ccct
gatt gat ggc
ttgttttatg
tgccget aac
gttgtgctge
taccgt cacg
cctttctgag
gtaccagttc
ggct gct gcc
caggactttc
agt cacccgc
cct cact gat
ggcaat gaat
taatgcatcc
ggctgatttt
t ct ggaccgc
agt aggcggt

agt t aagcca
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at gcccagca
caccaggaag
aagagagt gc
ggcact acct
gaagat ct gc
gt gt t ggacc
gccaaggcgc
aatcagttaa
ctgactctaa
gggacttttt
acacact gct
accggt cgct
tatctgattt
aat ct cccgg
ggttccacgg
cgtatcggtc
caaccaat gc
ggaccaacgt
caaagagcgt
cagagacagc
tgcct agt gt
cactctactt
agtttcctac
t gaaaagcaa
acaagatt ag
tttcggggat
gcaagt caaa
agagttgtga
agct agct gg
ttgtggcggg
cttccatttc

gact t gaagg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

ggagacgccg
agaagaggaa
caaagt actg
at cagaaagt
t agact acgt
t cacaaacat
gt cagcttgc
act gagagcg
agacaagggt
atttaacatc
t gggt acgt a
gattgatgca
t gat gt gagc
aggaggccgt
agcctcttat
ggacggegt ¢
tttggaagcc
cat cgcaaca
gctt gacaac
cctgt gt gga
tttctccatg
gccat ct act
aaagtcttta
t ct acaaacc
gagcattctg
tacggccgca
attcgacccg
tcgct ccacc
ccagcccgag
tagt gt agca
caat accatc

ctatttccca

caagggcct g
cgccggt gat
ggat cccagc
ggtt gact at
gct gggcaag
gcttaaagtg
tcatctgctg
ccccacat ct
ttcgtggctc
aaatttgtgt
cgcgect gecc
tact gggaca
ccaggt gacg
gcaaaacgtc
tcctatgatg
ttgtataaca
acagcttgct
att gggccct
tgcgct gaca
gatttagaga
gt gcgggegt
gtaccatcta
cagagct act
gccaccat gg
ggcaccaaca
tt ccaaaaag
ataccagctc
ccggctttgg
ttggt gcaca
ttcaccaaac
tattcattgg

gagat t gcag

cct aaaggt g
gatgattttg
gacacccgag
tcaggcaat g

gggagct at g

gaccccacgg
ttggatctgg
ttcccggcga
tacacagt cg
gcgacgaaga
ctggttactg
gtatggagtg
t cgcagt gac
t cacagct ga
acaaggt ggc
ccecgttggag
accgt gct gg
tcccggagca
t cagct gt ga
aat acaacct
actt aaaaga
aaaat t caca
gtttgattga
cgacttgtaa
attacattgg
ct ggaaagga
ct gacaagt a
tgcgttggtt
gctacgtgtt
gcgggggttt
tgctgtacac

aaaaat at ct

ctcagttgga
cggt ct cgaa
gcacgacagt
tgcattacgt
aaggcct aga
agctctcctc
ct aacccagt
t gt ggggcgt
cacaatgttt
gtt cacaaag
gtttattttc
cgtttacgcg
gggcgagcga
t ct ggt gcac
agctgetgtc
caacattcca
at gt gaggcc
acaacccata
cgctttcata
at ccacgcag
ggagatt gga
agccggaat t
tgacat ggtg
acggcaat ac
cctaggtttg
t gggt caccg
ctgccttgaa
cgct act aat
gaat t gct gt
gt cat ct gga

ccagcacat g

t gat ggcagc

gt gggaccgt
tgattatgtc
gaaaat cgcc
ggagcat cag
t caggacaaa
caaagacaaa
t gaggcagt g
cggacctttg
ttagctgccc
accccaaaag
cgtcgt acgc
cttcccacca
tgggattttg
gcttttcaag
agt ggt gacc
tattctgtcc
gttaccgacg
ccggacat cc
gcgcecget g
ggttttgtgt
gacgct ccac
aacggcgct g
tcacagtcca
tgtt ccaaat
cgtgcctgee
atttatttgg
acagacct gg
cttatttttg
cacgat ct ag
gaccct at ca
ttgctatgtg

ct ggagct gc
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gggacat gt t

ccaaccagca
gtttcaaggt
ggtt caagca
ctctgttata
tctttaagga
t cagt ggcgc
tccgcaccaa
agtctgcttg
acacaacctc
caat gt gt ga
atttgctgtg
gt cgaacaac
cagat gt ggg
ttcaggat ac
agt acgt gga
ccgtggtcgg
acaagct caa
actttccccg
agggagaaac
t aacccaggg
cgagcgt gcc
gccatcgatt
cagct ccaca
t cat caccgc
gctgtacatt
gcgcagt t gt
agct t agcgg
cacct acagc
attacaagga
gttaccctaa

t cccgagagt

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

caagt acgtt
ttacgcggcc
t gacccaaag
agt ggacggc
ccacatt ggt
ctccattatc
tgcgcgtacc
gcagt at gag
tggaggat gg
gctcttcgece
gggttcccca
ccacatt gat
at caccgccc
aggcaacat t
gct caagggc
aggaccccct
tagcgcgacc
acaagcgggc
gcct ggcagt
ctttgtggat
t cgagt caag
acgt aacctt
cggcgcet get
taccact aaa
ctaccacaaa
ccctgttgtg
ggcggt t act
gttgttgaag
at gccacct g
agt caacct g
ttgtggccct

ggcacaaaat

cgagt gt aca
agctttgacc
aaaact gt ga
aagtgttatc
gcaaagaat c
tgctgtgatg
gacggagttg
agt gccgt gt
ttctgtggca
aact gcgggc
aaacagat gg
tacggcagt a
gggcgct aca
gtgtttgggt
gtggtggtga
gggagt ggga
ttggttgtge
gccgat ccat
ggaaacat ca
gaggt ggcct
ggttacggtg
t ggct ccgac
gtgtgtgatt
gtggtgtttg
gat cgcggtc
actcttcgac
agggcgtctc
ttcaccaagg
ggccaagaaa
ct gt acacac
gcct gt gget

ttgggct acc

tctactcgga
gct gggt cce
acaccagctc
t agccagt ct
cct cagagt a
aagact ggt g
agttccccac
gcacagtttg
attgtgtccc
acgacat cat
t accaaaagt
aagaggaact
aagt gggt ca
gcggtcctgg
at aaagct ct
agacttttca
ccacccacgc
actttgtggt
cagt gcgact
acttctcacc
atttaaat ca
attttgtcag
t gat caaggg
t gccaaat cc
ttggtcaccg
tgcccacacc
aggaattata
aagcagaggc
ttgacctttg
acgt ccccat
gggaaaagca

actattcccc

cgat gt ggtt
ccacct gcag
cccttceettt
t caggaccgc
ct at gaagct
gacggacctc
cattgaaatg
tggggccgece
gt accacgcg
gt accgct cc
gcct cacccg
aactctggta
caaggt agtc
at cacacatc
gaagaacgcc
cct ggt caaa
gtccatgctg
gcccaagt at
gccacaggtc
agtggatctg
gct cgggt gc
cctggagecc
catttatcct
agact ttgag
cacaatt gat
ccaat cactg
cat ct acgac
gcaggacttg
gt ccaat gag
caaggat ggt
at ccaacaaa

agacttacca

ct aaccacac
gcgct get ag
ttgggctgcc
gttacacgct
gctgtttcca
cat cgacgt a
ttaacatcct
cccgt ggcca
ggtcattgtc
acttactgca
atcctggatc
gtggcggat g
gccgtggttg
gcagt accac
gccgectctg
gat gt gct ag
gact gcat ca
acagttcttg
ggaaccagt g
gcgcgeattt
gt cggacccg
tt gcgagt gt
tattat gagc
aaaggt gt ag
t caatt caag
acgcgcccegce
ccctttgatc
at ccat ggcc
ggcct cgaat
gt aat acaca
atttcgtgcc

ggattttgcc
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ccat accaaa

gctt gcaaat

tggttggaca
gggt cgacgg
ct aacagccg
cctgtttggg
atttaccacc
aagct gct aa
tacaccct ga
ttatggtgtg
cact agcagc
t ggcat cagg
cctacgcecgce
ggcgat at at
ttgtgtcttc
acttcttaca
tccccegetc
agcttgtcga
taccccat cg
aagct gggcg
tacct ggaaa
ggccggat cg
ctgttcatcg
cacagcct gg
gt cat caccg
gt ggact acc
ttccaggcca
at gaacagca
gt gacccggt
gccgt gct ga
ct gat ctgcg

accct gcagg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

agaact cgct
taccttacag
atcggttttc
caaagcgcgt
cgctttectce
agaaat t aat
attgctaccc
agctgettge
gacact gagt
gagaaacgcg
t gt gt ccaaa
gt acagaacc
cgagt gggca
t gt aaagagg
cacctcagtg
aattggttca
aact act cag
t ggaaaat at
aggaaggcag
ccattgcctt
agagctgctg
ccctgtgcag
gcgt gggegt
gcat cagcaa
t gcagaaaac
ggggct acca
gcagcttcaa
gcggcagcac
t cagccacgc
ccgt ggt gcc
gcttccgggt

act acaagtg

gagcatt ggc
caagtatgtg
gt gcagacgc
gctctaccag
gat gaagccg
aagt ccaccg
gcagacgct g
agegttgttg
cgcgt gt aca
accttttatg
ct cat caaag
aacgcgct gg
ctgtcaactg
ct cct cagcet

cagaccattt

gt catt gggc
gtagtggttc
ggaaaacgac
cgccggceacc
caccaacgcc
cct gggcaag
cgagaact gc
ggct cccacc
gcccaccatc
cgt gaccacc
gt gcct ggac
gaccgt ggag
cggcct gecc
cagggacccc
cttccaccac
ggt gatgctg

cacctacgtg

ccgtagtgtc
aact cagt aa
ct ggt gt gac
attccttatt
aggaaaagt t
t gggaggat c
ttgccct ggt
atgtctatgc
agatt at gat
t ccaagaggg
tgccggccaa
tagcgcccca
aaccgccacc
caacagaagt
gt gcact aga
ccgt gt gact
gcggcaacgg
gagaacat cg
cagct gcgga
gt gaccggcg
gct ct gcaga
gaggaat t ct
aacgagat ct
gt gttcagca
at caagacca
accttcatca
gt ggaccgga
aagggcgtgc
at ct acggca
ggcttcggca
accaagttcg

attctggtgce

caat gat aga
accgtgctca
atcttactgg
ct cgt ccggt
tgccgecgcet
ccacttcatc
aggtgcttca
tccatcattt
cgatttcaag
tgttgatgca
tgagcctgtt
ggct aaaatt
tgctggttat
gttcttgtge
gggat gt aaa
ct agagt gga
gt acaccgca
t ggt gggccc
agt acat gga
t ggact acag
actacggcct
tcat ccccgt
acaccct gcg
gcaagaaggg
tcgt gat cct
agcggaacac
aagaacaggt
agct gaccca
accaggtgtc
tgttcaccac
acgaggaaac

ccaccctgtt

tacccgaatt
gcgggct at a
cttact gaat
aggt t cgaga
caccctcatg
ttttcccaat
ttggctggga
gaaccttatc
ccgt gt aggc
gttacat cag
tcattccatg
t caat t ggag
gcgat cgt gc
cgcaggggt g
cctctgttca
cctgttccca
gt t ggt aaca
caagcccttc
aagat acgcc
ctacgccgag
ggt ggt ggac
gat cgccggce
ggagctggt g
cct ggacaaa
ggacagcaag
ccccect gge
ggccctgatc
cgagaacacc
ccccggeacc
cctgggct ac
cttcctgaaa

cgccatcctg
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aacaagagcg
ggagcccccc
gt gcggcagg
gacgacaagc
ct ggacacca
at gct gat ga
ggct gget ge
gaccggct ga
agcgt cctgc
gtggccggcg
aaagaagt ga
gt gagattcg
cgggagat cc
tcattttgtg
ctcttgetgt
ttctattcct
actgcttatg
ggt at gat gc
gt ggacacac
ggcaacgggt
gcaggccgcec
gcgcatgttt
t gcagagcct
gaacgt acaa
cacgt acacc

agggccgt aa

agct gct gaa
t gagcaaaga
gct acggcct
ct ggagccag
agaagagcct
agggct acgt
acaccggcga
agagcct gat
tgcagcaccc
agct gcct gg
t ggact acgt
t ggacgaagt
t gaagaaacc
gt gacgggat
tgcttactag
ttgtattagc
cttttgtgct
ctcgtcttcg
ct agt ggacc
acaccgcagt
tcttttcgaa
ggt cagat gc
ggagacctta
cggttcttca

gt cagttggg

gacgt ggat a

caagt acgac
agt gggagag
gaccgagaca
cggcaaggt g
gggccccaac
gaacaacccc
cat cggct ac
caagt acaag
cagcatcttc
cgeccgtggtg
cgccagccag
gccaaagggc
cgt ggccaag
tttaggtgag
gt at gt agca
agcttatatt
tttggct get
gtccattttc
tgttcccatc
t ggt aacaag
acggacggcg
gggt ccgcaa
ggcatgattt
tgattgggca
ttcctaccaa

ttctcctgtg

ccaggaacca aaaaaaaaaa aaaaaaaaaa
aaaaaaaaaa aaaa

<210> 18

<211> 12819

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic pol ynucl eotide

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

ct gagcaacc
gccgt cgeca
accagcgcca
gt gcccct gt
agacggggcg
gaggccacca
t acgacgaag
ggct at cagg
gacgccggeg
gt gct ggaat
gt gt ccaacg
ct gaccggca
at gt gatt at
tatctagatt
tctgggttag
tggtttgtta
tttctgttat
aaccat cgcc
ccccgeccaa
cttgtcgatg
gcgacagcct
accgcccgceg
aaat caacag
tggttcactc
acaaat ccag
tggcgtcatg

aaaaaaaaaa

t ggt ggagat
ggcggttcaa
tcatcat cac
t caaggccaa
aagt gt gcgt
aagagct gat
agaagcactt
tgcccect ge
t ggccggggt
ccggcaagaa
ccaagcggct
agat cgacgg
aact cgaggg
actttattct
tgtatgtttt
t agt t ggaag
t agt aat gag
aact ggt ggt
ccact caggt
gcgt caagac
acaagct aca
caacccactc
gagcgcgcca
actgcagat g
cgcaaagttg
tt gaagt agt

aaaaaaaaaa

cgccagcggce
tctgcccgge
ccccgagggce
agt gat cgac
gaagggcccc
cgacgaagag
cttcatcgtg
cgagct ggaa
gccagat cct
cat gaccgag
gagaggcggc
cagggccatc
agccat agat
gt ccgtccca
gactgccttg
agccttttct
gatgattgtg
agctgatttt
agtggttcgc
gat cacgt cc
at gacct act
aggct at t at
ccctttegtce
ccggaggact
cgcct ccage
tattagccac

aaaaaaaaaa
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<220>
<221>
<223>
<220>
<221>
<222>
<223>

<400> 18
t aat acgact

cact gcaaga
cgttattgcg
atcttgtggc
ttaggcaacc
cttacccgac
accaccacca
act gccat gt
aact t cagcc
ttctccgeta
gctt gt gagc
tgttttcgeg
ctggcttcge
gt caccgggc
gtggttgatg
tct gct aagc
gt t gt gagcc
tgctggttaa
cattaccgcg
gacct gggtt
t cgcct cage
t gt gacat ct
ccaccagggg
gt gt cggct g
caattgtcac
tacgcaat ga

tgtctcgatg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

m sc_
(1)..

T7 pronoter

m sc_feature
Construct

feature
.(18)

cact at agct
attactattc
agattcgtcg
ttgacgggtc
ttctccgeta
gctt gt gagc
t gaat agagg
ggaggccgceg
tgct gaagca
ctggatttgg
at ggcgcggg
gttgcgaagg
cagt t ccagt
gttacaattt
ctaggttagc
gtttccctgg
cggct gct aa
aacttttgcc
aacaaaggac
t gggcat caa
gagct t ggca
ct gaagcaga
acggagcttg
gttgcagttc
ccacgttcac
tttgtgacaa

aaagctgttt

cgaagt gt gt
ttgtgggccc
tt agat aacg
actgcctacg
ctggatttgg
at agt cagca
attctttaac
gagaaggagg
ggct ggagac
agggagtttt
attgtgctgc
aat ggagcaa
gggacat aag
ccttgagctg
catt gaagag
cgctagattt
cagtttgata
acct gaccgc
cgggtggctg
t gcgagct ct
t at cacaaca
ct ggt cct gt
cggt t acagg
tgacttgtgg
ggttaccatc
gcagcact gg

caggggcat c

r Ex- DLP- 2A- pplab- DLP-r FF

at ggt gccat
ctctcggt aa
gcaagttccc
tcgt cgat ct
agggagtttt
tagtacattt
at gct cggcece
caggcggccc
gt ggaggaga
gt t agggact
gaagt ggacg
t gt cct ggct
ttcctgattg
tt gcaacacc
gcaagt gt gt
gcgct gacac
gt gaccactg
cgt gaggct g
t ct aaaacag
ggagggct ga
cgcagct gca
ttgcctgcetg
tgcttggcect
tgtgatgatg
ccaggt gggc
cgcgt caaac

tgcaattgcc

at acggct ca
at cct agagg
tttcttacta
ctatcaacta
gt t agggact
catctgacta
gccgeccctt
cgat gggaag
accct ggacc
ggt ccct gga
gctccacctt
tgttcatggg

gttggtatcg

ctgctttcge
ttatttccac
cggt gt at gc
accaggaaca
gtttgcggtt
gacttcgcett
aatt ccacat
agct gaagag
gcaact acgg
t cat gaat gg
agttggctta
gagtttgtcc
gt gcaaaggg

aacgcat gag

ccaccat ata
gctttcctct
tcctattttec
cccttgcgac
ggt ccct gga
at act acaac
ccecggecccee
cggagct act
t at ggcaacc
cttacccgac
at gcgccgag
act gtt aaaa
agct gccaaa
ccagct gcgt
t gaccacgcg
taacgcttgg
agatgggttc
gt attacaac
at ggct t gga

tat gaggggt

ctactacgtt
cggct acaat
cgccactgtt
tcgagtcttt
gaat gccaag
cgtcggect g

t ggaccacca
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60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560

1620

3/06/2019



cctgcacccg
gttcgcgtgg
agcgccaact
aggaccaagc
ctt caagggg
cct aaat ggc
gt acaacgt g
gcagt gcagc
gacgt gt ggt
ttgctcctta
gcgcttctgg
gcttgcttag
acaggcgcgc
acctttgatg
tacctctgcc
acgcatgttt
gaccactttt
t acacaggaa
gaccagaaga
ct gcagt gcc
acaggagct g
accactttgc
actgcttcag
aat ccggggt
gttgtgtcaa
tgccgcagag
t gt gct agcg
t ggat cgcag
agcgcctt gg
tctgtggggc
gcgacgcettt

gcgtgcgtgg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

t gt cagccgce
ttacacctga
cttctggaga
ttgccacacc
cct caacaca
gt gt ggccaa
ct cggt ccgt
ggt at accat
accctttggc
gctttgccat
tttcatcagc
ccttgctgga
tgtcgettgt
cagctt at gt
gcaatcgttg
t gggct ccac
caaagcccac
ccgccgceaat
aggcaggagc
t caat gt cat
tt gt gacggc
ccacccgacc
gggt cgat cc
t ccggct gat
cttttacctg
tgttttctgt
ct gaaggcat
ccgt cact ag
acttgttgac
ttttacttge

tt gt gaat ct

cggctttggce

cgt gt t agat
agggcagcca
t gt caaagat
gaacccaact
ggagccact g
aactgtgtac
t ggggacgt t
gact ct gaag
t gt aat cgct
tgggttgata
taattatgtt
agaagaacac
gctcaattta
tccttgcact
ct ggagat gc
cgggcaacga
catcgatgtt
ggagcgt cag
gactgtttac
gt ggaagcga
ggt caagagt
cggt gt gacc
cgctttattg
aggt ggat gg
cttacctatc
acccgt cacc
ctctctggac
cggattagtg
tctagcttcc
ttgcagtctc
attctttccc

cgtttacagt

cacat act gg
cgccccgt ac
ccggcgceecg
caggcgccca
gcgagt gcag
agct ccgegg
cttgttcaag
atgat gcgtt
tgtttgctce
cccagt gt gg
gcgt caat gg
tattatagag
ctggggcagg
gtgttcgatc
tt cggacgct
gtttccaaac
gt gggcat gg
tgtgcctcta
ct cacccccc
ccaat t gggt
atctctttct
gttgtcgacc
cgt gt tgggc
atttatggga
aaat gt ggca
aagacccaag
tct ct ggggt
atcttgttgg
cctttagtgt
gctggtgctg

caagct accc

tt gat gggct

aggcggcgac
cagcgccgeg
ttccgccagt
t cccagcacc
gagttgcttc
agcgctttcg
cgct accgct
cacgcttcag
ct at at ggcc
gcaat aat gt
accat caat g
cggtccgttg
t aggct at gt
tttgcagett
gt gt gcgagt
t ggcgct cat
caactggttg
cggt ggaccc
ct gt caacag
ccact gt cct
cacctccctg
atgctcttta
aaggtgattt
tatgctattt
tt ggcacccg
agcact gcca
taact cagtt
tctgccaccg
tgcttgtgtt
ct gt gaaaat
ttgtcactat

t gcgagt gaa

gtttggcaac
agttcgtccc
accaaaacca
gcgcacgcga
t gact cggca
gaccgaact g
caaaacccca
ttggcact gc
atctcttget
tgttctgaca
t gaaggt gcg
gcgceccgatt
agctcgttcc
tgctattctg
t gggcct gce
tgatttgtgt
gagcggat gt
tcactcgttc
cgggt cagcg
t ggggaacaa
ctgcgtctct
caaccggttg
tct aaaact t
tgtgttggtg
cgaccctttc
tgctggaatg
acaaagttac
cctggccatc
cccttgggca
acagttgttg
gggat act gg

agt gaat gt g
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1680
1740
1800
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1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
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2640
2700
2760
2820
2880
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3060
3120
3180
3240
3300
3360
3420
3480

