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COMPOSITIONS AND METHODS FOR DENGUE VIRUS CHIMERIC
CONSTRUCTS IN YACCINES

PRIORITY

[0001] This PCT Application claims priority to U.S. Provisional Application No. 61/300,204
filed March 15, 2013. This application is incorporated herein in its entirety by reference for
all purposes.

FEDERALLY FUNDED RESEARCH

[0002] Some embodiments disclosed herein were supported in part by grant number R43
AlI084291-01 from the National Institutes of Health. The U.S. Government may have certain
rights to practice the subject invention.

FIELD

[0003] Embodiments herein report compositions, methods, uses and manufacturing
procedures for dengue virus constructs and vaccine compositions thereof. Some
embodiments concern a composition that includes, but is not limited to, chimeric flavivirus
virus constructs that alone or in combination with other constructs can be used in a vaccine
composition. In certain embodiments, compositions can include constructs of more than one
serotypes of dengue virus, such as dengue-1 (DEN-1) virus, dengue-2 (DEN-2) virus,
dengue-3 (DEN-3) virus and/or dengue-4 (DEN-4) virus. In other embodiments,
manufacturing strategy that can improve the safety and genetic stability of recombinant live-
attenuated chimeric dengue vaccine (DENVax) viruses. Certain embodiments include at least
one live, attenuated dengue virus in combination with dengue virus chimeric constructs
identified to be both safe and effective in vaccine compositions where the constructs have

undergone additional passages in cell cultures. BACKGROUND

[0004] Infection with dengue virus can lead to a painful fever of varying severity. To date,
four serotypes of dengue virus have been identified: dengue-1 (DEN-1), dengue-2 (DEN-2),
or dengue-3 (DEN-3) in combination with dengue-4 (DEN-4). Dengue fever is caused by
infection of a dengue virus. Other subtypes may be discovered in the future (e.g. DEN-5).
Dengue virus serotypes 1-4 can also cause dengue hemorrhagic fever (DHF), and dengue
shock syndrome (DSS). The most severe consequences of infection, DHF and DSS, can be
life threatening. Dengue viruses cause 50-100 million cases of debilitating dengue fever,
500,000 cases of DHF/DSS, and more than 20,000 deaths each year. To date, there is no

1

Date Regue/Date Received 2022-06-28



effective vaccine to protect against dengue fever and no drug treatment for the disease.
Mosquito control efforts have been ineffective in preventing dengue outbreaks in endemic
areas or in preventing further geographic spread of the disease. It is estimated that 3.5 billion
people are threatened by infection with dengue virus. In addition, dengue virus is a leading
cause of fever in travelers to endemic areas, such as Asia, Central and South America, and
the Caribbean.

[0005] All four dengue virus serotypes are endemic throughout the tropical regions of the
world and constitute the most significant mosquito-borne viral threat to humans in tropical
regions, worldwide. Dengue viruses are transmitted to humans primarily by dedes aegypti
mosquitoes. Infection with one dengue virus serotype results in life-long protection from re-
infection by that serotype, but does not prevent secondary infection by one of the other three
dengue virus serotypes. In fact, previous infection with one dengue virus serotype leads to an
increased risk of severe disease (DHF/DSS) upon secondary infection with a different
serotype. The development of an effective vaccine represents an important approach to the
prevention and control of this global emerging disease. Multiple immunizations make
complete vaccine coverage difficult both for public health efforts in dengue virus endemic
countries as well as travelers.

SUMMARY

[0006] Embodiments herein concern compositions, methods and uses of chimeric dengue
virus constructs. In some embodiments, a composition can include chimeric dengue virus
constructs having an attenuated dengue virus backbone with structural genes from at least one
other dengue virus serotype. Other embodiments concern at least one live, attenuated virus in
combination with one or more chimeric dengue viruses. Other embodiments can include a
composition of chimeric dengue viruses having a modified DEN-2 backbone (e.g. PDK-53 as
a starting backbone in P1 (passage-1) and passage variability (after passage and growth in
vitro on a permissive cell line) as indicated for P2, P3,...P8..P10 etc.) and one or more
structural components of DEN-1, DEN-2, DEN-3 or DEN-4. In other embodiments, an
immunogenic composition is generated where when introduced to a subject, the composition
produces an immune response to one or more dengue viruses in the subject. Therefore,
constructs contemplated herein can be generated and passaged in vifro, and each of the
passages provides an attenuated dengue virus contemplated of use in a pharmaceutically
acceptable vaccine composition. In certain embodiments a live, attenuated virus can be a
live, attenuated dengue-2 virus alone or in combination with one or more chimeric dengue

viruses.
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[0007] In certain examples, chimeric dengue virus constructs of dengue virus serotypes can
include passage 7 (P7) live, attenuated viruses or chimeric viruses having nucleic acid
sequences identified by SEQ ID NOS: 1, 4, 7 and 10 or polypeptide sequences indicated by
SEQIDNOS:2,3,5,6,8,9, 11 and 12. 1t is contemplated herein that any of the passages
for any of the live, attenuated viruses described herein can be used in an immunogenic
composition to induce immune responses to the represented dengue viruses (e.g. serotypes 1-
4). In accordance with these embodiments, an immunogenic composition that includes a P-8
isolated live, attenuated virus can be administered to a subject to induce an immunogenic
response against one or more dengue virus serotypes depending on the construct selected. In
addition, a live, attenuated virus can be combined with one or more of these chimeric viruses,
This is contemplated for each of the live, attenuated viruses isolated/produced in each
subsequent cell passages (e.g. African Green Monkey Vero cell production, hereinafter: Vero
cells). It is contemplated herein that any cell line (e.g. GMP-produced cell bank, FDA or
EMA -approved) capable of producing dengue viruses is of use to passage any of the viral
constructs at a manufacturing scale or as appropriate contemplated herein for subsequent use
in a vaccine or immunogenic composition against Dengue virus.

[0008] In other embodiments, compositions contemplated herein can be combined with other
immunogenic compositions against other Flaviviruses such as West Nile virus, Japanese
encephalitis or any other flavivirus chimeric construct and/or live, attenuated virus. In certain
embodiments, a single composition can be used against multiple flaviviruses.

[0009] In certain embodiments, an immunogenic composition of the present invention can
include chimeric dengue viruses against one or more of DEN-1, DEN-2, DEN-3 and/or DEN-
4, alone or in combination with a live, attenuated dengue virus composition.

[00010] In other embodiments, a construct can include a construct having adaptive
mutations in the structural or non-structural regions of the virus that increase growth or
production without affecting attenuation or safety of the virus when introduced to a subject.
In certain embodiments, any of the contemplated chimeric dengue virus constructs can
include a live, attenuated DEN-2 virus having specific mutations used as a backbone where
the live attenuated DEN-2 PDK virus further includes structural proteins of one or more of
prM (premembrane) and E (envelope) structural proteins of the other dengue virus serotypes.
In addition, a DEN-2 backbone can include additional mutations in order to increase
production of or enhance the immune response to a predetermine composition in a subject

upon administration (e.g. chimeric Dengue virus 2/1, 2/3 or 2/4).
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[00011] In some embodiments, structural protein genes can include prM and E genes
of DEN-1, DEN-2, DEN-3 or DEN-4 on a DEN-2 backbone having one or two mutations that
are part of a live, attenuated dengue virus. For example, a dengue construct, in certain
embodiments can include those constructs termed DENVax-1-A, DENVax-2-F, DENVax-3-
F, and DENVax-4-F (see Example section) where the DEN-2 backbone has one or more
mutations (e.g. not found in the P1 or other previous passaged virus or PDK-53) from the
DEN-2 live, attenuated virus previously demonstrated to be safe and effective to induce an
immune response. The DEN-2 live, attenuated virus of the instant application is an improved
version of the originally used DEN-2 live, attenuated virus. A chimeric construct of the
instant invention can include a modified attenuated DEN-2 PDK-53 backbone, having one or
more structural proteins of the second dengue virus serotype wherein the structural proteins
can include additional mutations to increase an immunogenic response to the chimeric
construct. In some embodiments, certain mutations acquired by attenuated DEN-2 PDK-53
can produce a conservative amino acid change or not in a constructs different from the P1
construct which can result in desirable traits for production etc.

[00012] In other embodiments, a live, attenuated DEN-2 genome can be used to
generate constructs of dengue virus serotype 1 (DEN-1) and dengue virus serotype 3 (DEN-
3), dengue virus serotype 4 (DEN-4) where one or more structural protein genes of the DEN-
2 viral genome can be replaced by one or more structural protein genes of DEN-1, DEN-3 or
DEN-4, respectively. In some embodiments, a structural protein can be the C, prM or E
protein of a second dengue virus. In certain embodiments, structural protein genes include
the prM and E genes of DEN-1, DEN-3 or DEN-4. These hybrid viruses express the surface
antigens of DEN-1, DEN-3 or DEN-4 while retaining the attenuation phenotypes of the
parent attenuated DEN-2.

[00013] Constructs disclosed herein can include chimeric constructs of DEN-4, DEN-2,
DEN-1, and DEN-3 expressing surface antigens of DEN-1, DEN-3 and DEN-4 using
attenuated DEN-2 virus as a backbone.

[00014] In certain embodiments, compositions of the instant invention can include a
composition that comprises a single chimeric dengue virus construct disclosed herein and a
pharmaceutically acceptable carrier or excipient. Alternatively, compositions of the instant
invention can include a composition that comprises two or more, or three or more chimeric
dengue virus constructs disclosed herein, and a pharmaceutically acceptable carrier or
excipient. In accordance with these embodiments, a one or more dengue virus chimeric

constructs contemplated herein can be combined with one or more, live attenuated dengue
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viruses. In certain embodiments, a live, attenuated virus can be a live, attenuated DEN-2
virus wherein additional mutations in the NCR, NS1 regions or other regions increase the
immune response, increase viral growth or other improvement for an improved live,
attenuated dengue virus.

[00015] In certain embodiments, the attenuation loci, nucleotide 5’NCR-57-T, NS1-
53-Asp, and NS3-250-Val, of the DENV-2 vaccine have been previously determined, and all
of these changes are shared by the common PDK-53 virus-specific genetic background of the
four DENVax viruses. The genetic sequence of the three attenuation loci as well as the
previously established in vitro and in vivo attenuation phenotypes of these vaccine candidates
were carefully monitored for the cGMP-manufactured DENVax seeds. This report describes
strategies used to generate master virus seeds (MVS) as well as their genetic and phenotypic
characterization of use in the manufacture of dengue virus vaccine compositions. These
MVS can be used for manufacture of clinical materials and ultimately commercial vaccine
supplies.

Brief Description of the Drawings

[00016] The following drawings form part of the present specification and are included
to further demonstrate certain embodiments. Some embodiments may be better understood
by reference to one or more of these drawings alone or in combination with the detailed
description of specific embodiments presented.

[00017] Fig. 1 represents an exemplary chart reflecting an exemplary chimeric
construct of the instant invention, DEN-2/DEN-4 compared to previously generated
constructs and wild type dengue viruses.

[00018] Fig. 2 represents an exemplary histogram plot comparing various responses
using a live, attenuated DEN-2 backbone (with additional mutations) and a second dengue
virus serotype as structural components substituted for the dengue-2 structural components
(e.g. DENVax-1 MVS). This plot illustrates plaque sizes of the DENVax MVS. Wild-type
Dengue viruses and previously published research-grade vaccine candidate viruses were
included for control and comparison. This plot illustrates improved production of the dengue
virus constructs compared to control dengue virus chimeric constructs.

[00019] Fig. 3 represents an exemplary histogram plot that represents temperature
sensitivities of DENVax MVS (Master Virus Seed). Wild type dengue viruses and previously
published research-grade vaccine candidate viruses were included for comparison with the

MVS grade.
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[00020] Fig. 4 represents an exemplary histogram plot that represents viral growth of
DENVax MVS in C6/36 cells compared to controls. Wild-type dengue viruses and research-
grade vaccine candidate viruses were included for comparison with the DENVax MVS.
[00021] Figs. 5A-5C represent exemplary plots of neurovirulence in newborn mice.
Pooled results of several experiments summarizing the neurovirulence of wt DENV-2 16681
virus in CDC-ICR (#=72) and Taconic-ICR (#=32) newborn mice challenged ic with 10* pfu
of the virus (A). Neurovirulence of DENVax MVS tested in Taconic-ICR mice with a dose of
10* pfu (B) or 10° pfu (C). The numbers of animals tested per group in one experiment (n=16)
or two pooled experiments (n=31 or 32) are indicated.

[00022] Fig. 6 represents an exemplary histogram illustrating plaque size of the
DENVax MVS, WVS, and BVS. Mean plaque diameters + SD (error bars) of the virus
plaques in Vero or LLC-MK) cells under agarose overlay measured on day 9 pi. Wild type
DENVs and previously published research-grade vaccine candidate viruses were included for
control and comparison.

[00023] Fig. 7 represents an exemplary histogram plot illustrating growth of DENVax
MSV, WVS, and BVS in C6/36¢ells at two incubation temperatures to verify their retention
of this in vitro attenuation marker after large scale manufacturing.

[00024] Fig. 8 represents an exemplary histogram plotting restricted growth of
DENVax MVS, WVS, and BVS in C6/36 cells. Mean titers == SD (error bars) of the viruses
replicated in C6/36 cells 7 days pi. The wt Dengue viruses and previously published
research-grade vaccine candidate viruses were included for comparison.

[00025] Figs. 9A-9B represent exemplary graphs of data of neurovirulence of
DENVax MVS in newborn ICR mice. (A) IC inoculations of the virus at dose of 10* PFU. (B)
IC inoculation of the virus at dose of 10° PFU,

[00026] Fig. 10 represents an exemplary chart comparing new live, attenuated viruses

to previously generated live, attenuated dengue viruses.

Definitions
[00027] As used herein, “a” or “an” may mean one or more than one of an item.
[00028] As used herein the specification, “subject” or “subjects” may include, but are

not limited to, mammals such as humans or mammals, domesticated or wild, for example
dogs, cats, other household pets (e.g. hamster, guinea pig, mouse, rat), ferrets, rabbits, pigs,
horses, cattle, prairie dogs, wild rodents, or zoo animals.

"nn

[00029] As used herein, the terms "virus chimera," "chimeric virus,” "flavivirus
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chimera” and "chimeric flavivirus” can mean a construct comprising a portion of the
nucleotide sequence of a dengue-2 virus and further nucleotide sequence that is not from
dengue-2 virus or is from a different flavivirus. A “dengue chimera” comprises at least two
different dengue virus serotypes but not a different flavivirus. Thus, examples of other
dengue viruses or flaviviruses include, but are not limited to, sequences from dengue-1 virus,
dengue-3 virus, dengue-4 virus, West Nile virus, Japanese encephalitis virus, St. Louis
encephalitis virus, tick-borne encephalitis virus, yellow fever virus and any combination
thereof.

[00030] As used herein, "nucleic acid chimera” can mean a construct of the invention
comprising nucleic acid comprising a portion of the nucleotide sequence of a dengue-2 virus
and further nucleotide sequence that is not of the same origin as the nucleotide sequence of
the dengue-2 virus. Correspondingly, any chimeric flavivirus or flavivirus chimera disclosed
herein can be recognized as an example of a nucleic acid chimera.

[00031] As used herein, “a live, attenuated virus” can mean a wild-type virus, mutated
or selected for traits of use in vaccine or other immunogenic compositions wherein some
traits can include reduced virulence, safety, efficacy or improved growth etc.
DESCRIPTION

[00032] In the following sections, various exemplary compositions and methods are

described in order to detail various embodiments. It will be obvious to one skilled in the art
that practicing the various embodiments does not require the employment of all or even

some of the specific details outlined herein, but rather that concentrations, times and other
specific details may be modified through routine experimentation. In some cases, well-
known methods or components have not been included in the description.

[00033] In accordance with embodiments of the present invention, there may be
employed conventional molecular biology, protein chemistry, microbiology, and recombinant
DNA techniques within the skill of the art. Such techniques are explained fully in the
literature. See, e.g., Sambrook, Fritsch & Maniatis, Molecular Cloning: A Laboratory
Manual, Second Edition 1989, Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y.; Animal Cell Culture, R. 1. Freshney, ed., 1936).

[00034] Embodiments herein concern compositions, methods and uses for inducing
immune responses against one or more dengue virus serotypes in a subject, individually or
simultaneously. In accordance with these embodiments, attenuated dengue viruses and
nucleic acid chimeras are generated and used in vaccine compositions disclosed herein.

Some embodiments concern modified or mutated dengue constructs or chimeras. Other

7
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embodiments concern introducing mutations to modify the amino acid sequences of
structural proteins of dengue viruses wherein the mutation increase immunogenicity to the
virus.

[00035] Live, attenuated dengue viruses of all four serotypes have been developed by
passaging wild-type viruses in cell culture. These are some of the most promising live,
attenuated vaccine candidates for immunization against flavivirus and in particular dengue
virus infection and/or disease. These vaccine candidates have been designated by a
combination of their dengue serotype, the cell line through which they were passaged and
the number of times they were passaged. Thus, a dengue serotype 1 wild-type virus
passaged in PDK cells 13 times is designated as DEN-1 PDK-13 virus. Other vaccine
candidates are DEN-2 PDK-53, DEN-3 PGMK-30/FRhL-3 (e.g. thirty passages in primary
green monkey kidney cells, followed by three passages in fetal rhesus lung cells and DEN-4
PDK-48). These four candidate vaccine viruses were derived by tissue culture passage of
wild-type parental DEN-1 16007, DEN-2 16681, DEN-3 16562 and DEN-4 1036 viruses,
respectively.

[00036] In certain embodiments, live, attenuated dengue-2 PDK-53 vaccine virus
contained a mixture of viruses, with the population containing varying nucleotide
differences. After genetic characterization of the attenuating mutations, certain attenuating
characteristics were outlined and engineered into a cDNA infectious clone. RNA was
transcribed from this infectious clone and introduced into Vero cells as a passage 1 of the
newly characterized and derived PDK-53-Vero-DEN-2-P 1 virus (see for example, Table
1). This attenuated virus was created for each DEN serotype, but for DEN-1, DEN-3 and
DEN-4, the prM and E genes were engineered into 3 separate cDNA infectious clones, thus
generating four separate PDK-53-Vero viruses (termed herein as: PDK-53-Vero-DEN-2-P 1,
PDK-53-Vero-DEN-1-P 1, PDK-53-Vero-DEN-3-P 1, and PDK-53-Vero-DEN-4-P

1). These attenuated vaccine virus strains were passaged in Vero cells 10 times (Table 1),
and each separate lineage acquired mutations upon their adaptation to grow in Vero cells
(Table 3). Certain embodiments here are directed to derivation and uses for these live,
attenuated dengue viruses.

[00037] Previous human clinical trials with these attenuated viruses have indicated
that DEN-2 PDK-53 has the lowest infectious dose (50% minimal infectious dose of 5
plaque forming units or PFU) in humans, is strongly immunogenic, and produces no
apparent safety concerns. The DEN-1 PDK-13, DEN-3 PGMK-30/FRhL-3 and DEN-4

PDK-48 vaccine virus candidates have higher 50% minimal infectious doses of 10,000,
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3500, and 150 PFU, respectively, in humans. Although only one immunization with
monovalent DEN-2 PDK-53 virus or DEN-4 PDK-48 virus was required to achieve 100%
seroconversion in human subjects, a booster was needed to achieve the same seroconversion
rate for DEN-1 PDK-13 and DEN-3 PGMK-30/FRhL-3 viruses, which have the two highest
infectious doses for humans.

[00038] DEN-2 PDK-53 virus vaccine candidate, also abbreviated PDK-53, has
several measurable biological markers associated with attenuation, including temperature
sensitivity, small plaque size, decreased replication in mosquito C6136 cell culture,
decreased replication in intact mosquitoes, loss of neurovirulence for suckling mice and
decreased incidence of viremia in monkeys. Clinical trials of the candidate PDK-53 vaccine
have demonstrated its safety and immunogenicity in humans. Furthermore, the PDK-53
vaccine induces dengue virus-specific T-cell memory responses in human vaccine recipients.
Some embodiments herein describe an improvement on the DEN-2 PDK-53 used in
chimeric constructs disclosed herein.

[00039] Immunogenic flavivirus chimeras having a dengue-2 virus backbone and at
least one structural protein of another dengue virus serotype can be used for preparing the
dengue virus chimeras and methods for producing the dengue virus chimeras are described.
The immunogenic dengue virus chimeras are provided, alone or in combination, in a
pharmaceutically acceptable carrier as immunogenic compositions to minimize, inhibit, or
immunize individuals against infection by one or more serotypes, such as dengue virus
serotypes DEN-1, DEN-2, DEN-3 and DEN-4, alone or in combination. When combined,
the immunogenic dengue virus chimeras may be used as multivalent vaccines (e.g. bi-, tri-
and tetravalent) to confer simultaneous protection against infection by more than one
species or strain of flavivirus. In certain embodiments, the dengue virus chimeras are
combined in an immunogenic composition useful as a bivalent, trivalent or tetravalent
vaccine against the known dengue virus serotypes or confer immunity to other pathogenic
flaviviruses by including nucleic acids encoding one or more proteins from a different
flavivirus.