3540

3/06/2019



cccatgtgtg
gagcagat gc
gattgttatg
gaagggct at
tacggcacag
gtggttggcc
tt caaaaaga
t ggccacagt
ggagat gaag
tctggatctg
agtggtogttg
ttgtcatcac
gacaacatta
ttatccaata
tggtcttatc
ttcttcctge
ctcttcacac
ggaaacgt ga
atgtggttcg
cceggcetggg
ct cggt caca
at gat gaaat
gcttat ggca
gat gacttcc
ctgcgtgccg
tt gcaagt cg
gcggt t gaac
at ggct cact
tct aggt gca
at gcccagca
caccaggaag

aagagagt gc

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

t gacacct gc
t ccgggt cag
t cacaggcac
t caggt cacc
ggt cagt gt g
gcgct aacat
at ggcgactt
tgcatttcgc
aaggcttgct
cagtggttca
cctacgt gac
t gt caaagca
ttgccgat gt
gagagagcag
ttaaccaacc
caaaaagt gt
cgctttccat
tatctttgtg
gaggct at cc
ctattggcac
ccctgttact
acttcctgga
aaccaattac
aattcctctc
ct ct cacaag
at cgt gacgc
aagaagt aac
t caaagacga
ccatttgtga
ggagacgccg
agaagaggaa

caaagt act g

ccattttctg
cgct gct gec
aact cggct g
gaaggcgcegce
gaccaggaac
ggccactctg
cgccgaggcea
ccaaccaaca
cagtggcgag
gggt gacgct
caccccaagc
tttcacaggc
tgatgctgtt
cctttctgga
tgcttacttg
tggccgcecct
gcgettgtge
gttctacatc
caccatgttg
agt act agcg
ggatgtgttc
gggaggagt g
ccaggagagt
tgat gt gctt
ttttcaagtg
tgctcgt agt
agct ggagac
tttggtgctg
cgtcgttaag
caagggcct g
cgccggt gat

ggat cccagc

ctgct ggcga
cccaccaatt
tacat accca
ggcaacgt cg
aacgaggt cg
aagat cggt g
gt gacgacac
accgggcccg
gtttgtctgg

gt ggt agggg

ggaaaact cc
cctttgacat
cctegttcetc
cctcagttgt
ccttatgtgc
gt ggt cactg
ttgttccatc
actgccgctg
tttgtgccac
gt at gcagca
tccgcctcag
aaagagagt g
ctcactgcaa
gact gt cggg
gcgcagtatc
cgcagact aa
cgtgttgtgg
gttcctttga
gaagaagcca
cct aaaggt g
gatgattttg

gacacccgag

ggt cagct gg
cact gcttgg
aggaaggcgg
gcttcgtgge
tcgtact gac
acgcaat gct
agt ccgagct
cttcatggtg
cgt ggact ac
tccacaccgg
ttggcgccga
caat cccgaa
t ggccat get
tgttaattgc
tgggcttctt
ggcttctatg
tggtctgtgce
gcacgtctta
ggttcct agt
t caccat gct
gtcgctttga
t caccgcectc
cattagctgc
ccgtccgatc
gt aacat cct
t ggcaaaact
ttatcgacgg
ccaccaaagt
at gacacccc
ctcagttgga
cggt ct cgaa

gcacgacagt

acagt caaga
agt ggct cgt
gatggtgttt
t ggt agcagc
agcgt cacac
gact ct gact
cccaggcaat
cact gccaca
t agt ggcgac
tt cgaacaca
caccgt gact
ggacat ccct
gatt gat ggc
ttgttttatg
tgccget aac
gttgtgctge
taccgt cacg
cctttctgag
gtaccagttc
ggct gct gcc
caggactttc
agt cacccgc
cct cact gat
ggcaat gaat
taatgcatcc
ggctgatttt
t ct ggaccgc
agt aggcggt
agttaagcca
gt gggaccgt
tgattatgtc

gaaaat cgcc
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3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
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5160
5220
5280
5340
5400

5460

3/06/2019



ggcact acct
gaagat ct gc
gt gt t ggacc
gccaaggcgc
aatcagttaa
ctgactctaa
gggacttttt
acacact gct
accggt cgct
tatctgattt
aat ct cccgg
ggttccacgg
cgtatcggtc
caaccaat gc
ggaccaacgt
caaagagcgt
cagagacagc
tgcct agt gt
cactctactt
agtttcctac
t gaaaagcaa
acaagatt ag
tttcggoggt
gcaagt caaa
agagttgtga
agct agct gg
ttgtggcggg
cttccatttc
gact t gaagg
gggacatgtt
ccaaccagca

gttt caaggt

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

at cagaaagt
t agact acgt
t cacaaacat
gt cagcttge
act gagagcg
agacaagggt
atttaacatc
tgggt acgt a
gatt gat gca
t gat gt gagc
aggaggccgt
agcctcttat
ggacggegt ¢
tttggaagcc
cat cgcaaca
gctt gacaac
cctgtgtgga
tttctccatg
gccat ct act
aaagtcttta
t ct acaaacc
gagcattctg
tacggccgeca
att cgacccg
tcgct ccacc
ccagcccgag
tagt gt agca
caat accat c
ctatttccca
caagt acgtt
ttacgcggece

t gacccaaag

ggtt gact at
gct gggcaag
gcttaaagtg
tcatctgctg
ccccacat ct
ttcgtggctc
aaatttgtgt
cgcgect gecc
tact gggaca
ccaggt gacg
gcaaaacgtc
tcctatgatg
ttgtataaca
acagcttgct
att gggccct
tgcgct gaca
gatttagaga
gt gcgggegt
gtaccatcta
cagagct act
gccaccat gg
ggcaccaaca
tt ccaaaaag
ataccagctc
ccggctttgg
ttggt gcaca
ttcaccaaac
tattcattgg
gagat t gcag
cgagt gt aca
agctttgacc

aaaact gt ga

t caggcaat g

gggagctatg

gaccccacgg
ttggatctgg
ttcccggcga
tacacagt cg
gcgacgaaga
ctggttactg
gtatggagtg
t cgcagt gac
t cacagct ga
acaaggt ggc
ccecgttgggag
accgt gct gg
tcccggagca
t cagct gt ga
aat acaacct
actt aaaaga
aaaat t caca
gtttgattga
cgacttgtaa
attacattgg
ct ggaaagga
ct gacaagt a
tgcgttggtt
gctacgtgtt
gcggggot tt
tgctgtacac
aaaaat at ct
tctact cgga

gct gggt ccc

acaccagctc

tgcattacgt
aaggcct aga
agctctcctc
ct aacccagt
t gt ggggcgt
cacaatgttt
gtt cacaaag
gtttattttc
cgtttacgcg
gggcgagega
t ct ggt gcac
agctgetgtc
caacattcca
at gt gaggcc
acaacccata
cgctttcata
at ccacgcag
ggagat t gga
agccggaat t
tgacat ggtg
acggcaat ac
cctaggtttg
t gggt caccg
ctgccttgaa
cgct act aat
gaat t gct gt
gt cat ct gga
ccagcacat g
t gat ggcagc
cgat gt ggtt
ccacct gcag

cccttcecettt

ggagcat cag
t caggacaaa
caaagacaaa
t gaggcagt g
cggacctttg
ttagctgccc
accccaaaag
cgtcgt acgc
cttcccacca
tgggattttg
gcttttcaag
agt ggt gacc
tattctgtcc
gttaccgacg
ccggacat cc
gcgcecget g
ggttttgtgt
gacgct ccac
aacggcgct g
tcacagtcca
t gt t ccaaat
cgtgcctgee
atttatttgg
acagacct gg
cttatttttg
cacgat ct ag
gaccct at ca
ttgctatgtg
ct ggagct gc
ct aaccacac
gcgct get ag

tt gggct gcc
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5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
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6900
6960
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7140
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7320
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3/06/2019



ggtt caagca
ctctgttata
tctttaagga
t cagt ggcgc
tccgcaccaa
agtctgcttg
acacaacctc
caat gt gt ga
atttgctgtg
gt cgaacaac
cagat gt ggg
ttcaggat ac
agt acgt gga
ccgtggt cgg
acaagct caa
actttccccg
agggagaaac
t aacccaggg
cgagcgt gcc
gccatcgatt
cagct ccaca
t cat caccgc
gctgtacatt
gcgcagt t gt
agct tagcgg
cacct acagc
attacaagga
gttaccctaa
t cccgagagt
ccat accaaa

gctt gcaaat

tggtt ggaca

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

agt ggacggc
ccacatt ggt
ctccattatc
tgcgcgtacc
gcagt at gag
tggaggat gg
gctcttcgece
gggttcccca
ccacatt gat
at caccgccc
aggcaacat t
gct caagggc
aggaccccct
tagcgcgacc
acaagcgggc
gcct ggcagt
ctttgtggat
t cgagt caag
acgt aacctt
cggcgcet get
taccact aaa
ctaccacaaa
ccctgttgtg
ggcggt t act
gttgttgaag
at gccacct g
agt caacct g
ttgtggccct
ggcacaaaat
agaact cgct
taccttacag

atcggttttc

aagtgttatc
gcaaagaat c
tgctgtgatg
gacggagttg
agt gccgt gt
ttctgtggca
aact gcgggc
aaacagat gg
tacggcagt a
gggcgct aca
gtgtttgggt
gtggtggtga
gggagt ggga
ttggttgtgce
gccgat ccat
ggaaacat ca
gaggt ggcct
ggttacggtg
t ggct ccgac
gtgtgtgatt
gtggtgtttg
gat cgcggtc
actcttcgac
agggcgtctc
ttcaccaagg
ggccaagaaa
ct gt acacac
gcct gt gget
ttgggctacc
gagcatt ggc
caagtatgtg

gt gcagacgc

t agccagt ct
cct cagagt a
aagact ggt g
agttccccac
gcacagtttg
attgtgtccc
acgacat cat
t accaaaagt
aagaggaact
aagt gggt ca
gcggtcctgg
at aaagct ct
agacttttca
ccacccacgc
actttgtggt
cagt gcgact
acttctcacc
atttaaat ca
attttgtcag
t gat caaggg
tgccaaat cc
ttggtcaccg
t gcccacacc
aggaattata
aagcagaggc
ttgacctttg
acgt ccccat
gggaaaagca
actattcccc
ccgtagtgtc
aact cagt aa

ct ggt gt gac

t caggaccgc
ct at gaagct
gacggacctc
cattgaaatg
tggggccgece
gt accacgcg
gt accgct cc
gcct cacccg
aactctggta
caaggt agtc
at cacacatc
gaagaacgcc
cct ggt caaa
gtccatgctg
gcccaagt at
gccacaggtc
agtggatctg
gct cgggt ge
cctggagecc
catttatcct
agact tt gag
cacaatt gat
ccaat cactg
cat ct acgac
gcaggacttg
gt ccaat gag
caaggat ggt
at ccaacaaa
agacttacca
caat gat aga
accgtgctca

atcttactgg

gttacacgct
gctgtttcca
cat cgacgt a
ttaacatcct
cccgt ggcca
ggtcattgtc
acttactgca
atcctggatc
gtggcggat g
gcegtggttg
gcagt accac
gccgectctg
gat gt gct ag
gact gcat ca
acagttcttg
ggaaccagt g
gcgcgeattt
gt cggacccg
tt gcgagt gt
tattat gagc
aaaggt gt ag
t caatt caag
acgcgceccgce
ccctttgatc
at ccat ggcc
ggcct cgaat
gt aat acaca
atttcgtgcec
ggattttgcc
tacccgaatt

gcgggct at a

cttact gaat
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7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240

9300
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gggt cgacgg

ct aacagccg
cctgtttggg
atttaccacc
aagct gct aa
tacaccct ga
ttatggtgtg
cact agcagc
t ggcat cagg
cctacgcecgce
ggcgat at at
ttgtgtcttc
acttcttaca
tccccegetc
agcttgtcga
gaat agagga
gaggccgcegg
catcgtggtg
gcggaagt ac
cggcgt ggac
gcagaact ac
attcttcatc
gat ct acacc
cagcagcaag
gaccat cgt g
cat caagcgg
ccggaaagaa
cgtgcagctg
cggcaaccag
cggcatgttc
gtt cgacgag

ggt gcccacc

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

caaagcgcgt
cgctttectce
agaaatt aat
attgctaccc
agctgecttge
gacact gagt
gagaaacgcg
t gt gt ccaaa
gt acagaacc
cgagt gggca
t gt aaagagg
cacctcagtg
aattggttca
aact act cag
t agt cagcat
ttctttaaca
agaaggaggc
ggccccaage
at ggaaagat
tacagct acg
ggcctggt gg
cccgt gat cg
ct gcgggagce
aagggcctgg
at cct ggaca
aacacccccc
caggt ggccc
acccacgaga
gt gt cccecg
accaccct gg
gaaaccttcc

ctgttcgcca

gctctaccag
gat gaagccg
aagt ccaccg
gcagacgct g
agcgttgttg
cgcgt gt aca
accttttatg
ct cat caaag
aacgcgct gg
ctgtcaactg
ct cct cagcet

cagaccattt

gt cat t gggc
gtagtggttc
agtacatttc
tgct cggceg
aggcggceccc
ccttctaccc
acgccaagct
ccgagt acct
tggacggccg
ccggectgtt
tggt gcacag
acaaagt cat
gcaaggt gga
ctggcttcca
t gat cat gaa
acaccgt gac
gcaccgccgt
gct acct gat
t gaaaaccct

t cct gaacaa

attccttatt
aggaaaagt t
tgggaggat c
ttgccctggt
atgtctatgc
agat t at gat
t ccaagaggg
tgccggccaa
tagcgcccca
aaccgccacc
caacagaagt
gt gcact aga
ccgt gt gact
gcggcaacgg
at ct gact aa
ccgeeccttce
gat gat ggaa
cat cgaggaa
gggcgcecatt
ggaaaagagc
gat cgccct g
cat cggcgt g
cctgggcatc
caccgt gcag
ct accggggc
ggccagcagc
cagcagcggc
ccggt t cagc
gct gaccgt g
ctgcggcttc

gcaggact ac

gagcgaget g

ct cgt ccggt
tgccgecgcet
ccacttcatc
aggt gcttca
tccatcattt
cgatttcaag
tgttgatgca
tgagcctgtt
ggct aaaatt
tgctggttat
gttcttgtge
gggat gt aaa
ct agagt gga
gt acaccgca
tactacaaca
ccggecccca
aat at ggaaa
ggcagcgecg
gccttcacca
tgctgectgg
t gcagcgaga
ggcgt ggct ¢
agcaagccca
aaaaccgt ga
taccagtgcc
tt caagaccg
agcaccggcc
cacgccaggg
gtgcccttcc
cgggt ggt ga
aagt gcacct

ct gaacaagt

aggt t cgaga
caccctcatg
ttttcccaat
ttggctggga
gaaccttatc
ccgt gt aggc
gttacat cag
tcattccatg
t caat t ggag
gcgat cgt gc
cgcaggggt g
cctctgttca
cctgttccca
gtt ggt aaca
ccaccaccat
ctgccatgtg
acgacgagaa
gcacccagct
acgccgt gac
gcaaggct ct
act gcgagga
ccaccaacga
ccatcgtgtt
ccaccat caa
t ggacacctt
tggaggt gga
t gcccaaggg
accccatcta
accacggctt
tgct gaccaa
acgtgattct

acgacct gag
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9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
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10320
10380
10440
10500
10560
10620
10680
10740
10800
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caacctggtg
cgccaggcgg
cgccatcatc
cctgttcaag
gggcgaagt g
caccaaagag
cgaagagaag
t caggt gccc
cggcgt ggcc
ggaat ccggc
caacgccaag
cggcaagat c
attataactc
agattacttt
gttagt gt at
tgttatagtt
gttattagta
tcgccaactg
cccaaccact
cgat ggcgtc
agcct acaag
ccgcgcaacc
aacaggagcg

cact cactgc

gagat cgcca
ttcaatctgc
at cacccccg
gccaaagt ga
t gcgt gaagg
ct gat cgacg
cacttcttca
cctgccgage
ggggt gccag
aagaacat ga
cggct gagag
gacggcaggg
gagggagcca
attctgtccg
gttttgactg
ggaagagcct
at gaggat ga
gtggtagctg
caggt agt gg
aagacgat ca
ct acaat gac
cact caggct
cgccaccctt

agat gccgga

gcggcggagce
ccggegt gcg
agggcgacga
tcgacct gga
gccccat get
aagagggct g
t cgt ggaccg
t ggaaagcgt
at cct gt ggc
ccgagaaaga
gcggcegt gag
ccat ccggga
tagattcatt
tcccactctt
ccttgttcta
tttctactge
tt gt gggt at
attttgtgga
ttcgcggcaa
cgt ccgcagg
ctact gcgca
attattgcag
t cgt cgaacg

ggact cacgt

t ccagcgcaa agttgcgcct ccagcagggce
tcatgttgaa gtagttatta gccacccagg
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa
<210> 19

<211> 464

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic pol ynucl eotide

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

ccccct gage
gcagggct ac
caagcct gga
caccaagaag
gat gaagggc
gct gcacacc
gct gaagagc
cctgctgcag
cggcgagct g
agt gat ggac
attcgtggac
gat cct gaag
ttgtggtgac
gctgttgett
ttcctttgta
ttatgectttt
gat gcct cgt
cacacct agt
cgggt acacc
ccgectettt
tgtttggtca
agcct ggaga
tacaacggtt
acaccgt cag
cgt aagacgt
aaccaaaaaa

aaaaaaaaa

aaagaagt gg
ggcct gaccg
gccagcggcea
agcct gggcece
t acgt gaaca
ggcgacat cg
ct gat caagt
caccccagca
cctggecgecg
tacgt cgcca
gaagt gccaa
aaacccgt gg
gggattttag
actaggtatg
ttagcagctt
gtgcttttgg
cttcggtcca
ggacctgttc
gcagttggta
t cgaaacgga
gat gcgggt ¢
ccttaggcat
cttcatgatt
ttgggttcct
ggatattctc

daaaaaaaaa

gagaggccgt
agacaaccag
aggt ggt gcc
ccaacagacg
accccgaggc
gctact acga
acaagggct a
tcttcgacgce
t ggt ggt get
gccaggtgtc
agggcct gac
ccaagatgtg
gt gagt at ct
tagcat ct gg
atatttggtt
ctgcttttct
ttttcaacca
ccat cccccg
acaagctt gt
cggcggcgac
cgcaaaccgc
gatttaaatc
gggcat ggt t
accaaacaaa
ct gt gt ggcg

daaaaaaaaa
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m sc_feature
Construct Al pha-R- DLP-2A-nsp-rFF

<220>
<221>
<223>
<400> 19
gat aggcggc

gttgacat cg

gaggt agaag

ctggcttcaa

at agt cagca

attctttaac

gcat gagaga agcccagacc
aggaagacag cccattcctc
ccaagcaggt cact gat aat
aact gat cga aacggaggt g
tagtacattt catctgacta

at gct cggec geccgeccctt

gagaaggagg caggcggccc cgggaagcgg
t ggagacgt g gaggagaacc ctggacct at
<210> 20

<211> 80

<212> DNA

<213> Artificial Sequence
<220>

<223> Synthetic pol ynucl eotide
<220>

<221> msc_feature

<223> priner DLP-rFF-F

<220>

<221> nisc _feature

<223> RP112

<400> 20

aattacctac
agagctttgce
gaccat gcta
gacccat ccg
at act acaac
cccggecccc
agct act aac

ggagaaagt t

ccaaat agga gaaagttcac
agcggagctt cccgcagttt
atgccagagc gttttcgcat
acacgat cct tgacattgga
accaccacca tgaat agagg
actgccat gt ggaggccgcg
ttcagcct gc tgaagcaggc

cacg

cctgaat gga ctacgacata gtctagtccg ccaagatatc gcaccatagt cagcatagta

catttcatct gactaatact

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<223>

<220>
<221>
<223>

<400>

21
60
DNA

Artificial Sequence

Synt heti ¢ pol ynucl eoti de

m sc_feature
primer DLP-rFF-R

m sc_feature
RP113

21

gcagcttgcc aattgctgcet gtatcgatca attaatcaca tcttggccac gggtttcttc
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<210> 22

<211> 67

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic pol ynucl eotide

<220>
<221> msc_feature
<223> primer 5' Al pha-P2A-F

<220>
<221> nmisc _feature
<223> RP124

<400> 22
gaagcaggct ggagacgt gg aggagaaccc tggacctgag aaagttcacg ttgacatcga 60

ggaagac 67

<210> 23

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic pol ynucl eotide

<220>
<221> msc_feature
<223> priner 5 Scal-R

<220>
<221> nisc _feature
<223> RP125

<400> 23
caccagt cac agaaaagcat cttacggatg 30

<210> 24

<211> 1014

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic pol ynucl eotide

<220>
<221> nisc _feature
<223> g-block for Al pha-R DLP-2A-nsp-rFF

<400> 24

tgtcatgcca tccgtaagat gcttttctgt gactggtgag tactcaacca agtcattctg 60
agaat agt gt at gcggcgac cgagttgctc ttgcccggeg tcaacacggg ataataccgc 120
gccacat agc agaactttaa aagtgctcat cattggaaaa cgttcttcgg ggcgaaaact 180
ctcaaggatc ttaccgctgt tgagatccag ttcgatgtaa cccactcgtg cacccaactg 240
atcttcagca tcttttactt tcaccagcgt ttctgggtga gcaaaaacag gaaggcaaaa 300

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR... 3/06/2019



t gccgcaaaa
tcaatattat
tatttagaaa
cgt ct aagaa
gttggt at gt
acctacccaa
ctttgcagcg
at gct aat gc
cat ccgacac

t acaacacca

aagggaat aa
t gaagcat t t
aat aaacaaa
accattatta
aat acgact c
at aggagaaa
gagcttcccg
cagagcgttt
gatccttgac

ccaccat gaa

gggcgacacg

at cagggtta
taggggttcc
tcat gacatt
act at agat a
gttcacgttg
cagt tt gagg
tcgcat ct gg
att ggaat ag

t agaggattc

gaaat gtt ga
ttgtctcatg
gcgcacattt
aagcat ccgc
ggcggegeat
acat cgagga
t agaagccaa
cttcaaaact
t cagcat agt

tttaacatgc

at act cat ac
agcggat aca
ccccgaaaag
ctttcgtttt
gagagaagcc
agacagccca
gcaggt cact
gat cgaaacg
acatttcatc

t cggcecgecg

gccecccact g ccat gt ggag gccgcggaga aggaggcagg cggccccggg
actaacttca gcctgctgaa gcaggct gga gacgt ggagg agaaccct gg
<210> 25

<211> 1014

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic pol ynucl eotide

<220>

<221> nmisc _feature

<223> g-block for Al pha-R DLP-2A-nsp-DLP-rFF

<400> 25

tgtcatgcca
agaat agt gt
gccacat agc
ct caaggat ¢
atcttcagca
t gccgcaaaa
tcaatattat
tatttagaaa
cgt ct aagaa
gt t ggt at gt
acctacccaa
ctttgcagcg

at gct aat gc

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

t ccgt aagat
at gcggcgac
agaactttaa
ttaccgct gt
tcttttactt
aagggaat aa
t gaagcat t t
aat aaacaaa
accattatta
aat acgactc
at aggagaaa
gagcttcccg

cagagcgttt

gcttttctgt
cgagttgctc
aagt gct cat
t gagat ccag
t caccagcgt

gggcgacacg

at cagggtta
taggggttcc
tcat gacatt
act at agat a
gttcacgttg
cagtttgagg

tcgcatctgg

gact ggt gag
ttgccecggeg
catt ggaaaa
ttcgat gt aa
ttctgggtga
gaaat gtt ga
ttgtctcatg
gcgcacattt
aagcat ccgc
ggcggegeat
acat cgagga
t agaagccaa

cttcaaaact

tact caacca
t caacacggg
cgttcttcgg
cccactcgtg
gcaaaaacag
at act cat ac
agcggat aca
ccccgaaaag
ctttcgtttt
gagagaagcc
agacagccca
gcaggt cact

gat cgaaacg

tcttcetttt
tatttgaatg
tgccacct ga
atttgaccat
cagaccaatt
ttcctcagag
gat aat gacc
gaggt ggacc
t gact aat ac
cceccttceeceg
aagcggagct

acct

agtcattctg
at aat accgc
ggcgaaaact
cacccaact g
gaaggcaaaa
tcttcetttt
tatttgaatg
tgccacct ga
atttgaccat
cagaccaatt
ttcctcagag

gat aat gacc

gaggt ggacc
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cat ccgacac gatccttgac attggaatag tcagcat agt

tacaacacca ccaccatgaa tagaggattc tttaacatgc

gcccccactg ccat gt ggag gccgcggaga aggaggcagg

actaacttca gcctgctgaa gcaggct gga gacgt ggagg

<210> 26

<211> 9476

<212> DNA

<213> Artificial Sequence
<220>

<223> Synthetic pol ynucl eotide
<220>

<221> nmisc _feature

<223> construct Al pha-R-rFF
<220>

<221> m sc_feature

<222> (1)...(18)

<223> T7 pronoter

<400> 26
t aat acgact

aaat ggagaa
ggagcttccc
ccagagcgtt
cgatccttga
gtatctgtcc
t gaagaaaaa
ccgccgt cat
cgtgtcgcta
caagtctcta
ccaccccttt
ccgacgaaac
ggt cacgt ag
tattctctgt
tgccgtct gt
ttagttgcga
cttcaggcta

catt gaacgg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

cact at agat
agttcacgtt
gcagtttgag
ttcgcatctg
cat t ggaagt
gat gagat gt
ct gt aaggaa
gagcgaccct
cgaagggcaa
t caccaagcc
tatgtttaag
cgtgttaacg
agggat gt cc
t ggct cgacc
atttcactta
cgggt acgtc
tgctgctacg

ggagagggtc

aggcggcgcea
gacat cgagg
gt agaagcca
gctt caaaac
gcgcecgecc
gcggaagat c
at aact gat a
gacct ggaaa
gtcgctgttt
aat aagggag
aacttggctg
gct cgt aaca
attcttagaa
at ct accacg
cgt ggcaagc
gtt aaaagaa
at gcaccgcg

tcttttcceg

t gagagaagc
aagacagccc
agcaggt cac
t gat cgaaac
gcagaat gt a
cggacagatt
aggaatt gga
ct gagact at
accaggat gt
tt agagt cgc
gagcat at cc
taggcctatg
agaagtattt
agaagaggga
aaaat tacac
tagct at cag
agggattctt

tgtgcacgta

acatttcatc
t cggccgeceg
cggccccggg

agaaccct gg

ccagaccaat
attcctcaga
t gat aat gac
ggaggt ggac
ttctaagcac
gt at aagt at
caagaaaat g
gt gcct ccac
at acgcggt t
ctactggata
at cat act ct
cagct ct gac
gaaaccat cc
cttact gagg
at gt cggt gt
t ccaggcctg
gt gct gcaaa

t gt gccagct

t gact aat ac
cceccttceeceg
aagcggagct

acct

tacctaccca
gctttgcage
catgctaatg
ccat ccgaca
aagtatcatt
gcaact aagc
aaggagct cg
gacgacgagt
gacggaccga
ggctttgaca
accaact ggg
gt t at ggagc
aacaatgttc
agct ggcacc
gagact at ag
t at gggaagc
gt gacagaca

acattgtgtg
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accaaat gac
ttgggct caa
aaaat t acct
aagat caaga
gttgggettt
t cat caaagt
t ggagat cgg
ctctcattac
t gcgt gaagce
ccact ct gga
cacct cgt gg
ctgtgectttc
ct gaacaagt
accat ggt aa
t gagt gaaag
atattgccac
ccagcgagca
aact agt cac
cct acgagag
at ggcgt gcc
t agt ggt gag
aagggct gga
ccgt agagac
t cat agccat
tttttaacat
acaaaagcat
acgacaaaaa
gcagt accaa
agt t gcaaat
cccgt aaagg
cctctgaaca

t agccggcga

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

tggcatactg
ccagcgtata
tttgcccgta
agat gaaagg
t agaaggcac
gaacagcgat
gct gagaaca
cgccgaggac
cgaggagttg
agccgatgtc
ctt gat aaag
t ccgcaggcet
cat agt gat a
agt agt ggt g
tgccaccatt
acat ggagga
cgacggcgaa
tgggctaggg
t ct gagaaca
aggat caggc
cgccaagaaa
cgt caat gcc
cctgtatatt
t at aagacct
gat gt gcctg
ctctcgeegt
aat gagaacg
acct aagcag
agat t acaaa
tgtgtatgcc
t gt gaacgt c

cccat ggata

gcaacagat g
gt cgt caacg
gtggcccagg
ccact aggac
aagat aacat
ttccactcat
agaat cagga
gt acaagaag
cgcgcagctc
gact t gat gt
gttaccagct
gt act caaga
acacactctg
ccagagggac
gt gt acaacg
gcgct gaaca
tacct gtacg
ct cacaggcg
cgaccagccg
aagt ct ggca
gaaaact gt g
agaact gt gg
gacgaagctt
aaaaaggcag
aaagt gcatt
t gcact aaat
acgaat ccga
gacgat ct ca
ggcaacgaaa
gttcggtaca
ct act gaccc

aaaacact ga

t cagt gcgga
gt cgcaccca
catttgctag
tacgagat ag
ctatttataa
tcgtgctgec
aaat gtt aga
ct aagt gcgc
taccaccttt
t acaagaggc
acgat ggcga
gt gaaaaat t
gccgaaaagg
at gcaat acc
aacgt gagtt
ct gat gaaga
acat cgacag
agct ggt gga
ctccttacca
tcatt aaaag
cagaaat t at
act cagt gct
ttgcttgtca
tgctctgcgg
ttaaccacga
ctgtgacttc
aagagact aa
ttctcacttg
t aat gacggc
aggt gaat ga
gcacggagga

ctgccaagta

cgacgcgcaa
gagaaacacc
gt gggcaaag
acagttagtc
gcgcccggat
caggat aggc
ggagcacaag
agccgat gag
ggcagct gat
t ggggcegge
ggacaagat c
atcttgcatc
gcgttatgec
cgt ccaggac
cgt aaacagg
at att acaaa
gaaacagt gc
tcctcecttce
agt accaacc
cgcagt cacc
aagggacgtc
ctt gaat gga
t gcaggt act
ggat cccaaa
gatttgcaca
ggtcgtctca
gattgtgatt
tttcagaggg
agct gect ct
aaatcctctg
ccgcatcgtg

ccct gggaat

aaact gct gg
aat accat ga
gaat at aagg
at ggggt gt t
acccaaacca
agt aacacat
gagccgt cac
gct aaggagg
gt t gaggagc
t cagt ggaga
ggctcttacg
caccctctcg
gt ggaaccat
tttcaagctc
tacctgcacc
act gt caagc
gt caagaaag
catgaattcg
at aggggt gt
aaaaaagat c
aagaaaat ga
t gcaaacacc
ct cagagcgc
cagtgcggtt
caagtcttcc
accttgtttt
gacact accg
t gggt gaagce
caagggct ga
tacgcaccca
t ggaaaacac

ttcactgcca
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cgat agagga
accctaccga
t gct gaagac
aaacggacaa
gact cgat ct
at cact ggga
agctctctcg
t gaacact gg
gact gcctca
t cgt cagcaa
gcaaaat ggt
taggcat ccc
at aaat acca
agaaagcttg
ct gacagggc
t at gcaaacc
at cgcaaggc
caggttccag
ttgccacggce
gaggggtgtg
aagt aggaaa
caaacttcaa
ccatcgct aa
ccggcatctt
ctttagacac
ct ct caagga
cttcagtgac
gaaggaaggg
ttcaccaggc
ccaat gagca
gccccgt cga

at gccat gac

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

gt ggcaagca
cgtcttccag
cgct ggcat a
agct cactca
ggact ccggt
taact ccccg
caggt accca
tacact gcgc
tgctttagtc
at t gaagggc
tgactggttg
aggtgatgtg
tcact at cag
tctgcatctg
cagcgaaagc
gaaat cct ca
ccgt acgcac
act ccacgaa
caccgaagga
cggagcgct g
agcgcgact g
caaagtttcg
gattgtcaac
tt ccgggaac
cact gat gca
agcagt ggct
agaacct gat
ct acagcaca
ggccaaggat
ggt at gcat g
agagt cggaa

t ccagaaaga

gagcat gat g
aat aaggcaa
gacat gacca
gcagagat ag
ctattttctg
tcgcct aaca
caact gcctc
aattatgatc
ctccaccata
agaact gt cc
t cagaccggc
cccaaatatg
cagt gt gaag
aat cccggcg
atcattggtg
ctt gaagaga
aatccttaca
gccggat gt g
gtgattataa
t at aagaaat
gt caaaggt g
gaggt t gaag
gat aacaat t
aaagat cgac
gat gt agcca
aggagagaag
gcagagct gg
agcgat ggca
at agcagaaa
tatatcctcg
gcct ccacac

gt acagcgcc

ccat cat gag
acgtgtgttg
ct gaacaat g
tatt gaacca

cacccact gt

t gt acgggct
gggcagt t gc
cgcgcat aaa
at gaacaccc
t ggt ggt cgg
ct gaggct ac
acat aatatt
accat gccat
gaacct gt gt
ct at agcgcg
cggaagt t ct
agctttcatc
caccctcata
at gct gct aa
t cccggaaag
cagct aaaca
gt gacaaaca
acaagt cagt
taacccaatc
tat act gcag
cagt ggagga
t gagggt gca
aaactttctc
tt aat gccat
gagaaagcat
cacct agcac

t aaaagcctc

gcacatcttg
ggccaaggct
gaacact gt g
actatgcgtg
tccgttatce
gaat aaagaa
cact ggaaga
cct agt acct
acagagt gac
ggaaaagttg
ctt cagagct
tgttaatgtg
t aagct t agc
cagcat aggt
gcagt t caag
gtttgtattc
aacct t gacc
tcatgtggtg
cagcaaagga
cttcgattta
tatcattcat
gttggcagag
agcgattcca
at t gaaccat
ggacaagaaa
gat at gcat a
t ccgaagagt
atatttggaa
gt ggcccgtt
gagcagt att
gctgecttge

acgt ccagaa

gagagaccgg
ttagt gccgg
gattattttg
aggttctttg
att aggaat a
gtggtccgtc
gt ct at gaca
gt aaacagaa
ttttcttcat
tccgt cccag
cggct ggatt
aggaccccat
at gt t gacca
tatggttacg
ttttcccggg

att gggt acg

aacatttata
cgaggggat a
caacct ggcg
cagccgat cg
gccgt aggac
gctt at gagt
ctgttgtcca
ttgct gacag
t gggaaat ga
t ccgacgact
tctttggctg
gggaccaagt
gcaacggagg
aggt cgaaat
ttgtgcatcc

caaattactg

Page 40 of 78

3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860

4920

3/06/2019



tgtgctcatc
cccagcct at
t ggaaacacc
ggacacct ga
cgat cat cat
accaggt gct
ggtccattcc
agggagct ag
gt at ggagt t
at cccgcet cc
gcctagtttc
ttaccccgtc
caggcgt aaa
gacggtttga
aaaaat cagt
tttcgtatge
t aaat cccac
ccat aacagc
tggagtgct a
tttcaagccc
ctgtggcttc
cttcatgctg
aacact ccta
t ccagaacgt
tgccecgtatt
atgaatattg
attacattac
tgaat at gt t
aagt gact cc
ccgat ccgct
at gcggt cct

ctattatagc

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

ctttccattg
attgttctca
accggt agac
acaaccacca
cgaagaggaa
gcaagt cgag
t cat gcat cc
cgt gaccagc
tct ggcgcga
gcgcacaaga
caccccgcca

acgcact cct

tagggt gat t
tgcgggt gca
aaggcaaacg
ccecgegectc
acct gct aac
tagacgtatt
ccgaaccct g
caaggt cgca
ttactgtatt
cttagacact
tttggaaccc
cct ggcagcet
ggat t cggcg
ggaaacgttt
caaat t aaaa
gcaggacat a
aggaacaaaa
agcaacagcg
gcttccgaac

cgagcacttc

ccgaagt ata
ccgaaagt gc
gagact ccgg
cttataaccg
gaagaggat a
gcagacattc

gactttgatg

ggggcaacgt
ccggtgecetg
acaccgt cac
ggcgt gaat a
agcaggt cgg
acaagagagg
tacatctttt
gtgctatccg
gaccaagaaa
agaagcagat
ct gcaaggcc
catcctgttc
gt ggaagcct
att ccagagt
gccagttttt
acaat acgat
gccacaaaaa
gcctttaatg
aaagaaaacc
ggaccaaaag
ccaat ggaca
cat act gaag
tatctgtgcg
attcatacac

cagcct gggg

gaat cact gg
ctgcgt at at
agccat cggc
aggat gagac
gcat aagttt
acgggccgcec
tggacagttt
cagccgagac
cgcct cgaac
ttgcacccag
gggt gat cac
t ct cgagaac
agtttgaggc
cctccgacac
aagtggtgtt
aagaagaat t
accagt ccag
tagggcatta
ctttgtattc
gt aacgccat
acgat gccta
gccct gcaaa
cggcagt gcc
gaaat t gcaa
tggaat gct t
ccat caggct
ctgctgcetct
ggttt gt aat
aacggcccaa
gaat ccaccg
t gttt gat at

attgtgttct

t gt gcagaag
t cat ccaagg
agagaaccaa
caggact aga
gct gt cagat
ctctgtatct
atccatactt
taactcttac
agt at t cagg
cagggcct gc
t agagaggag
cagcctggtc
gttcgtagca
cggt caaggg
ggagaggacc
act acgcaag
gaaggt ggag
tttgaaggca
atctagtgtg
gt t gaaagag
tttggacatg
gctgcgcage
ttcagcgatc
t gt cacgcaa
caagaaat at
t act gaagaa
ttttgcgaag
ggact t aaag
ggt acaggt g
agagct ggtt
gt cggct gaa

ggaaact gac

at ccaat gct
aagt at ct cg
t ccacagagg
acgcct gage
ggcccgacce
agct cat cct
gacaccct gg
tt cgcaaaga
aaccct ccac
t cgagaacca
ct cgaggcgce
t ccaacccge
caacaacaat
catttacaac
gaat t ggaga
aaatt acagt
aacat gaaag
gaaggaaaag
aaccgt gcct
aactttccga
gt t gacggag
tttccaaaga
cagaacacgc
at gagagaat
gcgt gt aat a
aacgt ggt aa
acacat aatt
agagacgt ga
at ccaggct g
aggagat t aa
gactttgacg

at cgcgt cgt
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3/06/2019



tt gat aaaag
gt gt ggacgc
atttgcccac
cactgtttgt
taaccggat c
cggacaaatt
at gct gt ggt
t gaccggcac
ct ct ggcagc
cacgct ggaa
aaaccgt agg
cattcagcta
cat agt ct ag
tggtgggccc
agt acat gga
t ggact acag
act acggcct
t cat cccegt
acaccct gcg
gcaagaaggg
t cgt gat cct
agcggaacac
aagaacaggt
agct gaccca
accaggtgtc
tgttcaccac
acgaggaaac
ccaccctgtt
t ggt ggagat
ggcggttcaa
t cat cat cac

t caaggccaa

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

t gaggacgac
agagctgttg
t aaaact aaa
gaacacagt c
accat gt gca
aat ggcagac
gggcgagaaa
agcgt gcegt
agacgat gaa
ccgagt gggt
aacttccatc
cctgagaggg
tccgccaaga
caagcccttc
aagat acgcc
ct acgccgag
ggt ggt ggac
gat cgccggce
ggagct ggt g
cct ggacaaa
ggacagcaag
ccccect gge
ggccctgatc
cgagaacacc
ccccggceacc
cctgggct ac
cttcctgaaa
cgccatcctg
cgccagceggce
tct gcccggce
ccccgagggce

agt gat cgac

gccat ggctc
acgctgattg
tttaaattcg
attaacattg
gcattcattg
aggt gcgeca
gcgecttatt
gt ggcagacc
cat gat gat g
attctttcag
at agtt at gg
gcccct at aa
tatcgcacca
taccccatcg
aagct gggcg
tacct ggaaa
ggccggat cg
ctgttcatcg
cacagcct gg
gt cat caccg
gt ggact acc
ttccaggcca
at gaacagca
gt gacccggt
gccgt gct ga
ct gat ct gcg
accct gcagg
aacaagagcg
ggagcccccc
gt gcggcagg
gacgacaagc

ct ggacacca

tgaccgcgt t
aggcggcettt
gagccat gat
t aat cgcaag
gagat gacaa
cctggttgaa
tctgtggagg
ccct aaaaag
acaggagaag
agct gt gcaa
ccat gact ac
ctctctacgg
t ggaaaat at
aggaaggcag
ccattgcctt
agagct gctg
ccct gt gcag
gcgt gggegt
gcat cagcaa
t gcagaaaac
ggggct acca
gcagcttcaa
gcggcagcac
t cagccacgc
ccgt ggt gcc
gct t ccgggt
act acaagt g
agct gct gaa
t gagcaaaga
gct acggcct
ct ggagccag

agaagagcct

aatgattctg
cggcgaaatt
gaaat ct gga
cagagtgttg
t at cgt gaaa
t at ggaagt ¢
gtttattttg
gctgtttaag
ggcat t gcat
ggcagt agaa
tctagct agc
ct aacct gaa
ggaaaacgac
cgccggceacc
caccaacgcc
cct gggcaag
cgagaact gc
ggct cccacc
gcccaccatc
cgt gaccacc
gt gcct ggac
gaccgt ggag
cggcct gecc
cagggacccc
cttccaccac
ggtgatgctg
cacctacgtg
caagt acgac
agt gggagag
gaccgagaca
cggcaaggt g

gggccccaac

gaagact t ag
t cat caat ac
atgttcctca
agagaacggc
ggagt caaat
aagat t at ag
t gt gactccg
cttggcaaac
gaagagt caa
tcaaggtatg
agt gt t aaat
t ggact acga
gagaacat cg
cagct gcgga
gt gaccggcg
gct ct gcaga
gaggaat t ct
aacgagat ct
gt gttcagca
at caagacca
accttcatca
gt ggaccgga
aagggcgt gc
at ct acggca
ggctt cggca
accaagttcg
attctggtgc
ct gagcaacc
gccgt cgcca
accagcgcca
gt gcccct gt

agacggggceg
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3/06/2019



aagt gt gcgt
aagagct gat
agaagcact t
tgcccect ge
t ggccggggt
ccggcaagaa
ccaagcggct
agat cgacgg
ttgatcgata
cggcct t aat

cgat t ggcat

gaagggcccc
cgacgaagag
cttcatcgtg
cgagct ggaa
gccagat cct
cat gaccgag
gagaggcggc
cagggccatc
cagcagcaat
t aagt aacga

gccgctttaa

at gct gat ga
ggct gget ge
gaccggct ga
agcgt cctge
gt ggccggeg
aaagaagt ga
gt gagattcg
cgggagat cc
t ggcaagct g
tacagcagca

aatttttatt

ttgtttttaa tatttcaaaa aaaaaaaaaa
<210> 27

<211> 9621

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic pol ynucl eotide
<220>

<221> nmisc _feature

<223> construct Al pha-R-DLP-rFF
<220>

<221> msc_feature

<222> (1)...(18)