[00040] In some embodiments, avirulent, immunogenic dengue virus chimeras
provided herein contain the nonstructural protein genes of the attenuated dengue-2 virus
(e.g. PDK-53), or the equivalent thereof, and one or more of the structural protein genes or
immunogenic portions thereof of the flavivirus against which immunogenicity is to be
induced in a subject. For example, some embodiments concern a chimera having attenuated

dengue-2 virus PDK-53 genome as the viral backbone, and one or more structural protein
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genes encoding capsid, premembrane/membrane, or envelope of the PDK-53 genome, or
combinations thereof, replaced with one or more corresponding structural protein genes
from DEN-1, DEN-3 or DEN-4 or other flavivirus to be protected against, such as a
different flavivirus or a different dengue virus serotype. In accordance with these
embodiments, a nucleic acid chimera disclosed herein can have functional properties of the
attenuated dengue-2 virus and is avirulent, but expresses antigenic epitopes of the structural
gene products of DEN-1, DEN-3 or DEN-4 in addition to other flaviviruses and is
immunogenic (e.g. induces an immune response to the gene products in a subject). Then,
these DNA constructs are used to transcribe RNA from an infectious clone, this RNA is
introduced into Vero cells again producing a new progeny virus at P1. These new progeny
viruses are distinguishable from PDK-53. (See e.g. P1-P10).

[00041] In another embodiment, a nucleic acid chimera can be a nucleic acid chimera
having, but not limited to, a first nucleotide sequence encoding nonstructural proteins from
an attenuated dengue-2 virus, and a second nucleotide sequence encoding a structural
protein from dengue-4 virus alone or in combination with another flavivirus. In other
embodiments, the attenuated dengue-2 virus can be vaccine strain PDK-53 having one or
more mutated amino acids (see Examples). These additional mutations confer desirable
traits of use as live, attenuated dengue-2 or as chimeric constructs described herein. Some
embodiments include structural proteins of one or more of C, prM or E protein of a second
dengue virus.

[00042] Other aspects include that chimeric viruses can include nucleotide and amino
acid substitutions, deletions or insertions for example, in the control PDK-53 dengue-2
genome to reduce interference with immunogenicity responses to a targeted dengue virus
serotype. These modifications can be made in structural and nonstructural proteins alone or
in combination with the example modifications disclosed herein and can be generated by
passaging the attenuated virus and obtaining an improved composition for inducing an
immune response against one or more dengue virus serotypes.

[00043] Certain embodiments disclosed herein provide for method for making the
chimeric viruses of this invention using recombinant techniques, by inserting the required
substitutions into the appropriate backbone genome. Other embodiments herein concern
passaging a confirmed (e.g. safe and effective) live, attenuated chimeric virus for additional
improvements. In certain embodiments, a dengue-2 backbone used herein can include one
or more mutations presented in Table 3. In other embodiments, a dengue-dengue chimera

of the instant application can include one or more mutations as presented in Table 3. In yet
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other embodiments, a dengue-dengue chimera can include all of the mutations for each
chimera as represented in Table 3 for Den-2/Den-1, Den-2/Den-3 or Den-2/Den-4.
Pharmaceutical compositions that include a live, attenuated virus represented by the
constructs of Table 3 are contemplated. For example, mono-, di-, tri- or tetravalent
compositions are contemplated of use herein using chimeras and live, attenuated dengue-2
viruses as presented in Table 3.

[00044] In certain embodiments, a live, attenuated DEN-2 variant contemplated
herein can be formulated into a pharmaceutical composition wherein the pharmaceutical
composition can be administered alone or in combination with dengue-dengue chimeras or
dengue-flavivirus chimeras. In certain embodiments, a bi-, tri or tetravalent compositions
can be administered in a single application or in multiple applications to a subject.
Flavivirus Chimeras

[00045] Dengue virus types 1-4 (DEN-1 to DEN-4) are mosquito-borne flavivirus
pathogens. The flavivirus genome contains a 5'-noncoding region (5'-NC), followed by a
capsid protein (C) encoding region, followed by a premembrane/membrane protein (prM)
encoding region, followed by an envelope protein (E) encoding region, followed by the
region encoding the nonstructural proteins (NS1-NS2A-NS2B-NS3-NS4A-NS4B-NS5) and
finally a 3' noncoding region (3'NC). The viral structural proteins are C, prM and E, and the
nonstructural proteins are NS1-NS5. The structural and nonstructural proteins are translated
as a single polyprotein and processed by cellular and viral proteases.

[00046] Flavivirus chimeras can be constructs formed by fusing non-structural
protein genes from one type, or serotype, of dengue virus or virus species of the flaviviridae,
with protein genes, for example, structural protein genes, from a different type, or serotype,
of dengue virus or virus species of the flaviviridae. Alternatively, a flavivirus chimera of
the invention is a construct formed by fusing non-structural protein genes from one type, or
serotype, of dengue virus or virus species of the flaviviridae, with further nucleotide
sequences that direct the synthesis of polypeptides or proteins selected from other dengue
virus serotypes or other viruses of the flaviviridae.

[00047] In other embodiments, avirulent, immunogenic flavivirus chimeras provided
herein contain the nonstructural protein genes of the attenuated dengue-2 virus, or the
equivalent thereof, and one or more of the structural protein genes, or antigenic portions
thereof, of the flavivirus against which immunogenicity is to be conferred. Suitable
flaviviruses include, but are not limited to those listed in Table 1.

[00048] Other suitable dengue viruses for use in constructing the chimeras can be
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wild-type, virulent DEN-1 16007, DEN-2 16681, DEN-3 16562 and DEN-4 1036 and
attenuated, vaccine-strain DEN-1 PDK-13, DEN-2 PDK-53, DEN-3 PMK-30/FRhL-3 and
DEN-4 PDK-48. Genetic differences between the DEN-1, DEN-2, DEN-3 and DEN-4 wild
type/attenuated virus pairs are contemplated along with changes in the amino acid
sequences encoded by the viral genomes.

[00049] Sequence listings for DEN-2 PDK-53 correspond to the DEN-2 PDK-53-V
variant, wherein genome nucleotide position 5270 is mutated from an A to a T and amino
acid position 1725 of the polyprotein or amino acid position 250 of the NS3 protein
contains a valine residue. The DEN-2 PDK-53 variant without this nucleotide mutation,
DEN-2 PDK-53-E, differs from PDK-53-V only in this one position. DEN-2 PDK-53-E has
an A at nucleotide position 5270 and a glutamate at polyprotein amino acid position 1725,
NS3 protein amino acid position 250. It is understood that embodiments herein include
modified PDK 53 that include one or more passages in a separate host cell (e.g. Vero cells,
see Table 1) where desirable traits of use in vaccine compositions contemplated herein are
generated.

[00050] In certain embodiments, designations of the chimeras can be based on the
DEN-2 virus-specific infectious clone modified backbones and structural genes (prM-E or
C-prM-E) insert of other dengue viruses or other flaviviruses. DEN-2 for the dengue-2
backbone, followed by the strain from which the structural genes are inserted. One DEN-2
backbone variant is reflected in the next letter after the number designation. One particular
DEN-2 backbone variant from which the chimera was constructed is indicated by the
following letter placed after a hyphen, parent 16681 (P), PDK-53-E (E), or PDK-53-V (V);
the last letter indicates the C-prM-E structural genes from the parental (P) strain or its
vaccine derivative (V) or the prM-E structural genes from the parental (P) or its vaccine
derivative (V1). For example; DEN-2/1-VP denotes the chimera comprising the attenuated
DEN-2 PDK-53V backbone comprising a valine at NS3-250 and the C-prM-E genes from
wild-type DEN-1 16007; DEN-2/1-VV denotes the DEN-2 PDK-53V backbone with the
vaccine strain of dengue-1, DEN-1 PDK-13; DEN-2/1-VP1 denotes the DEN-2 PDK-53V
backbone and the prM-E genes from wild-type DEN-1 16007; DEN-2/3-VP1 denotes the
DEN-2 PDK-53V backbone and the prM-E genes from wild-type DEN-3 16562; DEN-
2/4VP1 denotes the DEN-2 PDK-53V backbone and the prM-E genes from wild-type DEN-
4 1036. Other chimeras disclosed herein are indicated by the same manner.

[00051] In one embodiment, chimeras disclosed herein contain attenuated dengue-2

virus PDK-53 genome as the viral backbone, in which the structural protein genes encoding
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C, ptM and E proteins of the PDK-53 genome, or combinations thereof, can be replaced
with the corresponding structural protein genes from dengue-1, dengue-3 or dengue-4 virus
and optionally, another flavivirus to be protected against, such as a different flavivirus or a
different dengue virus strain,

[00052] In the nonstructural protein regions, a Gly-to-Asp (wild type-to-PDK-53)
mutation was discovered at nonstructural protein NS1-53 (genome nucleotide position
2579); a Leu-to-Phe (wild type-to-PDK-53) mutation was discovered at nonstructural
protein NS2A-181 (genome nucleotide position 4018); a Glu-to-Val (wild type-to-PDK-53)
mutation was discovered at nonstructural protein NS3-250 (genome nucleotide position
5270); and a Gly-to-Ala mutation (wild type-to-PDK-53) was discovered at nonstructural
protein NS4A-75 (genome nucleotide position 6599). The live, attenuated DEN-2 virus of
the instant invention further includes mutations as presented in any chimera or live,
attenuated dengue-2 virus of Table 3.

[00053] PDK-53 virus strain has a mixed genotype at genome nucleotide 5270. A
significant portion (approximately 29%) of the virus population encodes the non-mutated
NS3-250-Glu that is present in the wild type DEN-2 16681 virus rather than the NS3-250-
Val mutation. As both genetic variants are avirulent, this mutation may not be necessary in
an avirulent chimera.

[00054] Previously, it was discovered that avirulence of the attenuated PDK-53 virus
strain can be attributed to mutations in the nucleotide sequence encoding nonstructural
proteins and in the 5' noncoding region. For example, a single mutation at NS1-53, a double
mutation at NS1-53 and at 5NC-57, a double mutation at NS1-53 and at NS3-250 and a
triple mutation at NS1-53, at SNC-57 and at NS3-250, result in attenuation of the DEN-2
virus. Therefore, the genome of any dengue-2 virus containing such non-conservative
amino acid substitutions or nucleotide substitutions at these loci can be used as a base
sequence for deriving the modified PDK-53 viruses disclosed herein. Another mutation in
the stem of the stem/loop structure in the §' noncoding region will provide additional
avirulent phenotype stability, if desired. Mutations to this region disrupt potential secondary
structures important for viral replication. A single mutation in this short (only 6 nucleotide
residues in length) stem structure in both DEN and Venezuelan equine encephalitis viruses
disrupts the formation of the hairpin structure. Further mutations in this stem structure
decrease the possibility of reversion at this locus, while maintaining virus viability.

[00055] Mutations disclosed herein can be achieved by any method known in the art

including, but not limited to, naturally-occurring or selected clones having additional
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features once passaged in a cell line of interest (e.g. Vero cells). It is understood by those
skilled in the art that the virulence screening assays, as described herein and as are well
known in the art, can be used to distinguish between virulent and avirulent backbone
structures,

Construction of Flavivirus Chimeras

[00056] Flavivirus chimeras described herein can be produced by splicing one or
more of the structural protein genes of the flavivirus against which immunity is desired into
a PDK-53 dengue virus genome backbone, or other methods known in the art, using
recombinant engineering to remove the corresponding PDK-53 gene and replace it with a
dengue-1, dengue-3 or dengue-4 virus gene or other gene known in the art.

[00057] Alternatively, using the sequences provided in the sequence listing, the
nucleic acid molecules encoding the flavivirus proteins may be synthesized using known
nucleic acid synthesis techniques and inserted into an appropriate vector. Avirulent,
immunogenic virus is therefore produced using recombinant engineering techniques known
to those skilled in the art.

[00058] A target gene can be inserted into the backbone that encodes a flavivirus
structural protein of interest for DEN-1, DEN-3, DEN-4 or other flavivirus. A flavivirus
gene to be inserted can be a gene encoding a C protein, a PrM protein and/or an E protein.
The sequence inserted into the dengue-2 backbone can encode both PrM and E structural
proteins. The sequence inserted into the dengue-2 backbone can encode all or one of C, prM
and E structural proteins.

[00059] Suitable chimeric viruses or nucleic acid chimeras containing nucleotide
sequences encoding structural proteins of other flaviviruses or dengue virus serotypes can
be evaluated for usefulness as vaccines by screening them for the foregoing phenotypic
markers of attenuation that indicate avirulence and by screening them for immunogenicity.
Antigenicity and immunogenicity can be evaluated using in vitro or in vivo reactivity with
flavivirus antibodies or immunoreactive serum using routine screening procedures known to
those skilled in the art.

Dengue Virus Vaccines

[00060] In certain embodiments, chimeric viruses and nucleic acid chimeras can
provide live, attenuated viruses useful as immunogens or vaccines. Some embodiments
include chimeras that exhibit high immunogenicity to dengue-4 virus while producing no
dangerous pathogenic or lethal effects.

[00061] To reduce occurrence of DHF/DSS in subjects, a tetravalent vaccine is
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needed to provide simultaneous immunity for all four serotypes of the virus. A tetravalent
vacceine is produced by combining a live, attenuated dengue-2 virus of the instant
application with dengue-2/1, dengue-2/3, and dengue-2/4 chimeras described above in a
suitable pharmaceutical carrier for administration as a multivalent vaccine.

[00062] The chimeric viruses or nucleic acid chimeras of this invention can include
structural genes of either wild-type or live, attenuated virus in a virulent or an attenuated
DEN-2 virus backbone. For example, the chimera may express the structural protein genes
of wild-type DEN-4 1036 virus, its candidate vaccine derivative in either DEN-2
backgrounds.

[00063] Viruses used in the chimeras described herein can be grown using techniques
known in the art. Virus plaque titrations are then performed and plaques counted in order to
assess the viability and phenotypic characteristics of the growing cultures. Wild type viruses
can be passaged through cultured cell lines to derive attenuated candidate starting materials.
[00064] Chimeric infectious clones can be constructed from the various dengue
serotype clones available. The cloning of virus-specific cDNA fragments can also be
accomplished, if desired. The cDNA fragments containing the structural protein or
nonstructural protein genes are amplified by reverse transcriptase-polymerase chain reaction
(RT-PCR) from dengue virus RNA with various primers. Amplified fragments are cloned
into the cleavage sites of other intermediate clones. Intermediate, chimeric dengue virus
clones are then sequenced to verify the accuracy of the inserted dengue virus-specific cDNA.
[00065] Full genome-length chimeric plasmids constructed by inserting the structural
protein and/or nonstructural protein gene region of dengue serotype viruses into vectors are
obtainable using recombinant techniques well known to those skilled in the art.

Nucleotide and Amino Acid Analysis

[00066] The NS1-53 mutation in the DEN-2 PDK-53 vaccine virus is significant for
the attenuated phenotype of this virus, because the NS1-53-Gly of the DEN-2 16681 virus is
conserved in nearly all flaviviruses, including the tick-borne viruses, sequenced to date.
DEN-4 vaccine virus can also contain an amino acid mutation in the NS1 protein at position
253. This locus, which is a GIn-to-His mutation in DEN-4 PDK-48 vaccine virus, is Gln in
all four wild serotypes of dengue virus. This Gln residue is unique to the dengue viruses
within the flavivirus genus. The NS1 protein is a glycoprotein that is secreted from
flavivirus-infected cells. It is present on the surface of the infected cell and NS1-specific
antibodies are present in the serum of virus-infected individuals. Protection of animals

immunized with NS1 protein or passively with NS1-specific antibody has been reported.
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The NS1 protein appears to participate in early viral RNA replication.

[00067] The mutations that occurred in the NS2A, NS2B, NS4A, and NS4B proteins
of the DEN-1, -2, -3 and -4 attenuated strains arc conservative in nature. The NS4A-75 and
NS4A-95 mutations of DEN-2 and DEN-4 vaccine viruses, respectively, occurred at sites of
amino acid conservation among dengue viruses, but not among flaviviruses in general.
[00068] The flaviviral NS3 protein possesses at least two recognized functions: the
viral proteinase and RNA helicase/NTPase. The 698-aa long (DEN-2 virus) NS3 protein
contains an amino-terminal serine protease domain (NS3-51-His, -75-Asp, -135-Ser
catalytic triad) that is followed by sequence motifs for RNA helicase/NTPase functions
(NS3-196-GAGKT (SEQ ID NO:147), -284-DEAH, -459-GRIGR). None of the mutations
in the NS3 proteins of DEN-1, DEN-2, or DEN-3 virus occurred within a recognized motif.
The NS3-510 Tyr-to-Phe mutation in DEN-1 PDK-13 virus was conservative. Since the
wild-type DEN-2, -3 and -4 viruses contain Phe at this position, it is unlikely that the Tyr-
to-Phe mutation plays a role in the attenuation of DEN-1 virus. The NS3-182 Glu-to-Lys
mutation in DEN-1 PDK-13 virus occurred at a position that is conserved as Asp or Glu in
most mosquito-borne flaviviruses and it may play some role in attenuation. This mutation
was located 15 amino acid residues upstream of the GAGKT helicase motif. As noted in
previous reports, the NS3-250-Glu in DEN-2 16681 virus is conserved in all mosquito-
borne flaviviruses except for yellow fever virus.

[00069] Nucleic acid probes selectively hybridize with nucleic acid molecules
encoding the DEN-1, DEN-3 and DEN-4 viruses or complementary sequences thereof. By
"selective” or "selectively” is meant a sequence which does not hybridize with other nucleic
acids to prevent adequate detection of the dengue virus. Therefore, in the design of
hybridizing nucleic acids, selectivity will depend upon the other components present in a
sample. The hybridizing nucleic acid should have at least 70% complementarity with the
segment of the nucleic acid to which it hybridizes. As used herein to describe nucleic acids,
the term "selectively hybridizes" excludes the occasional randomly hybridizing nucleic
acids, and thus, has the same meaning as "specifically hybridizing." The selectively
hybridizing nucleic acid of this invention can have at least 70%, 80%, 85%, 90%, 95%,
97%, 98%, and 99% complementarity with the segment of the sequence to which it
hybridizes, preferably 85% or more.

[00070] Sequences, probes and primers which selectively hybridize to the encoding
nucleic acid or the complementary, or opposite, strand of the nucleic acid are contemplated.

Specific hybridization with nucleic acid can occur with minor modifications or substitutions

16

Date Recue/Date Received 2022-06-28



in the nucleic acid, so long as functional species-specific hybridization capability is
maintained. By "probe” is meant nucleic acid sequences that can be used as probes or
primers for selective hybridization with complementary nucleic acid sequences for their
detection or amplification, which probes can vary in length from about 5 to 100 nucleotides,
or preferably from about 10 to 50 nucleotides, or most preferably about 18-24 nucleotides.
[00071] If used as primers, the composition preferably includes at least two nucleic
acid molecules which hybridize to different regions of the target molecule so as to amplify a
desired region. Depending on the length of the probe or primer, the target region can range
between 70% complementary bases and full complementarity and still hybridize under
stringent conditions. For example, for the purpose of detecting the presence of the dengue
virus, the degree of complementarity between the hybridizing nucleic acid (probe or primer)
and the sequence to which it hybridizes is at least enough to distinguish hybridization with a
nucleic acid from other organisms.

[00072] Nucleic acid sequences encoding the DEN-4, DEN-3 or DEN-1 virus (e.g.
structural elements) can be inserted into a vector, such as a plasmid, and recombinantly
expressed in a living organism (e.g. into a dengue-2 backbone) to produce recombinant
dengue virus peptides and/or polypeptides and/or viruses.

Nucleic Acid Detection Methods

[00073] A rapid genetic test that is diagnostic for each of the vaccine viruses
described herein is provided by the current invention. This embodiment of the invention
enhances analyses of viruses isolated from the serum of vaccinated humans who developed
a viremia, as well as enhancing characterization of viremia in nonhuman primates
immunized with the candidate vaccine viruses.

[00074] These sequences include a diagnostic TagMan probe that serves to report the
detection of the cDNA amplicon amplified from the viral genomic RNA template by using a
reverse-transciptase/polymerase chain reaction (RT/PCR), as well as the forward and
reverse amplimers that are designed to amplify the cDNA amplicon, as described below. In
certain instances, one of the amplimers has been designed to contain a vaccine virus-
specific mutation at the 3'-terminal end of the amplimer, which effectively makes the test
even more specific for the vaccine strain because extension of the primer at the target site,
and consequently amplification, will occur only if the viral RNA template contains that
specific mutation.

[00075] Automated PCR-based nucleic acid sequence detection system can be used,

or other known technology for nucleic acid detection. The TaqMan assay is a highly
17

Date Recue/Date Received 2022-06-28



specific and sensitive assay that permits automated, real time visualization and quantitation
of PCR-generated amplicons from a sample nucleic acid template. TagMan can determine
the presence or absence of a specific sequence. In this assay, a forward and a reverse primer
are designed to anneal upstream and downstream of the target mutation site, respectively. A
specific detector probe, which is designed to have a melting temperature of about 10.degree.
C. higher than either of the amplimers and containing the vaccine virus-specific nucleotide
mutation or its complement (depending on the strand of RT/PCR amplicon that is being
detected), constitutes the third primer component of this assay.

[00076] A probe designed to specifically detect a mutated locus in one of the vaccine
viral genomes will contain the vaccine-specific nucleotide in the middle of the probe. This
probe will result in detectable fluorescence in the TagMan assay if the viral RNA template
is vaccine virus-specific. However, genomic RNA templates from wild-type DEN viruses
will have decreased efficiency of probe hybridization because of the single nucleotide
mismatch (in the case of the parental viruses DEN viruses) or possibly more than one
mismatch (as may occur in other wild-type DEN viruses) and will not result in significant
fluorescence. The DNA polymerase is more likely to displace a mismatched probe from the
RT/PCR amplicon template than to cleave the mismatched probe to release the reporter dye
(TagMan Allelic Discrimination assay, Applied Biosystems).

[00077] One strategy for diagnostic genetic testing makes use of molecular beacons.
The molecular beacon strategy also utilizes primers for RT/PCR amplification of amplicons,
and detection of a specific sequence within the amplicon by a probe containing reporter and
quencher dyes at the probe termini. In this assay, the probe forms a stem-loop structure. The
molecular beacons assay employs quencher and reporter dyes that differ from those used in
the TagMan assay.