<223> T7 pronoter

<400> 27
t aat acgact

aaat ggagaa
ggagcttccc
ccagagcgtt
cgatccttga
gtatctgtcc
t gaagaaaaa
ccgccegt cat
cgtgtcgcta
caagtctcta

ccaccccttt

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

cact at agat
agttcacgtt
gcagtttgag
ttcgcatctg
cat t ggaagt
gat gagat gt
ct gt aaggaa
gagcgaccct
cgaagggcaa
t caccaagcc

tatgtttaag

aggcggcgcea
gacat cgagg
gt agaagcca
gctt caaaac
gcgcecgecc
gcggaagat c
at aact gat a
gacct ggaaa
gtcgetgttt
aat aagggag

aacttggctg

agggct acgt
acaccggcga
agagcct gat
t gcagcaccc
agct gcct gg
t ggact acgt
t ggacgaagt
t gaagaaacc
cttacataga
at t ggcaagc
ttatttttct

aaaaaaaaaa

t gagagaagc
aagacagccc
agcaggt cac
t gat cgaaac
gcagaat gt a
cggacagatt
aggaatt gga
ct gagact at
accaggat gt
ttagagt cgc

gagcat at cc

gaacaacccc
cat cggct ac
caagt acaag
cagcatcttc
cgcecgtggt g
cgccagccag
gccaaagggc
cgt ggccaag
aggcgcgecg
tgcttacata
tttcttttcc

aaaaaaaaaa

ccagaccaat
attcctcaga
t gat aat gac
ggaggt ggac
ttctaagcac
gt at aagt at
caagaaaat g
gt gcct ccac
at acgcggtt
ctactggata

at cat act ct

gaggccacca
t acgacgaag
ggct at cagg
gacgccggeg
gt gct ggaat
gt gt ccaacg
ct gaccggca
atgtgattaa
tttaaacggc
gaact cgcgg
gaat cggat t

aaaaaa

tacctaccca
gctttgcage
catgctaatg
ccat ccgaca
aagt atcatt
gcaact aagc
aaggagct cg
gacgacgagt
gacggaccga
ggctttgaca

accaact ggg
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ccgacgaaac
ggt cacgt ag
tattctctgt
tgccgtct gt
ttagttgcga
cttcaggcta
catt gaacgg
accaaat gac
ttgggct caa
aaaatt acct
aagat caaga
gttgggettt
t cat caaagt
tggagat cgg
ctctcattac
t gcgt gaagc
ccact ct gga
cacct cgt gg
ctgtgctttc
ct gaacaagt
accat ggt aa
t gagt gaaag
at attgccac
ccagcgagca
aact agt cac
cct acgagag
at ggcgt gcc
tagtggtgag
aagggct gga
ccgt agagac
t cat agccat

tttttaacat

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

cgt gttaacg
agggat gt cc
t ggct cgacc
atttcactta
cgggt acgtc
tgctgctacg
ggagagggtc
tggcatactg
ccagcgtata
tttgcccgta
agat gaaagg
t agaaggcac
gaacagcgat
gct gagaaca
cgccgaggac
cgaggagttg
agccgatgtc
ctt gat aaag
t ccgcaggcet
cat agt gat a
agt agt ggt g
tgccaccatt
acat ggagga
cgacggcgaa
t gggct aggg
t ct gagaaca
aggat caggc
cgccaagaaa
cgt caat gcc
cctgtatatt

t at aagacct

gatgtgcctg

gct cgt aaca
attcttagaa
at ct accacg
cgt ggcaagc
gtt aaaagaa
at gcaccgcg
tcttttcccg
gcaacagat g
gt cgt caacg
gt ggcccagg
ccact aggac
aagat aacat
ttccactcat
agaat cagga
gt acaagaag
cgcgcagcetc
gact t gat gt
gttaccagct
gt act caaga
acacactctg
ccagagggac
gt gt acaacg
gcgct gaaca
tacct gtacg
ct cacaggcg
cgaccagccg
aagt ct ggca
gaaaact gt g
agaact gt gg
gacgaagct t
aaaaaggcag

aaagt gcatt

taggcctatg
agaagt attt
agaagaggga
aaaat tacac
tagct at cag
agggattctt
tgtgcacgta
t cagt gcgga
gt cgcaccca
catttgctag
t acgagat ag
ctatttataa
tcgtgctgec
aaat gtt aga
ct aagt gcgc
taccaccttt
t acaagaggc
acgat ggcga
gt gaaaaatt
gccgaaaagg
at gcaat acc
aacgt gagtt
ct gat gaaga
acat cgacag
agctggt gga
ctccttacca
t catt aaaag
cagaaat t at
act cagt gct
ttgcttgtca
tgctctgcgg

ttaaccacga

cagct ct gac
gaaaccat cc
cttact gagg
at gt cggt gt
t ccaggectg
gt gct gcaaa
t gt gccagct
cgacgcgcaa
gagaaacacc
gt gggcaaag
acagttagtc
gcgcccggat
caggat aggc
ggagcacaag
agccgat gag
ggcagct gat
tggggccgge
ggacaagat c
atcttgcatc
gcgttatgec
cgt ccaggac
cgt aaacagg
at at t acaaa
gaaacagt gc
tcctcecttc
agt accaacc
cgcagt cacc
aagggacgtc
ctt gaat gga
t gcaggt act
ggat cccaaa

gatttgcaca

gt t at ggagc
aacaatgttc
agct ggcacc
gagact at ag
t at gggaagc
gt gacagaca
acattgtgtg
aaact gct gg
aat accat ga
gaat at aagg
atggggtgtt
acccaaacca
agt aacacat
gagccgt cac
gct aaggagg
gt t gaggagc
t cagt ggaga
ggctcttacg
caccctctcg
gt ggaaccat
tttcaagctc
tacct gcacc
act gt caagc
gt caagaaag
catgaattcg
at agggagt gt
aaaaaagat c
aagaaaat ga
t gcaaacacc
ct cagagcgc
cagt gcggtt

caagtcttcc
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acaaaagcat
acgacaaaaa
gcagt accaa
agtt gcaaat
cccgt aaagg
cctct gaaca
tagccggcga
cgat agagga
accctaccga
t gct gaagac
aaacggacaa
gact cgat ct
at cact ggga
agctctctcg
t gaacact gg
gact gcct ca
t cgt cagcaa
gcaaaat ggt
taggcat ccc
at aaat acca
agaaagcttg
ct gacagggc
t at gcaaacc
at cgcaaggc
caggttccag
ttgccacggce
gaggggt gt g
aagt aggaaa
caaacttcaa
ccat cgct aa
ccggcatctt

ctttagacac

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

ctctcgeegt
aat gagaacg
acct aagcag
agat t acaaa
tgtgtatgcc
t gt gaacgt c
cccat ggat a
gt ggcaagca
cgtcttccag
cgct ggcat a
agct cact ca
ggact ccggt
taact ccccg
caggt accca
tacact gcgc
tgctttagtc
at t gaagggc
tgactggttg
aggtgatgtg
tcact at cag
tctgcatctg
cagcgaaagc
gaaat cct ca
ccgt acgcac
act ccacgaa
caccgaagga
cggagcgct g
agcgcgact g
caaagtttcg
gattgtcaac
tt ccgggaac

cact gat gca

t gcact aaat
acgaat ccga
gacgat ctca
ggcaacgaaa
gttcggtaca
ctact gaccc
aaaacact ga
gagcat gatg
aat aaggcaa
gacat gacca
gcagagat ag
ctattttctg
t cgcct aaca
caactgcctc
aattatgatc
ctccaccata
agaact gt cc
t cagaccggc
cccaaat atg
cagt gt gaag
aat cccggceg
atcattggtg
ctt gaagaga
aatccttaca
gccggatgtg
gtgattataa
t at aagaaat
gt caaaggt g
gaggt t gaag
gat aacaat t
aaagat cgac

gat gt agcca

ctgtgacttc
aagagact aa
ttctcacttg
t aat gacggc
aggt gaat ga
gcacggagga
ctgccaagta
ccat cat gag
acgtgtgttg
ct gaacaat g
tattgaacca

cacccact gt

t gt acgggct
gggcagt t gc
cgcgcat aaa
at gaacaccc
tggtggtcgg
ct gaggct ac
acat aat att
accat gccat
gaacct gt gt
ct at agcgceg
cggaagtt ct
agctttcatc
caccctcata
atgct gct aa
t cccggaaag
cagct aaaca
gt gacaaaca
acaagt cagt
t aacccaat ¢

tatactgcag

ggtcgtctca
gattgtgatt
tttcagaggg
agct gect ct
aaatcctctg
ccgcatcgtg
ccct gggaat
gcacatcttg
ggccaaggct
gaacact gt g
actatgcgtg
tccgttatcc
gaat aaagaa
cact ggaaga
cctagt acct
acagagt gac
ggaaaagttg
ctt cagagct
tgttaatgtg
taagct t agc
cagcat aggt
gcagt t caag
gtttgtattc
aacct t gacc
tcatgtggtg
cagcaaagga
cttcgattta
tatcattcat
gttggcagag
agcgattcca
at t gaaccat

ggacaagaaa

accttgtttt
gacact accg
t gggt gaagc
caagggct ga
tacgcaccca
t ggaaaacac
ttcactgcca
gagagaccgg
ttagt gccgg
gattattttg
aggttctttg
att aggaat a
gt ggt ccgtc
gt ct at gaca
gt aaacagaa
ttttcttcat
tccgt cccag
cggct ggatt
aggaccccat
at gtt gacca
tatggttacg
ttttcccggg

at t gggt acg

aacatttata
cgaggggat a
caacct ggcg
cagccgat cg
gccgt aggac
gct t at gagt
ctgttgtcca
ttgctgacag

t gggaaat ga
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ct ct caagga
ctt cagt gac
gaaggaaggg
ttcaccaggc
ccaat gagca
gcceccgt cga
at gccat gac
tgtgctcatc
cccagcct at
t ggaaacacc
ggacacct ga
cgat cat cat
accaggt gct
ggtccattcc
agggagct ag
gt at ggagt t
at cccgcetcc
gcctagtttce
ttaccccgtc
caggcgt aaa
gacggtttga
aaaaat cagt
tttcgtatge
t aaat cccac
ccat aacagc
t ggagt gct a
tttcaagccc
ctgtggcttc
cttcatgctg
aacact ccta
t ccagaacgt

tgcccgtatt

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

agcagt ggct
agaacct gat
ct acagcaca
ggccaaggat
ggt at gcat g
agagt cggaa
t ccagaaaga
ctttccattg
attgttctca
accggt agac
acaaccacca
cgaagaggaa
gcaagt cgag
tcatgcatcc
cgt gaccagc
tct ggcgcga
gcgcacaaga
caccccgcca

acgcact cct

tagggt gat t
tgcgggt gca
aaggcaaacg
ccecgegectc
acct gct aac
tagacgtatt
ccgaaccct g
caaggt cgca
ttactgtatt
cttagacact
tttggaaccc

cct ggcagcet

ggatt cggcg

aggagagaag
gcagagct gg
agcgat ggca
at agcagaaa
tatatcctcg
gcct ccacac
gt acagcgcc
ccgaagt at a
ccgaaagt gc
gagact ccgg
cttataaccg
gaagaggat a
gcagacattc

gactttgatg

ggggcaacgt
ccggtgecetg
acaccgt cac
ggcgt gaat a
agcaggt cgg
acaagagagg
tacatctttt
gtgctatccg
gaccaagaaa
agaagcagat
ct gcaaggcc
catcctgttc
gt ggaagcct
att ccagagt
gccagttttt
acaat acgat
gccacaaaaa

gcctttaatg

cagt ggagga
t gagggt gca
aaactttctc
tt aat gccat
gagaaagcat
cacct agcac
t aaaagcct c
gaat cact gg
ctgcgt at at
agccat cggc
aggat gagac
gcat aagttt
acgggccgcec
tggacagttt
cagccgagac
cgcct cgaac
ttgcacccag
gggt gat cac
t ct cgagaac
agtttgaggc
cctccgacac
aagtggtgtt
aagaagaat t
accagt ccag
tagggcatta
ctttgtattc
gt aacgccat
acgatgccta
gccct gcaaa
cggcagt gcc
gaaat t gcaa

tggaatgct t

gat at gcat a
t ccgaagagt
atatttggaa
gt ggcccgtt
gagcagt att
gctgecttge
acgt ccagaa
t gt gcagaag
t cat ccaagg
agagaaccaa
caggact aga
gct gt cagat
ctctgtatct
atccatactt
taactcttac
agt at t cagg
cagggcct gc
t agagaggag
cagcctggtc
gttcgtagca
cggt caaggg
ggagaggacc
actacgcaag
gaaggt ggag
tttgaaggca
atctagtgtg
gt t gaaagag
tttggacatg
gct gcgcage
ttcagcgatc
t gt cacgcaa

caagaaat at

t ccgacgact
tctttggetg
gggaccaagt
gcaacggagg
aggt cgaaat
ttgtgcatcc
caaattactg
at ccaat gct
aagt atctcg
t ccacagagg
acgcct gagc
ggcccgaccc
agct cat cct
gacaccct gg
ttcgcaaaga
aaccct ccac
t cgagaacca
ct cgaggcgce
t ccaacccgce
caacaacaat
catttacaac
gaat t ggaga
aaat t acagt
aacat gaaag
gaaggaaaag
aaccgt gcct
aactttccga
gttgacggag
tttccaaaga
cagaacacgc
at gagagaat

gcgt gt aat a
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atgaatattg
attacattac
tgaat at gt t
aagt gact cc
ccgat ccgcet
at gcggt cct
ctattatagc
tt gat aaaag
gt gt ggacgc
atttgcccac
cactgtttgt
taaccggat ¢
cggacaaatt
at gct gt ggt
t gaccggcac
ct ct ggcagc
cacgct ggaa
aaaccgt agg
cattcagcta
cat agt ct ag
tactacaaca
ccggccccca
aat at ggaaa
ggcagcgecg
gccttcacca
tgctgectgg
t gcagcgaga
ggcgt ggct c
agcaagccca
aaaaccgt ga
taccagtgcc

tt caagaccg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

ggaaacgttt
caaat t aaaa
gcaggacat a
aggaacaaaa
agcaacagcg
gcttccgaac
cgagcacttc
t gaggacgac
agagctgttg
t aaaact aaa
gaacacagtc
accat gt gca
aat ggcagac
gggcgagaaa
agcgt gccgt
agacgat gaa
ccgagt gggt
aacttccatc
cctgagaggg
tccgccaaga
ccaccaccat
ctgccatgtg
acgacgagaa
gcacccagct
acgccgt gac
gcaaggct ct
act gcgagga
ccaccaacga
ccatcgtgtt
ccaccat caa

t ggacacctt

tggaggt gga

aaagaaaacc
ggaccaaaag
ccaat ggaca
cat act gaag
tatctgtgcg
attcatacac
cagcct gggg
gccat ggctc
acgctgattg
tttaaattcg
attaacattg
gcattcattg
aggt gcgeca
gcgecttatt
gt ggcagacc
cat gat gat g
attctttcag
at agt t at gg
gcccct at aa
tatcgcacca
gaat agagga
gaggccgcegg
catcgtggtg
gcggaagt ac
cggcgt ggac
gcagaact ac
attcttcatc
gat ct acacc
cagcagcaag
gaccat cgtg
cat caagcgg

ccggaaagaa

ccat caggct
ctgctgctct
ggttt gt aat
aacggcccaa
gaat ccaccg
tgtttgatat
attgtgttct
t gaccgcegt t
aggcggettt
gagccat gat
t aat cgcaag
gagat gacaa
cctggttgaa
t ct gt ggagg
ccct aaaaag
acaggagaag
agct gt gcaa
ccat gact ac
ctctctacgg
t agt cagcat
ttctttaaca
agaaggaggc
ggccccaagce
at ggaaagat
tacagctacg
ggcctggt gg
cccgt gat cg
ctgcgggagce
aagggcctgg
at cct ggaca
aacacccccc

caggt ggccc

t act gaagaa
ttttgcgaag
ggact t aaag
ggt acaggt g
agagct ggtt
gt cggct gaa
ggaaact gac
aatgattctg
cggcgaaatt
gaaat ct gga
cagagtgttg
t at cgt gaaa
t at ggaagt ¢
gtttattttg
gctgtttaag
ggcat t gcat
ggcagt agaa
tctagct agc
ct aacct gaa
agtacatttc
tgct cggceg
aggcggcccc
ccttctaccc
acgccaagct
ccgagt acct
t ggacggccg
ccggectgtt
t ggt gcacag
acaaagt cat
gcaaggt gga
ctggcttcca

t gat cat gaa

aacgt ggt aa
acacat aatt
agagacgt ga
at ccaggct g
aggagat t aa
gactttgacg
at cgecgt cgt
gaagact t ag
t cat caat ac
atgttcctca
agagaacggc
ggagt caaat
aagatt at ag
t gt gactccg
cttggcaaac
gaagagt caa
tcaaggtatg
agt gt t aaat
t ggact acga
at ct gact aa
ccgcceccttce
gat gat ggaa
cat cgaggaa
gggcgcecat t
ggaaaagagc
gat cgccct g
cat cggcgtg
cctgggcatc
caccgt gcag
ct accggggc
ggccagcagc

cagcagcggc
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agcaccggcc
cacgccaggg
gtgcccttcc
cgggtggtga
aagt gcacct
ct gaacaagt
aaagaagt gg
ggcct gaccg
gccagcggcea
agcct gggcec
tacgt gaaca
ggcgacat cg
ct gat caagt
caccccagca
cctggecgecg
tacgt cgcca
gaagt gccaa
aaacccgt gg
at agaaggcg
caagctgctt

tttecttttct

tgcccaaggg
accccatcta
accacggctt
tgct gaccaa
acgtgattct
acgacct gag
gagaggccgt
agacaaccag
aggt ggt gcc
ccaacagacg
accccgaggc
gctactacga
acaagggct a
tcttcgacgc
t ggt ggt gct
gccaggtgtc
agggcct gac
ccaagat gtg
cgccgtttaa
acat agaact

tttccgaatc

cgtgcagctg
cggcaaccag
cggcatgttc
gtt cgacgag
ggt gcccacc
caacctggtg
cgccaggegg
cgccatcatc
cctgttcaag
gggcgaagt g
caccaaagag
cgaagagaag
t caggt gccc
cggcgt ggcc
ggaat ccggc
caacgccaag
cggcaagatc
attaat t gat
acggccggcec
cgcggegat t

ggattttgtt

acccacgaga
gt gt cccecg
accaccct gg
gaaaccttcc
ctgttcgecca
gagat cgcca
ttcaatctgc
at cacccccg
gccaaagt ga
t gcgt gaagg
ct gat cgacg
cacttcttca
cctgccgage
ggggt gccag
aagaacat ga
cggct gagag
gacggcaggg
cgat acagca
ttaatt aagt
ggcat gccgc

tttaatattt

aaaaaaaaaa aaaaaaaaaa a
<210> 28

<211> 9876

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic pol ynucl eotide

<220>

<221> msc_feature

<223> construct Al pha-R- DLP-2A-nsp-rFF
<220>

<221> msc_feature

<222> (1)...(18)

<223> T7 pronoter

<400> 28

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

acaccgt gac
gcaccgccgt
gct acct gat
t gaaaaccct
t cct gaacaa
gcggcggagce
ccggegt geg
agggcgacga
tcgacct gga
gccccat get
aagagggct g
t cgt ggaccg
t ggaaagcgt
at cct gt ggc
ccgagaaaga
gcggcgt gag
ccat ccggga
gcaat t ggca
aacgat acag
tttaaaattt

Caaaaaaaaa

ccggttcagc
gctgaccgtg
ctgcggcttc
gcaggact ac
gagcgagct g
ccccct gage
gcagggct ac
caagcct gga
caccaagaag
gat gaagggc
gctgcacacc
gct gaagagc
cctgctgcag
cggcgagct g
agt gat ggac
attcgtggac
gat cct gaag
agctgcttac
cagcaat t gg
ttattttatt

daaaaaaaaa
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t aat acgact
aat aggagaa
ggagcttccc
ccagagcgtt
cgatccttga
accaccat ga
gccat gt gga
agcct gct ga
gacat cgagg
gt agaagcca
gctt caaaac
gcgcecgecc
gcggaagat c
at aactgat a
gacct ggaaa
gtcgetgttt
aat aagggag
aacttggctg
gct cgt aaca
attcttagaa
at ct accacg
cgt ggcaagc
gtt aaaagaa
at gcaccgcg
tcttttcceg
gcaacagat g
gt cgt caacg
gtggcccagg
ccact aggac
aagat aacat
ttccactcat

agaat cagga

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

cact at agat
agttcacgtt
gcagtttgag
ttcgcatctg
cattggaat a
at agaggat t
ggccgceggag
agcaggct gg
aagacagccc
agcaggt cac
t gat cgaaac
gcagaat gt a
cggacagat t
aggaat t gga
ct gagact at
accaggat gt
ttagagt cgc
gagcat at cc
taggcctatg
agaagtattt
agaagaggga
aaaattacac
tagct at cag
agggattctt
tgtgcacgta
t cagt gcgga
gt cgcaccca
catttgctag
t acgagat ag
ctatttataa
tcgtgctgce

aaat gttaga

aggcggcgca
gacat cgagg
gt agaagcca
gctt caaaac
gt cagcat ag
ctttaacatg
aaggaggcag
agacgt ggag
attcctcaga
t gat aat gac
ggaggt ggac
ttctaagcac
gt at aagt at
caagaaaat g
gt gcct ccac
at acgcggtt
ctactggata
at cat act ct
cagct ct gac
gaaaccat cc
cttact gagg
at gt cggt gt
tccaggcctg
gt gct gcaaa
t gt gccagct
cgacgcgcaa
gagaaacacc
gt gggcaaag
acagttagtc
gcgcccggat
caggat aggc

ggagcacaag

t gagagaagc
aagacagccc
agcaggt cac
t gat cgaaac
tacatttcat
ct cggecgece
gcggcececcgg
gagaaccct g
gctttgcage
catgctaatg
ccat ccgaca
aagt atcatt
gcaact aagc
aaggagct cg
gacgacgagt
gacggaccga
ggctttgaca
accaact ggg
gttat ggagc
aacaatgttc
agct ggcacc
gagact at ag
t at gggaagc
gt gacagaca
acattgtgtg
aaact gct gg
aat accat ga
gaat at aagg
at ggggt gt t
acccaaacca
agt aacacat

gagccgt cac

ccagaccaat
attcctcaga
t gat aat gac
ggaggt ggac
ctgact aata
gcecccttcecec
gaagcggagc
gacct gagaa
ggagcttccc
ccagagcgtt
cgatccttga
gtatctgtcc
t gaagaaaaa
ccgccegt cat
cgtgtcgcta
caagtctcta
ccaccccttt
ccgacgaaac
ggt cacgt ag
tattctctgt
tgccgtct gt
ttagttgcga
cttcaggcta
cat t gaacgg
accaaat gac
ttgggct caa
aaaattacct
aagat caaga
gttgggettt
t cat caaagt
tggagat cgg

ctctcattac

tacctaccca
gctttgcage
catgctaatg
ccat ccgaca
ct acaacacc
ggcccccact
tactaacttc
agttcacgtt
gcagtttgag
ttcgcatctg
cat t ggaagt
gat gagat gt
ct gt aaggaa
gagcgaccct
cgaagggcaa
t caccaagcc
tatgtttaag
cgtgttaacg
agggat gt cc
t ggct cgacc
atttcactta
cgggt acgtc
tgctgctacg
ggagagggt ¢
tggcatactg
ccagcgt at a
tttgcccgta
agat gaaagg
t agaaggcac
gaacagcgat
gct gagaaca

cgccgaggac
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360
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1800
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gt acaagaag
cgcgcagctc
gact t gat gt
gttaccagct
gt act caaga
acacactctg
ccagagggac
gt gt acaacg
gcgct gaaca
tacct gtacg
ct cacaggcg
cgaccagccg
aagt ct ggca
gaaaact gt g
agaact gt gg
gacgaagct t
aaaaaggcag
aaagt gcat t
t gcact aaat
acgaat ccga
gacgat ct ca
ggcaacgaaa
gttcggt aca
ct act gaccc
aaaacact ga
gagcat gat g
aat aaggcaa
gacat gacca
gcagagat ag
ctattttctg
tcgcct aaca

caactgcctc

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

ct aagt gcgc
taccaccttt
t acaagaggc
acgat ggcga
gt gaaaaat t
gccgaaaagg
at gcaat acc
aacgt gagtt
ct gat gaaga
acat cgacag
agct ggt gga
ctccttacca
t catt aaaag
cagaaat t at
act cagt gct
ttgcttgtca
tgctctgcgg
ttaaccacga
ctgtgacttc
aagagact aa
ttctcacttg
t aat gacggc
aggt gaat ga
gcacggagga
ctgccaagta
ccat cat gag
acgtgtgttg
ct gaacaat g
tattgaacca