Pharmaceutical Compositions

[00078] Embodiments herein provide for administration of compositions to subjects
in a biologically compatible form suitable for pharmaceutical administration in vivo. By
"biologically compatible form suitable for administration in vivo" is meant a form of the
active agent (e.g. pharmaceutical chemical, protein, gene, of the embodiments) to be
administered in which any toxic effects are outweighed by the therapeutic effects of the
active agent. Administration of a therapeutically active amount of the therapeutic
compositions is defined as an amount effective, at dosages and for periods of time necessary
to achieve the desired result. For example, a therapeutically active amount of a compound

may vary according to factors such as the disease state, age, sex, and weight of the
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individual, and the ability of antibody to elicit a desired response in the individual. Dosage
regima may be adjusted to provide the optimum therapeutic response.

[00079] In one embodiment, the compound (e.g. pharmaceutical chemical, protein,
peptide etc. of the embodiments) may be administered in a convenient manner, for example,
subcutancous, intravenous, by oral administration, inhalation, intradermal, transdermal
application, intravaginal application, topical application, intranasal or rectal administration.
Depending on the route of administration, the active compound may be contained in a
protective buffer (e.g. FTA, F127/trehalose/albumin). In one embodiment, a composition
may be orally administered. In another embodiment, the composition may be administered
intravenously. In one embodiment, the composition may be administered intranasally, such
as inhalation. In yet another embodiment, the composition may be administered
intradermally using a needle-free system (e.g. Pharmajet®) or other intradermal
administration system.

[00080] A composition may be administered to a subject in an appropriate carrier or
diluent, co-administered with enzyme inhibitors or in an appropriate carrier such as
liposomes. The term "pharmaceutically acceptable carrier” as used herein is intended to
include diluents such as saline and aqueous buffer solutions. It may be necessary to coat the
compound with, or co-administer the compound with, a material to prevent its inactivation.
The active agent may also be administered parenterally, or intraperitoneally. Dispersions
can also be prepared in glycerol, liquid polyethylene glycols, and mixtures thereof and in
oils. Under ordinary conditions of storage and use, these preparations may contain a
preservative to prevent the growth of microorganisms or other stabilizing formulation (e.g.
FTA).

[00081] Pharmaceutical compositions suitable for injectable use may be administered
by means known in the art. For example, sterile aqueous solutions (where water soluble) or
dispersions and sterile powders for the extemporaneous preparation of sterile injectable
solutions or dispersion may be used. In all cases, the composition can be sterile and can be
fluid to the extent that easy syringability exists. It might be stable under the conditions of
manufacture and storage and may be preserved against the contaminating action of
microorganisms such as bacteria and fungi. The pharmaceutically acceptable carrier can be
a solvent or dispersion medium containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyetheylene glycol, and the like), and suitable
mixtures thereof. The proper fluidity can be maintained, for example, by the use of a

coating such as lecithin, by the maintenance of the required particle size in the case of
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dispersion and by the use of surfactants. Prevention of microorganisms can be achieved by
heating, exposing the agent to detergent, irradiation or adding various antibacterial or
antifungal agents.

[00082] Sterile injectable solutions can be prepared by incorporating active
compound (e.g. a compound that induces an immune response to one or more dengue virus
serotypes) in the required amount in an appropriate solvent with one or a combination of
ingredients enumerated above, as required, followed by filtered sterilization.

[00083] Upon formulation, solutions will be administered in a manner compatible
with the dosage formulation and in such amount as is therapeutically effective. The
formulations are easily administered in a variety of dosage forms, such as the type of
injectable solutions described above. Tt is contemplated that compositions are especially
suitable for intramuscular, subcutaneous, intradermal, intranasal and intraperitoneal
administration. A particular ratio may be sought such as a 1:1, 1:2 or other ratio (e.g. PFUs
of a given dengue virus serotype)

[00084] The active therapeutic agents may be formulated within a mixture
predetermined ratios. Single dose or multiple doses can also be administered on an
appropriate schedule for a given situation (e.g. prior to travel, outbreak of dengue fever).
[00085] In another embodiment, nasal solutions or sprays, aerosols or inhalants may
be used to deliver the compound of interest. Additional formulations that are suitable for
other modes of administration include suppositories and pessaries.

[00086] Certain formulations can include excipients, for example, pharmaceutical
grades of mannitol, lactose, starch, magnesium stearate, sodium saccharine, cellulose,
magnesium carbonate and the like.

[00087] A pharmaceutical composition may be prepared with carriers that protect
active ingredients against rapid elimination from the body, such as time-release
formulations or coatings. Such carriers include controlled release formulations, such as, but
not limited to, microencapsulated delivery systems, and biodegradable, biocompatible
polymers, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, polyorthoesters,
polylactic acid and others are known.

[00088] Pharmaceutical compositions are administered in an amount, and with a
frequency, that is effective to inhibit or alleviate side effects of a transplant and/or to reduce
or prevent rejection. The precise dosage and duration of treatment may be determined
empirically using known testing protocols or by testing the compositions in model systems

known in the art and extrapolating therefrom. Dosages may also vary with the severity of
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the condition. A pharmaceutical composition is generally formulated and administered to
exert a therapeutically useful effect while minimizing undesirable side effects. In general,
dose ranges from about 10% to 10° PFU can be administered initially and optionally,
followed by a second administration within 30 days or up to 180 days later, as needed. In
certain embodiments, a subject can receive dual administration of a mono, bi-, tri or
tetravalent composition disclosed herein wherein the composition is a single composition
mixture or has predetermined compositions of different dengue virus serotypes. In some
embodiments, a DEN2/4 chimera can be present in higher concentrations than other dengue
virus serotypes such as a live, attenuated dengue-1.

[00089] It will be apparent that, for any particular subject, specific dosage regimens
may be adjusted over time according to the individual need.

[00090] In one embodiment, a composition disclosed herein can be administered to a
subject subcutaneously or intradermally.

[00091] The pharmaceutical compositions containing live, attenuated dengue viruses
may be administered to individuals, particularly humans, for example by subcutaneously,
intramuscularly, intranasally, orally, topically, transdermally, parenterally, gastrointestinally,
transbronchially and transalveolarly. Topical administration is accomplished via a topically
applied cream, gel, rinse, etc. containing therapeutically effective amounts of inhibitors of
serine proteases. Transdermal administration is accomplished by application of a cream,
rinse, gel, etc. capable of allowing the inhibitors of serine proteases to penetrate the skin and
enter the blood stream. In addition, osmotic pumps may be used for administration. The
necessary dosage will vary with the particular condition being treated, method of
administration and rate of clearance of the molecule from the body.

[00092] In certain embodiments of the methods of the present invention, the subject
may be a mammal such as a human or a veterinary and/or a domesticated animal or
livestock or wild animal,

Therapeutic Methods

[00093] In one embodiment of the present invention, methods provide for inducing
an immune response to dengue virus serotype(s) using a mono, bi-, tri or tetravalent
formulation of live, attenuated and/or chimeric viral constructs contemplated herein.
[00094] Embodiments of the present invention is further illustrated by the following
non-limiting examples, which are not to be construed in any way as imposing limitations
upon the scope thereof. On the contrary, it is to be clearly understood that resort may be had

to various other embodiments, modifications, and equivalents thereof which, after reading
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the description herein, may suggest themselves to those skilled in the art without departing
from the spirit of the present invention or the scope of the appended claims.

EXAMPLES

[00095] The following examples are included to demonstrate certain embodiments
presented herein. It should be appreciated by those of skill in the art that the techniques
disclosed in the Examples which follow represent techniques discovered to function well in
the practices disclosed herein, and thus can be considered to constitute preferred modes for
its practice. However, those of skill in the art should, in light of the present disclosure,
appreciate that many changes can be made in particular embodiments which are disclosed
and still obtain a like or similar result without departing from the spirit and scope herein.
Example 1

[00096] In some exemplary methods, compositions used to generate as referred to
herein as “master virus seeds (MVS)” are disclosed. These compositions may be derived
from one or more live, attenuated dengue viruses, such as DEN-1, DEN-2, DEN-3, and
DEN-4. In certain methods, compositions may be derived from one or more live attenuated
Dengue viruses that include but are not limited to, specific constructs disclosed herein
referred to as DENVax-1, DENVax-2, DENVax-3, and DENVax-4. In other exemplary
methods, strategies used to generate and characterize these compositions are provided. In
yet other embodiments, tetravalent dengue virus formulations and genetic and phenotypic
characterization of these formulations are provided.

Production and analysis of pre-master DENVax viruses

[00097] Certain procedures were performed to generate pre-master dengue virus
seeds, such as serial amplification and purification of dengue viruses (e.g. DENVax). First,
DENVazx viruses were re-derived by transfection of viral RNA transcribed from the full-
length recombinant DENVax ¢cDNA into production-certified cells (e.g. Vero cells),
resulting in P1 (passage 1) virus seed. The four P1 viruses from each of dengue-1 to
dengue-4 were then amplified and plaque purified to obtain the candidate pre-master
vaccine P7 seeds (see Table 1). Certain tests were performed to analyze passages of dengue
viruses. For example, full-length genome sequencing demonstrated that all four of the P2
(passage 2) seed viruses were genetically identical to their homologous progenitor,
research-derived, research-grade candidate vaccine virus. The original plaque phenotypes
were also retained in the P2 viruses. Six plaque purified viruses (P3 A-F) were isolated for
each serotype of dengue virus (e.g. DENVax1-4) from the P2 seeds, and each isolated
plaque was directly plaque purified two more times. The third plaque purification (P5) of
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each virus was amplified twice (P6 A-F and P7 A-F) in Vero cells to produce the potential
pre-master P7 DENVax seeds (Table 1).
Table 1 Example of a cGMP Rederivation of DENVax Viruses in WCB-Vero Cells

Passage | Seed Production/Purification Characterizations
Pl Transfect WCB-Vero with transcribed viral RNAs Plaque titrate
P2 Amplify P1 virus Full genome sequence
P3 Pick 6 plaques (A-F)/serotype from P2 plaque assay | Plaque purification
P4 Pick plaques A-F from P3 plaque assay Plaque purification
P5 Pick plaques A-F from P4 plaque assay Plaque purification
P6 Amplify P5 A-F plaques Plaque titrate
Full genome sequence,
P7 Pre-master seeds: Amplify P6 A-F TagMAMA, Plaque
phenotypes
p8* MVS: Amplify selected P7 virus seed Full genetic a.md phenotypic
characterization
) . . Full genome sequence,
P9 WVS: Amplify P8 Master Seed viruses TagMAMA
. . . . Full genome sequence,
P10 BVS: Amplify P9 Working Seed viruses TagMAMA
* One optimal P7 seed (A, B, C, D, E, or F) was selected based on the genetic and plaque
analysis to make P8 MVS
[00098] Some tests were further performed to characterize P7 DENVax seeds, such

as analysis of genome sequences and plaque phenotypes of the P7 seeds, and comparison

with P2 seeds (Table 2). Plaque phenotypes of the P7 viruses were generally similar to

those of the P2 seeds. In some exemplary experiments, virus titers were monitored. Virus

titers reached over 6.0 log pfu/ml for most of the P7 seeds, except for 5 viruses. Genome

sequencing of more than 60 candidate vaccine virus seeds after 10 or more serial passages

in Vero cells identified no reversion event at NS1-53 and NS3-250 of the three major

attenuation determinants of the DENV-2 PDK-53 genetic vector, suggesting that these 2

loci are quite stable in candidate vaccine virus seeds. All sequence chromatograms of the

24 candidate strains generated from both forward and reverse sequencing for these two sites

were homogenous without any minor nucleotide populations evident at the NS1-53 and

NS3-250 genetic loci. In contrast to the NS1 and NS3 sites, different levels of reversions at

the 5’"NCR-57 attenuation locus were identified from multiple serially passaged research

grade vaccine viruses, suggesting this locus might not be as stable as NS1 and NS3 after

multiple passages in cell culture. Therefore, a sensitive mismatch amplification assay
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(TagMAMA) was developed to accurately measure the reversion rate at the S’"NCR-57
locus by real-time RT-PCR. In some studies, the 5’NCR-57 reversion rates of all 24 of the
P7 seeds were measured by the TagMAMA. Depending on the concentration of the input
viral RNA for each virus in the assay, the sensitivity limit of the TagMAMA ranged
between 0.01% and 0.07% reversion, which is much more sensitive than the 10-30%
reversion sensitivity limit detectable by consensus genome sequence analysis. The resulting
data illustrates that 15 of the 24 P7 viruses had minimal or undetectable reversion (< 0.07%),
one virus (DENVax-3-D) had almost 100% reversion, and 8 viruses {1 DENVax-1, 1
DENVax-2, 2 DENVax-3, and 4 DENVax-4) had partial reversion ranging from 0.08% to
12.85% (Table 2). Full-length genome sequencing was conducted for 16 of the 24 P7
viruses with low levels of 5"NCR57 reversion as measured by TagMAMA. All the
sequenced viruses maintained the other two DENVax attenuation determinants (NS1-53,
NS3-250), and all had acquired additional mutations that were not present in the original,
engineered recombinant cDNA clones (Table 2). In one exemplary target vaccine
composition, DENVax-1-A, DENVax-2-F, DENVax-3-F, and DENVax-4-F were selected
as target pre-master seed for each serotype because their genotypes and plaque phenotypes
most closely resembled those of the originally designed vaccine recombinants. The
DENVax-1-A, DENVax-2-F, and DENVax-4-F had two non-synonymous mutations, and
the DENVax-3-F had one. The evidence suggests these additional mutations observed in
these 4 pre-master seeds do not cause safety concerns or immunogenicity alterations for the
viruses. These pre-master seeds were further amplified to generate the MVS (master seed,
designated as P7, Table 1).

[00099] Exemplary methods provided herein used purified in-vitro transcribed viral
RNA from cloned ¢cDNA plasmid as the pure source to transfect vaccine-certified Vero cells
to generate vaccine virus. Serial plaque purifications and full-genome sequence analyses
were incorporated into the manufacturing procedures to ensure manufactured vaccine seeds
with optimal purity and genetic stability. Six cloned viruses were prepared as potential pre-
master seeds for each serotype of DENVax. Through genomic analysis, including
TagMAMA and complete genomic sequencing, as well as characterization of viral plaque
phenotypes, pre-master seeds were chosen to advance to master virus seeds production for
each serotype (serotypes 1-4). The selected pre-master seeds had undetectable reversions
(<0.01% or <0.07%) at the S"NCR-57 locus, with 1 or 2 amino acid substitutions in their

genomes, and retained the small plaque phenotypes previously observed.
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Table 2. Characterizations of pre-master (P7) seeds

Logio
Virus Clone® | TaqMAMA” | pfu/ml | Plaque® Mutations identified in genome®
DENVax-1 A *ok 6.85 P2 NS2A-116 I-L, NS2B-92 E-D, one silent
B * 6.93 P2 nd®
C * 6.93 D nd
D *ok 7.02 D C-67 K-A; one silent
E 0.57% 7.28 P2 nd
F *ok 7.18 P2 E473 T-M; one silent
DENVax-2 A 0.03% 6.33 P2 NS1-341 K-N
B * 6.33 P2 E-305 K-T, two silent
C * 5.84 L NS4A-18 T-A, four silent
D 0.08% 6.20 P2 NS2B-99 I-L, one 3'NCR
E 0.03% 6.31 P2 prM-52 K-E, NS5-412 1-V, two silent
F *ok 6.15 P2 prM-52 K-E, NS5-412 1-V
DENVax-3 A * 6.00 P2 NS5-200 K-N, one silent, one 3'NCR
B 0.05% 6.27 P2 NS2A-33 I-T, NS2A-59 M-T
C 0.30% 6.25 P2 nd
D 100.00% 6.27 P2 nd
E 0.31% 6.00 P2 nd
F ok 6.30 P2 E-223 T-8§, one silent
DENVax-4 A 0.47% 5.60 P2 E323 K-R/K, NS2B-21 L-F/L, NS2B-39
T-S, one silent
B * 5.65 D NS2A-126 A-V; NS4A-5 N-D;NS5-383
K-R, one silent
C 4.50% 5.90 P2 nd
D 12.85% 5.97 D nd
E 0.52% 6.85 S prM-85 E-D, NS2B-45 T-A, NS5-320 M-
T, NS5-551 E-G, two silent
F 0.02% 6.93 S NS2A-66 D-G, NS4A-21 A-V, four silent

®Cloned viruses (by serial plaque purifications) selected for further development of MVS are designated bold.

b #: Reversion rate < 0.07% (detection limit). **: Reversion rate < 0.01% (detection limit)

° Plaque phenotypes: P2: similar to P2 virus; L = larger than P2 virus, D = similar size, but appear somewhat different in clearness of the
plaques; S = smaller than P2.

dSubstitutions differing from the engineered DENVax ¢DNA clones. Amino acid mutations are listed with residue position of the virus
protein and the changes (wt-mutation). Total number of silent mutations in structural and non-structural genes of each seed is listed.
Mutations at non-coding region (NCR) are also noted.

®nd = Not done. These clones had higher 5"NCR-57 reversion rates (by TagMAMA) than other clones, so were excluded from further
sequence analysis.

Example 2
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[000100] In some exemplary methods, compositions of master virus seeds, working
virus seeds and bulk virus seeds as well as their genetic and phenotypic characterization are
described. These compositions are provided for manufacture of clinical materials and
ultimately commercial vaccine supplies. Serial plaque purifications and full-genome
sequence analyses were incorporated into the manufacturing process to ensure compositions
of vaccine seeds with optimal safety and genetic stability for manufacture of clinical trial
materials.

Production and manufacturing quality controls for MVS, WVS, and BVS

[000101] In some studies, MVS of the 4 DENVax were produced by amplifying the
pre-master P7 seed in certified Vero cells. In other studies, MVS were used to make large
amount of WVS in cell factories. Further, the BVS stocks of DENVax were amplified from
the WVS and were formulated into tetravalent drug product mixtures to be used used for
human clinic trials. Quality controls for product release were performed in some exemplary
methods, including, but not limited to, testing all of the MVS, WVS, and BVS for identity,
infectious titer, sterility, mycoplasma, and in vitro and in vivo adventitious agents. All
seeds passed the virus identity test using serotype-specific RT-PCR assays, which showed
positive amplification corresponding to its serotype and negative for heterologous serotypes
(data not shown). No detectable mycoplasma or adventitious agents were detected in the
MVS, WVS, or BVS stocks.

Genetic analysis of the MVS, WVS, and BVS

[000102] In certain exemplary methods, after generation of MVS from the selected
pre-MVS (P7) strains selected above were produced and the respective viral RNA was
sequenced again. Full-length genome sequencing revealed that the MVS for DENVax-1
was identical to its pre-master seed, while the WVS and subsequent BVS acquired 2
additional substitutions at E-483 and NS4B-108 (see Tables 2 and 3). The Ala substitution
at E-483 represented part of the genotype in the MVS, but became the dominant genotype in
BVS. DENVax-2 and DENVax-3 were identical to their respective pre-master seeds (Table
2 and 3). The DENVax-2 MVS was identical to its pre-master seed, and the WVS and BVS
had 2 additional mutations at NS4A-36 and NS4B-111. Both mutations were partial in
WVS and were the major genotype in the BVS. The MVS of DENVax-3 was again
identical to the pre-master seed, but the WVS and BVS contained an additional aa
substitution at NS4A-23. The DENVax-4 MVS acquired an additional amino acid mutation,
at locus NS2A-99 (from Lys to Lys/Arg mixed genotype) during production of the MVS
(Table 3). Its WVS and BVS retained the NS2A-99 Lys/Arg mixed genotype, and the BVS
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had an extra NS4B-238 Ser/Phe mixed genotype. Consensus sequence results also

confirmed that MVS, WVS as well as BV retained the three genetic determinants of
attenuation at the S’NCR-57, NS1-53, and NS3-250 loci. Analysis of the least stable
attenuating locus by TagMAMA demonstrated that the 5’NCR-57 reversion rate between
<0.7% to and 0.13% among MVS, <0.07% among WVS, and between <0.07 and 0.21%

among BVS. A 3% reversion at the 5’"NCR-57 locus was considered the maximum

permissible rate for acceptance of a vaccine lot (Table 3).

Table 3. Nucleotide and amino acid substitutions in DENVax seeds

DENVax Nucleotides Amino Acids Pre-master MvVSs* wvs§? BVS?

DENVax-1 2384 G-C E-483 Gly-Ala - - Gly/Ala Ala
3823 A-C NS2A-116 Ile-Leu Leu Leu Leu Leu
4407 A-T NS2B-92 Glu-Asp Asp Asp Asp Asp
7148 C-T NS4B-108 Thr-le - - Ile Ile
7311 A-G silent G G G G
TagMAMA 5°NCR-57 reversion %’ -~ - - -

DENVax-2 592 A-G prM-52 Lys-Glu Glu Glu Glu Glu
6481 G-C NS4A-36 Ala-Pro - - Ala/Pro Pro
7156 C-T NS4B-111 Leu-Phe - - Leu/Phe Phe
8803 A-G NS5-412 Ile-Val Val Val Val Val
TagMAMA 5’NCR-57 reversion %"° - - 0.07% 0.21%

DENVax-3 1603 A-T E-223 Thr-Ser Ser Ser Ser Ser
6436 G-A NS4A-23 Asp-Asn - - Asn Asn
7620 A-G silent G G G G
TagMAMA 5°NCR-57 reversion %" - - - -

DENVax-4 225 A-T silent T T T T
3674 A-G NS2A-66 Asp-Gly Gly Gly Gly Gly
3773 A-A/G NS2A-99 Lys-Lys/Arg - Lys/Arg | Lys/Arg Lys/Arg
5391 C-T silent T T T T
6437 C-T NS4A-21 Ala-Val Val Val Val Val
7026 T-C silent T/C T/C T/C T/C
7538 C-Cr [ (oI Ser - - Ser/Phe Ser/Phe
9750 A-C silent C C C C
TagMAMA 5’NCR-57 reversion %’ - 0.13% - -

? Bold: Changes started at MVS stocks.

b r__" indicates reversion rate < 0.01% (detection limit), "-" indicates reversion rate <0.07% (detection limit)

[000103]

Full-genome sequence analysis revealed that an additional amino acid

mutation developed in the DENVax-4 MVS, while the other three DENVax MVS lots

retained the consensus genome sequence of their pre-master seeds. Overall, from deriving
of the P1 seeds to the pre-master (P7) seeds, only 1 or 2 non-synonymous mutations
occurred in a given seed. From P1 to MVS (P8) seeds, 2 to7 nucleotide substitutions were
identified in any given DENVax seed and only 2 to 3 of these substitutions resulted in

amino acid changes. Thus, minor changes occurred. RNA viruses are error-prone in their
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genome replication, so genetic substitutions in flavivirus genome during cell passages are
not unexpected. None of the silent mutations in the MVS were within the 5> or 3’NCR that
may affect virus replication. Only the change in prM-52 Lys-Glu of the DENVax-2, and
the substitution in NS2A-66 Asp-Gly of DENVax-4 are not conservative changes. The
NS2A-66 mutation of the DENVax-4 is in the nonstructural backbone part of the DENV-2
PDK-53. Although NS2A-66 locus is usually Asp among various strains of DENV-2, it is
usually Gly for DENV-4. It is possible that the Asp to Gly change in the DENVax-4 is
relevant for fitness of the DENVax-4 in Vero cells. The DENVax-2 prM-52 mutation
resides in the C-terminal portion of the prM that is cleaved out from the mature virus
particles. In some exemplary methods, phenotypic characterization was performed to
confirm that none of the mutations in the MVS seeds significantly altered the attenuation
phenotypes of the vaccine.

[000104] The DENVax viruses demonstrated high genetic stability during the
manufacturing process. The three defined DENV-2 PDK-53 attenuation loci located in
5’NCR, NS1-53, and NS3-250 remained stable in the consensus genome sequence upon
serial passage of the DENVax from pre-Master strains to bulk vaccine preparations. The
highly sensitive TagMAMA of the ’NCR-57 locus demonstrated minimal or undetectable
reversion in the MVS, WVS (P9/Working), and BVS (Bulk Virus Seed for vaccines) of
dengue virus serotypes. The 5’NCR-57 reversion rates of the DENVax BVS preparations
(P10-equivalent) were significantly lower than the 5"NCR-57 reversion rates that evolved in
research-grade vaccine candidates after 10-serial passages in Vero cells (4-74% reversion).
The strategy for large-scale manufacturing of the DENVax seeds provided herein resulted in
a genetically stable vaccine seed which retained the attenuation markers in the candidate
vaceine viruses.

Plague phenotype of DENVax MVS

[000105] In one exemplary method, plaque phenotypes of the DENVax MVS were
compared with wild type Dengue viruses and their homologous research-grade chimeric
viruses in Vero cells (Fig. 2). All of the MVS of DENVax-1, -2, and -3 produced plaques
that were significantly smaller than their wild type homologs and very similar (within 0.4-
mm differences) to their homologous research-grade viruses in Vero cells. DENVax-4
MVS was also significantly smaller than the wild type DENV-4, but was slightly larger (0.9
mm difference) than the original lab derived D2/4-V chimera.

[000106] Fig. 2 represents an exemplary histogram illustrating plaque sizes of the

DENVax MVS in contrast with control wild type viruses and research-grade vaccine
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candidate viruses. Mean plaque diameters (mm) & SD (error bars) of the virus plaques in
Vero cells under agarose overlay measured on day 9 pi. The wild type DEN viruses,
represented by black bars, and previously published research-grade vaccine candidate
viruses, represented by white bars, were included for control and comparison to the
DENVax master vaccine seeds represented by grey bars.

Temperature sensitivity of DENVax MVS

[000107] In another exemplary method, temperature sensitivity was tested in Vero
cells for the DENVax MVS and compared with their homologous wild type and the original
research-grade chimeric vaccine virus. The wild type (wt) DENV-3 16562 was not
temperature sensitive. The wt dengue virus serotype 1 and dengue virus serotype-4 were
moderately temperature sensitive at 39°C (titers were approximately 1.0 logo pfu/ml lower
at 39°C than at 37°C, Fig. 3). Wt Dengue virus serotype-2 16681 was the most temperature
sensitive of the wt Dengue viruses tested, and resulted in a 100-fold titer drop at 39°C.
DENVax-1, -2, and -3 were as temperature sensitive as their original homologous research-
grade chimeric vaccine viruses (Fig. 2). Titers at 39°C dropped between 2.0 and 3.0 log;g
pfu/ml for these DENVax strains. DENVax-4 also was temperature sensitive,
demonstrating a 5-fold reduction in titer. However, the original research-grade D2/4-V
demonstrated about a 10-fold reduction in titer. The final stabilized DENVax-4 MVS
contained F127 (and other agents known to stabilize these formulations (FTA)), which was
shown to enhance thermal stability of the Dengue viruses. The presence of the F127 in
DENVax-4 MVS likely contributed to the less pronounced temperature sensitivity of the
virus in the Vero culture assay. In a separate experiment, temperature sensitivity of an
MSV-derived DENVax-4 strain in the absence of F127 was further evaluated. To remove
the F127 from the strain, viral RNA was isolated from a DENVax-4 bulk virus preparation
and was transfected into Vero cells. This DENVax-4 virus appeared to be as temperature
sensitive as the D2/4 V research strain (titer reduced 1.5 logio pfu/ml) on day 3 pi in the
absence of F127 (Fig. 3).

[000108] Fig. 3 illustrates an exemplary histogram illustrating temperature sensitivities
of DENVax MVS. The wild type Dengue viruses and previously published research-grade
vaccine candidate viruses were included for comparison. The DENVax-4 MVS contains
additional F-127 that can mask the temperature sensitivity results of the virus in this assay.
A separate experiment analyzing a surrogate DENVax-4 in the absence of F127 was also

included. Mean titers = SD (error bars) of the viruses replicated in Vero cells at 37°C or
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39°C.

DENVax MVS replication in mosquito C6/36 cells

[000109] In some exemplary methods, the DENVax MVS were grown in C6/36 cells
to verify their retention of the in vitro attenuation phenotype, with the knowledge that the
research-grade chimeric vaccine viruses retained the attenuation phenotype of the backbone
DENV-2 PDK53 virus in these mosquito cells. Compared to the wt Dengue viruses,
DENVax-1, DENVax-2 and DENVax-4 MVS showed significant growth reduction (at least
3 logyo pfu/ml reduction) in C6/36 cells on day 6 pi (Fig. 4). The DENVax-3 MSV also
exhibited reduced growth compared to the wt DENV-3 16562, but the reduction was not as
marked (1-2 log;o pfu/ml reduction). However, the C6/36 titers of the DENVax-3 seed lots
were similar (within 1 logio pfu/ml difference) to the C6/36 titer of the original research-
grade chimeric D2/3-V vaccine virus.

[000110] Fig. 4 illustrates an exemplary histogram plotting restricted growth of
DENVax MVS (grey bars) in C6/36 cells in comparison with wt Dengue viruses (black bars)
and research-grade vaccine viruses (white bars). Mean titers + SD (error bars) of the
viruses replicated in C6/36 cells 6 days pi.

Virus infection, dissemination, and transmission rates in whole mosquitoes

[000111] In some exemplary methods, the infection and dissemination rates of the
DENVax were compared with their parental wt Dengue viruses. In certain exemplary
experiments, oral infection experiments were conducted in de. aegypti mosquitoes.
Infectious blood meals were back-titrated to measure the virus titers and only the
experiments with similar virus titers in the blood meal (less than 1 log;o pfu/ml differences)
between parental Dengue viruses and DENVax for each serotype were included for
comparisons in Table 4. DENVax-1, DENVax-2, and research-grade D2 PDK-53-VV45R
did not infect mosquitoes through oral feeding, which is significantly different (p < 0.0001)
from their parental viruses, DENV-1 16007 (44% infection) and DENV-2 16681 (43.3%
infection). Because no mosquito was infected by DENVax-1 and -2, there was little to no
dissemination concern for these two vaccine viruses. While DENVax-4 did infect some
mosquitoes through oral feeding (2 out of 55), the infection rate was significantly lower (p <
0.05) than its parental wt virus, DENV-4 1036 (8 out of 50). DENVax-3 did not infect any
mosquitoes in two experiments with blood meal viral titers of 5.2:+0.02 log;o pfu/ml (Table
4), and in a separate experiment with blood meal viral titer of 6.0 log;o pfu/ml, only 1 out of

30 mosquitoes became infected (data not shown). However, wt Dengue virus-3 16562 also
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had a very low infection rate (8%) at 5.2 logio pfu/ml, and the rate did not increase in a
separate experiment with a higher blood meal viral titer at 6.2 logio pfu/ml (3%, 1 positive
out of 30 mosquitoes, data not shown). Although the wild type (wt) Dengue virus-3 and
Dengue virus-4 had significantly lower infection rates than the wt Dengue virus-1 and
Dengue virus-2, the mean virus titers in the infected mosquitoes were similar (3.1 to 3.9
logo pfu/mosquito). In contrast, the DENVax-4 titers from the two infected mosquitoes
were both minimal (0.7 log;o pfu/mosquito), which was 1,000-fold lower than the titer from
the mosquitoes infected by wt Dengue virus serotype-4 1036 (3.9 £ 1.5 pfu/mosquito).
[000112] For those mosquitoes that were infected, dissemination out of the midgut
could be assessed by determining whether virus was present in the legs. The four parental
DENVs resulted in dissemination rates ranging between 36.3% and 62.5%, and their mean
virus titers (in log;o pfu) from the legs were between 0.940.3 and 2.240.7 (excluding
negative samples). Neither of the two DENVax-4 infected mosquitoes resulted in virus
dissemination to the legs (Table 4). While disseminated virus was detectable in the legs,
none of the four wt Dengue viruses was detectable in saliva of orally infected mosquitoes,
suggesting that oral feeding conditions may not be sufficiently sensitive to measure the
transmission rate of these DENVs. Therefore, in other exemplary methods, highly stringent
artificial mosquito infections by direct IT inoculation were subsequently performed (Table
4). Except for DENVax-4, all viruses (wt and DENVax) achieved 100% infection of the IT
inoculated Ae. aegypti. The DENVax-4 inoculum had a slightly lower viral titer than the
other three viral inocula, but it still successfully infected 70% of the inoculated mosquitoes.
Despite the high body infection rates achieved by IT inoculation, all four DENVax viruses
exhibited significantly lower (p < 0.005) or non-detectable transmission rates (0-10%)
compared to the wt Dengue viruses (43-87%, Table 4). The DENVax viruses demonstrated
little to no infection and dissemination after oral feeding, and the highly stringent IT results

affirmed the minimal transmission capacity of these DENVax viruses in 4e. aegypti.

Table 4: Virus infection, dissemination, and transmission rates in whole mosquitoes

Oral Feed IT inoculation
: Blood Infectio Bod; Dissemin | Inocu | Infectio Bod;
Virus y y ioof
Meal® n° Titer® ation® lum n" Titer* Saliva
Meant | , Meanzt 4 o ¢ | pfud |, Meanz % J
sp | @M | gy | P BREN)Y | T | ®N ] e | ey | P
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DENV-1 6.6 44.0% 3.6+ 36.3% 53.9 100% 4.7+ 43%
16007 ) (11/25) 1.5 (4/11) ) (30/30) 0.48 (13/30)
0% <0.0 100% 3.4+ 10% <0.00
DENVax-1 6.9 030 | N | ool NA 678 | om0y | 039 | @noy | s
DENV-2 6.6 43.3% 31+ 38.5% 67.8 100% 5.2+ 87%
16681 ) (13/30) 1.5 (5/13) ’ (30/30) 0.34 (26/30)
D2 PDK53- 0% <0.0 100% 4.0+ 0% <0.00
VV45R 64 ©030) | NA | oo1 NA 364 | 30500 | 020 | (0B0) | o1
0% <0.0 100% 3.5+ 7% <0.00

DENVax-2 6.4 030 | NA | ool NA 327 | o0y | 027 | @30y | o1
DENV-3 52 8% 3.8+ 50% 34.0 100% 4.2+ 67%
16562 ) (2/25) 0.2 (1/23) ) (30/30) 0.50 (20/30)

5.2+ 0% 0.10 100% 33+ 3% <0.00
DENVax-3 | 50 | os0) | N2 8 NA 313 1 3on0) | 036 | ansoy | o1
DENV-4 58+ 16% 39+ 62.5% 69.4 100% 5.2+ 70%
1036 0.5 (8/50) 1.5 (5/8) - (30/30) 0.45 (21/30)

54+ 3.6% 0.7 0.03 " 70% L1+ 0% <0.00
DENVax-4 0.4 (2/55) 0.0 3 | 0%0O2) | L8 1 a5 | 046 | 1) | o
#Virus titers or Meantstandard deviation if from more than 1 experiment in blood meal (logye pfu/ml) by back titration
® Rate of virus detected in mosquito bodies. P/N = positive/total mosquitoes
®Mean virus titers + standard deviation (log;¢ pfu/mosquito) in mosquito body, only pesitive sample are included for
calculation
4 Statistic analysis of the differences between wt DENV and DENVax by Fisher Exact probability
¢ Rate of virus detected in legs of the positively infected mosquitoes
Rate of virus detected in saliva of the positively infected mosquitoes. Used to measure transmission efficiency

[000113] Vector competence is an important safety component for live-attenuated
flavivirus vaccine viruses. Previously, the research-grade DENV-2 PDK-53-VV45R virus
and wt derivatives were tested in Ae. aegypti, and found that the NS1-53-Asp attenuating
mutation was the dominant determinant for impaired mosquito replication. The other two
major attenuation loci of the DENV-2 PDK-53 vaccine, nucleotide S’NCR-57-T and NS3-
250-Val, also exhibited some inhibiting effect on replication in mosquitoes, thus providing
additional, redundant restrictions for mosquito vector competence. Some exemplary
methods described herein were used to test the mosquito oral and IT infection and
replication for all four DENVax strains. DENVax-1, -2, and -3 did not infect any Ae.
aegypti mosquitoes through oral infection (Table 4). The DENVax-4 infected only 3.6% of
orally exposed mosquitoes, a level significantly lower than that of the wt DENV-4 with a
replicative mean titer in the mosquito bodies lower than that of wt DENV-4 infected
mosquitoes. Surprisingly, DENVax-4 was detected in the legs of the infected mosquitoes,
suggesting that DENVax-4 was not able to disseminate from the mosquito midgut following
oral infection. The infection rates for the DENVax-1, -2, and -4 were all significantly less
than their wt counterparts, but the difference was not significant between DENVax-3 and wt
DENV-3 16562 due to the very low infection rates for both viruses. Compared to other wt
strains of DENV assessed in Ae. aegypti collected from the same Mae Sot Province,
Thailand, the parental wt Dengue virus strains used for engineering DENVax appeared to

have lower infectious and dissemination rates by oral infection. The wt DENV-1 PUO359,
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DENV-2 PUO218, DENV-3 PaH881/88, and DENV-4 1288 used for engineering the
Yellow Fever (YF) 17D vaccine-based ChimeriVax-DEN vaccines had infection rates
ranging 47-77%. In contrast, the YF 17D vaccine cannot infect Ae. aegypti. Although the
ChimeriVax strains contained the prM-E from these highly infectious wt DENV, the
ChimeriVax retain the mosquito attenuation phenotype of their YF 17D replicative
backbone. Results provided herein also indicated that the mosquito attenuation of DENV-2
PDK-53 backbone was maintained in the DENVax strains. In addition, using the wt
Dengue virus strains with lower mosquito-infectivity in constructs included in compositions
described herein provides an additional safety feature.

[000114] The oral infection results illustrate that the DENVax had minimum mosquito
infectivity and dissemination capacity. In addition, the more sensitive and stringent IT
infection experiments were performed to further analyze the potential of DENVax to be
transmitted by de. aegypti. The IT results demonstrated that all four DENVax viruses had
non-detectable or minimal mosquito transmission potential compared to their wt
counterparts, DENVax transmission could only theoretically occur if (1) vector feeds on a
vaccinee with a sufficient viremia titer to infect mosquito midgut, (2) the virus is capable of
replicating in the midgut epithelium and able to subsequently disseminate out of the midgut,
and (3) the disseminated virus can replicate in salivary gland and expectorate sufficient
virus in saliva for transmission. The threshold of human viremia required to infect
mosquitoes has not been established adequately, but human viremia can be 10°-10°
mosquito infectious doseso (MIDsg)/ml after natural wt DENV infection. This MIDsp was
based on direct IT inoculation of mosquitoes with diluted human plasma. Analysis of
DENVax in nonhuman primates indicated that viremia titers following DENVax
immunization were very low (less than 2.4 log;o pfu/ml) and lasted for 2-7 days. Given the
low viremia levels and the low mosquito infection, dissemination, and transmission capacity
of DENVax, it is unlikely that these vaccine viruses could be transmitted by mosquitoes in
nature or cause viremia.

[000115] Therefore, it is proposed that any of the passages of any of the serotypes (P1-
P10) could be used in a composition to generate a safe and effective vaccine against one,
two, three or all four dengue virus serotypes.

Neurovirulence in suckling mice

[000116] The original research-grade vaccine viruses were highly attenuated for
neurovirulence in newborn ICR mice maintained in-house at DVBD/CDC. All of these

mice survived ic (intracerebral) challenge with 10* pfu of each vaccine virus. The wt
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Dengue virus serotype-2 16681 virus, on the other hand, resulted in 62.5% - 100% mortality
in these CDC-ICR mice in various experiments. In some experiments, commercial ICR
mice obtained from Taconic Labs (Taconic-ICR) were used to study neurovirulence in
newborn mice. It was observed that newborn Taconic-ICR mice were significantly more
susceptible to Dengue virus serotype-2 infection than the previous CDC-ICR mice. Fig. 5A
summarizes the neurovirulence of wt Dengue virus serotype-2 16681 in CDC-ICR colony
and Taconic-ICR newborn mice challenged ic with 10* pfu of the virus. The Taconic-ICR
mice (100% mortality in 32 mice, average survival time of 8.3 £ 0.5 days) were more
susceptible to ic Dengue virus serotype-2 16681 challenge than the previous CDC-ICR mice
(91% fatalities in 72 mice, average survival time of 14.6 + 2.3 days).

[000117] In other exemplary methods, in order to evaluate neurovirulence of the
DENVax MVS, the Taconic-ICR mice initially were challenged ic (intracerebrally)with a
dose of approximately 10* pfu of wt Dengue virus serotype-2 16681, D2 PDK-53 VV45R,
D2/3-V, or DENVax 1-4 virus in one (n=16) or two (n=31-32) experiments (Fig. 5B). At
this dose, D2/3-V research grade virus, as well as DENVax-1, and DENVax-3 MVS
exhibited fully attenuated neurovirulence phenotypes (no illness or mortality). As expected,
wt Dengue virus serotype-2 was found to be “fatal”, with average mouse survival time
(AST) of 8.3 = 0.8 days. In these Dengue virus serotype-2-sensitive Taconic-ICR mice, the
D2 PDK-53-VV45R research grade virus resulted in 81.3% mortality. The DENVax-2
MVS and DENVax-4 MVS were uniformly fatal in the Taconic-ICR, showing AST values
of 9.8+ 1.7, 10.2+ 1.4, and 11.3 £ 0.4 days, respectively.

[000118] In some exemplary methods, the neurovirulence of wt Dengue virus
serotype-2 16681 virus was compared with that of D2 PDK-53 VV45R, DENVax-2 MVS
and DENVax-4 MVS, as well as D2/4-V research grade virus, at a 10-fold lower dose (10°
pfu, Fig. 5C). The wt Dengue virus serotype-2 retained a uniformly fatal neurovirulent
phenotype, with AST of 9.0 = 1.4 days, at this lower challenge dose. The other 4 viruses
exhibited intermediate neurovirulence phenotypes, and the degree of neurovirulence was
serotype-specific. The D2 PDK-53-VV45R virus and its DENVax-2 MVS cognate showed
significant attenuation (32.3% survival with AST of 13.1 & 3.8 days and 31.2% survival
with AST of 10.5 & 3.4 days, respectively). Both the DENVax-4 MVS and the research
grade D2/4-V virus were highly attenuated for neurovirulence (81.3% survival with AST of
18.8 £ 5.8 days and 100% survival, respectively). The results suggested that MVS of
DENVax-1 and -3 exhibited complete attenuation of neurovirulence, while DENVax-2 and

-4 MVS lots retained attenuation phenotypes that closely resembled their homologous
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research-grade virus vaccine candidates.

[000119] Figs. 5A-5C represent exemplary graphs illustrating neurovirulence in
newborn mice tested with various compositions including wt Dengue virus serotype-2 and
different attenuated Dengue viruses. Pooled results of numerous experiments summarizing
the neurovirulence of wt Dengue virus serotype-2 16681 virus in CDC-ICR (#=72) and
Taconic-ICR (#=32) newborn mice challenged ic with 10* pfu of the virus (A).
Neurovirulence of DENVax MVS tested in Taconic-ICR mice with a dose of 10* pfu (B) or
10° pfu (C). The numbers of animals tested per group in one experiment (n=16) or two
pooled experiments (n=31 or 32) are indicated.