cacccact gt

t gt acgggct

gggcagttgc

agccgat gag
ggcagct gat
tggggccggce
ggacaagat c
atcttgcatc
gcgttatgcec
cgt ccaggac
cgt aaacagg
at att acaaa
gaaacagt gc
tcctcectte
agt accaacc
cgcagt cacc
aagggacgtc
ctt gaat gga
t gcaggt act
ggat cccaaa
gatttgcaca
ggtcgtctca
gattgtgatt
tttcagaggg
agct gect ct
aaatcctctg
ccgcatcgtg
ccct gggaat
gcacatcttg
ggccaaggct
gaacact gt g
actatgcgtg
tccgttatcc
gaat aaagaa

cact ggaaga

gct aaggagg
gt t gaggagc
t cagt ggaga
ggctcttacg
caccctctcg
gt ggaaccat
tttcaagctc
tacct gcacc
act gt caagc
gt caagaaag
cat gaattcg
at aggggt gt
aaaaaagat c
aagaaaat ga
t gcaaacacc
ct cagagcgc
cagt gcggtt
caagtcttcc
accttgtttt
gacact accg
t gggt gaage
caagggct ga
tacgcaccca
t ggaaaacac
ttcactgcca
gagagaccgg
ttagtgccgg
gattattttg
aggttctttg
attaggaat a
gtggtccgtc

gt ct at gaca

t gcgt gaagce
ccact ct gga
cacct cgt gg
ctgtgetttc
ct gaacaagt
accat ggt aa
t gagt gaaag
atattgccac
ccagcgagca
aact agt cac
cct acgagag
at ggcgt gcc
t agt ggt gag
aagggct gga
ccgt agagac
t cat agccat
tttttaacat
acaaaagcat
acgacaaaaa
gcagt accaa
agtt gcaaat
cccgt aaagg
cctct gaaca
tagccggcga
cgat agagga
accctaccga
t gct gaagac
aaacggacaa
gact cgat ct
at cact ggga
agctctctcg

t gaacact gg

cgaggagttg
agccgatgtc
cttgat aaag
t ccgcaggcet
cat agt gat a
agtagt ggt g
tgccaccatt
acat ggagga
cgacggcgaa
t gggct aggg
t ct gagaaca
aggat caggc
cgccaagaaa
cgt caat gcc
cctgtatatt
t at aagacct
gatgtgcctg
ctct cgeegt
aat gagaacg
acct aagcag
agat t acaaa
tgtgtatgcc
t gt gaacgt c
cccat ggat a
gt ggcaagca
cgtcttccag
cgct ggcat a
agct cact ca
ggact ccggt
t aact ccccg
caggt accca

tacact gcgc
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2280
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aattatgatc
ctccaccata
agaact gt cc
t cagaccggc
cccaaatat g
cagt gt gaag
aat cccggcg
atcattggtg
ctt gaagaga
aatccttaca
gccggatgtg
gtgattataa
t at aagaaat
gt caaaggt g
gaggt t gaag
gat aacaat t
aaagat cgac
gat gt agcca
aggagagaag
gcagagct gg
agcgat ggca
at agcagaaa
tatatcctcg
gcct ccacac
gt acagcgcc
ccgaagt at a
ccgaaagt gc
gagact ccgg
cttataaccg
gaagaggat a
gcagacattc

gactttgatg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

cgcgcat aaa
at gaacaccc
tggtggtcgg
ct gaggct ac
acat aat att
accat gccat
gaacct gt gt
ct at agcgcg
cggaagttct
agctttcatc
caccctcata
at gctgct aa
t cccggaaag
cagct aaaca
gt gacaaaca
acaagt cagt
taacccaat c
t at act gcag
cagt ggagga
t gagggt gca
aaactttctc
ttaat gccat
gagaaagcat
cacct agcac
t aaaagcct c
gaat cact gg
ct gcgt at at
agccat cggc
aggat gagac
gcataagttt
acgggccgcece

tggacagttt

cct agt acct
acagagt gac
ggaaaagttg
cttcagagct
tgttaatgtg
taagct t agc
cagcat aggt
gcagt t caag
gtttgtattc
aacct t gacc
tcatgtggtg
cagcaaagga
cttcgattta
tatcattcat
gttggcagag
agcgattcca
att gaaccat
ggacaagaaa
gat at gcat a
t ccgaagagt
atatttggaa
gt ggcccgt t
gagcagt att
gctgecttge
acgt ccagaa
t gt gcagaag
t cat ccaagg
agagaaccaa
caggact aga
gct gt cagat
ctctgtatct

atccatactt

gt aaacagaa
ttttcttcat
tccgt cccag
cggct ggatt
aggaccccat
at gt t gacca
tatggttacg
ttttcccggg

at t gggt acg

aacatttata
cgaggggat a
caacct ggcg
cagccgat cg
gccgt aggac
gct t at gagt
ctgttgtcca
ttgctgacag
t gggaaat ga
t ccgacgact
tctttggetg
gggaccaagt
gcaacggagg
aggt cgaaat
ttgtgcatcc
caaattactg
at ccaat gct
aagt at ctcg
t ccacagagg
acgcct gagce
ggcccgaccce
agct cat cct

gacaccct gg

gact gcct ca
t cgt cagcaa
gcaaaat ggt
taggcat ccc
at aaat acca
agaaagcttg
ct gacagggc
t at gcaaacc
at cgcaaggc
caggttccag
ttgccacggce
gagggot gt g
aagt aggaaa
caaacttcaa
ccat cgct aa
ccggcatctt
ctttagacac
ct ct caagga
cttcagtgac
gaaggaaggg
tt caccaggc
ccaat gagca
gcccegt cga
at gccat gac
tgtgctcatc
cccagcect at
t ggaaacacc
ggacacct ga
cgat cat cat
accaggt gct

ggtccattcc

agggagct ag

tgctttagtc
at t gaagggc
tgactggttg
aggtgatgtg
tcact at cag
tctgcatctg
cagcgaaagc
gaaat cct ca
ccgt acgcac
act ccacgaa
caccgaagga
cggagcgct g
agcgcgact g
caaagtttcg
gattgtcaac
tt ccgggaac
cact gat gca
agcagt ggct
agaacct gat
ct acagcaca
ggccaaggat
ggtat gcat g
agagt cggaa
t ccagaaaga
ctttccattg
attgttctca
accggt agac
acaaccacca
cgaagaggaa
gcaagt cgag
tcatgcatcc

cgt gaccagc
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3900
3960
4020
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ggggcaacgt
ccggtgecect g
acaccgt cac
ggcgt gaat a
agcaggt cgg
acaagagagg
tacatctttt
gtgctatccg
gaccaagaaa
agaagcagat
ct gcaaggcc
catcctgttc
gt ggaagcct
att ccagagt
gccagttttt
acaat acgat
gccacaaaaa
gcctttaatg
aaagaaaacc
ggaccaaaag
ccaat ggaca
cat act gaag
tatctgtgcg
attcatacac
cagcct gggg
gccat ggctc
acgctgattg
tttaaattcg
attaacattg
gcattcattg
aggt gcgcca

gcgcecttatt

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

cagccgagac
cgcct cgaac
ttgcacccag
gggt gat cac
t ct cgagaac
agtttgaggc
cctccgacac
aagtggtgtt
aagaagaat t
accagt ccag
tagggcatta
ctttgtattc
gt aacgccat
acgatgccta
gccct gcaaa
cggcagt gcc
gaaat tgcaa
tggaat gct t
ccat caggct
ctgctgctct
ggtttgtaat
aacggcccaa
gaat ccaccg
tgtttgat at
attgtgttct
tgaccgcegtt
aggcggettt
gagccat gat
t aat cgcaag
gagat gacaa
cctggttgaa

tct gt ggagg

taactcttac
agt at t cagg
cagggcct gc
tagagaggag
cagcctggtc
gttcgtagca
cggt caaggg
ggagaggacc
act acgcaag
gaaggt ggag
tttgaaggca
atctagtgtg
gt t gaaagag
tttggacatg
gctgcgcagce
ttcagcgatc
t gt cacgcaa
caagaaat at
t act gaagaa
ttttgcgaag
ggact t aaag
ggt acaggt g
agagct ggtt
gt cggct gaa
ggaaact gac
aatgattctg
cggcgaaat t
gaaat ct gga
cagagtgttg
t at cgt gaaa
t at ggaagt ¢

gtttattttg

ttcgcaaaga
aaccct ccac
t cgagaacca
ct cgaggcgce
t ccaacccgce
caacaacaat
catttacaac
gaat t ggaga
aaat t acagt
aacat gaaag
gaaggaaaag
aaccgt gcct
aactttccga
gttgacggag
tttccaaaga
cagaacacgc
at gagagaat
gcgt gt aat a
aacgt ggt aa
acacat aat t
agagacgt ga
at ccaggctg
aggagat t aa
gactttgacg
at cgcgt cgt
gaagacttag
t cat caat ac
atgttcctca
agagaacggc
ggagt caaat
aagatt at ag

t gt gact ccg

gt at ggagt t
at cccget cc
gcctagtttc
ttaccccgtc
caggcgt aaa
gacggtttga
aaaaat cagt
tttcgtatge
t aaat cccac
ccat aacagc
tggagt gcta
tttcaagccc
ctgtggettc
cttcatgctg
aacactccta
t ccagaacgt
tgcccgtatt
atgaatattg
attacattac
tgaatatgtt
aagt gact cc
ccgat ccgct
at gcggt cct
ctattatagc
tt gat aaaag
gt gt ggacgc
atttgcccac
cactgtttgt
t aaccggat ¢
cggacaaat t
at gct gt ggt

t gaccggcac

t ct ggcgcga
gcgcacaaga
caccccgeca

acgcact cct

t agggt gat t
t gcgggt gca
aaggcaaacg
cccgegectc
acct gct aac
tagacgtatt
ccgaaccct g
caaggt cgca
ttactgtatt
cttagacact
tttggaaccc
cct ggcagct
ggat t cggcg
ggaaacgttt
caaat t aaaa
gcaggacat a
aggaacaaaa
agcaacagcg
gcttccgaac
cgagcacttc
t gaggacgac
agagctgttg
t aaaact aaa
gaacacagtc
accat gt gca
aat ggcagac
gggcgagaaa

agcgt gcegt
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gt ggcagacc
cat gat gat g
attctttcag
atagttatgg
gcccct at aa
tat cgcacca
taccccatcg
aagct gggcg
tacct ggaaa
ggccggat cg
ctgttcatcg
cacagcct gg
gt cat caccg
gt ggact acc
ttccaggcca
at gaacagca
gt gacccggt
gccgt gct ga
ct gat ct gcg
accct gcagg
aacaagagcg
ggagcccccc
gtgcggcagg
gacgacaagc
ct ggacacca
at gct gat ga
ggct ggct gc
gaccggct ga
agcgt cctgc
gtggccggcg
aaagaagt ga

gt gagattcg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

ccct aaaaag
acaggagaag
agct gt gcaa
ccat gact ac
ctctctacgg
t ggaaaat at
aggaaggcag
ccattgccett
agagctgctg
ccct gt gcag
gcgt gggegt
gcat cagcaa
t gcagaaaac
ggggct acca
gcagcttcaa
gcggcagcac
t cagccacgc
ccgt ggt gcc
gcttccgggt
act acaagt g
agct gct gaa
t gagcaaaga
gct acggcct
ct ggagccag
agaagagcct
agggct acgt
acaccggcga
agagcct gat
tgcagcaccc
agct gcct gg
t ggact acgt

t ggacgaagt

gctgtttaag
ggcat t gcat
ggcagt agaa
tctagctagc
ct aacct gaa
ggaaaacgac
cgccggeacc
caccaacgcc
cct gggcaag
cgagaact gc
ggct cccacc
gcccaccatc
cgt gaccacc
gt gcct ggac
gaccgt ggag
cggcct gecc
cagggacccc
cttccaccac
ggt gatgct g
cacctacgtg
caagt acgac
agt gggagag
gaccgagaca
cggcaaggt g
gggccccaac
gaacaacccc
cat cggct ac
caagt acaag
cagcatcttc
cgccgtggt g
cgccagccag

gccaaagggc

cttggcaaac
gaagagt caa
tcaaggtatg
agt gt t aaat
t ggact acga
gagaacat cg
cagct gcgga
gt gaccggcg
gct ct gcaga
gaggaat t ct
aacgagat ct
gt gt t cagca
at caagacca
accttcatca
gt ggaccgga
aagggcgtgc
at ct acggca
ggct t cggca
accaagttcg
attctggtgc
ct gagcaacc
gccgt cgeca
accagcgcca
gt gcccct gt
agacggggcg
gaggccacca
t acgacgaag
ggct at cagg
gacgccggeg
gt gct ggaat
gt gt ccaacg

ct gaccggca

ct ct ggcagc
cacgct ggaa
aaaccgt agg
cattcagcta
cat agt ct ag
t ggt gggccc
agt acat gga
t ggact acag
actacggcct
tcatccccgt
acaccct gcg
gcaagaaggg
t cgt gat cct
agcggaacac
aagaacaggt
agct gaccca
accaggtgtc
tgttcaccac
acgaggaaac
ccaccctgtt
t ggt ggagat
ggcggttcaa
tcatcatcac
t caaggccaa
aagt gt gcgt
aagagct gat
agaagcactt
tgcccectge
t ggccggggt
ccggcaagaa
ccaagcggct

agat cgacgg

agacgat gaa
ccgagt gggt
aacttccatc
cct gagaggg
t ccgccaaga
caagcccttc
aagat acgcc
ct acgccgag
ggt ggt ggac
gat cgccggce
ggagctggtg
cct ggacaaa
ggacagcaag
ccecccect gge
ggccctgatc
cgagaacacc
ccccggeacc
cct gggct ac
cttcctgaaa
cgccatcctg
cgccagcggce
tct gccecgge
ccccgagggce
agt gat cgac
gaagggcccc
cgacgaagag
cttcatcgtg
cgagct ggaa
gccagat cct
cat gaccgag
gagaggcggce

cagggccatc
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cgggagat cc
t ggcaagct g
tacagcagca

aatttttatt

t gaagaaacc
cttacat aga
at t ggcaagc

ttatttttct

cgt ggccaag
aggcgcgecg
tgcttacata

tttcttttcc

atgtgattaa
tttaaacggc
gaact cgcgg
gaat cggatt

aaaaaa

aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa
<210> 29

<211> 10021

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic pol ynucl eotide

<220>

<221> msc_feature

<223> construct Al pha- R DLP-2A-nsp-DLP-rFF
<220>

<221> msc_feature

<222> (1)...(18)

<223> T7 pronoter

<400> 29
t aat acgact

aat aggagaa
ggagcttccc
ccagagcgtt
cgatccttga
accaccat ga
gccat gt gga
agcct gct ga
gacat cgagg
gt agaagcca
gcttcaaaac
gcgcccgecc
gcggaagat c
at aactgat a
gacct ggaaa
gtcgetgttt
aat aagggag

aacttggctg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

cact at agat
agttcacgtt
gcagtttgag
ttcgcatctg
cattggaata
at agaggat t
ggccgceggag
agcaggct gg
aagacagccc
agcaggt cac
t gat cgaaac
gcagaat gt a
cggacagat t
aggaatt gga
ct gagact at
accaggat gt
tt agagt cgc

gagcat at cc

aggcggcgcea
gacat cgagg
gt agaagcca
gctt caaaac
gt cagcat ag
ctttaacatg
aaggaggcag
agacgt ggag
attcctcaga
t gat aat gac
ggaggt ggac
ttctaagcac
gt at aagt at
caagaaaat g
gt gcctccac
atacgcggtt
ctact ggat a

at cat act ct

t gagagaagc
aagacagccc
agcaggt cac
t gat cgaaac
tacatttcat
ct cggecgece
gcggeccegg
gagaaccct g
gctttgcagc
catgctaatg
ccat ccgaca
aagt at cat t
gcaact aagc
aaggagct cg
gacgacgagt
gacggaccga
ggctttgaca

accaact ggg

ttgatcgata
cggcect t aat
cgatt ggcat

ttgtttttaa

ccagaccaat
attcctcaga
t gat aat gac
ggaggt ggac
ctgact aata
gccccttcce
gaagcggagc
gacct gagaa
ggagcttcce
ccagagcgtt
cgatccttga
gtatctgtcc
t gaagaaaaa
ccgecegt cat
cgtgtcgcta
caagtctcta
ccaccccttt

ccgacgaaac

cagcagcaat
t aagt aacga
gccgcetttaa

tatttcaaaa

tacctaccca
gctttgcagce
catgctaatg
ccat ccgaca
ct acaacacc
ggcccccact
tactaacttc
agttcacgtt
gcagtttgag
ttcgcatctg
cat t ggaagt
gat gagat gt
ct gt aaggaa
gagcgaccct
cgaagggcaa
t caccaagcc
tatgtttaag

cgt gt t aacg
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gct cgt aaca
attcttagaa
at ct accacg
cgt ggcaagc
gtt aaaagaa
at gcaccgcg
tcttttcceg
gcaacagat g
gt cgt caacg
gt ggcccagg
ccact aggac
aagat aacat
ttccactcat
agaat cagga
gt acaagaag
cgcgcagcetc
gact t gat gt
gttaccagct
gt act caaga
acacactctg
ccagagggac
gt gt acaacg
gcgct gaaca
tacct gtacg
ct cacaggcg
cgaccagccg
aagt ct ggca
gaaaact gt g
agaact gt gg
gacgaagct t
aaaaaggcag

aaagt gcatt

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

taggcctatg
agaagt attt
agaagaggga
aaaat tacac
tagct at cag
agggattctt
tgtgcacgta
t cagt gcgga
gt cgcaccca
catttgctag
t acgagat ag
ctatttataa
tcgtgctgece
aaat gtt aga
ct aagt gcgc
taccaccttt
t acaagaggc
acgat ggcga
gt gaaaaat t
gccgaaaagg
at gcaat acc
aacgt gagtt
ct gat gaaga
acat cgacag
agctggtgga
ctccttacca
tcatt aaaag
cagaaatt at
act cagt gct
ttgcttgtca
tgctctgcgg

ttaaccacga

cagct ct gac
gaaaccat cc
cttact gagg
at gt cggt gt
tccaggectg
gt gct gcaaa
t gt gccagct
cgacgcgcaa
gagaaacacc
gt gggcaaag
acagttagtc
gcgcccggat
caggat aggc
ggagcacaag
agccgat gag
ggcagct gat
tggggccgge
ggacaagat c
atcttgcatc
gcgttatgcec
cgt ccaggac
cgt aaacagg
at at t acaaa
gaaacagt gc
tcctcecttc
agt accaacc
cgcagt cacc
aagggacgtc
ctt gaat gga
t gcaggt act
ggat cccaaa

gatttgcaca

gt t at ggagc
aacaatgttc
agct ggcacc
gagact at ag
t at gggaagc
gt gacagaca
acattgtgtg
aaact gct gg
aat accat ga
gaat at aagg
atggggtgtt
acccaaacca
agt aacacat
gagccgt cac
gct aaggagg
gt t gaggagc
t cagt ggaga
ggctcttacg
caccctctcg
gt ggaaccat
tttcaagctc
tacct gcacc
act gt caagc
gt caagaaag
catgaattcg
at aggggt gt
aaaaaagat c
aagaaaat ga
t gcaaacacc
ct cagagcgc
cagt gcggtt

caagtcttcc

ggt cacgt ag
tattctctgt
tgccgt ct gt
ttagttgcga
cttcaggcta
catt gaacgg
accaaat gac
ttgggct caa
aaaat t acct
aagat caaga
gttgggettt
t cat caaagt
tggagat cgg
ctctcattac
t gcgt gaagce
ccact ct gga
cacct cgt gg
ctgtgctttc
ct gaacaagt
accat ggt aa
t gagt gaaag
atattgccac
ccagcgagca
aact agt cac
cctacgagag
at ggcgt gcc
tagtggtgag
aagggct gga
ccgt agagac
t cat agccat
tttttaacat

acaaaagcat

agggat gt cc
t ggct cgacc
atttcactta
cgggt acgtc
tgctgctacg
ggagagggt ¢
tggcatactg
ccagcgt at a
tttgcccgta
agat gaaagg
t agaaggcac
gaacagcgat
gct gagaaca
cgccgaggac
cgaggagttg
agccgatgtc
ctt gat aaag
t ccgcaggcet
cat agt gat a
agtagt ggt g
tgccaccatt
acat ggagga
cgacggcgaa
tgggct aggg
t ct gagaaca
aggat caggc
cgccaagaaa
cgt caat gcc
cctgtatatt
t at aagacct
gatgtgcctg

ctctcgecegt
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t gcact aaat
acgaat ccga
gacgat ctca
ggcaacgaaa
gttcggtaca
ctact gaccc
aaaacact ga
gagcat gatg
aat aaggcaa
gacat gacca
gcagagat ag
ctattttctg
t cgcct aaca
caactgcctc
aattatgatc
ctccaccata
agaact gt cc
t cagaccggc
cccaaat atg
cagt gt gaag
aat cccggcg
atcattggtg
ctt gaagaga
aatccttaca
gccggatgtg
gtgattataa
t at aagaaat
gt caaaggt g
gaggtt gaag
gat aacaat t
aaagat cgac

gat gt agcca

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

ctgtgacttc
aagagact aa
ttctcacttg
t aat gacggc
aggt gaat ga
gcacggagga
ctgccaagta
ccat cat gag
acgtgtgttg
ct gaacaat g
tattgaacca

cacccact gt

t gt acgggct
gggcagt t gc
cgcgcat aaa
at gaacaccc
tggtggt cgg
ct gaggct ac
acat aat att
accat gccat
gaacct gt gt
ct at agcgceg
cggaagt t ct
agctttcatc
caccctcata
atgct gct aa
t cccggaaag
cagct aaaca
gt gacaaaca
acaagt cagt
t aacccaat ¢

tatactgcag

ggtcgtctca
gattgtgatt
tttcagaggg
agct gect ct
aaatcctctg
ccgcatcgtg
ccct gggaat
gcacatcttg
ggccaaggct
gaacact gt g
actatgcgtg
tccgttatcc
gaat aaagaa
cact ggaaga
cct agt acct
acagagt gac
ggaaaagttg
cttcagagct
tgttaatgtg
taagct t agc
cagcat aggt
gcagt t caag
gtttgtattc
aacct t gacc
tcatgtggtg
cagcaaagga
cttcgattta
tatcattcat
gttggcagag
agcgattcca
att gaaccat