Plague phenotype of WVS, and BVS

[000120] Certain studies were performed to compare plaque phenotypes of WVS and
BVS with MVS, wt Dengue viruses and their homologous lab derived, research-grade
chimeras in Vero cells (Fig. 6). Mean plaque sizes were calculated from 10 plaques for
each vaccine virus, but from reduced numbers of wt DENV-1, -3, and -4. All of the MVS
viruses of DENVax-1, -2, and -3 produced plaques that were significantly smaller than their
wt homologs and very similar (within 0.4-mm differences) to their homologous research-
grade viruses in Vero cells. DENVax-4 MVS was also significantly smaller than the wt
DENV-4, but was slightly (0.9 mm) larger than the original lab derived D2/4-V chimera.
With the exception of the DENVax-2, all of the WVS and BVS of the DENVax-1, -3, -4
retained significantly smaller plaque sizes than those produced from their wt homologs. The
DENVax-2 WVS and BVS produced plaques that were similar to the plaques of wt DENV-
2 virus in Vero cells, but when tested in LL.C-MK, cells all of the DENVax-2 manufactured
seeds produced plaques that were somewhat smaller than those of the wt DENV-2 (1.4 £ 0.4)
and similar to the lab derived D2 PDK-53-VV45R (1.0 £ 0.3) (Fig. 6).

[000121] Evaluation of the phenotypic markers of viral attenuation, including small
plaque phenotype, temperature sensitivity, reduced replication in mosquito cells, reduced
infection/dissemination/transmission by mosquitoes, and reduced neurovirulence in
newborn ICR mice, were assessed for the compositions of MVS stocks. Results indicated
that all of the DENVax retained the expected attenuation phenotypes similar to the original
research-grade vaccine viruses. Given the mutations responsible for attenuation are
conserved in all MVS, WVS and BV, it can be expected the attenuated phenotypes to be
retained in the material manufactured for human clinical testing.

[000122] Fig. 6 represents an exemplary histogram illustrating plaque size of the
DENVax MVS, WVS, and BVS. Mean plaque diameters + SD (error bars) of the virus
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plaques in Vero or LLC-MK cells under agarose overlay measured on day 9 pi. The wt
DENVs and previously published research-grade vaccine candidate viruses were included
for control and comparison.

Virus replication in mosquito C6/36 cells

[000123] Previous studies demonstrated that the research-grade PDK-53-based
chimeric vaccine viruses retained the attenuation phenotype of the backbone DENV-2
PDKS53 virus in C6/36 cells. In some exemplary methods, the DENVax MSV, WVS, and
BVS were grown in C6/36cells to verify their retention of this in vitro attenuation marker
after large scale manufacturing. Compared to the wt Dengue viruses, except for DENVax-3,
the manufactured seeds showed marked growth reduction (at least 3 log;o PFU/ml reduction)
in C6/36 cells on day 6 pi (Fig. 7). The DENVax-3 seeds also exhibited reduced growth
compared to the wt DENV-3 16562, but the reduction was not as marked (1-2 log;o PFU/ml
reduction). However, the titers of the DENVax-3 seed lots were similar (within 1 log;o
PFU/ml difference) to the original research-grade chimeric D2/3-V vaccine virus.

[000124] Fig. 8 represents an exemplary histogram plotting restricted growth of
DENVax MVS, WVS, and BVS in C6/36 cells. Mean titers + SD (error bars) of the viruses
replicated in C6/36 cells 7 days pi. The wt Dengue viruses and previously published
research-grade vaccine candidate viruses were included for comparison.

Neurovirulence in suckling mice

[000125] Additional experiments were performed to analyze neurovirulence in
newborn ICR mice. At an intracranial dose of 10* PFU, the survival rates for wt DENV-2
16681 and the D2 PDK-53-VV45R were 0% and 18.8%, respectively (Fig. 9A) in the ICR
mice, but were about 20% for wt DENV-2 16681 and 100% for the D2 PDK-53-VV45R in
the CDC ICR mice. In this study, DENVax-1 and DENVax-3 MVS were attenuated (100%
survival) for the mice at a dose of 10* PFU, but the MVS of DENVax-2 and DENVax-4
caused 100% mortality at the dose of over 10* PFU (Fig. 5A). However, when tested at a
dose of 10° PFU of virus, the DENVax-2 (31.3% survival) and DENVax-4 (81.3% survival)
showed reduced neurovirulence relative to wt Dengue virus serotype-2 16681 (0% survival),
and their survival rates were similar to those of the research-grade vaccine candidates D2
PKD-53-VV45R (32.3%) and D2/4-V (100%), respectively (Fig. 9B). Although, wt DENV-
1, -3, or -4 were not included for comparison in this study, previous work demonstrated that
wt DENV-1 16007 was attenuated in the CDC-ICR mice by the ic route, while both wt
DENV-3 16562 and DENV-4 1036 were highly virulent (0% survival) for the CDC-ICR
mice. It is likely that these 3 wt DENV would exhibit similar or greater virulence in the
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more susceptible Taconic ICR mice. Therefore, inclusion of these wt Dengue viruses for
comparison with their homologous DENVax MVSs was considered to be uninformative,
This study indicated that all 4 DENVax MVSs and original laboratory derived candidate
vaccine viruses exhibit comparable mouse attenuation phenotypes relative to the wt DENV-
2 16681.

[000126] Figs. 9A-9B represent exemplary graphs of data of neurovirulence of
DENVax MVS in newborn ICR mice. (A) IC inoculations of the virus at dose of 10* PFU.
(B) IC inoculation of the virus at dose of 10° PFU

[000127] All seed lots of the DENVax were tested for the identity, sterility, and
freedom from undesirable agents. Full-genome sequence analysis revealed that one extra
amino acid mutation evolved in the DENVax-4 MVS, while the other 3 DENVax MV Ss
retained the consensus genome sequence of their pre-master seeds. In WVS lots, the
DENVax-3 acquired an extra amino acid mutation and the other 3 serotypes accumulated 2
extra amino acid substitutions, relative to their pre-master seeds. Genome sequences of all
the 4 BVS lots were identical to their WVS lots. Overall from the P2 seeds to the pre-
master (P7) seeds, only 1 or 2 non-silent mutations occurred in a given seed. Between pre-
master and BCS (P10) seeds, only 1 to 2 nucleotide substitutions were observed, all of
which occurred in NS2A, 4A, or 4B, with the exception of single nucleotide change
resulting in a conserved glycine and alanine at residue E-483. From P2 to BVS (P10) seeds,
total 3 to 8 nucleotide substitutions were identified in any given DENVax seed, and only 2
to 4 of these substitutions resulted in amino acid changes. None of the silent mutations in
the BVS were within the 5°- or 3’-NCR region which may affects virus replication. These
results suggest that the DENVax viruses were genetically highly stable during manufacture.
The three defined DENV-2 PDK-53 attenuation loci located in 5’NCR, NS1-53, and NS3-
250 remained unchanged in the consensus genome sequence upon serial passage of the
DENVax to generate BVS stocks. The highly sensitive TagMAMA of the 5’-NCR-57 locus
showed minimal or undetectable reversion in the MVS, WVS, and BVS of DENVax. The
highest reversion rate of 0.21% was identified in the DENVax-2 BVS. The reversion rates
of the P10-equivalent BVS (<0.07% to 0.21%) were significantly lower than the reversion
rates that evolved in other vaccine candidates after serial passages in Vero cells (4-74%
reversion by P10). This suggests that this strategy for large scale manufacturing of the
DENVax seeds is successful, regarding maintaining genetic stability and retention of
attenuation markers in the candidate vaccine viruses.

[000128] Since MVS stocks disclosed herein will be used for future manufacturing of
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WVS and BVS lots, full panels of virus attenuation phenotype evaluations, including small
plaque phenotype, temperature sensitivity, reduced replication in mosquito cells, reduced
infection/dissemination/transmission in whole mosquitoes, and reduced neurovirulence in
newborn ICR mice, were conducted for all MVS or their equivalent surrogate stocks. For
the WVS and BVS stocks, plaque size, infectivity in mosquito cells, were also performed to
confirm their attenuations. Results indicated that all the MVS stocks of the 4 serotypes of
DENVax retained the expected attenuation phenotypes, such as small plaques, reduced
replication in C6/36 cells, and reduced mouse neurovirulence, similar to the original lab-
derived vaccine viruses (Figs. 6, 8, and 9). Except for the DENVax-4, all other 3 MVS
stocks of DENVax were TS at 39°C as shown in Figs 3 and 7.

[000129] For the WVS and BVS stocks, two attenuation phenotypes, small plaques
and restricted replication in C6/36 cells, were analyzed and confirmed. Since there are very
little genetic changes between the MVS and BVS, it was expected that they would retain the
attenuation phenotypes as MVS. In addition to the experiments described in this report,
safety and immunogenicity of the manufactured DENVax in Agl29 mice and nonhuman
primate have been tested.

[000130] Exemplary methods are provided herein to demonstrate manufacture of
DENVax MVS, WVS, and BVS stocks under cGMP. The BVS stocks were used to
formulate the tetravalent DENVax currently in human clinical trial evaluations. A unique
manufacture strategy to optimize the genetic stability and safety of the manufactured MVS
was provided in some exemplary methods. Since the main attenuation loci of the DENVax
have been well characterized previously and a highly sensitive and quantifiable SNP assay,
TagMAMA was developed to integrate genome sequence and the TagMAMA to identify
optimal pre-master seeds for making the MVS. The genetic and phenotypic
characterizations of the MVS were fully analyzed to confirm that these viruses retained
desirable attenuations for safety of the vaccine. This may be the only live, attenuated viral
vaccine that can be efficiently analyzed for all the major attenuation genetic loci during
manufacturing from pre-master all the way to BVS stocks. Results provided herein
exemplified the advantage of strategically designed live-attenuated vaccines in vaccine
safety.

[000131] Fig. 10 represents an exemplary table comparing new live, attenuated viruses
to previously generated live, attenuated dengue viruses. Mutations are indicated where

different from a control virus (e.g. 16681), or other live, attenuated dengue-2 viruses.
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Materials and methods

Viruses and cells

[000132] DENV-1 16007, DENV-2 16681, DENV-3 16562, and DENV-4 1034 served
as wild-type (wt) DENV controls, and they were the parental genotype viruses for the four
recombinant DENVax vaccine candidates. DENVax progenitor research-grade viruses,
designated as D2/1-V, D2 PDK-53-VV45R, D2/3-V, and D2/4-V, were prepared and
characterized previously. Vero (African green monkey kidney) cells used for making the
master and working cell banks for vaccine production were originated from the American
Type Culture Collection (ATCC) CCL81 cell line that has been characterized by the World
Health Organization (WHO) for vaccine manufacture (WCB-Vero cells).

Derivation of live recombinant DENVax viruses from ¢DNA clones

[000133] To re-derive the candidate vaccine viruses under cGMP manufacturing
conditions, the previously engineered DENV infectious cDNA clones, pD2-PDK-53-
VVA45R, pD2/1-V, pD2/4-V, and in vitro-ligated pD2/3-V containing the full genome-
Iength viral cDNAs were used to make fresh viral RNA transcripts by in vitro transcription
as described previously. Briefly, Xbal-linearized DENV genomic cDNAs were treated with
proteinase K, extracted with phenol/chloroform and precipitated in ethanol to remove any
residual proteins, and then suspended in RNase-free Tris-EDTA buffer prior to transcription.
The in vitro transcription was conducted using the AmpliScribe T7 High Yield
Transcription kit (Epicentre Technologies) following the manufacturer’s recommended
protocol. The RNA A-cap analog, m7G(5")ppp(5°)A (New England BioLabs), was
incorporated during the 2-hr transcription reaction to add the 5’-terminal A-cap to the RNA
transcript. The samples were then treated with DNase I to digest the template cDNA,
followed by low pH phenol/chloroform extraction and ethanol precipitation to remove
residual DNA and proteins. The purified RNA transcripts, suspended in RNase-free water,
were distributed in 20-pl aliquots and stored at -80°C until ready for transfection of cells.
The integrity and concentration of the RNA transcripts were analyzed by agarose gel
electrophoresis. Each 20-ul aliquot was estimated to contain sufficient genome-length viral
RNA to permit transfection of 0.4-1 x 107 production-certified Vero cells by electroporation.
[000134] Transfection of each RNA transcript into WCB-Vero cells was performed in
the cGMP facility at Shantha Biotechnics. DENVax RNA transcripts were thawed, mixed
with 400 ul of the Vero cell suspension (1 x 10’ cells/ml), and transferred to a pre-chilled
sterile electroporation cuvette (4-mm gap) for electroporation by a Gene Pulser Xcell total

system (BioRad Laboratories). Each sample was pulsed once at 250V/co Ohms/500 pF,
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incubated for 10-15 min at room temperature, transferred to a 75-cm” flask containing 30 ml
of cell growth medium (MEM with 10% FBS), and incubated at 36°C = 1°C, 5% CO, for 6
to 11 days. The culture medium was harvested, clarified by centrifugation, stabilized, and
stored in small aliquots below -60°C. The viral titers of candidate vaccine stocks (termed
P1 for passage level 1) resulting from transfection were determined by plaque titration assay
in Vero cells and used for further propagation of the DENVax seeds.

Manufacture of DENVax virus seeds

[000135] P1 virus seeds were used to propagate DENVax pre-master, master, working,
and bulk virus seed lots through a strategy designed to ensure the optimal genetic stability
and safety of the manufactured lots. This strategy included three serial plaque purifications,
as well as genetic analyses of viruses at various passage levels to select the optimal clonal
virus population for continued seed production (Table 1). Briefly, the P1 seeds harvested
from transfected cells were amplified once by infection of Vero cells at a MOI of 0.001 to
generate the P2 seeds. Aliquots of the P2 seed stocks were evaluated by plaque morphology
and complete viral genomic sequencing. The genetically confirmed P2 stocks were plated
on Vero cell monolayers with overlay medium as described in the plaque titration section
below to generate well-isolated plaques. After visualization with neutral red, six individual
plaques from each of the 4 serotypes of vaccine viruses were isolated (plaque clones A to F)
and mixed into 0.5 ml of culture medium (passage P3). Each of the six plaque suspensions
was subjected to two additional rounds of plaque purification, resulting in twice- and thrice-
plaque purified virus seeds at passages P4 and P35, respectively. The P35 viruses were
amplified through two sequential Vero passages to produce P7 seed stocks.

[000136] Genetic analysis of the three major DENVax attenuation loci using spot
sequencing and/or Taqman-based mismatched amplification mutation assay (TagMAMA)
as previously disclosed, and plaque phenotype analysis were conducted to screen all 24 P7
seeds. Seeds possessing appropriate initial characteristics were then further characterized by
full genomic sequencing. As a result of these analyses, one of the 6 (clone A-F) P7 seeds of
each DENVazx serotype was selected to be the pre-master seed, based on the presence of the
DENV-2 PDK-53 attenuating mutations, minimal genomic sequence alterations, and
expected plaque phenotype. Each selected pre-master seed was expanded to master virus
seed (MVS or P8) by a one-time passage of the virus at MOI of 0.001in multiple 175 cm?
flasks of Vero cells. Except for the DENVax-4 MVS, the master virus seeds were harvested
at 8-10 days post infection (pi). The MVS stocks were harvested at 6-10 days post infection
(pi), clarified by centrifugation, stabilized by the addition of sucrose/phosphate/glutamate
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solution (final concentration 7.5 % sucrose, 3.4 mM potassium dihydrogen phosphate, 7.2
mM dipotassium hydrogen phosphate, 5.4 mM monosodium glutamate, respectively) and
0.95 to 1.90% FBS (final concentration). DENVax-4 MVS was prepared differently to
optimize its yield. Briefly, multiple flasks of cells were infected with DENVax-4 pre-master
seed at a MOI of 0.001 in the presence of 0.1% F-127"™, poloxamer 407, (other EO-PO
block copolymers have been assessed and may substitute here, see issued patent ) that have
been demonstrated to enhance DENV virus thermal stability. Infectious media was
harvested days 6-10 pi, and stabilized with 17% FBS (final concentration), pooled, and
frozen. All four DENVax MVS stocks were stored as 1-ml aliquots below -60°C.

[000137] The DENVax working virus seeds (WVS) were prepared by one-time
passage in Vero cell culture of the MVS at a MOI of 0.001. The procedures were similar to
the production of MV, except they were cultured in multiple-layer cell factories (6360
cm?). The WVS stocks were filtered through 10 uM and 0.45uM filters, stabilized with the
same stabilizers used for the MVS, aliquoted into 30ml PETG bottles or 2.0 ml cryovials,
and stored below-60°C.

[000138] In certain methods, bulk virus seeds (BVS) were produced by infecting
multiple cell factories (6360 cm” each) of confluent Vero cells with 90 mL of diluted WVS
to attain a MOI of 0.001. A media used for dilution of the WVS inocula contained 0.1% F-
127™ without serum. After 1.5 hr adsorption, cells were washed 3 times with PBS, and 800
ml of serum-free DMEM medium was added to each cell factory, and the factories were
incubated at 36(%1)°C in 5(=0.5)% CO,. After incubation for four days, small aliquots of
medium were collected for sterility testing. Viruses were harvested between day 5 and day
10 pi, and immediately clarified by filtration through a 0.45 um pore size filter, and 1L of
each clarified virus pool was stabilized by addition of 500 ml of 3x FTA buffer (final
concentrations of 15% trehalose, 1.0% Pluronic® F-127™ poloxamer 407, 0.1% human
albumin USP in PBS, pH 7.4). The stabilized virus was distributed into 1-L PETG bottles
and stored frozen below -60°C for subsequent pooling and quality control testing. All
stabilized virus harvests with a virus titer above 10° PFU/ml and an acceptable level of
residual DNA were rapidly thawed in a water bath at 32°C, then aseptically pooled and
mixed. Each pooled monovalent BVS was distributed into labeled PETG containers and
stored at below -60°C until further use.

Manufacture product quality controls

[000139] The MV'S, WVS, and BVS seeds were tested for identity, sterility, and
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detectable adventitious agents. The identity of each vaccine stock was confirmed by RT-
PCR with DENVax serotype-specific primers. The amplified cDNA fragments contained
the E/NS1 chimeric junction site to permit identification of each of the four DENVax
serotypes. Each seed was tested in all 4 serotype-specific RT-PCR reactions to confirm viral
identity and freedom from cross contamination with heterologous DENVax serotypes.
Sterility testing was performed in accordance with USP 71 (United States Pharmacopeia,
section 71). Mycoplasma testing was performed.

[000140] The following in vitro and in vivo tests for viral contamination were all
performed using unclarified, unstabilized DENVax harvests collected during manufacture
of the seeds. Harvested infectious media were first neutralized with DENV rabbit
polyclonal antiserum (Inviragen) at 36 + 1°C for 1 hr to inactivate the DENV. For in vitro
test, the neutralized seeds were inoculated into three indicator cells lines, MRC5, VERO
and MA104, in 25 cm” flasks. Echo virus (CPE control) or mumps virus (hemadsorption
control) were used as positive CPE or hemadsorption control, respectively. All cells were
monitored daily for CPE for a total of 14 days. At the end of 14 days, the culture
supernatant was removed and replaced with 10 mL of a guinea pig red blood cell (RBC)
solution (3 mL of 0.5% guinea pig RBC in phosphate buffered saline, made up to 10 mL
with cell growth medium). The flasks were then incubated at 5 + 3°C for 30 minutes
followed by incubation at room temperature for 30 minutes. The monolayers were washed
with PBS and observed under 10 X magnification for the presence of any star-shaped
clumps of RBCs for hemadsorption.

[000141] In vivo tests for adventitious agents were performed in suckling mice, post-
weaning mice and guinea pigs. Suckling mice were inoculated with 0.1ml or 0.01 ml (10
mice in each dose group) of the DENV-antiserum neutralized seed sample through
intraperitoneal (ip) injection. Similarly, 10 post-weaning mice were each inoculated ip with
0.5 ml or 0.03 ml of the sample. Guinea pigs (5/group) were each inoculated ip with

5.0 mL. Suckling mice were observed daily for morbidity and mortality for a total of 14
days following inoculation. Post-weaning mice were observed for a total of 28 days, and
guinea pigs were observed for a total of 42 days following inoculation. The test articles met
the acceptance criterion if >80% of the inoculated animals remained healthy throughout the
observation period.

[000142] The in vivo testing for contaminants was also performed in embryonated
chicken eggs and was conducted. For every sample, 10 embryonated hen eggs (9 days old)

were each inoculated with 0.5 mL of the DENV antiserum-neutralized sample into the
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allantoic fluid and incubated at 35°C for 3 days. The allantoic fluids from these 10 eggs
were harvested, pooled and passaged into the allantoic fluid of 10 fresh embryonated eggs
(10-11 days old; 0.5mL/egg) and incubated at 35°C for a further 3 days. Similarly, for each
sample, 10 embryonated eggs (6-7 days old) were each inoculated with 0.5 mL per egg
(DENVax-2 monovalent BVS ) or 0.25 mL per egg (DENVax-1, DENVax-3 and DENVax-
4 BVS) by injection into the yolk sac and incubated at 35°C for 9 days. The yolk sacs from
these 10 eggs were harvested and pooled, and a 10% suspension was passaged into the yolk
sacs of 10 fresh embryonated eggs (6-7 days old; 0.5 mL/egg) and incubated at 35°C for a
further 9 days. Eggs inoculated into the allantoic fluid (both initial and passage inoculations)
were observed for viability after 3 days incubation. Both pools of allantoic fluid were tested
for hemagglutination activity using chicken, guinea pig and human type O erythrocytes at
4°C and 25°C. Eggs inoculated into the yolk sack (both initial and passage inoculations)
were observed for viability after 9 days of incubation.

Virus plaque assay and immunofocus assay

[000143] Virus titers were measured by plaque assay or immunofocus assay using
Vero cells. Plaque assays were performed in double agarose overlays in six-well plates of
confluent Vero cells as previously described, and they were also used to evaluate the plaque
phenotypes of the DENVax seeds. For accurate comparison, plaque sizes of all viruses were
measured and compared in the same experiment. After visualization with neutral red on
day 9 pi, up to 10 well isolated plaques for each virus were measured for mean plaque size
calculation. Fewer plaques were measured for wt DENV-1, -3, and -4, whose larger plaque
sizes often did not permit measurement of 10 well-separated plaques.

[000144] Because tetravalent DENVax contains all four DENV serotypes, a DENV
serotype-specific immunofocus assay was developed to quantitate ecach DENVax
component in the tetravalent formulations. Immunofocus assays of each individual
DENVax MVS were compared with the plaque assays to ensure virus titration results were
comparable between the two assays. The immunofocus assay was conducted in 6-well
plates of confluent Vero cells infected with serially diluted viruses. Cells were overlayed
with a balanced salt medium (BSS/YE-LAH medium) containing 0.7% high viscosity
carboxymethyl cellulose (Sigma) and incubated for 7 days at 37°C with 5% CO,. After
removal of overlays, cell sheets were washed 3 times with PBS, fixed with cold 80%
acetone for 30min at -20°C, washed once with PBS, and blocked with a blocking buffer
containing 2.5% (w/v) nonfat dry milk, 0.5% Triton X-100, 0.05% Tween-20 in PBS at
37°C for 30 min. Blocked cells were incubated with diluted DENV serotype-specific MAbs,

43

Date Recue/Date Received 2022-06-28



1F1 (DENV-1), 3H5 (DENV-2), 8A-1 (DENV-3), or 1H10 (DENV-4) in blocking buffer at
37°C for 1 hour or 4°C overnight, washed 3 times with washing buffer (0.05% Tween-20 in
PBS), and incubated with alkaline phosphatase- or horse radish peroxidase (HRP)-
conjugated affinity-pure goat anti-mouse IgG (Jackson Immuno Research Laboratories) at
37°C for 45-60 min. Plates were washed 3 times before the appropriate substrate, 1-Step
NBT/BCIP plus suppressor (Pierce) for alkaline phosphatase or Vector-VIP kit (Vector
Labs) for HRP, was added for color development. Color development was stopped by
rinsing with water when the foci were fully developed. Stained immunofoci were directly
visualized and counted on a light box.

Genetic sequence

[000145] Full length genomes of the MVS and WVS were sequenced (see below).
Briefly, viral RNA was extracted from DENVax seeds by using the QIAamp viral RNA kit
(Qiagen), and overlapping cDNA fragments covering the entire genome were amplified
using the Titan One Tube RT-PCR kit (Roche Applied Science, Inc.). The amplified cDNA
fragments were gel purified before sequencing with both forward and reverse primers using
the BigDye Terminator v3.1 cycle sequencing kit (Applied Biosystems). Sequence reactions
were cleaned using the BigDye XTerminator Purification kit (Applied Biosystems), and run
on the 3130x1 Genetic analyzer (Applied Biosystems) at DVBD/CDC. The Lasergene
SeqMan software (DNAStar, Inc) was used for genome analysis and comparison.
Tagman-based mismatch amplification mutation assay (TagMAMA)

[000146] TagMAMA is a sensitive, quantitative single nucleotide polymorphism assay
developed to permit finer assessment of the level of reversion at the 5SNC-57 locus of
attenuation, and was further optimized for this study. Extracted viral RNA from MVS and
WVS were analyzed by the TagMAMA with both sets of primers/Tagman probe that are
specific to wt or the vaccine 5’NC-57 region. The forward primers used to detect DENV-2
wt and vaccine sequences were D2-41-GC and D2-40-TT, respectively. The 3'-terminal
nucleotide of each forward primer matched the specific S’NCR-57 nucleotide for each virus,
while the nucleotide adjacent to the 3'-terminal nucleotide in each primer differed from the
DENV-2 viral genomic sequence to enhance the mismatch effect. The reverse primer, CD-
207, and the Tagman probe, CD-169F, for both wt and vaccine sets were identical.
Sequences of the primers and probe as well as cycling conditions were described previously.
The real time RT-PCR was performed with the iQ5 or CFX-95 system (BioRad), using a
BioRad iScript RT-PCR (for probes) kit, in a 25-pl reaction containing 5 pl of viral RNA
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template, 0.4 uM of each primer, and 0.2 uM of the probe. Triplicate reactions for each wt-
and vaccine-specific assay were conducted for each sample. Genome copy numbers were
determined relative to a standard curve prepared for each viral genotype, where the RNA
standards were transcripts derived from plasmids containing nt 1-2670 of each genotype-
specific cDNA. In addition, the specificity of the assay was confirmed by testing each RNA
standard with the heterologous genotype primer/probe sets to ensure minimum cross-
reactivity in every experiment. The results were reported as the percentage of viral genomes
showing reversion. Previously, due to higher cross-reactive backgrounds that limited the
input RNA levels for this assay, the original detection sensitivity was about 0.1% reversion
(discrimination power). Since then, the assay has been further optimized using improved
real-time PCR equipment and reaction kits, and the cross-reactive background was
decreased considerably at much high levels (7-8 logio copies) of RNA template input. This
optimization resulted in significant improvement of the detection sensitivity, down to 0.01-
0.07% reversion.

Virus replication in mosquito C6/36 cells and temperature sensitivity in mammalian Vero
cells

[000147] The replication phenotypes of the four DENVax MVS stocks and wt DENV-
1, -2, -3, and -4 viruses were evaluated in C6/36 mosquito cells (dedes albopictus). C6/36
cells grown in 6-well plates were infected in duplicate with each virus at a MOI of 0.001
and incubated with 4 ml/well of DMEM medium containing 2% FBS in a 5% CO, incubator
at 28°C. Small aliquots of the culture supernatant were collected for each virus on day 6 pi,
mixed with an equal volume of medium containing 40% FBS, and stored at -80°C until
ready for virus plaque titration.

[000148] Temperature sensitivity was conducted by comparing viral growth at 39°C
versus growth at 37°C at five days pi of Vero cells in 6-well plates. Cells were infected in
quadruplicate with each virus at a MOI of 0.001 at 37°C. Following adsorption of virus, the
infected cultures were incubated with 4 mi/well of DMEM medium containing 2% FBS in 2
separate 5% CQ, incubators, one set (duplicate plates) at 37°C and the other at 39°C.
Aliquots (50-ul) of the culture supernatant were collected on day 5 pi, mixed with an equal
volume of DMEM containing 40% of FBS, and stored at -80°C until ready for virus plaque
titration. Incubator temperatures were calibrated with NIST-traceable factory-calibrated
thermometers (-1 to 51 °C; ERTCO).

Mosquito infection, dissemination, and transmission
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[000149] Aedes aegypti mosquitoes used for the study were from a colony established
in 2002 from a village near Mae Sot (16’ N, 33’ E), Thailand. After emerging from larvae,
adult mosquitoes were maintained at 28°C at a 16:8 (light:dark) photoperiod with 10%
sucrose solution provided ad libitum. Five-to-seven day old female mosquitoes were used
for infectious blood meal feeding or intrathoracic (IT) inoculations. Aliquots of freshly
cultured DENVax and wt DENV were used immediately upon harvest (without any freeze-
thaw cycle) to make virus blood meals as indicated below for oral infection. Remaining
virus supernatants were supplemented with FBS to a final concentration of 20%, and
aliquots were stored at -80°C for future virus plaque titration and IT inoculation experiments.
The freshly prepared DENVax seeds for these experiments were amplified from the pre-
master seeds in Vero cells, and were considered DENVax MVS equivalents.

[000150] Infectious blood meals were prepared by mixing fresh virus at a ratio of 1:1
with defribrinated chicken blood (Colorado Serum Company) on the day of oral infection.
Mosquitoes were sugar-starved overnight and then offered the virus:blood mixture for 1
hour using a Hemotek membrane feeding system (Discovery Workshops). A 50-ul aliquot
of the blood meal was retained at -80°C for back-titration of virus doses. Fully-engorged
females were sorted under cold anesthesia and placed into cartons with 10% sucrose
solution provided ad libitum. Cartons were placed at 28°C with a photoperiod of 16:8
{light:dark). After 14 days, 25-30 mosquitoes from each virus group were anesthetized via
exposure to triethylamine (Flynap ®, Carolina Biological Supply Company) and one hind
leg was removed and placed in 0.5 ml of DMEM with 10% FBS and 5%
penicillin/streptomycin (100U/ml and 100ug/ml respectively). Saliva was collected by
inserting the proboscis of the anesthetized mosquito into a capillary tube containing 2.5%
FBS and 25% sucrose solution. Mosquitoes were allowed to salivate for at least 15 minutes
and then capillary tubes and bodies were placed into separate tubes containing DMEM.,
Mosquito bodies, legs and saliva were stored at -80°C until they were triturated and assayed
for infectious virus. For IT inoculation, mosquitoes were cold-anesthetized and inoculated
with approximately 50 pfu of virus in 0.34 pl inoculum. Inoculated mosquitoes were kept
for 7 days in the same conditions as described above. Mosquitoes were then anesthetized,
and their saliva and bodies were collected as described above. Samples were stored at -80°C
until further processing.

[000151] To process the samples for virus titration, body and leg samples were
homogenized with copper coated BBs (Crossman Corporation, NY) at 24 cycles/second for

4 min using a mixer mill, and then clarified by centrifuging at 3,000 x g for 3 min. Saliva
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samples were centrifuged at 3,000 x g for 3 minutes to expel fluid from capillary tubes.
Ten-fold dilutions of the body and leg homogenates and saliva samples were tested for
presence of infectious virus by plaque assay. Results from bodies, legs, and saliva were
used for determining the infection, dissemination, and transmission rates, respectively.
Mouse neurovirulence

[000152] Timed pregnant female ICR mice were obtained from Taconic Labs, and
monitored several times each day to determine approximate birth times of pup litters. In a
given experiment, approximately 12-24 hours after birth, two litters of eight pups per virus
(n=16), was challenged with 10° to 10* pfu of virus in 20 ul of diluent by intracranial (ic)
inoculation using a 30-gauge needle. Animals were monitored at least 3 times daily for at
least 32 days following challenge. At the first sign of illness (rough fur, hunched back,
weight loss, abnormal movement, paralysis, or lethargy) animals were euthanized by lethal
anesthetization with isoflurane gas, followed by cervical dislocation. The post-infection day
of euthanasia represented the “time to illness/morbidity” or “survival time” for the animal.
The animal experiments were conducted following a DVBD/CDC IACUC-approved animal
protocol.

Derivation of Master Seed Viruses

DENvax-1 Master Virus Seed (MVS)

[000153] Nucleotide sequence of the chimeric viral genome and deduced amino acid
sequence of the translated protein are provided herein. Most of the prM-E gene (nt 457 to -
2379, underlined) is wild-type (wt) DEN-1 16007 virus specific; the remaining genome is
DEN-2 PDK-53 virus specific. All engineered substitutions differ from wt virus (D1 16007
or D2 16681), as well as extra mutations (changes from engineered cDNA clone) detected
in the MVS are marked.

Substitutions Included in the Genome and Protein:

[000154] Junction sites between D1 (prM-E) and D2 backbone:
a. Mlul (nt451-456): engineered silent mutation, nt-453 A-to-G
b. (nt 2380-2385): engineered mutations, nt-2381/2382 TG-to-CC
(requlted in E-482 Val-to-Ala change)

[000155] D2 PDK-53 virus backbone (change from wt D2 16681): all in bold
5-noncoding region(NCR)-57 (nt-57 C-to-T): major atienuation locus {in red}
NS1-53 Gly-to-Asp (nt-2579 G-to-A): maior attenuation locus (in red)
NS2A-181 Leu-to-Phe (nt-4018 C-to-T)

NS3-250 Glu-to-Val (nt-5270 A-to-T): major atinuation focus (in rod)
nt-5547 (NS3 gene) T-to-C silent mutation

cac o
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f. NS4A-75 Gly-to-Ala (nt-6599 G-t0-C)
* nt-8571 C-to-T silent mutation of PDK-53 is not engineered in the vaccine virus

[000156] DEN-1 prM-E (change from wt D1 16007)
a. Engineered nt-1575 T-to-C silent mutation to remove native Xbal site

[000157] Additional substitutions found in vaccine seed (0.03% nt different from
original clone)
a. NS2A-116 He-to-Leu (nt-3823 A-to-C, in bold)
b. NS2B-92 Glu-to-Asp (nt-4407 A-to-T, in bold)
¢. nt-7311 A-to-G silent mutation (in bold)

WCRE-BT7-T, DR PRK-53 attenustion locus {wt D2 1&68L: )

»5' -Noncoding Region i »>C
10 2Q 30 40 50 60 70 80 90 100
AGTTGTTAGTCTACGTGGACCCGACARAGACAGATTCTTTGAGGGAGCTAAGCTCAATGTAGTTCTAACAGTTTTTTAATTAGAGAGCAGATCTCTGATGA
M N
110 120 130 140 150 160 170 180 190 200

ATAACCAACGGAAARAGGCGAAAAACACGCCTTTCAATATGCTGAAACGCGAGAGAAACCGCGTGTCGACTGTGCAACAGCTGACAAAGAGATTCTCACT
N Q R K KA KNTUPVFNMILI K®REU®RNZURVYV S TV Q QL T KU RV F S L

210 220 230 240 250 260 270 280 290 300
TGGAATGCTGCAGGGACGAGGACCATTAAAACTGTTCATGGCCCTGGTGGCGTTCCTTCGTTTCCTAACAATCCCACCAACAGCAGGGATAT TGAAGAGA
¢ M L G R 6 P L KL FMAILV AFILRVPFILTTI PPTASGTITL KR

310 320 330 340 350 360 370 380 390 400
TGGGGAACAATTAAAAAATCAAAAGCTATTAATGTTTTGAGAGGETTCAGCGAAAGAGATTGGAAGGATGCTGAACATCTTGAATAGGAGACGCAGATCTG
W 6 7T I K K 8 K A I NV L RGPF RKETI GGRMILDNTIILUN®RIRIRI RS A

>prM Beginning of D1 16007 sequence
410 420 430 440 450 |460 470 480 490 500
CAGGCATGATCATTATGCTGATTCCAACAGTGATGGCETTCCATTTAAC TGGGGGAGAGCCGCATATGATAGTTAGCAAGCAGGAAAGAGGAAR
G M I I M L I PTVMATFMHTLTTTTRGGEU?PHMTIUVSZKQQETR G K

. splicing site (nt~453 A-to-G silent)

510 520 530 540 550 560 570 580 590 600
GTCACTTTTGTTCAAGACCTCTGCAGGTGTCAACATGTGCACCCTCATTGCGATGGATTTGGGAGAGT TGTGTGAGGACACGATGACCTACAAATGCCCC
s L. L, F XK T s A GVNMOCCTULIAMDTULGETLUCEDTMTY K C P

610 620 630 640 650 660 670 680 690 700
CGGATCACTGAGGCGGEAACCAGATGACCTTGACTGTTGGTGCAATGCCACGGACACATGGETGACCTATGGAACGTGCTCTCAAACTCGCGAACACCGAC
R I T EAUE P DDV DOCWOCDNATDTWUVTY GGTOUCS @ T G EHR R

»M
710 720 730 740 750 760 770 780 790 800
GAGACAAACCTTCCETCGCATTGGCCCCACACGTGGEGCTTGGCCTAGAAACRAAGAGCCGAAACGTGCATGTCCTCTGAAGGTGCTTGGABRACAGATACA
D K R 8 VAL A PHV G L L ETI® R AETWMSSEGA AWWI KOQTI Q

810 820 830 840 850 860 870 880 890 200
AAANGTAGAGACTTGGGCTCTGAGACATCCAGGATTCACGGTGATAGCCCTTTTTCTAGCACATGCCATAGCGAACATCCATCACCCAGAAAGGGATCATT
K v ET W A L R H P G F TV I A L F L A HAI GT S5 I T QQ K G I I

=B
910 920 930 940 950 960 970 980 990 1000
TTCATTTTGCTGATGCTGETAACACCATCTATCGCCATGCGATGCCTCECAATAGGCAACAGAGACT TCCTCGAACCACTGTCAGGAGCAACATGEETEG
F I L. LML Vv TUPSMAMZ BRTCVGIGGNZRDTFVEU®GILS8GATW VD

1010 1020 1030 1040 1050 1060 1070 1080 1090 1100
ATGTGGTACTGGAGCATGGAAGTTGCGTCACCACCATGGCAAAAAACAAACCAACACTGGACATTGAACTCTTGAAGACGGAGGTCACAAACCCTGCAGT
v v L EH®H G S ¢CVTTMAI KDNI K?P TULD I EILILIKTEV TDNUP AV

1110 1120 1130 1140 1150 1160 1170 1180 1190 1200
TCTGCGTAAATTGTGCATTGAAGCTAAAATATCAAACACCACCACCGATTCGAGATGTCCAACACAAGGAGAAGCCACACTGGTGGAAGAACAAGACGCG
L R KL ¢ I E A K I 8 NTTTTD S8 R C P T G E AT L V EE Q D A

1210 1220 1230 1240 1250 1260 1270 1280 1290 1300
AACTTTGTGTGCCGACGAACCTTCGTGGACAGAGGCTGGGGCAATGGCTEGTGGGCTATTCGGARAAGCTAGTCTAATAACGTGTGCCAAGTTTAAGTGTG
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N F vV ¢ R RTVF VvV DRGWGNGCCGILF G K G S L I T CAI K F K CV

1310 1320 1330 1340 1350 1360 1370 1380 1390 1400
TGACAAAACTAGAAGGAAAGATAGTTCAATATGAAAACCTAAAATATTCAGTGATAGTCACCGTCCACACTGGAGATCAGCACCAGGETGGGAAATGAGAC
T K L E ¢ K I v @Q ¥ E N L K Y s V I Vv TV HUTGGDQQHQV G N E T

1410 1420 1430 1440 1450 1460 1470 1480 1490 1500
TACAGAACATGGAACAACTGCAACCATAACACCTCAAGCTCCTACGTCGGAAATACAGCTGACCGACTACGGAACCCTTACATTAGATTGTTCACCTAGG
T E®H G T T A T I TP QA P TS E I QL TDY GGTUL TULDUCS P R

1510 1520 1530 1540 1550 1560 1570 1580 1590 1600
ACAGGGCTAGATTTTAACGAGATGEGTGTTGCTGACAATGAAAGAAAGATCATGGCTTGTCCACAAACAATCGETTCCTAGACTTACCACTGCCTTGGACCT
T ¢ L. D F N~ EM V L L T M K E R S WIL V HKQ W F L DL P L P W T S

Engineered silent mutation (nt-1575 T-to-C): remove the native DEN-1 virus-specific xbal site

1610 1620 1630 1640 1650 1660 1670 1680 1690 1700
CTGGGGCTTCAACATCCCAAGAGACTTGGAACAGACAAGATTTACTGGTCACATTTAAGACAGCTCATGCAAAGAAGCAGGAAGTAGTCGTACTAGGATC
G A 8 T S ¢ ET W NI R QD ILILV TUVPF KT AHM AIKI KGQEV V V L G 8

1710 1720 1730 1740 1750 1760 1770 1780 1790 1800
ACAAGAAGGAGCAATGCACACTGCGCTCACTGGAGCGACAGAAATCCAAACCTCAGGAACGACAACAATTTTCGCAGGACACCTAMAMATGCAGACTAARNA
Q E G A MHTAULTGATETIQT S8 G TTTTIF A G HTUL K CR L K

1810 1820 1830 1840 1850 1860 1870 1880 1890 1900
ATGGACARACTAACTTTAAAAGGGATGTCATATGTGATGTGCACAGGCTCATTCAAGTTAGAGAAAGAAGTGGCTGAGACCCAGCATGGAACTEGTTCTGG
M D K L T L K GG M S Y V M C TG S F KL EI KEV A ETOQHGTV L V

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
TGCAGGTTAAATATGAAGGAACAGACGCACCATGCAAGATTCCCTTTTCGACCCAAGATGAGAAAGGAGCAACCCAGAATGGGAGATTAATAACAGCCAA
Q VvV KXY E GG T D A P CK I P F s T DEIXGATOQNGRTUL I TATN

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
CCCCATAGTCACTGACAAAGAAAAACCAGTCAATATTGAGGCAGAACCACCCTTTGETCGAGAGCTACATCGTGCTAGGAGCAGCGTCGAAAAAGCTTTGAAA
P I v T D K E K P V N I E A E P P F G E Y I VV G A G E K A L K

2110 2120 2130 2140 2150 2160 2170 2180 2190 2200
CTAAGCTGGTTCAAGAAAGGAAGCAGCATAGGGAAAATGTTTGAAGCAACTGCCCGAGGAGCACGAAGGATGGCCATTCTGGGAGACACCGCATGGGACT
L 8 W P K K G 8 8 I 6 K M F E A TAIRGAURUZ RMATILIILGDTAWDF

2210 2220 2230 2240 2250 2260 2270 2280 2290 2300
TCGGTTCTATAGGAGGAGTGTTCACGTCTATGGGAAAARCTGGTACACCAGGTTTTTGGAACTGCATATGGAGTTTTGTTTAGCGGAGTTTCTTGGACCAT
G 8 I 6 GV ¥ T 8 M G KL VHQQ V F 6 TAY GGV L F 8 GG V 8 W TM

End of D1 16007 sequence
|
2310 2320 2330 2340 2350 2360 2370 2380 2390 2400
GAAAATAGGAATAGGGATTCTGCTGACATGGCTAGGATTAAATTCAAGGAACACGTCCCTTTCGATGATGTGCATCGCA@ SATTGTGACACTGTAT
K I ¢ I ¢ I L L T W L 6 L N S8 RN TS L 8 M M CTI A AG I VT L Y

Engineered } splicing site, E-482 Val-to-Ala (nt-2381/2382 TG-to-CC)

>NS1
2410 2420 2430 2440 2450 2460 2470 2480 2490 2500
TTGGGAGTCATGETGCAGGCCGATAGTGETTGCGTTGTGAGCTGGAAAAACARAGAACTGAAATGTGGCAGTGGGATTTTCATCACAGACAACGTGCACA
L ¢ VMYV Q A DS G CV YV 8 WKDNIKEUL KCG S GG I F I TDDNV H T

2510 2520 2530 2540 2550 2560 2570 2580 2590 2600
CATGGACAGAACAATACAAGTTCCAACCAGAATCCCCTTCAAAACTAGCTTCAGCTATCCAGAARGCCCATGAAGAGGRCATTTGTGGAATCCGCTCAGT
W T E @ Y K F ¢ P E S8 P S8 KL A S A I ¢ KA HEEW®TICOGTITR s V
H
!