ggacaagaaa

accttgtttt
gacact accg
t gggt gaagc
caagggct ga
tacgcaccca
t ggaaaacac
ttcactgcca
gagagaccgg
ttagtgccgg
gattattttg
aggttctttg
attaggaat a
gt ggt ccgtc
gt ct at gaca
gt aaacagaa
ttttcttcat
tccgtcccag
cggct ggatt
aggaccccat
at gt t gacca
tatggttacg
ttttcccggg

att gggt acg

aacatttata
cgaggggat a
caacct ggcg
cagccgat cg
gccgt aggac
gct t at gagt
ctgttgtcca
ttgctgacag

t gggaaat ga

acgacaaaaa
gcagt accaa
agtt gcaaat
cccgt aaagg
cctct gaaca
t agccggcga
cgat agagga
accctaccga
t gct gaagac
aaacggacaa
gact cgat ct
at cact ggga
agctctctcg
t gaacact gg
gact gcctca
t cgt cagcaa
gcaaaat ggt
taggcat ccc
at aaat acca
agaaagcttg
ct gacagggc
t at gcaaacc
at cgcaaggc
caggttccag
ttgccacggce
gaggggt gt g
aagt aggaaa
caaacttcaa
ccat cgct aa
ccggcatctt
ctttagacac

ct ct caagga

aat gagaacg
acct aagcag
agat t acaaa
tgtgtatgcc
t gt gaacgt c
cccat ggat a
gt ggcaagca
cgtcttccag
cgct ggcat a
agct cact ca
ggact ccggt
taact ccccg
caggt accca
tacact gcgc
tgctttagtc
at t gaagggc
tgactggttg
aggt gat gt g
tcact atcag
tctgcatctg
cagcgaaagc
gaaat cctca
ccgt acgcac
act ccacgaa
caccgaagga
cggagcgct g
agcgcgact g
caaagtttcg
gattgtcaac
tt ccgggaac
cact gat gca

agcagt ggct
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aggagagaag
gcagagct gg
agcgat ggca
at agcagaaa
tatatcctcg
gcct ccacac
gt acagcgcc
ccgaagt at a
ccgaaagt gc
gagact ccgg
cttataaccg
gaagaggat a
gcagacattc

gactttgatg

ggggcaacgt
ccggtgecetg
acaccgt cac
ggcgt gaat a
agcaggt cgg
acaagagagg
tacatctttt
gtgctatccg
gaccaagaaa
agaagcagat
ct gcaaggcc
catcctgttc
gt ggaagcct
att ccagagt
gccagttttt
acaat acgat
gccacaaaaa

gcctttaatg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

cagt ggagga
t gagggt gca
aaactttctc
ttaat gccat
gagaaagcat
cacct agcac
t aaaagcct ¢
gaat cact gg
ctgcgt at at
agccat cggc
aggat gagac
gcat aagttt
acgggccgcec
tggacagttt
cagccgagac
cgcct cgaac
ttgcacccag
gggt gat cac
t ct cgagaac
agtttgaggc
cctccgacac
aagtggtgtt
aagaagaat t
accagt ccag
tagggcatta
ctttgtattc
gt aacgccat
acgatgccta
gccct gcaaa
cggcagt gcc
gaaat t gcaa

tggaat gct t

gat at gcat a
t ccgaagagt
atatttggaa
gt ggcccgtt
gagcagt at t
gctgecttge
acgt ccagaa
t gt gcagaag
t cat ccaagg
agagaaccaa
caggact aga
gct gt cagat
ctctgtatct
atccatactt
taactcttac
agt at t cagg
cagggcct gc
t agagaggag
cagcctggtc
gttcgtagca
cggt caaggg
ggagaggacc
act acgcaag
gaaggt ggag
tttgaaggca
atctagtgtg
gt t gaaagag
tttggacatg
gct gcgcagce
ttcagcgatc
t gt cacgcaa

caagaaat at

t ccgacgact
tctttggctg
gggaccaagt
gcaacggagg
aggt cgaaat
ttgtgcatcc
caaattactg
at ccaat gct
aagt at ctcg
t ccacagagg
acgcct gagc
ggcccgaccc
agct cat cct
gacaccct gg
ttcgcaaaga
aaccct ccac
t cgagaacca
ct cgaggege
t ccaacccgce
caacaacaat
catttacaac
gaat t ggaga
aaat t acagt
aacat gaaag
gaaggaaaag
aaccgt gcct
aactttccga
gttgacggag
tttccaaaga
cagaacacgc
at gagagaat

gcgt gt aat a

cttcagt gac
gaaggaaggg
tt caccaggc
ccaat gagca
gccccgt cga
at gccat gac
tgtgctcatc
cccagcct at
t ggaaacacc
ggacacct ga
cgat cat cat
accaggt gct
ggt ccattcc
agggagct ag
gt at ggagt t
at cccgct cc
gcctagtttce
ttaccccgtc
caggcgt aaa
gacggtttga
aaaaat cagt
tttcgtatge
t aaat cccac
ccat aacagc
t ggagt gct a
tttcaagccc
ctgtggcttc
cttcatgctg
aacactccta
t ccagaacgt
tgcccgtatt

atgaatattg

agaacct gat
ct acagcaca
ggccaaggat
ggtatgcatg
agagt cggaa
t ccagaaaga
ctttccattg
attgttctca
accggt agac
acaaccacca
cgaagaggaa
gcaagt cgag
tcatgcatcc
cgt gaccagc
t ct ggcgcega
gcgcacaaga
caccccgcca

acgcact cct

t agggt gat t
tgcgggt gca
aaggcaaacg
cccgegectc
acct gct aac
tagacgtatt
ccgaaccct g
caaggt cgca
ttactgtatt
cttagacact
tttggaaccc
cct ggcagct

ggat t cggcg

ggaaacgttt
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aaagaaaacc
ggaccaaaag
ccaat ggaca
cat act gaag
tatctgtgcg
attcatacac
cagcct gggg
gccatggctc
acgctgattg
tttaaattcg
attaacattg
gcattcattg
aggt gcgcca
gcgecttatt
gt ggcagacc
cat gat gat g
attctttcag
atagttatgg
gcccct at aa
tatcgcacca
gaat agagga
gaggccgegg
catcgtggtg
gcggaagt ac
cggcgt ggac
gcagaact ac
attcttcatc
gat ct acacc
cagcagcaag
gaccat cgt g
cat caagcgg

ccggaaagaa

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

ccat caggct
ctgctgctct
ggttt gt aat
aacggcccaa
gaat ccaccg
tgtttgatat
attgtgttct
tgaccgcegtt
aggcggcettt
gagccat gat
t aat cgcaag
gagat gacaa
cctggttgaa
tctgtggagg
ccct aaaaag
acaggagaag
agct gt gcaa
ccat gact ac
ctctctacgg
t agt cagcat
ttctttaaca
agaaggaggc
ggccccaagc
at ggaaagat
tacagct acg
ggcctggt gg
cccgt gat cg
ctgcgggagce
aagggcctgg
at cct ggaca
aacacccccc

caggt ggccc

tact gaagaa
ttttgcgaag
ggact t aaag
ggt acaggt g
agagct ggt t
gt cggct gaa
ggaaact gac
aatgattctg
cggcgaaat t
gaaat ct gga
cagagtgttg
t at cgt gaaa
t at ggaagt ¢
gtttattttg
gctgtttaag
ggcat t gcat
ggcagt agaa
tctagct agc
ct aacct gaa
agtacatttc
tgct cggeeg
aggcggceccc
ccttctaccc
acgccaagct
ccgagt acct
t ggacggccg
ccggectgtt
tggt gcacag
acaaagt cat
gcaaggt gga
ctggcttcca

t gat cat gaa

aacgt ggt aa
acacat aatt
agagacgt ga
at ccaggct g
aggagat t aa
gactttgacg
at cgcgt cgt
gaagact t ag
t cat caat ac
atgttcctca
agagaacggc
ggagt caaat
aagatt at ag
t gt gactccg
cttggcaaac
gaagagt caa
tcaaggtatg
agt gt t aaat
t ggact acga
at ct gact aa
ccgceccttce
gat gat ggaa
cat cgaggaa
gggcgcecat t
ggaaaagagc
gat cgccct g
cat cggcgt g
cctgggcatc
caccgt gcag
ct accggggc
ggccagcagc

cagcagcggc

attacattac
tgaat at gt t
aagt gact cc
ccgat ccgcet
at gcggt cct
ctattatagc
tt gat aaaag
gt gt ggacgc
atttgcccac
cactgtttgt
t aaccggat ¢
cggacaaatt
at gct gt ggt
t gaccggcac
ct ct ggcagc
cacgct ggaa
aaaccgt agg
cattcagcta
cat agt ct ag
tactacaaca
ccggecccca
aat at ggaaa
ggcagcgccg
gccttcacca
tgctgectgg
t gcagcgaga
ggcgt ggct ¢
agcaagccca
aaaaccgt ga
taccagtgcc
tt caagaccg

agcaccggcc

caaat t aaaa
gcaggacat a
aggaacaaaa
agcaacagcg
gcttccgaac
cgagcacttc
t gaggacgac
agagctgttg
t aaaact aaa
gaacacagtc
accat gt gca
aat ggcagac
gggcgagaaa
agcgt gcegt
agacgat gaa
ccgagt gggt
aacttccatc
cct gagaggg
t ccgccaaga
ccaccaccat
ctgccatgtg
acgacgagaa
gcacccagct
acgccgt gac
gcaaggct ct
act gcgagga
ccaccaacga
ccatcgtgtt
ccaccat caa
t ggacacct t
t ggaggt gga

t gcccaaggg
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cgtgcagctg
cggcaaccag
cggcatgttc
gtt cgacgag
ggt gcccacc
caacct ggt g
cgccaggegg
cgccatcatc
cctgttcaag
gggcgaagt g
caccaaagag
cgaagagaag
t caggt gccc
cggcgt ggcc
ggaat ccggc
caacgccaag
cggcaagat c

att aat t gat

acccacgaga
gt gt ccceccg
accaccct gg
gaaaccttcc
ctgttcgeca
gagat cgcca
ttcaatctgc
at cacccccg
gccaaagt ga
tgcgt gaagg
ct gat cgacg
cacttcttca
cctgccgage
ggggt gccag
aagaacat ga
cggct gagag
gacggcaggg

cgat acagca

acaccgt gac
gcaccgccgt
gct acct gat
t gaaaaccct
tcct gaacaa
gcggcggagce
ccggegt gcg
agggcgacga
t cgacct gga
gccccat get
aagagggct g
t cgt ggaccg
t ggaaagcgt
at cct gt ggc
ccgagaaaga
gcggcgt gag
ccat ccggga

gcaat t ggca

ccggt t cagc
gct gaccgtg
ctgcggcttc
gcaggact ac
gagcgagct g
ccccct gage
gcagggct ac
caagcct gga
caccaagaag
gat gaagggc
gct gcacacc
gct gaagagc
cctgctgcag
cggcgagct g
agt gat ggac
attcgtggac
gat cct gaag

agctgcttac

acggccggcc ttaattaagt aacgatacag cagcaattgg
cgcggcgatt ggcatgccge tttaaaattt ttattttatt
ggattttgtt tttaatattt caaaaaaaaa aaaaaaaaaa
a

<210> 30

<211> 1150

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic pol ynucl eotide

<220>

<221> msc_feature

<223> g-block for Al pha-R-DLP-2A-rFF

<400> 30

cacgccaggg
gtgcccttcc
cgggt ggt ga
aagt gcacct
ct gaacaagt
aaagaagt gg
ggcct gaccg
gccagcggcea
agcct gggcece
t acgt gaaca
ggcgacat cg
ct gat caagt
caccccagca
cctggecgecg
tacgt cgcca
gaagt gccaa
aaacccgt gg
at agaaggcg
caagctgctt
tttecttttcet

aaaaaaaaaa

accccatcta
accacggctt
tgct gaccaa
acgtgattct
acgacct gag
gagaggccgt
agacaaccag
aggt ggt gcc
ccaacagacg
accccgaggc
gctact acga
acaagggct a
tcttcgacgce
t ggt ggt get
gccaggtgtc
agggcct gac
ccaagatgtg
cgccgtttaa
acat agaact
tttccgaatc

daaaaaaaaa

tctacggcta acctgaatgg actacgacat agtctagtcc gccaagatat cgcaccatag

tcagcat agt acatttcatc tgactaatac tacaacacca ccaccatgaa tagaggattc

tttaacatgc tcggccgecg ccccttcececg geccccact g ccat gt ggag gccgcggaga

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

Page 59 of 78

8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020

10021

60
120

180

3/06/2019



aggaggcagg
gacgt ggagg
ggccccaagce
at ggaaagat
tacagct acg
ggcctggt gg
cccgt gat cg
ct gcgggagce
aagggcct gg
at cct ggaca
aacacccccc
caggt ggccc
acccacgaga
gt gtcccecceg
accaccct gg
gaaaccttcc

ctgttcgcca

cggccccggag

agaaccct gg
ccttctaccc
acgccaagct
ccgagt acct
t ggacggccg
ccggectgtt
t ggt gcacag
acaaagt cat
gcaaggt gga
ctggcttcca
t gat cat gaa
acaccgt gac
gcaccgccgt
gct acct gat

t gaaaaccct

<210> 31

<211> 1150

<212> DNA

<213> Artificial
<220>

<223>

<220>

<221> nmisc _feature
<223>

<400> 31

tctacggcta
t cagcat agt
tttaacatgc
aggaggcagg
gacgt ggagg
ggccccaagce
at ggaaagat

tacagct acg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

acct gaat gg
acatttcatc
t cggccgeceg
cggccecggg
agaaccct gg
ccttctaccc
acgccaagct

ccgagt acct

aagcggagct
acct at ggaa
cat cgaggaa
gggcgcecatt
ggaaaagagc
gat cgccct g
cat cggcgt g
cctgggcatc
caccgt gcag
ct accggggc
ggccagcagc
cagcagcggc
ccggttcagc
gct gaccgtg
ctgcggettc

gcaggact ac

Sequence

Synt heti ¢ pol ynucl eoti de

act acgacat
t gact aat ac
ccccttecceg

aagcggagct

acct at ggaa aat at ggaaa

actaacttca
aat at ggaaa
ggcagcgecg
gccttcacca
tgctgectgg
t gcagcgaga
ggcgt gget ¢
agcaagccca
aaaaccgt ga
taccagtgcc
tt caagaccg
agcaccggcc
cacgccaggg
gtgcccttcc
cgggt ggt ga

aagt gcacct

agt ctagt cc
t acaacacca
gcccccact g

actaacttca

cat cgaggaa ggcagcgccg

gggcgccatt gccttcacca

ggaaaagagc

tgctgcctgg

gcct gct gaa
acgacgagaa
gcacccagct
acgccgt gac
gcaaggct ct
act gcgagga
ccaccaacga
ccatcgtgtt
ccaccat caa
t ggacacctt
tggaggt gga
t gcccaaggg
accccatcta
accacggctt
tgct gaccaa

acgtgattct

g-bl ock for Al pha-R- DLP-2A-nsp-DLP-2A-r FF

gccaagat at
ccaccat gaa
ccat gt ggag
gcct gct gaa
acgacgagaa
gcacccagct
acgccgt gac

gcaaggct ct

gcaggct gga
catcgtggtg
gcggaagt ac
cggcgt ggac
gcagaact ac
attcttcatc
gat ct acacc
cagcagcaag
gaccatcgtg
cat caagcgg
ccggaaagaa
cgtgcagctg
cggcaaccag
cggcatgttc
gtt cgacgag

ggt gcccacc

cgcaccat ag
tagaggattc
gccgeggaga
gcaggct gga
catcgtggtg
gcggaagt ac
cggcgt ggac

gcagaact ac
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ggcct ggt gg
cccgt gat cg
ct gcgggagce
aagggcct gg
at cct ggaca
aacacccccc
caggt ggccc
acccacgaga
gt gtcccccg
accaccct gg
gaaaccttcc

ctgttcgcca

t ggacggccg
ccggectgtt
tggt gcacag
acaaagt cat
gcaaggt gga
ctggcttcca
t gat cat gaa
acaccgt gac
gcaccgccgt
gct acct gat

t gaaaaccct

gat cgccct g
cat cggcgt g
cctgggcatc
caccgt gcag
ct accggggc
ggccagcagc
cagcagcggc
ccggttcagc
gct gaccgtg
ctgcggettc

gcaggact ac

<210> 32

<211> 25

<212> DNA

<213> Artificial Sequence
<220>

<223> Synthetic pol ynucl eotide
<220>

<221> nmisc _feature

<223> prinmer Al pha-3 nsp4-F
<220>

<221> msc_feature

<223> RP123

<400> 32

ggctgtttaa gcttggcaaa cctct

<210> 33

<211> 23

<212> DNA

<213> Artificial Sequence
<220>

<223> Synthetic pol ynucl eotide
<220>

<221> msc_feature

<223> priner Al pha-3' nsp4-F
<220>

<221> msc_feature

<223> rFF-seql

<400> 33

agcgagaact gcgaggaatt ctt

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

t gcagcgaga
ggcgt ggctc
agcaagccca
aaaaccgt ga
taccagtgcc
tt caagaccg
agcaccggcc
cacgccaggg
gtgcccttcc
cgggt ggt ga

aagt gcacct

act gcgagga
ccaccaacga
ccatcgtgtt
ccaccat caa
t ggacacct t
t ggaggt gga
t gcccaaggg
accccatcta
accacggctt
tgct gaccaa

acgtgattct

attcttcatc
gat ct acacc
cagcagcaag
gaccatcgtg
cat caagcgg
ccggaaagaa
cgtgcagctg
cggcaaccag
cggcatgttc
gtt cgacgag

ggt gcccacc
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<210>
<211>
<212>
<213>

34

DNA
<220>
<223>
<220>
<221>
<223>

<400> 34
gct cgaagt g

ttcttgtggg
tcgttagata
gt cactgcca
ctactggatt
agcat ggcgc
gcggttgcega
cgccagttcc
ggcgttacaa
at gct aggt t
agcgtttccc
gcccgget gc
taaaactttt
gcgaacaaag
gtttgggcat
agcgagcttg
tct ct gaagc
gggacggagc
ctggttgcag
cacccacgtt
tgatttgtga
at gaaagct g
ccgt gt cagc
tggttacacc

actcttctgg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

Artificia

12342

m sc_feature
Construct

t gt at ggt gc
cccctct cgg
acggcaagtt
tcgtcgtcga
t ggagggagt
gggat t gt gc
aggaat ggag
agt gggacat
tttccttgag
agccatt gaa
tggcgct aga
taacagtttg
gccacct gac
gaccgggt gg
caat gcgagc
gcat at caca
agact ggt cc
ttgcggttac
ttctgacttg
cacggttacc
caagcagcac
tttcaggggc
cgccgtgtta
t gaagggcag

agat gt caaa

Sequence

Synt heti c pol ypepti de

rex-rFF

cat at acggc
t aaat cct ag
ccctttctta

tctctatcaa

tttgttaggg
tgcgaagt gg
caatgtcctg
aagttcctga
ctgttgcaac
gaggcaagt g
tttgcget ga
at agt gacca
cgccgt gagg
ct gt ct aaaa
tctggagggc
acacgcagct
tgtttgectg
aggtgcttgg
tggtgtgatg
at cccaggt g
tggcgegt ca
atctgcaatt
gat cacat ac
ccacgccccg

gat ccggcgce

t caccaccat
agggctttcc
ctatcctatt
ctacccttgc
act ggt ccct
acggct ccac
gcttgttcat
ttggttggta
accctgettt
tgtttatttc
caccggtgta
ct gaccagga
ctggtttgcg
caggacttcg
tgaaattcca
gcaagct gaa
ctggcaact a
ccttcatgaa
at gagtt ggc
ggcgagtttg
aacgt gcaaa
gccaacgcat
tggaggcggce
taccagcgcc

ccgttccgec

at acact gca
tctcgttatt
ttcatcttgt
gact at ggca
ggact taccc
cttatgcgcece
gggactgtta
t cgagct gcc
cgcccaget g
cact gaccac
t gct aacgct
acaagat ggg
gttgtattac
cttatggett
cattat gagg
gagct act ac
cggcggct ac
t ggcgccact
ttatcgagtc
t ccgaat gcc
gggcgt cggc
gagt ggacca
gacgtttggc
gcgagttcgt

agt accaaaa

agaattacta
gcgagat tcg
ggct t gacgg
accttctccg
gacgcttgtg
gagtgttttc
aaact ggctt
aaagt caccg
cgtgtggttg
gcgtctgcta
tgggt t gt ga
ttctgctggt
aaccattacc
ggagacct gg
ggttcgectc
gtttgtgaca
aat ccaccag
gttgt gt cgg
tttcaattgt
aagt acgcaa
ctgtgtctcg
ccacct gcac
aacgttcgcg
cccagcgcca

ccaaggacca
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agcttgccac
gggcct caac
ggcgt gt ggc
gtgctcggtc
agcggt at ac
ggtacccttt
ttagctttge
tggtttcatc
tagccttgcet
cgct gt cgcet
atgcagctta
gccgcaat cg
ttttgggctc
tttcaaagcc
gaaccgccgc
agaaggcagg
gcct caat gt
ctgttgtgac
tgcccacccg
caggggt cga

ggttccggcet

caacttttac
gagtgttttc
gcgcet gaagg
cagccgt cac
tggacttgtt
ggcttttact
tttttgtgaa
t ggcggettt
gt gt gacacc

t gct ccgggt

at gt cacagg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

accgaaccca
acaggagcca
caaaactgtg
cgttggggac
catgactctg
ggctgtaatc
cattgggttg
agct aat t at
ggaagaagaa
t gt gct caat
tgttccttge
ttgct ggaga
caccgggcaa
caccat cgat
aat ggagcgt
agcgactgtt
cat gt ggaag
ggcggt caag
acccggtgtg
tcccgettta
gat aggt gga
ctgcttacct
tgtacccgtc
catctctctg
tagcggatta
gact ct agct
tgcttgcagt
tctattcttt
ggccgtttac
tgcccatttt
cagcgct gct

cacaact cgg

act caggcgc
ctggcgagt g
tacagct ccg
gttcttgttc
aagat gat gc
gcttgtttge
at acccagt g
gttgcgtcaa
cactattata
ttact ggggc
actgtgttcg
tgcttcggac
cgagtttcca
gttgtgggca
cagt gt gcct
tacct caccc
cgaccaattg
agtatctctt
accgttgtcg
ttgcgtgttg
tggatttatg
atcaaatgtg
accaagaccc
gact ctct gg
gtgatcttgt
tccecctttag
ctcgctggtg
ccccaagct a
agtttgatgg
ctgct gct gg
gcccccacca