L PRR-B2 NEL-83-Amp attsnus n deaas {wb D2 16E81: Gy, nt-2873-G)

2610 2620 2630 2640 2650 2660 2670 2680 2690 2700
AACARGACTGGAGAATCTGATGTGGAAACAAATAACACCAGAATTGAATCACATTCTATCAGAAAATGAGETGAAGTTAACTATTATGACAGGAGACATC
T R L E N L M W K @ I TP EULNUHTIIL S ENZEVYV KL TTIMTG DI

2710 2720 2730 2740 2750 2760 2770 2780 2790 2800
AAAGGAATCATGCAGGCAGGARAACGATCTCTGCGGCCTCAGCCCACTGAGCTGAAGTATTCATGGAAAACATGGGGCAAAGCAMAAATGCTCTCTACAG
K ¢ I M Q@ A G KR S L R P QP TETU LI K Y S WK TWG KA KWMMTIL S T E

2810 2820 2830 2840 2850 2860 2870 2880 2890 2900
AGTCTCATAACCAGACCTTTCTCATTGATGGCCCCGARACAGCAGAATGCCCCAACACAAATAGAGCTTGGAATTCCTTGGAAGTTGAAGACTATGGCTT
s B N@ TV F L I DG?PETAZECPDNTNZ RAWDNSTILEV EDY G F

2910 2920 2930 2940 2950 2960 2970 2980 2990 3000

TGGAGTATTCACCACCAATATATGGCTAAAATTGAAAGAANAACAGGATGTATTCTGCGACTCAAAACTCATGTCAGCGGCCATAAAAGACAACAGAGCC
G VvV F T TN I W L K L K E KDV F CD S KL M S A A I KDDN R A
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3010 3020 3030 3040 3050 3060 3070 3080 3090 3100
GTCCATGCCGATATGGGTTATTGGATAGARAGTGCACTCAATGACACATGGAAGATAGAGAAAGCCTCTTTCATTGAAGTTAAARACTGCCACTGGCCAA
v H A DMGY W I E S AL NDTWK I EXKASFIEV KDNTCIHUW P K

3110 3120 3130 3140 3150 3160 3170 3180 3190 3200
AATCACACACCCTCTGGAGCAATGGAGTGCTAGAAAGTGAGATGATAATTCCAAAGAATCTCGCTGGACCAGTGTCTCAACACAACTATAGACCAGGCTA
$ H T L W $ N GV L E S E M I I P KU NILAG PV S8 Q HNUY R P G Y

3210 3220 3230 3240 3250 3260 3270 3280 3290 3300
CCATACACAAATAACAGGACCATGGCATCTAGGTAAGCTTGAGATGCACTTTGATTTCTGTGATGGAACAACAGTGGTAGTGACTGAGGACTGCGGARAT
H T @ I T G P W HUL G KL EMUDPFP DPF ¢CDGT TV V V TEUDCGN

3310 3320 3330 3340 3350 3360 3370 3380 3390 3400
AGAGGACCCTCTTTGAGAACAACCACTGCCTCTGGAAAACTCATAACAGAATGGTGCTGCCGATCTTGCACATTACCACCGCTAAGATACAGAGGTGAGG
R 6 P 8 L R TTTHAS G KULTITEWT CCCR S8 CCTULUPUPULUZRYR G E D

>NS2A
3410 3420 3430 3440 3450 3460 3470 3480 3490 3500
ATGGGTGCTGGTACGGGATGGAAATCAGACCATTGAAGGAGAAAGAAGAGAATTTGGTCAACTCCTTGGTCACAGCTGGACATGGGCAGGTCGACAACTT
G ¢ W ¥ G M E I R P L K E K E EDNIL VN S L V TAGHG Q V DN F

3510 3520 3530 3540 3550 3560 3570 3580 3590 3600
TTCACTAGGAGTCTTGGGAATGGCATTGTTCCTGGAGGARATGCTTAGGACCCGAGTAGGAACGAAACATGCAATACTACTAGTTGCAGTTTCTTTTGTG
s L. ¢ VL G6M AL F L EEMTULZRTRV G T KHA ATIULTLV AV S F V

3610 3620 3630 3640 3650 3660 3670 3680 3690 3700
ACATTGATCACAGGGAACATGTCCTTTAGAGACCTGGGAAGAGTGATGGTTATGGTAGGCGCCACTATGACGGATGACATAGGTATGGGCETGACTTATC
T L I T 6 N M $ F R DL GR VM VMY GATMTUDUDTIGMUGV YV T Y L

3710 3720 3730 3740 3750 3760 3770 3780 3790 3800
TTGCCCTACTAGCAGCCTTCARAAGTCAGACCAACTTTTGCAGCTGGACTACTCTTGAGAAAGCTGACCTCCAAGGAATTGATGATGACTACTATAGGAAT
A L L A A F KV R PTVPFAAGILILILIRI KILTSZKETILMMTTTI G I

3810 3820 3830 3840 3850 3860 3870 3880 3890 3900
TGTACTCCTCTCCCAGAGCACCCTACCAGAGACCATTCTTGAGTTGACTGATGCGTTAGCCTTAGGCATGATGGETCCTCAAAATGGTGAGAAATATGGAA
vV L L 8 ¢ 8 T L P E T I L E L TDAIL AL GMMUVYVY L XMV R N ME

Additional NS2A-116 Ile-~to-Leu (nt3823 A-to~C) mutation in master and pre-master seed

3910 3920 3930 3940 3950 3960 3970 3980 3990 4000
AAGTATCAATTGGCAGTGACTATCATGGCTATCTTGTGCGTCCCAAACGCAGTGATATTACAAAACGCATGGAANGTGAGTTGCACAATATTGGCAGTGG
K ¥y ¢ L AV TIMATIILOCV PDNAV I L Q N AWKV S CTTI L AV V

4010 4020 4030 4040 4050 4060 4070 4080 4050 4100
TGETCCGTTTCCCCACTGTTCTTAACATCCTCACAGCAAAANACAGATTGGATACCATTAGCATTGACGATCARAGGTCTCAATCCAACAGCTATTTTTCT
s vs P L F L TS S8 Q ¢ K TD W I PUL AL TTII KGILDNUPTATIFL

D2 PDK-53 specific NS2A-181-Phe (wt D2 16681l: Leu, nt-~-4018-C)

>NS2B
4110 4120 4130 4140 4150 4160 4170 4180 4190 4200
AACAACCCTCTCAAGAACCAGCAAGAAAAGGAGCTGGCCATTAAATGAGGCTATCATGGCAGTCGGGATGGTGAGCATTTTAGCCAGTTCTCTCCTAAAA
T T L 8 R T 88 K K R 8 W P L N E A I M AV G MV 858 I L A S 8 L L K

4210 4220 4230 4240 4250 4260 4270 4280 4290 4300
AATGATATTCCCATGACAGGACCATTAGTGGCTGGAGGGCTCCTCACTGTGTGCTACGTGCTCACTGGACGATCGECCGATTTGGAACTGGAGAGAGCAG
N DI PMTGU?PUL VAGGGL LTV CY VL TGRS AUDTILETLER A A

4310 4320 4330 4340 4350 4360 4370 4380 4390 4400
CCGATGTCAAATGGGAAGACCAGGCAGAGATATCAGGAAGCAGTCCAATCCTGTCAATAACAATATCAGAAGATGETAGCATGTCGATAABARATGAAGA
DV KW EDOQWAZE I S G s8 s P I L 8 I TTI S EDGS M S I K DN E E

4410 4420 4430 4440 4450 4460 4470 4480 44590 4500
GGAAGATCAAACACTGACCATACTCATTAGAACAGGATTGCTGGTGATCTCAGGACTTTTTCCTGTATCAATACCAATCACGGCAGCAGCATGGTACCTG
E D QTL TI L I RTGIL L VI $ G L F PV S I P I TAAAWUY L

Additional NS2B-92 Glu~to-Asp (nt-4407 A-to-T) mutation (in master and pre-master seed)

»NS3
4510 4520 4530 4540 4550 4560 4570 4580 4590 4600
TGGGAAGTGAAGAAACAACGGGCCGGACTATTGTGGGATG TTCCTTCACCCCCACCCATGGGAAAGGCTGAACTCCAAGATGGAGCCTATAGAATTAAGC
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W E VvV K K Q R A GV L WDV P S P P P MG K AEULEDGAZYRTI K Q

4610 4620 4630 4640 4650 4660 4670 4680 4690 4700
AAAAAGGGATTCTTGGATATTCCCAGATCGGAGCCGGAGTTTACAAAGAAGGAACATTCCATACAATGTGGCATGTCACACGTGGCGCTGTTCTAATGCA
K 6 I L ¢ ¥ 8 ¢ I 6 A GV Y K EGGTVF HTMWHV TR GAV L MH

4710 4720 4730 4740 4750 4760 4770 4780 4790 4800
TAAAGGAAAGAGGATTGAACCATCATGGGCGGACGTCAAGAAAGACCTAATATCATATGCAGCGAGGCTGGAAGTTAGAAGGAGAATGGAAGGAAGGAGAA
K 6 K R I E P 8 W A DV K KXKDIL I B8 Y 66 G G W KL E G E W KE G E

4810 4820 4830 4840 4850 4860 4870 4880 4890 4900
GAAGTCCAGGTATTGGCACTGGAGCCTGGAARAAATCCARGAGCCETCCAAACGARACCTGGTCTTTTCAAAACCAACGCCGGAACAATAGGTGCTGTAT
E VvV g vL AL EP G KNUPU R AUV QT KU?PGULF KT TWNAZGTTI G AV 8

4910 4920 4930 4940 4950 4960 4970 4980 4990 5000
CTCTGGACTTTTCTCCTGGAACGTCAGGATCTCCAATTATCGACAAAAAAGGAAAAGTTGTGGETCTT TATGGTAATGGTGTTGTTACAAGGAGTGGAGC
L b F 8P G T S8 G 8 P I I DKJIKZGI KV VYV GL Y GG NGV V TR S8 G A

5010 5020 5030 5040 5050 5060 5070 5080 5090 5100
ATATGTGAGTGCTATAGCCCAGACTGAAAAAAGCATTGAAGACAACCCAGAGATCGAAGATGACATTTTCCGAAAGAGAAGACTGACCATCATGGACCTC
Yy v s A I A Q T E K S I EDUNPE I EDUDTIFURI KI®RIRILTTIMDL

5110 5120 5130 5140 5150 5160 5170 5180 5190 5200
CACCCAGGAGCGGGAAAGACGAAGAGATACCTTCCGGCCATAGTCAGAGAAGCTATAAAACGGGGTTTGAGAACATTAATCTTGGCCCCCACTAGAGTTG
H P G A G KT KUZRY L P AI V REAI KU RUGILRTULTIILAUPTRV YV

5210 5220 5230 5240 5250 5260 5270 5280 5290 5300
TGGCAGCTGAAATGGAGGAAGCCCTTAGAGGACTTCCAATAAGATACCAGACCCCAGCCATCAGAGCTGNGCACACCGGGCGGGAGATTGTGGACCTAAT
A A EMEEAULRGL P I RY @ TP A I R A ¥ HT G RE I V DL M

DZ FDR-53 NS3-250-Vel attenuaticon loows {(wt DI 16681: Olu, nb-5370-A)

5310 5320 5330 5340 5350 5360 5370 5380 5390 5400
GTGTCATGCCACATTTACCATGAGGCTGCTATCACCAGTTAGAGTGCCAAACTACAACCTGATTATCATGGACGAAGCCCATTTCACAGACCCAGCAAGT
¢ H A TVPF TM®RUL L S PV RV PNY NL I I MDEAUHTFTDP A S

5410 5420 5430 5440 5450 5460 5470 5480 5490 5500
ATAGCAGCTAGAGGATACATCTCAACTCGAGTGGAGATGGCTGAGGCAGCTGGGATTTTTATGACAGCCACTCCCCCGEGAAGCAGAGACCCATTTCCTC
I A AR GY I 8 TRV EMGEAAGI FMTTATU®P?PGS RDPF P Q

5510 5520 5530 5540 5550 5560 5570 5580 5590 5600
AGAGCAATGCACCAATCATAGATGAAGARAGAGAAATCCCTGAACGCTCGTGGAATTCCGGACATGAATGGGTCACGGATTTTAAAGGGAAGACTGTTTG
S N A P I I D EERE I P EUR S WDN S G HEWUV TDVFK G K T V W

D2 PDK-53 silent mutation nt-5547-C (wt D2 16681: T)

5610 5620 5630 5640 5650 5660 5670 5680 5690 5700
GTTCGTTCCAAGTATAAAAGCAGGAAATGATATAGCAGCTTGCCTGAGCGAAARATGGARAGAAAGTGATACAACTCAGTAGGAAGACCTTTGATTCTGAG
F v P 8 I K A G NDTI AACILURI KWNSGI K KV I QUL S R KTFD s E

5710 5720 5730 5740 5750 5760 5770 5780 5790 5800
TATGTCAAGACTAGAACCAATGATTGGCACTTCGTGGTTACAACTGACATTTCAGAAATGGETGCCAATTTCAAGGCTGAGAGGGTTATAGACCCCAGAC
¥ v X T R T ND WD F VY TTD I S$ EMGA ANV FI KAUEURUV I D P RR

5810 5820 5830 5840 5850 5860 5870 5880 5890 5900
GCTGCATGAAACCAGTCATACTAACAGATGGTGAAGAGCGGGTGATTCTGGCAGGACCTATGCCAGTGACCCACTCTAGTGCAGCACAAAGARAGAGGGAG
¢ M K P VI L TDGGEEURVYV I L A G P MUPV THS 8 A A Q R R G R

5910 5920 5930 5940 5950 5960 5970 5980 5990 6000
AATAGGAAGAAATCCAAAAAATGAGAATGACCAGTACATATACATGGGGGAACCTCTGGAAAATGATGAAGACTGTGCACACTGGAARAGAAGCTAARATG
I G R N P K N ENUDOGQ Y I Y MG E P LEDNUDET DT CAUHWI K EA K M

6010 6020 6030 6040 6050 6060 6070 6080 6090 6100

CTCCTAGATAACATCAACACGCCAGAAGGAATCATTCCTAGCATGTTCGAACCAGAGCGTGAAAAGGTGEGATGCCATTGATGGCGAATACCGCTTGAGAG
L L D N I N TU®PEGI I P S M F E P EZREI KV DA ATIUDTGEYURTULIRG

6110 6120 6130 6140 6150 6160 6170 6180 6190 6200
GAGAAGCAAGGAAAACCTTTGTAGACTTAATGAGAAGAGGAGACCTACCAGTCTGGTTGGCCTACAGAGTGGCAGCTGAAGGCATCAACTACGCAGACAG
E A R K T F vV D L M R R G DL P V WL A Y RV A A E G I NY A DR

6210 6220 6230 6240 6250 6260 6270 6280 6290 6300
AAGGTGCGTGCTTTTGATGGAGTCAAGAACAACCAAATCCTAGAAGAAAACGTGGAAGTTGAAATCTGGACAAAAGAAGGGGAAAGGAAGAAATTGAAACCC
R W C F DGV K NNQ I L EENVYV EV ETI WTIKE G EIRKI KL K P

>NS4A
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6310 6320 6330 6340 6350 6360 6370 6380 6390 6400
AGATGGTTGGATGCTAGGATCTATTCTGACCCACTGGCGCTAARAGARTTTARGGAATTTGCAGCCGGARGAAAGTCTCTGACCCTGAACCTAATCACAG
R W L D AR I Y & D PL ALKUEVF K EFAA AG GIRI KBS L TLDNTILTITE

6410 6420 6430 6440 6450 6460 6470 6480 6490 6500
AMRATGGGTAGGCTCCCAACCTTCATGACTCAGAAGGCAAGAGACGCACTGGACAACTTAGCAGTGCTGCACACGGCTGAGGCAGGTGGAAGGGCGTACAA
M 6 R L P T F MT Q K AURDATLUDNILA AV L HTAEW AU G GURAUYTUN

6510 6520 6530 6540 6550 6560 6570 6580 6590 6600
CCATGCTCTCAGTGAACTGCCGGAGACCCTGGAGACATTGCTTTTACTGACACTTCTGGCTACAGTCACGCGAGGGATCT TTTTATTCTTGATGAGCGCA
H AL 8 EL P ETULETIL LIL L TILIL ATV T GGTI F L F L M S A

D2 PDK-53 specific NS4A-75-Ala (wt D2 1668l: Gly, nt-65989-G)

6610 6620 6630 6640 6650 6660 6670 6680 6690 6700
AGGGGCATAGGGAAGATGACCCTGGGAATGTGCTGCATAATCACGGCTAGCATCCTCCTATGGTACGCACAAATACAGCCACACTGGATAGCAGCTTCAA
R ¢ I 6 K M TL GGMTCCCTITITA ASIILILWYAOQTIOQUPHMWTI A ASI

6710 6720 6730 6740 6750 6760 6770 6780 6790 6800
TAATACTGGAGTTTTTTCTCATAGTTTTGCTTATTCCAGAACCTGAAAAARCAGAGAACACCCCAAGACAACCAACTGACCTACGTTGTCATAGCCATCCT
I L EF F L I VL LI PEUPEI KUGOQRTU®POQDWUNOQTILTYV V I A TIL

>NS4B
6810 6820 6830 6840 6850 6860 6870 6880 6890 6900
CACAGTGGTGGCCGCAACCATGGCAAACGAGATGGGTTTCCTAGAAAAAACGAAGAAAGATCTCGGAT TGEGAAGCATTGCAACCCAGCAACCCGAGAGC
T v vA A TMMAUDNEMGV F L E KT KK DL GG L G S I A TOQOQ P E S

6910 6920 6930 6940 6950 6960 6970 6980 6990 7000
AACATCCTGGACATAGATCTACGTCCTGCATCAGCATGGACGCTGTATGCCCTGGCCACAACATTTGTTACACCAATGTTGAGACATAGCATTGAAAATT
N I L DI DL R P A S AW TTIL Y AV A TTUFV TPMILRUHEBESTIEDNS

7010 7020 7030 7040 7050 7060 7070 7080 7090 7100
CCTCAGTGAATGTGTCCCTAACAGCTATAGCCAACCAAGCCACAGTGTTAATGGGTCTCGGGAAAGGATGGCCATTGTCARAGATGGACATCGGAGTTCC
$ v N V 8 L T A I AN QA TV L M GL G K G W P L S8 KMD I G V P

7110 7120 7130 7140 7150 7160 7170 7180 7190 7200
CCTTCTCGCCATTGGATGCTACTCACAAGTCAACCCCATAACTCTCACAGCAGCTCTTTTCTTATTGGTAGCACATTATGCCATCATAGGGCCAGGACTC
L L A I ¢ C Y S Q vN P I TL TAAULPF L L V A HY A I I G P G L

7210 7220 7230 7240 7250 7260 7270 7280 7290 7300
CAAGCAAARAGCAACCAGAGAAGCTCAGAAAAGAGCAGCGGCGGGCATCATGAAAAACCCAACTGTCGATGGAATARCAGTGATTGACCTAGATCCAATAC
Q A K A TR EA Q@ K R A A A G I M KNP T VD GI TV I DIL D P I P

7310 7320 7330 7340 7350 7360 7370 7380 7380 7400
CTTATGATCCGAAGTTTGAAAAGCAGTTGGGACAAGTAATGCTCCTAGTCCTCTGCGTGACTCAAGTATTCGATGATGAGGACTACATGGGCTCTGTGTGA
Yy b P K ¥F E XK gL 6@ VMM L L VL CVTOQV L MMU® RTTWATL CE

Additional silent mutation (nt-7311 A-to-G, in master and pre-master seed)

7410 7420 7430 7440 7450 7460 7470 7480 7490 7500
GGCTTTAACCTTAGCTACCGGGCCCATCTCCACATTGTGGGAAGGAAATCCAGGGAGGTTTTGGAACACTACCATTGCGGTGTCAATGGCTAACATTTTT
A L T L A T G P I 8 T L WEGDNUP GG R F WNT TI AV 8 M A NI F

> NSB5
7510 7520 7530 7540 7550 7560 7570 7580 7590 7600
AGAGGGAGTTACTTGGCCGGAGCTGGACTTCTCTTTTCTATTATGAAGAACACAACCAACACAAGAAGGGGAACTGGCAACATAGGAGAGACGCTTGGAG
R ¢ 8 ¥ L A G A GL L P 8 I M KNTTDNTRI®RGTGDNTIGETTUL G E

7610 7620 7630 7640 7650 7660 7670 7680 7690 7700
AGAAATGGARAAGCCGATTGAACGCATTGGGAAAAAGTGAATTCCAGATCTACAAGARAAGTGGAATCCAGGAAGTGGATAGAACCTTAGCAAAAGAAGG
K w K 8 R L, N A L G K 8 EF Q I ¥ K K 8 GG I ¢ E VDR TTUL A K E G