ctgtacatac

ccat cccagc
caggagt t gc
cggagcgcett
aagcgct acc
gttcacgett
tccctatatg
t gggcaat aa
tggaccat ca
gagcggt ccg
aggt aggct a
atctttgcag
gctgtgtgceg
aact ggcgct
t ggcaact gg
ct acggt gga
cccct gt caa
ggt ccact gt
tctcacctcc
accat gct ct
ggcaaggt ga
ggat atgcta
gcatt ggcac
aagagcact g
ggttaact ca
tggtctgcca
tgttgcttgt
ctgct gt gaa
cccttgtcac
gctt gcgagt
cgaggt cagc
attcact gct

ccaaggaagg

accgcgcacg
ttctgactcg
t cggaccgaa
gct caaaacc
cagt t ggcac
gccatctctt
tgttgttctg
at gt gaaggt
ttggcgcceceg
t gt agct cgt
ctttgctatt
agtt gggcct
cattgatttg
ttggagcgga
ccctcactcg
cagcgggt ca
ccttggggaa
ctgctgegtc
ttacaaccgg
ttttctaaaa
ttttgtgttg
ccgcgaccct
ccat gct gga
gt t acaaagt
ccgccet ggece
gttcccttgg
aatacagttg
t at gggat ac
gaaagt gaat
t ggacagt ca
t ggagt ggct

cgggat ggt g

cgact t caag
gcacct aaat
ct ggt acaac
ccagcagt gc
t gcgacgt gt
gctttgctcc
acagcgcttc
gcggcett get
attacaggcg
tccacctttg
ct gt acct ct
gccacgcat g
t gt gaccact
tgttacacag
tt cgaccaga
gcgct gcagt
caaacaggag
tctaccactt
ttgactgctt
cttaat ccgg
gtggttgtagt
ttctgccgea
atgtgtgcta
tact ggat cg
at cagcgcct
gcat ct gt gg
tt ggcgacgc
tgggcgtgcg
gt gcccat gt
agagagcaga
cgtgattgtt

tttgaagggc
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tattcaggtc
cagggt cagt
gccgegct aa
agaat ggcga
agttgcattt
aagaaggctt
ct gcagt ggt
ttgcctacgt
cact gt caaa
ttattgccga
at agagagag
at cttaacca
t gccaaaaag
caccgctttc
tgatatcttt
t cggaggct a
gggct at t gg
acaccctgtt
aat actt cct
gcaaaccaat
tccaattcct
ccgctctcac
tcgat cgt ga
aacaagaagt
act t caaaga
gcaccatttg
gcaggagacg
aagagaagag
t gccaaagt a
cct at cagaa
tgct agact a

acct cacaaa

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

accgaaggcg
gt ggaccagg
cat ggccact
cttcgccgag
cgcccaacca
gct cagt ggc
t cagggt gac
gaccacccca
gcatttcaca
t gt t gat gct
cagcctttct
acctgcttac
tgttggccge
catgcgcttg
gtggttctac
tcccaccatg
cacagtacta
actggatgtg
ggagggagga
tacccaggag
ctctgatgtg
aagttttcaa
cgct gct cgt
aacagct gga
cgatttggtg
tgacgtcgtt
ccgcaagggc
gaacgccggt
ct gggat ccc
agt ggtt gac
cgt gct gggc

catgcttaaa

cgcggcaacg
aacaacgagg
ct gaagat cg
gcagt gacga
acaaccgggc
gaggtttgtc
gctgtggt ag
agcggaaaac
ggccctttga
gttcctegtt
ggacct cagt
ttgccttatg
cctgtggtca
tgcttgttce
at cactgccg
ttgtttgtge
gcggt at gca
ttctccgect
gt gaaagaga
agtctcactg
cttgactgtc
gt ggcgcagt
agt cgcagac
gaccgtgttg
ctggttcctt
aaggaagaag
ct gcct aaag
gat gat gat t
agcgacaccc
tattcaggca

aaggggagct

gt ggacccca

tcggcttcgt
t cgt cgt act
gt gacgcaat
cacagt ccga
ccgcttcatg
t ggcgt ggac
gggt ccacac
tccttggcge
cat caat ccc
ct ct ggccat
tgttgttaat
tgctgggctt
ctgggcttct
atctggtctg
ctggcacgtc
cacggttcct
gcat caccat
caggt cgctt
gt gt caccgc
caacattagc
gggecgt ccg
at cgt aacat
t aat ggcaaa
tggttatcga
t gaccaccaa
ccaat gacac
gtgctcagtt
ttgcggtctc
gaggcacgac
atgtgcatta
at gaaggcct

cggagctctc

ggct ggt age
gacagcgt ca
gctgactctg
gct cccaggce
gt gcact gcc
tact agt ggc
cggt t cgaac
cgacaccgt g
gaaggacatc
gctgatt gat
tgcttgtttt
ctttgccgcet
atggttgtgc
tgctaccgtc
ttacctttct
agt gt accag
gct ggct get
t gacaggact
ct cagt cacc
tgccct cact
at cggcaat g
ccttaatgca
act ggct gat
cggt ct ggac
agt agt aggc
cccagttaag
ggagt gggac
gaat gat t at
agt gaaaat c
cgt ggagcat
agat caggac

ct ccaaagac

agct acggca
cacgtggttg
actttcaaaa
aatt ggccac
acaggagat g
gact ct ggat
acaagt ggtg
actttgtcat
cctgacaaca
ggcttatcca
atgtggtctt
aacttcttcc
tgcctcttca
acgggaaacg
gagat gt ggt
ttccccggcet
gccctcggtc
ttcatgatga
cgcgcttatg
gat gat gact
aatctgcgtg
tccttgcaag
tttgcggttg
cgcat ggctc
ggttctaggt
ccaat gccca
cgt caccagg
gt caagagag
gccggceact a
caggaagat c
aaagt gt t gg

aaagccaagg
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cgcgt cagcet
t aaact gaga
t aaagacaag
tttatttaac
gcttgggt ac
gct gatt gat
ttttgatgtg
cggaggaggc
cggagcect ct
gt cggacggc
tgctttggaa
cgt cat cgca
cgtgcttgac
agccct gt gt
tgttttctce
cttgccatct
t acaaagt ct
caat ctacaa
t aggagcat t
ggt t acggcec
aaaat t cgac
tgatcgctcc
t ggccagccc
gggt agt gt a
ttccaatacc
aggctatttc
gttcaagt ac
gcattacgcg
ggtt gaccca
gcaagt ggac
ataccacat t

ggactccatt

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

tgctcatctg
gcgccccaca
ggtttcgt gg
atcaaatttg
gt acgcgcct
gcat act ggg
agcccaggt g
cgt gcaaaac
tattcctatg
gtcttgtata
gccacagct t
acaat t gggc
aact gcgctg
ggagatttag
at ggt gcggg
act gt accat
ttacagagct
accgccacca
ct gggcacca
gcattccaaa
ccgat accag
accccggcett
gagttggtgc
gcattcacca
atctattcat
ccagagattg
gttcgagt gt
gccagetttg
aagaaaact g
ggcaagt gt t
ggt gcaaaga

atctgctgtg

ctgttggatc
tctttcccgg
ctctacacag
t gt gcgacga
gccctggtta
acagt at gga
acgt cgcagt
gt ct cacagc
at gacaaggt
acacccgttg
gctaccgt gc
ccttcccgga
acat cagct g
agaaat acaa
cgtacttaaa
ctaaaaattc
actgtttgat
tggcgacttg
acaattacat
aagct ggaaa
ctcct gacaa
tggtgcegttg
acagct acgt
aacgcggggg
tggtgctgta
cagaaaaat a
acatctactc
accgct gggt
t gaacaccag
at ct agccag
at ccct caga

at gaagact g

t ggct aaccc
cgat gt gggg
tcgcacaatg
agagt t caca
ctggtttatt
gtgcgtttac
gacgggcgag
tgatctggtg
ggcagct gct
gggcaacat t
tggat gt gag
gcaacaaccc
tgacgctttc
cct at ccacg
agaggagat t
acaagccgga
t gat gacatg
t aaacggcaa
t ggcct aggt

ggat gggt ca

gtactgcctt
gttcgct act
gttgaattgc
tttgtcatct
cacccagcac
tcttgatggce
ggacgat gt g
cccccacctg
ctcccecttcee
tcttcaggac

gt act at gaa

gt ggacggac

agtt gaggca
cgt cggacct
tttttagctg
aagaccccaa
ttccgtcgta
gcgcttccca
cgat gggat t
cacgcttttc
gtcagtggtg
ccatattctg
gccgttaccg
at accggaca
at agcgcccg
cagggttttg
ggagacgctc
attaacggcg
gt gt cacagt
tactgttcca
ttgcgtgect
ccgatttatt
gaaacagacc
aatcttattt
t gt cacgat c
ggagaccct a
atgttgctat
agcct ggagc
gttctaacca
caggcgct gc
tttttgggcet
cgcgttacac
gctgctgttt

ctccat cgac

gt gaat cagt
ttgct gact ¢
cccgggact t
aagacacact
cgcaccggtc
ccatatctga
ttgaatctcc
aagggttcca
acccgtatcg
t cccaaccaa
acgggaccaa
t cccaaagag
ct gcagagac
tgttgcctag
caccactcta
ctgagtttcc
ccat gaaaag
aat acaagat
gcctttcggg
t gggcaagt ¢
tggagagttg
tt gagct agc
tagttgtggc
tcacttccat
gt ggacttga
t gcgggacat
cacccaacca
taggtttcaa
gccggttcaa
gctctetgtt

ccatctttaa

gt at cagt gg
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cgct gcgegt
caagcagt at
ttgtggaggg
ctcgctcttc
t gagggttcc
gtgccacatt
aacat caccg
gggaggcaac
tacgct caag
ggaaggaccc
cggtagcgcg
caaacaagcg
ccggect gge
aacctttgtg
gggt cgagt ¢
gccacgt aac
attcggcgct
acat accact
cgcct accac
attccctgtt
t gt ggcogt t
cgggttgttg
agcat gccac
ggaagt caac
taattgtggc
agt ggcacaa
aaaagaactc
aattacctta
acaat cggt t
cggcaaagcg
ccgegetttce

gggagaaat t

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

accgacggag
gagagt gccg
tggttctgtg
gccaact gcg
ccaaaacaga
gattacggca
cccgggcegcet
attgtgtttg
ggcgt ggt gg
cctgggagt g
accttggttg
ggcgecgatc
agt ggaaaca
gat gaggt gg
aagggttacg
ctttggctcc
getgtgtgtg
aaagt ggt gt
aaagat cgcg
gtgactcttc
act agggcgt
aagttcacca
ct gggccaag
ctgctgtaca
cctgectgtg
aatttgggct
gct gagcat t
cagcaagt at
ttcgtgcaga
cgtgctctac
ct cgat gaag

aat aagt cca

ttgagttccc
t gt gcacagt
gcaatt gt gt
ggcacgacat
t ggt accaaa
gt aaagagga
acaaagt ggg
ggtgcggtcc
t gaat aaagc
ggaagacttt
tgcccaccca
catactttgt
t cacagt gcg
cctacttctc
gtgatttaaa
gacattttgt
atttgatcaa
ttgtgccaaa
gtcttggtca
gact gcccac
ct caggaatt
aggaagcaga
aaat t gacct
cacacgt ccc
gct gggaaaa
accactattc
ggcccgt agt
gt gaact cag
cgcct ggt gt
cagattcctt

ccgaggaaaa

ccgtgggagg

caccattgaa
tt gt ggggec
cccgtaccac
cat gt accgc
agt gcct cac
actaactctg
t cacaaggt a
t ggat cacac
t ct gaagaac
tcacctggtc
cgcgtccatg
ggt gcccaag
act gccacag
accagt ggat
t cagct cggg
cagcct ggag
gggcat ttat
tccagacttt
ccgcacaatt
accccaat ca
at acat ct ac
ggcgcaggac
tt ggt ccaat
cat caaggat
gcaat ccaac
cccagactta
gt ccaat gat
t aaaccgt gc
gacatcttac
attctcgtcc
gtttgccgee

atcccacttc

at gt t aacat
gcccecgt gg
gcgggtcatt
tccacttact
ccgat cct gg
gt agt ggcgg
gtcgccgtgg
at cgcagt ac
gccgecgect
aaagat gt gc
ct ggact gca
tatacagttc
gt cggaacca
ct ggcgcgcea
t gcgt cggac
cccttgcgag
ccttattatg
gagaaaggt g
gattcaattc
ct gacgcgcec
gacccctttg
ttgatccatg
gagggcctcg
ggt gt aat ac
aaaatttcgt
ccaggatttt
agat acccga
t cagcgggct
tggcttactg
ggt aggt t cg
gctcaccctc

atcttttccc

ccttccgeac
ccaagt ct gc
gt cacacaac
gcacaat gt g
atcatttgct
at ggt cgaac
tt gcagat gt
cacttcagga
ct gagt acgt
t agccgt ggt
t caacaagct
ttgactttcc
gt gagggaga
ttttaaccca
ccgcgagegt
t gt gccat cg
agccagct cc
t agt cat cac
aaggct gt ac
cgcgcgcagt
at cagctt ag
gcccacct ac
aat att acaa
acagttaccc
gcct cccgag
gccccat acc
attgcttgca
at at ggt t gg
aat gggt cga
agact aacag
atgcctgttt

aatatttacc
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accattgcta
t aaagct gct
t gagacact g
gt ggagaaac
agctgtgtcc
agggt acaga
cgccgagt gg
tattgtaaag
ttccacctca
acaaat t ggt
ct caact act
cgat ggaaaa
t cgaggaagg
gcgccattgce
aaaagagct g
tcgceetgtg
tcggcgtggg
t gggcat cag
ccgt gcagaa
accggggct a
ccagcagctt
gcagcggcag
ggttcagcca
t gaccgt ggt
gcggcttccg
aggact acaa
gcgagct get
ccct gagcaa
agggct acgg
agcct ggagc
ccaagaagag

t gaagggct a

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

cccgcagacg
tgcagcgttg
agt cgcgt gt
gcgacctttt
aaact cat ca
accaacgcgc
gcact gt caa
aggct cctca
gt gcagacca
tcagtcattg
caggt agt gg
t at ggaaaac
cagcgccggce
cttcaccaac
ctgcect gggce
cagcgagaac
cgtggct ccc
caagcccacc
aaccgt gacc
ccagtgcctg
caagaccgt g
caccggcct g
cgccagggac
gcccttccac
ggtggtgat g
gt gcacct ac
gaacaagt ac
agaagt ggga
cct gaccgag
cagcggcaag
cctgggccecc

cgt gaacaac

ctgttgcect
ttgatgtcta
acaagatt at
at gt ccaaga
aagt gccggce
t ggt agcgcc
ct gaaccgcc
gct caacaga
tttgtgcact
ggcecgtgt g
ttcgcggcaa
gacgagaaca
acccagct gc
gccgt gaccg
aaggctctgc
t gcgaggaat
accaacgaga
atcgtgttca
accat caaga
gacaccttca
gaggt ggacc
cccaagggcg
cccat ct acg
cacggcttcg
ct gaccaagt
gt gattctgg
gacct gagca
gaggccgtcg
acaaccagcg
gt ggt gcccc
aacagacggg

cccgaggeca

ggt aggt gct
tgctccatca
gatcgatttc
gggt gt t gat
caat gagcct
ccaggct aaa
acct gct ggt
agtgttcttg
agagggat gt
act ct agagt
cgggt acacc
tcgtgatggg
ggaagt acat
gcgt ggact a
agaact acgg
tcttcatccc
tctacaccct
gcagcaagaa
ccat cgt gat
t caagcggaa
ggaaagaaca
tgcagct gac
gcaaccaggt
gcatgttcac
t cgacgagga
tgcccaccct
acct ggt gga
ccaggcggtt
ccat cat cat
t gt t caaggc
gcgaagt gt g

ccaaagagct

tcattggctg
tttgaacctt
aagccgtgta
gcagt t acat
gtttcattcc
atttcaattg
tat gcgat cg
t gccgcaggg
aaacct ct gt
ggacctgttc
gcagttggta
ccccaagccc
ggaaagat ac
cagct acgcc
cctggtggtg
cgt gat cgcc
gcgggagcet g
gggcct ggac
cct ggacagc
caccccccct
ggt ggccect g
ccacgagaac
gt cccccggce
caccct gggc
aaccttcctg
gttcgccatc
gat cgccagc
caat ctgccc
cacccccgag
caaagtgatc
cgt gaagggc

gat cgacgaa

ggaaagct gc
at ct acaccc
ggct t at ggt
cagcact agc
at gt ggcatc
gagcct acgc
tgcggcgat a
gtgttgtgtc
tcaacttctt
ccat ccceccg
acaagctt gt
ttctacccca
gccaagct gg
gagt acct gg
gacggccgga
ggcctgttca
gt gcacagcc
aaagt cat ca
aaggt ggact
ggct t ccagg
at cat gaaca
accgt gaccc
accgccgt gc
tacct gat ct
aaaaccct gc
ct gaacaaga
ggcggagecc
ggcgtgcggce
ggcgacgaca
gacct ggaca

cccat gct ga

gagggctgge
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tgcacaccgg
t gaagagcct
tgctgcagca
gcgagct gecc
t gat ggact a
t cgt ggacga
t cct gaagaa
gt ggt gacgg
tgttgcttac
cctttgtatt
atgcttttgt
tgcctcgtct
cacct agt gg
ggt acaccgc
gcctcttttce
tttggtcaga
cct ggagacc
caacggt tct

accgtcagtt

cgacat cggc
gat caagt ac
ccccageatc
tggcgecgtg
cgt cgccagce
agt gccaaag
acccgt ggcc
gattttaggt
taggtatgta
agcagct t at
gcttttggct
tcggtccatt
acctgttccc
agtt ggt aac
gaaacggacg
t gcgggt ccg
ttaggcat ga
tcatgattgg

gggt tcct ac

tactacgacg
aagggctatc
ttcgacgccg
gtggtgctgg
caggt gt cca
ggcct gaccg
aagat gt gat
gagt at ct ag
gcat ct gggt
atttggtttg
gcttttctgt
ttcaaccatc
at cccccgcec
aagcttgtcg
gcggegacag
caaaccgccc
tttaaatcaa
gcatggttca

caaacaaatc

taagacgtgg atattctcct gtgtggcgtc
CCaaaaaaaa aaaaaaaaaa aaaaaaaaaa
<210> 35

<211> 8554

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic pol ypeptide
<220>

<221> msc_feature

<223> Construct Al pha-R- eGP
<400> 35

at aggcggcg cat gagagaa gcccagacca

ttgacat cga ggaagacagc ccattcctca

aggt agaagc caagcaggtc act gataatg

tggcttcaaa act gat cgaa acggaggt gg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

aagagaagca
aggt gccecc
gcgt ggecegg
aat ccggcaa
acgccaagcg
gcaagat cga
tat aactcga
attactttat
t agt gt at gt
ttatagttgg
t att agt aat
gccaact ggt
caaccact ca
at ggcgt caa
cct acaagct
gcgcaaccca
caggagcgceg
ct cactgcag
cagcgcaaag
at gt t gaagt

daaaaaaaaaa

attacctacc
gagctttgca
accat gct aa

acccat ccga

cttcttcatc
tgccgagetg
ggt gccagat
gaacat gacc
gct gagaggce
cggcagggec
gggagccat a
tctgtccgtc
tttgactgcc
aagagccttt
gaggat gat t
ggt agct gat
ggt agt ggt t
gacgat cacg
acaat gacct
ct caggct at
ccaccctttc
at gccggagg
ttgcgectcc
agttattagc

aa

caaaat ggag
gcggagcettc
t gccagagcg

cacgatcctt

gt ggaccggc
gaaagcgt cc
cct gt ggccg
gagaaagaag
ggcgt gagat
at ccgggaga
gattcatttt
ccactcttgc
ttgttctatt
tctactgett
gt gggt at ga
tttgtggaca
cgcggcaacg
t ccgcaggec
actgcgcat g
tattgcagag
gt cgaacgt a
act cacgt ac
agcagggccg

cacccaggaa

aaagtt cacg
ccgcagtttg
ttttcgcatc

gacat t ggaa
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gt gcgcecege
gt gcggaaga
aaat aact ga
ct gacct gga
aagt cgct gt
ccaat aaggg
agaact t ggc
cggct cgt aa
ccattcttag
ccatctacca
tacgt ggcaa
tcgttaaaag
cgat gcaccg
tctecttttcc
t ggcaacaga
tagt cgt caa
tagt ggccca
ggccact agg
acaagat aac
atttccactc
caagaat cag
acgt acaaga
t gcgcgcagce
tcgactt gat
aggttaccag
ctgtactcaa
taacacactc
tgccagaggg
ttgtgtacaa
gagcgct gaa
aat acctgta

ggct cacagg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

ccgcagaat g
t ccggacaga
t aaggaattg
aact gagact
tt accaggat
agttagagtc
t ggagcat at
cat aggcct a
aaagaagt at
cgagaagagg
gcaaaatt ac
aatagctatc
cgagggattc
cgt gt gcacg
t gt cagt gcg
cggt cgcacc
ggcatttgct
act acgagat
atctatttat
attcgtgctg
gaaaatgtta
agct aagt gc
tctaccacct
gtt acaagag
ct acgat ggc
gagt gaaaaa
t ggccgaaaa
acat gcaat a
cgaacgt gag
cact gat gaa

cgacat cgac

cgagctggtg

tattctaagc
tt gt at aagt
gacaagaaaa
at gt gcctcc
gt at acgcgg
gcct act gga
ccat cat act
tgcagctctg
tt gaaaccat
gacttactga
acat gt cggt
agt ccaggcc
ttgtgctgca
tat gt gccag
gacgacgcgc
cagagaaaca
aggt gggcaa
agacagt t ag
aagcgcccgg
cccaggat ag
gaggagcaca
gcagccgat g
ttggcagctg
gct ggggecg
gaggacaaga
ttatcttgca
gggcgttatg
cccgt ccagg
ttcgt aaaca
gaat attaca
aggaaacagt

gatcctccct

acaagt at ca
at gcaact aa
t gaaggagct
acgacgacga
tt gacggacc
taggctttga
ctaccaactg
acgttatgga
ccaacaat gt
ggagct ggca
gt gagact at
t gt at gggaa
aagt gacaga
ctacattgtg
aaaaact gct
ccaat accat
aggaat at aa
t cat ggggt g
at acccaaac
gcagt aacac
aggagccgtc
aggct aagga
at gt t gagga
gct cagt gga
tcggctctta
tccaccct ct
ccgt ggaacc
actttcaagc
ggt acct gca
aaact gt caa
gcgt caagaa

tccatgaatt

ttgtatctgt
gct gaagaaa
cgccgecegtc
gt cgt gt cgc
gacaagt ctc
caccacccct
ggccgacgaa
gcggt cacgt
tctattctct
cctgeccegtct
agttagttgc
gcct t caggce
cacat t gaac
t gaccaaat g
ggt t gggct c
gaaaaatt ac
ggaagat caa
ttgttgggcet
cat cat caaa
attggagatc
acctctcatt
ggt gcgt gaa
gcccactctg
gacacct cgt
cgctgtgett
cgct gaacaa
at accat ggt
t ct gagt gaa
ccatattgcc
gcccagcgag
agaact agtc

cgcct acgag

ccgat gagat
aact gt aagg
at gagcgacc
t acgaagggc
t at caccaag
tttatgttta
accgtgttaa
agagggat gt
gttggct cga
gtatttcact

gacgggt acg

tatgctgcta
ggggagaggg
act ggcat ac
aaccagcgt a
cttttgceccg
gaagat gaaa
tttagaaggc
gt gaacagcg
gggct gagaa
accgccgagg
gccgaggagt
gaagccgat g
ggct t gat aa
t ct ccgcagg
gt cat agt ga
aaagt agt gg
agt gccacca
acacat ggag
cacgacggcg
act gggct ag

agt ct gagaa
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cacgaccagc
gcaagt ct gg
aagaaaact g
ccagaact gt
tt gacgaagc
ct aaaaaggc
t gaaagt gca
gttgcact aa
cgacgaat cc
aggacgat ct
aaggcaacga
ccgttcggta
tcct act gac
t aaaaacact
cagagcat ga
agaat aaggc
t agacat gac
cagcagagat
gtctattttc
cgtcgcct aa
cacaact gcc
gcaattatga
tcctccacca
gcagaact gt
t gt cagaccg
tgcccaaat a
agcagt gt ga
t gaat cccgg
gcat cat t gg
cact t gaaga
acaatcctta

aagccggat g

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

cgctccttac
catcattaaa
t gcagaaat t
ggact cagt g
ttttgcttgt
agt gctctgc
ttttaaccac
at ct gt gact
gaaagagact
cattctcact
aat aat gacg
caaggt gaat
ccgcacggag
gact gccaag
tgccatcatg
aaacgt gt gt
cact gaacaa
agt at t gaac
t gcacccact
cat gt acggg
t cgggcagt t
tccgegeat a
t aat gaacac
cctggtggtce
gcct gaggcet
t gacat aat a
agaccat gcc
cggaacct gt
t gct at agcg
gacggaagt t
caagctttca

tgcaccctca

caagt accaa
agcgcagt ca
at aagggacg
ctcttgaatg
cat gcaggt a
ggggat ccca
gagatttgca
tcggt cgt ct
aagattgtga
tgtttcagag
gcagct gcct
gaaaat cctc
gaccgcat cg
taccct ggga
aggcacat ct
tgggccaagg
t ggaacactg
caact at gcg
gttccgttat
ct gaat aaag
gccact ggaa
aacct agt ac
ccacagagt g
ggggaaaagt
acctt cagag
tttgttaatg
attaagctta
gt cagcat ag
cggcagttca
ctgtttgtat
tcaaccttga

t at cat gt gg

ccat aggggt
ccaaaaaaga
t caagaaaat
gat gcaaaca
ct ct cagagc
aacagt gcgg
cacaagtctt
caaccttgtt
ttgacact ac
ggt gggt gaa
ct caagggct
t gt acgcacc
t gt ggaaaac
atttcactgc
t ggagagacc
ctttagtgcc
tggattattt
tgaggttctt
ccattaggaa
aagt ggt ccg
gagt ct at ga
ct gt aaacag
acttttcttc
tgtccgtccce
ct cggct gga
t gaggacccc
gcat gttgac
gttatggtta
agttttcccg
tcattgggta

ccaacattta

tgcgagggga

gtatggcgtg
tctagtggtg
gaaagggct g
ccccgt agag
gct cat agcc
tttttttaac
ccacaaaagc
ttacgacaaa
cggcagt acc
gcagttgcaa
gacccgt aaa
cacct ct gaa
actagccggc
cacgat agag
ggaccct acc
ggt gct gaag
t gaaacggac
t ggact cgat
t aat cact gg
t cagct ct ct
cat gaacact
aagact gcct
attcgtcagc
aggcaaaat g
tttaggcatc
at at aaat ac
caagaaagct
cgct gacagg
ggt at gcaaa
cgat cgcaag
tacaggttcc

tattgccacg

ccaggat cag
agcgccaaga
gacgt caat g
accctgtata
at t at aagac
at gat gt gcc
atctctcgcec
aaaat gagaa
aaacct aagc
at agatt aca
ggtgtgtatg
cat gt gaacg
gacccat gga
gagt ggcaag
gacgtcttcc
accgct ggca
aaagct cact
ct ggact ccg
gat aact ccc
cgcaggt acc
ggt acact gc
catgctttag
aaat t gaagg
gt t gact ggt
ccaggtgatg
catcactatc
tgtctgcatc
gccagcgaaa
ccgaaat cct
gcccgt acge
agact ccacg

gccaccgaag
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gagt gatt at
t gt at aagaa
t ggt caaagg
cggaggttga
acgat aacaa
acaaagat cg
cagat gt agc
ct aggagaga
at gcagagct
caagcgat gg
at at agcaga
t gt at at cct
aagcct ccac
gagt acagcg
tgccgaagt a
caccgaaagt
acgagact cc
cacttat aac
aagaagagga
aggcagacat
ccgactttga
gcggggcaac
gaccggt gcc
gaacaccgtc
caggcgt gaa
ctagcaggtc
tt acaagaga
catacatctt
cggtgctatc
t cgaccaaga
acagaagcag

ttct gcaagg

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

aaat gct gct
attcccggaa
tgcagct aaa
aggt gacaaa
ttacaagtca
act aacccaa
cat at act gc
agcagt ggag
ggt gagggt g
caaaactttc
aatt aat gcc
cggagaaagc
accacct agc
cct aaaagcc
t agaat cact
gcct gegt at
ggagccat cg
cgaggat gag
t agcat aagt
t cacgggccg
t gt ggacagt
gt cagccgag
tgcgcctcga
acttgcaccc
tagggt gat ¢
ggt ct cgaga
ggagtttgag
ttcctccgac
cgaagt ggt g
aaaagaagaa
at accagt cc

cct agggcat

aacagcaaag
agcttcgatt
catatcattc
cagtt ggcag
gtagcgattc
tcattgaacc
agggacaaga
gagat at gca
cat ccgaaga
tcatatttgg
at gt ggcccg
at gagcagt a
acgctgectt
t cacgt ccag
ggt gt gcaga
attcatccaa
gcagagaacc
accaggact a
ttgctgtcag
ccctctgtat
ttatccatac
actaactctt
acagtattca
agcagggcct
act agagagg
accagcct gg
gcgttcgt ag
accggt caag
tt ggagagga
ttactacgca
aggaaggt gg

tatttgaagg

gacaacct gg
t acagccgat
at gccgt agg
aggcttatga
cactgttgtc
atttgctgac
aat gggaaat
tat ccgacga
gttctttgge
aagggaccaa
ttgcaacgga
ttaggt cgaa
gct t gt gcat
aacaaattac
agat ccaat g
ggaagt at ct
aat ccacaga
gaacgcct ga
at ggcccgac
ctagctcatc
tt gacaccct
acttcgcaaa
ggaaccct cc
gct cgagaac
agct cgaggc
t ct ccaaccc
cacaacaaca
ggcatttaca
ccgaat t gga
agaaattaca
agaacat gaa

cagaaggaaa

cggaggggt g
cgaagt agga
accaaacttc
gt ccat cgct
caccggcatc
agctttagac
gact ct caag
ctcttcagtg
t ggaaggaag
gtttcaccag
ggccaat gag
atgccccgtc
ccat gccatg
tgtgtgctca
ctcccagcect
cgt ggaaaca
ggggacacct
gccgatcatc
ccaccaggt g
ctggtccatt
ggagggagct
gagt at ggag
acat cccgct
cagcct agtt
gcttaccccg
gccaggcegt a
atgacggttt
acaaaaat ca
gatttcgtat
gt taaat ccc

agccat aaca

agt ggagt gc

t gcggagcgce
aaagcgcgac
aacaaagttt
aagattgtca
ttttccggga
accactgatg
gaagcagt gg
acagaacct g
ggct acagca
gcggecaagg
caggt at gca
gaagagt cgg
act ccagaaa
tcctttccat
atattgttct
ccaccggt ag
gaacaaccac
at cgaagagg
ct gcaagt cg
cctcat gcat
agcgt gacca
tttctggcgce
ccgcgcacaa
tccaccccge
tcacgcactc
aat agggt ga
gatgcgggt g
gt aaggcaaa
gcccegegec
acacctgcta
gctagacgt a

t accgaaccc
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tgcat cct gt
cagt ggaagc
ttattccaga
ctgccagttt
ccacaat acg
ctgccacaaa
cggcctttaa
tt aaagaaaa
aaggaccaaa
t accaat gga
aacat act ga
cgtatctgtg
acattcatac
t ccagcct gg
acgccat ggc
t gacgct gat
aatttaaatt
t catt aacat
cagcat t cat
acaggt gcgc
aagcgcctta
gt gt ggcaga
aacat gat ga
gtattctttc
tcatagttat
gggcccct at
gat at cgcac
tgcccat cct
agggcgaggg
agct gcccgt
cccgcetacce

acgt ccagga

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

tcctttgtat
ct gt aacgcc
gt acgat gcc
ttgccctgeca
at cggcagt g
aagaaat tgc
t gt ggaat gc
ccccat cagg
agct gct get
caggtttgta
agaacggccc
cggaat ccac
actgtttgat
ggattgtgtt
tct gaccgcg
t gaggcggct
cggagccat g
t gt aat cgca
t ggagat gac
cacctggttg
tttctgtgga
ccccct aaaa
t gacaggaga
agagct gt gc
ggccat gact
aactctctac
cat gggaaga
ggt cgaget g
cgat gccacc
gccct ggecc
cgaccacat g

gcgcaccat c

tcatctagtg
at gt t gaaag
tatttggaca
aagct gcgca
ccttcagcga
aat gt cacgc
tt caagaaat
cttact gaag
ctttttgcga
at ggact t aa
aaggt acagg
cgagagct gg
at gt cggct g
ct ggaaact g
ttaatgattc
ttcggcgaaa
at gaaatctg
agcagagt gt
aat at cgt ga
aat at ggaag
gggtttattt
aggctgttta
agggcat t gc
aaggcagt ag
actctagcta
ggct aacct g
gccggcegtga
gacggcgacg
tacggcaagc
accctcgtga
aagcagcacg

ttcttcaagg

t gaaccgt gc
agaactttcc
tggttgacgg
gctttccaaa
t ccagaacac
aaat gagaga
at gcgt gt aa
aaaacgt ggt
agacacat aa
agagagacgt
t gat ccaggc
ttaggagatt
aagactttga
acat cgcgtc
t ggaagact t
tttcatcaat
gaatgttcct
t gagagaacg
aaggagt caa
t caagatt at
tgtgtgactc
agcttggcaa
at gaagagt c
aat caaggt a
gcagtgttaa
aat ggact ac
gcaagggcga
t aaacggcca
tgaccct gaa
ccaccct ggg
acttcttcaa

acgacggcaa

cttttcaagc
gact gt ggct
agcttcatgc
gaaacact cc
gct ccagaac
attgcccgta
t aat gaat at
aaattacatt
tttgaatatg
gaaagt gact
tgccgat ccg
aaat gcggt c
cgctattata
gtttgataaa
aggt gt ggac
acatttgccc
cacactgttt
gct aaccgga
at cggacaaa
agatgctgtg
cgt gaccggc
acct ct ggca
aacacgct gg
t gaaaccgt a
atcattcagc
gacat agt ct
ggagctgttc
caagttcagc
gct gat ct gc
ctacggcctg
gt ccgccat g

ct acaagacc

cccaaggt cg
tcttactgta
tgcttagaca

tatttggaac

gt cct ggcag

ttggattcgg

t gggaaacgt
accaaattaa
ttgcaggaca
ccaggaacaa
ct agcaacag
ctgcttccga
gccgagcact
agt gaggacg
gcagagct gt
act aaaact a
gt gaacacag
tcaccatgtg
ttaat ggcag
gt gggcgaga
acagcgt gcc
gcagacgat g
aaccgagt gg
ggaacttcca
tacct gagag
agt ccgccaa
accgggagt gg
gt gt ccggcg
accaccggca
cagtgcttcg
cccgaaggct

cgcgecgagg
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t gaagttcga
aggacggcaa
t caccgccga
aggacggcgg
ccgt gct get
acgagaagcg
gcat ggacga
gcaagct gct
cagcagcaat

tttttatttt

gggcgacacc
cat cct gggg
caagcagaag
cgtgcagctc
gcccgacaac
cgat cacat g
gct gt acaag
t acat agaag
t ggcaagct g

atttttettt

ct ggt gaacc
cacaagct gg
aacggcat ca
gccgaccact
cact acct ga
gt cct gct gg
taggctcttc
gcgcgecegt t
cttacat aga

tcttttccga

aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa
<210> 36

<211> 59

<212> DNA

<213> Artificial Sequence
<220>

<223> Synthetic pol ynucl eotide
<220>

<221> msc_feature

<223> 5 human beta gl obin UTR
<400> 36

gcat cgagct
agt acaact a
aggccaactt
accagcagaa
gct accagtc
agttcgt gac
gtaattaatt
t aaacggccg
act cgcggceg
atcggatttt

aaaa

gaagggcatc
caacagccac
caagat ccgc
cacccccatc
cgccct gage
cgccgecggg
gat cgat aca
gccttaatta
attggcat gc

gtttttaata

gactt caagg
aacgtctata
cacaacat cg
ggcgacggcc
aaagacccca
at cactctcg
gcagcaattg
agt aacgat a
cgctttaaaa

ttt caaaaaa

acatttgctt ctgacacaac tgtgttcact agcaacctca aacagacacc gccgccacc

<210> 37

<211> 18

<212> DNA

<213> Artificial Sequence
<220>

<223> Synthetic pol ynucl eotide
<220>

<221> msc_feature

<223> T7 Pronoter

<400> 37

taat acgact cact at ag

<210> 38

<211> 142

<212> DNA

<213> Artificial Sequence
<220>

<223> Synthetic pol ynucl eotide
<220>

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...
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<221>
<223> DLP
<400> 38

m sc_feature

at agt cagca tagtacattt catctgacta atactacaac accaccacca tgaatagagg

attctttaac atgctcggcc gccgeccctt cccggecccc actgccat gt ggaggecgeg

gagaaggagg caggcggccc cg

Sequence

Synt heti c pol ynucl eoti de

ggaagcggag ctactaactt cagcctgctg aagcaggct g gagacgt gga ggagaaccct

<210> 39

<211> 66

<212> DNA

<213> Artificia
<220>

<223>

<220>

<221> msc_feature
<223> P2A

<400> 39

ggacct

<210> 40

<211> 846

<212> DNA

<213> Artificial
<220>

<223>

<220>

<221> msc_feature
<223> dsG-P
<400> 40

at ggt gagca
ggcgacgt aa
ggcaagct ga
ct cgt gacca
cagcacgact
tt caaggacg
gt gaaccgca
aagct ggagt
ggcat caagg
gaccact acc

tacct gagca

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

agggcgagga
acggccacaa
ccct gaagtt
ccctgaccta
tcttcaagtc
acggcaact a
t cgagct gaa
acaact acaa
tgaacttcaa
agcagaacac

cccagt ccgc

Sequence

Synt heti ¢ pol ynucl eoti de

gctgttcacc
gttcagcgtg
cat ct gcacc
cggcgt gcag
cgccat gccc
caagacccgc
gggcat cgac
cagccacaac
gat ccgccac
ccccat cggc

cct gagcaaa

ggggt ggt gc
t ccggcgagg
accggcaagc
tgcttcagec
gaaggct acg
gccgaggt ga
tt caaggagg
gtctatatca
aacat cgagg
gacggccccg

gaccccaacg

ccat cct ggt cgagct ggac
gcgagggcga tgccacctac
tgcccgtgec ctggeccacce
gctaccccga ccacat gaag
tccaggagcg caccatcttc
agttcgaggg cgacaccctg
acggcaacat cctggggcac
t ggccgacaa gcagaagaac
acggcagcgt gcagctcgcc
tgctgctgecc cgacaaccac

agaagcgcga tcacat ggtc
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ctgctggagt tcgtgaccgc cgccgggatc actctcggca tggacgagct gt acaagaag

cttagccatg gcttcccgec ggaggtggag gagcaggatg at ggcacgct gcccat gt ct

t gt gcccagg agagcgggat ggaccgtcac cctgcagcct gtgcttctge taggat caat

gtgtag

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<223>

<400>

41
134
DNA

Artificial Sequence

Synt heti ¢ pol ynucl eoti de
m sc_feature

3 Human beta gl obin UTR

41

gctcgetttc ttgetgtcca atttctatta aaggttcctt tgttccctaa gtccaactac

taaact gggg gatattatga agggccttga gcatctggat tctgcctaat aaaaaacatt

tattttcatt gcaa

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<223>

<400>

42
29
DNA

Artificial Sequence

Synt heti ¢ pol ynucl eoti de
m sc_feature

T7 Term nat or

42

aacccctctc taaacggagg ggttttttt

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<223>

<400>

43
1412
DNA

Artificial Sequence

Synt heti ¢ pol ynucl eoti de
m sc_feature

Sequence of DLP dsGFP M na

43

taat acgact cactatagac atttgcttct gacacaactg tgttcactag

caacct caaa

cagacaccgc cgccaccata gtcagcatag tacatttcat ctgactaata ctacaacacc

accaccat ga atagaggatt ctttaacatg ctcggccgcc gccccttccc ggeccccact

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...
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gccat gt gga
agcct gct ga
gaggagct gt
cacaagttca
aagtt cat ct
acct acggcg
aagt ccgcca
aact acaaga
ct gaagggca
tacaacagcc
ttcaagatcc
aacaccccca
tccgecectga
accgccgecg
ccgccggagg
gggat ggacc

cttgctgtcc

ggccgceggag
agcaggct gg
t caccggggt
gcgt gt ccgg
gcaccaccgg
tgcagtgctt
t gcccgaagg
cccgegecga
tcgacttcaa
acaacgtcta
gccacaacat
t cggcgacgg
gcaaagaccc
ggat cact ct
t ggaggagca
gt caccctgc

aatttctatt

aaggaggcag
agacgt ggag
ggtgcccatc
cgagggcgag
caagct gccc
cagccgct ac
ctacgt ccag
ggt gaagttc
ggaggacggc
t at cat ggcc
cgaggacggc
cccecgtgetg
caacgagaag
cggcat ggac
ggat gat ggc
agcct gt gct

aaaggt t cct

ggatattatg aagggccttg agcatctgga

t gcaaaaaaa aaaaaaaaaa aaaaaaaaaa

aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa

aaaaacccct ctctaaacgg aggggttttt

<210> 44

<211> 9

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic pol ypeptide

<220>

<221> msc_feature

<223> H 2 Kd peptide

<400> 44

I[le Tyr Ser Thr Val Ala Ser Ser
1 5

<210> 45

<211> 15

<212> PRT

<213> Artificial Sequence

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...

gcggececgyg

gagaaccct g
ct ggt cgagc
ggcgat gcca
gt gccct gge
cccgaccaca
gagcgcacca
gagggcgaca
aacat cct gg
gacaagcaga
agcgt gcagc
ctgcccgaca
cgcgat caca
gagct gt aca
acgctgccca
tct gct agga
ttgttcccta
ttctgcctaa
aaaaaaaaaa
aaaaaaaaaa

tt

Leu

gaagcggagc
gacct at ggt
t ggacggcga
cctacggcaa
ccaccct cgt
t gaagcagca
tcttcttcaa
ccct ggt gaa
ggcacaagct
agaacggcat
tcgccgacca
accact acct
t ggt cct get
agaagctt ag
tgtcttgtge
tcaatgtgta
agt ccaact a
t aaaaaacat
aaaaaaaaaa

aaaaaaaaaa

tactaacttc
gagcaagggc
cgt aaacggc
gctgaccctg
gaccaccct g
cgacttcttc
ggacgacggc
ccgcat cgag
ggagt acaac
caaggt gaac
ct accagcag
gagcacccag
ggagttcgtg
ccatggcttc
ccaggagagc
ggctcgettt
ct aaact ggg
ttattttcat
aaaaaaaaaa

aaaaaaaaaa
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<220>
<223> Synthetic pol ypeptide

<220>
<221> msc_feature
<223> CD4 T cell epitope

<400> 45

Lys Ser Ser Phe Phe Arg Asn Val Val Trp Leu Ile Lys Lys Asn
1 5 10 15

<210> 46

<211> 104

<212> DNA

<213> Sindbis virus

<400> 46
at gaat agag gattctttaa catgctcggc cgccgecccct tcccggecccc cactgecatg

t ggaggccgc ggagaaggag gcaggcggcec ccgatgectg cccg

<210> 47
<211> 120
<212> DNA

<213> Aura virus

<400> 47
atgaactctg tcttttacaa tccgtttggc cgaggtgcect acgctcaacc tccaatagca

t ggaggccaa gacgt agggc tgcacctgcg cctcgaccat ccgggttgac tacccagatc

<210> 48
<211> 71
<212> DNA

<213> Eastern Equi ne Encephalitis virus SA

<400> 48
atgtttccgt atccaacatt gaactacccg cctatggcac cggttaatcc gatggcatac

agggacccca a

<210> 49
<211> 91
<212> DNA

<213> O Nyong-Nyong virus

<400> 49
atggagttca taccagcaca aacttactac aatagaagat accagcctag accctggact

caacgcccta ctatccaggt gatcaggcca a

<210> 50
<211> 67
<212> DNA

<213> Semi ki Forest virus

<400> 50
atgaattaca tccctacgca aacgttttac ggccgeccggt ggcgcccgeg cccggcggec

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR...
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cgtcctt 67

<210> 51

<211> 69

<212> DNA

<213> Ross River virus

<400> 51
at gaattaca taccaaccca gactttttac ggacgccgtt ggcggcctcg cccggegttc 60

cgtccatgg 69
<210> 52

<211> 91

<212> DNA

<213> Mayaro virus

<400> 52
atggatttcc taccaacaca agtgttttat ggcaggcgat ggagaccacg aatgccgcca 60

cgcccttgga ggccacgecc acctacaatt ¢ 91

https://patentscope.wipo.int/search/docs2/pct/W0O2018106615/file/ncNFkHvtc4HCraR... 3/06/2019
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