7710 7720 7730 7740 7750 7760 7770 7780 7790 7800
CATTAAARAGAGGAGAAACGGACCATCACGCTGTGTCGCGAGGCTCAGCARAACTGAGATGETTCGTTGAGAGARACATGGTCACACCAGARGGGARAGTA
I K R G ETUDHUHAY SR G S A KULIRW FV ERDNMVYVYTUPE G K V

7810 7820 7830 7840 7850 7860 7870 7880 7890 7900
GTGGACCTCGGTTGTGGCAGAGGAGGCTGGTCATACTATTGTGGAGGACTAAAGAATGTAAGAGAAGTCARAGGCCTAACAAAAGCGAGGACCAGGACACG
vV DL 6C G R G GW S8 Y Y C G GG L KNVZREVKSGT LTI K GG P G H E

7910 7920 7930 7940 7950 7960 7970 7980 7990 8000
AAGAACCCATCCCCATGTCAACATATGGGTGGAATCTAGTGCGTCTTCAAAGTGGAGTTGACGTTTTCTTCATCCCCCCAGAAAAGTGTGACACATTATT
E P I PM S8 TY G W N LV RL @ sS8 G VDV F F I PP EI KOCDTULL

8010 8020 8030 8040 8050 8060 8070 8080 8090 8100

GTGTGACATAGGGGAGTCATCACCAAATCCCACAGTGEAAGCAGGACGAACACTCAGAGTCCTTAACTTAGTAGAAAATTGGTTGAACAACAACACTCAL
¢ b1 6 E S $ P NPTV EAGRTTILZRV L NLV EDNWILDNDNDNTQ
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8110 8120 8130 8140 8150 8160 8170 8180 8190 8200
TTTTGCATAAAGGTTCTCAACCCATATATGCCCTCAGTCATAGARAAAATGGAAGCACTACAAAGGAAATATGGAGGAGCCTTAGTGAGGAATCCACTCT
F ¢ I K VvV L N P ¥YM P S8 YV I EKXKMEA AILGQQIRI K Y GG G AL V RN P L 8

8210 8220 8230 8240 8250 8260 8270 8280 8290 8300
CACGAARCTCCACACATGAGATGTACTGGGTATCCAATGCTTCCGGGAACATAGTGTCATCAGTGARCATGATTTCAAGGATGTTGATCAACAGATTTAC
R N s TH EMYW V 8 NA S G NIV s S8 V NMTISRMILTINUZRTFT

8310 8320 8330 8340 8350 8360 8370 8380 8390 8400
AATGAGATACAAGARAGCCACTTACGAGCCGGATGTTGACCTCGGAAGCGGAACCCGTAACATCGGGATTGARAGTGAGATACCAAACCTAGATATAATT
M R Y K K A T Y E P DV DL G S G TURWNTI GTIE S E I P NLTDTITI

8410 8420 8430 8440 8450 8460 8470 8480 8490 8500
GGGAAAAGAATAGAAAAAATAAAGCAAGAGCATGAAACATCATGGCACTATGACCAAGACCACCCATACAAAACGTGGGCATACCATGGTAGCTATGAAA
¢ K R I E K I K ¢ EH E T S W HY D QDHPY K TWAYHG S Y E T

8510 8520 8530 8540 8550 8560 8570 8580 8590 8600
CAAAACAGACTGGATCAGCATCATCCATGGTCAACGGAGTGGETCAGGCTGCTGACAAAACCTTGGGACGTCGTCCCCATGETGACACAGATGGCAATGAC
K ¢ T 6 8 A 8 5 MV NGV V R L L T K PWDVV PMVTQMAMT

8610 8620 8630 8640 8650 8660 8670 8680 8690 8700
AGACACGACTCCATTTGGACAACAGCGCGTTTTTAAAGAGAAAGTGGACACGAGAACCCAAGAACCGAAAGAAGGCACGAAGAAACTAATGAAAATAACA
oD T T °PVF G Q Q RV F KEI KVY DTIRTOGQE/PKEGTI K KLMI KTIT

8710 8720 8730 8740 8750 8760 8770 8780 8790 8800
GCAGAGTGGCTTTGGAAAGAATTAGGGAAGAARAAGACACCCAGGATGTGCACCAGAGAAGAATTCACAAGAAAGGTGAGAAGCAATGCAGCCTTGGGGG
A E W L W K E L 6 K K K TP RMUCT®REEVF TR KV R S N A AL G A

8810 8820 8830 8840 8850 8860 8870 8880 8890 8900
CCATATTCACTGATGAGAACAAGTGGAAGTCGGCACGTGAGGCTGTTGAAGATAGTAGGTTTTGGGAGCTGGTTGACAAGGAAAGGAATCTCCATCTTIGA
I F T b EN KW K S8 A REAV ED S R F W EUL YV DK EURNTILUHUL E

8910 8920 8930 8940 8950 8960 8970 8980 8990 9000
AGGAAAGTGTGAAACATGTGTGTACAACATGATGGGAAAAAGAGAGAAGAAGCTAGGGGAATTCGGCAAGECAARAGGCAGCAGAGCCATATGGTACATG
G K ¢ ET CV Y NMMGI KU REI K KILGEVF G KA AI KG S RATIWY M

$010 9020 9030 3040 9050 9060 8070 9080 9090 9100
TGGCTTGCAGCACGCTTCTTAGAGTTTGAAGCCCTAGGATTCTITAAATGAAGATCACTGGTTCTCCAGAGAGAACTCCCTGAGTGGAGTGGAAGGAGAAG
W L ¢ AR F L EF E AL G F L N EDHWPF S REUDNUSTUL S GV E G E G

9110 9120 9130 9140 9150 9160 9170 9180 9190 9200
GGCTGCACAAGCTAGETTACATTCTAAGAGACGTGAGCAAGAAAGAGGGAGGAGCAATGTATGCCCATGACACCGCAGGATGGGATACAAGAATCACACT
L # KL ¢ ¥ I L. R DV S K XKEGOGAMWDYADUDTA AZGWDTRTI TIL

$210 9220 9230 9240 9250 9260 9270 9280 9290 9300
AGAAGACCTAAAAAATGAAGAAATGGTAACAAACCACATGGAAGGAGAACACAAGAAACTAGCCGAGGCCATTTTCAAACTAACGTACCARAAACAAGGTG
E DL K NEEMVYV TNHMUEGEHZ K K L A EATITVPF KILTTY Q N KV

9310 9320 9330 9340 9350 9360 9370 9380 9390 9400
GTGCGTGTGCAAAGACCAACACCAAGAGGCACAGTAATGGACATCATATCGAGAAGAGACCAAAGAGGTAGTGGACAAGTTGGCACCTATGGACTCAATA
vV RV ¢ R P T P R G TV MD I I 8 R RD R G S8 G Q V G T Y G L N T

9410 9420 9430 9440 9450 9460 9470 9480 9490 9500
CTTTCACCAATATGGAAGCCCAACTAATCAGACAGATGGAGGGAGARGGAGTCTTTARAAGCATTCAGCACCTAACAATCACAGAAGAARATCGCTGTGCA
F T N M E A @ L I R Q M E G E G V F K S8 I ¢ H L T I TETZETIAV Q

$510 9520 9530 9540 9550 9560 8570 9580 9590 9600
ABACTGGTTAGCAAGAGTGGGGCGCGARAGGTTATCAAGAATGGCCATCAGTGGAGATGATTG TG TTGTGAAACCTTTAGATGACAGG TTCGCAAGCGCT
N w L A RV G R ERUL SR MATI S GGDDOCV YV KPILDUDIZRFA S A

9610 9620 9630 9640 9650 9660 9670 9680 9690 9700
TTAACAGCTCTAAATGACATGGGAAAGATTAGGAAAGACATACAACAATGGGAACCTTCAAGAGGATGGAATGATTGGACACAAGTGCCCTTCTGTTCAC
L T A L NDMUG®GIE K I R KDTIQOQWEP S8 R G WUNDWTTQV P F C S H

9710 9720 9730 9740 9750 9760 9770 9780 9790 9800
ACCATTTCCATGAGTTAATCATGAAAGACGGTCGCGTACTCGTTGTTCCATGTAGAAACCAAGATGAACTGATTGGCAGAGCCCGAATCTCCCAAGGAGC
H F H E L I M K D GG RV L VV P CRWDNEDETULI GRAIZRTIGS QG A

9810 9820 9830 9840 9850 9860 9870 2880 9890 9900
AGGGTGGTCTTTGCGGGAGACGGCCTCTTTGGGGAAGTCTTACGCCCAAATGTGGAGCTTGATGTACTTCCACAGACGCGACCTCAGGCTGGCGGCAAAT
G W 8 L R E T A CL G K 88 ¥ A QQ M W 8 L M ¥ FH RZRDILIRILAA AN

9910 9920 9930 9940 9950 9960 9970 9980 9990 10000
GCTATTTGCTCGGCAGTACCATCACATTGGGTTCCAACAAGTCGAACAACCTGGTCCATACATGCTAAACATGAATGGATGACAACGGAAGACATGCTGA
A I C B8 AV P 8 H WV P TS R T T WS I BH A KHUEWMTTTEDMTL T

10010 10020 10030 10040 10050 10060 10070 10080 10090 10100

53

Date Recue/Date Received 2022-06-28



CAGTCTGGAACAGGGTGTGGATTCAAGAAAACCCATGGATGGAAGACAAAACTCCAGTGGAATCATGGGAGGAAATCCCATACTTGGGGARAAGAGAAGA
vV WNR VW I Q ENPWMEUDI KTU®PV E S WEETIPYLGIKTRED

10110 10120 10130 10140 10150 101860 10170 10180 101380 10200
CCAATGGTGCGGCTCATTGATTGGGTTAACAAGCAGGGCCACCTGGGCAAAGAACATCCAAGCAGCAATAAATCAAGTTAGATCCCTTATAGGCAATGAR
Q W ¢ ¢ s L 1 ¢ L TS R ATWAI KNDNIOQHAATIWDNOQV R S L I G N E

»>3'-Noncoding Region
10210 10220 10230 10240 10250 10260 10270 10280 10290 10300
GAATACACAGATTACATGCCATCCATGAAAAGATTCAGAAGAGAAGAGGAAGAAGCAGGAGTTCTGTGGTAGAAAGCAAAACTAACATGAAACAAGGCTA
E Y TD Y M P S M K®RFRRETEEEAGV L W *

10310 10320 10330 10340 10350 10360 10370 10380 10390 10400
GAAGTCAGGTCGGATTAAGCCATAGTACGGAAAAAACTATGCTACCTGCTGAGCCCCGTCCAAGGACGTTAAAAGAAGTCAGGCCATCATAAATGCCATAG

10410 10420 10430 10440 10450 10460 10470 10480 10490 10500
CTTGAGTAAACTATGCAGCCTGTAGCTCCACCTGAGAAGGTGTAAAAAATCCGGGAGGCCACARACCATGGAAGCTGTACGCATGGCGTAGTGGACTAGC

10510 10520 10530 10540 10550 10560 10570 10580 10590 10600
GGTTAGAGGAGACCCCTCCCTTACAAATCGCAGCAACBATGGGGGCCCAAGGCGAGATGAAGCTGTAGTCTCGCTGGAAGGACTAGAGGTTAGAGGAGAC

10610 10620 10630 10640 10650 10660 10670 10680 10690 10700
CCCCCCGAAACAAAAAACAGCATATTGACGCTGGGAAAGACCAGAGATCCTGCTGTCTCCTCAGCATCATTCCAGGCACAGAACGCCAGAAAATGGAATG

10710 10720
GTGCTGTTGAATCAACAGGTTCT

DENvax-2 Master Virus Seed (MVS)

[000158] Nucleotide sequence of the recombinant viral genome and deduced amino acid
sequence of the translated protein are provided herein. The engineered virus is based
on D2 PDK-53 virus. All engineered substitutions that are different from wild-type
DEN-2 16681 virus (also the parental virus for PDK-53), as well as extra mutations
(changes from engineered cDNA clone) detected in the MVS are marked.

Substitutions Included in the Genome and Protein:

[000159] D2 PDK-53 virus backbone (change from wt D2 16681): all in bold
5’-noncoding region (NCR)-57 (nt-57 C-to-T): major aticnuation focus (in red}
prM-29 Asp-to-Val (nt-524 A-to-T)

nt-2055 C-to-T (E gene) silent mutation

NS1-53 Gly-to-Asp (nt-2579 G-to-A): major attenuation locus (in red)
NS2A-181 Leu-to-Phe (nt-4018 C-to-T)

NS3-250 Glu-to-Val (nt-5270 A-to-T): major attenuation fogus {in red)
nt-5547 (NS3 gene) T-to-C silent mutation

NS4A-75 Gly-to-Ala (nt-6599 G-to- C)

* nt—8571 C-to-T silent mutation of PDK-53 is not engineered in the vaccine virus

PR o a0 o

[000160] Engineered clone marker (silent mutation):
a. nt-900 T-to-C silent mutation: infectious clone marker

[000161] Additional substitutions found in vaccine seed (0.02% nt different from
original clone)
a. prM-52 Lys-to-Glu (nt-592 A-to-G), in bold
b. NS5-412 Ile-to-Val (nt-8303 A-to-G), in bold

WOR-57-T, DR PDR-53 atteuu&tion Geews dwh DX l9981: Q)
»5 1 -NC | »C
100 110 120
AGTTG‘I‘TAGT CTACGTGGACCGACAAAGACAGATTCTTTGAGGGAGCTAAGCTCAA‘ GTAGTTCTAACAGTTTTTTAATTAGAGAGCAGATCTCTGATGAATAACCAACGGAAAAAGGCG
M N N ¢ R K K A
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130 140 150 160 170 180 190 200 210 220 230 240
AAAAACACGCCTTTCAATATGCTGAAACCCCAGAGAAACCGCGTGTCOACTGTGCAACAGCTGACAAAGAGATTCTCACTTGCAATGCTGCAGCGCGACGAGCGACCATTARAACTGTTCATG
XK N TP F N ML KREZRWUNIZRVYVY & TV QLTI XKZRYFSL ML QGRGGPL KL F M

250 260 270 280 290 300 310 320 330 340 350 360
GCCCTEETEGCETTCCTTCATTTCCTAACAATCCCACCAACAGCAGGCATATTCAACACGATCGCCCAACAATTAAARAATCAAAAGCTATTAATCT TTTCACGACCCTTCAGCGARRGAGATT
A 'L VA F L RPF L T I PP TASGI L XK RW®WGTTIKZ XS KATLWDNV VL RGTFRIZKEI

>priM
370 380 390 400 410 420 430 440 450 460 470 480
GGAAGGATGCTCGAACAT CTTGAATAGGAGACGCAGATCTGCAGCCATGATCATTATGCTGATTCCAACAGTGAT GGCETTCCATTTAACCACACCTAACGGACGAACCACACATCATCGTC
¢ R MILNTIT L NIRURIRIRSAeEZMI I ML IPTVMAYPFYHLTTRDNGCGE®PHMIUV

570 580 590 600
AGCAGACAACACGAAAGGCAAAAGTCTTCTETTTAARACAGAGGTTCECOTCAACATETCTACCCTCATEGCCATCOACCTTGETCAATTETCTCAAGACACAATCACGTACCGAGTETCCC
S R ¢ E K 6 K 8 L L F K TZEV ¢ VNM¢TILMAMT DTLTGET LT CETDTTITYE CP

D2 PDK-53 specific prM-29 Val (wt D2 16681 Asp, nt-524-3) Additional prM-52 Lye-to-Glu mutation {nt-592 A-to-G)

>M
610 620 630 640 650 660 670 680 690 700 710 720
CTTCTCAGGCAGAATCGAGCCACAAGACATAGALTCTTGETCCAACTCTACGTCCACGTGCCTAACT TATGEGACCTCTACCACCATGGCAGAACATAGAACGAGARARALGATCAGTGGCA
L LR Q N E P ED I DOCWCNST S TWV TYeTOCTTMOGEEUHRREI KRE V A

730 740 750 760 770 780 790 800 810 820 830 840
CTCOGTTCCACATCTCCCAATGCCACTCGCACACACCRACTGAAACATGEATCTCATCAGAACGCGECCTGCARAACATCTCCAGAGAATTGAAACTTGCATCTTGAGACATCCAGGCTTCACC
L v P HV MG LETIRTETWMS®SSEGAWI KHVYVY QR IETWTIILRUHEP®GUFT

>E
850 860 870 880 890 Q00 910 920 930 940 980 960
ATGATGGCAGCAATCCTGGCATACACCATAGGAACCGACACATTTCCAAAGAGCCCTGATCTTCATCTTACTGACAGCTGTCACTCCTTCAATGACAATGCGTTGCATAGGAATGTCAAAT
M MaA A I L AY T]I T THP¥ RALIFI L L T-AV TP &MTM®ROQCIGEGMS N

Engineered silent clone marker: nt-9%00 T-to-C silent mutation

970 280 9290 1000 1010 1020 1030 1040 1050 1060 1070 1080
ACGAGACTTTGTEGARAGGGCTTTCAGGAGEAAGCTGCGTTCACATAGTCTTAGAACATCCAAGCTGTETGACGACGATGCCAAAAAACAAACCAACATTCGATT TTGAACTGATARRAACA
R DFVEGY S8 G ¢g & WV DIV L EHROGS¢S VT TMAZ XN K?PTLDPFETLTIZKT

1090 1100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200
GAAGCCAAACAGCCTGCCACCCTAAGGAAGTACTCGTATAGAGGCAAAGCTAACCAACACAACAACAGAATCTCGCTCGCCCAACACAAGGGGARCCCAGCCTARATGAAGAGCAGGACAAA
E A XK QP ATIL R XY I EAIXKXKIULTNTTTZEZ®SEROC?PTOQOGEGE®PSE&LNZETEZQTDK

1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 1310 1320
AGGTTCGTCTGCARAACACTCCATGGTAGACAGACCATCEGEAAATGCATGTCCACTATTTECAAAGEGAGCCAT TETGACCTGTGCTATETTCAGATGCAARAAGAACATCCARCGEAAAA
R F V ¢C K H &MV DRGWOGENO®GOCCGEGL F G KEGEI VTCCAMTFRTCIEKIEKNMME G K

1330 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430 1440
GTTGTGCAACCAGARAACTTCEAATACACCATTETGATAACACCTCACT CAGCECAAGAGCATGCAGTCACARATCACACAGEAAAACATCCCAACCAAATCAAAATAACACCACAGAGT
v v g P ENTLEYT I VI TUPFHSES ¢ EEHAVENDTGKHG K E I K I TP Q 8

1450 1460 1470 1480 1490 1500 1510 1520 1530 1540 1550 1560
TCCATCACAGAAGCAGAATTGACAGGTTATGECACTGTCACAATGGAGTGCTCTCCARGAACGGGCCTCCACTT CAATGAGATGGTGT TCCTGCAGATGGAAAATAAAGUTTGGCTGGTG
& I T E A E L T &Y TV TME<CSPRTGGLDFNEMVYL L QMENZ KAWLV

1570 1580 1590 1600 1610 1620 1630 1640 1650 1660 1670 1680
CACAGGCAATGCTT CCTAGACCTGCCATTACCATGGT TG CCCORAGCERACACACAAGEETCAAATTGCATACAGARAGAGACAT TG TCACTTT CAAAAATCCCCATCCCAAGARA CAG
HR QWVF L DL PL P WL P GGADTOQGEG S NWIQQIKXKETTLYTVF KNP HAIZEKZKQ

1690 1700 1710 1720 1730 1740 1750 1760 1770 1780 1790 1800
GATGTTETTCTTTTAGGATCCCAAGAAGGGGTCATGCACACAGCACTTACAGEGEGCCACAGAAAT CCARATGTCATCAGCAAACTTACTCUTT CACAGGACATCTCAAGTG CAGGCTGAGA
L vvvyLeée s&§gEgaAMEHETTALTEATETIQMSES e NILLFTGGHILXKCRILRER

1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 1910 1920
ATGGACAAGCTACAGCT CAAAGGAATGTCATACTCTATGTGCACAGCGAAACTTTARAGTTGTGAAGCAAATAGCAGAAACACAACATGCEARCAATAGTTATCAGAGTGCAATATGAAGGG
M D KL QL XK ¢ M &Y 8 M CT@KVF X VV KETI AETOQHOGET IV IRV QY EG

1930 1240 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040
GACGGCTCTCCATGCAAGATCCCTTTTGAGATAAT GEAT TTGGAAAAAAGACATGT CTTAGGT CACCTEATTACAGTCAACCCAATTGTCACAGARAAACGATAGCCCAGT CALCATAGAA
LD e & P C XK I P FEIMDILEI XK RIEVY L G¢RIL I TVND®PTIVTEIZXKDSE?PVUNIE

2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2160
GCAGAACCTCCATTTCGAGACAGCTACATCATCATAGGACTACGACCCCGGACAACTGAAGCTCAACTGCTTTAAGAAAGCGAAGTTCTATCCECCARATGTTTGACGACAACARTGAGGGEE
A BE P P F G D8 Yy I I I ¢V EPOGOQTLXILNWFIKI KOGEGSsS g I Qo MPFETTMR QG

|

D2 PDK-53 nt-2055-T silent mutation (D2 16681: C)

2170 2180 2190 2200 2210 2220 2230 2240 2250 2260 2270 2280
GCGAAGAGAATEGCCATTTTAGETGACACAGCCTGEEAT TTTGCAT CCTTEEGAGGAGCTGTTTACATCTATAGGAAAGGCT CTCCACCARGT CTT TEGGAGCAATCTATEGAGCTGCCTTC
A K R MAI L ¢ DT AWDUPFGS L ¢V F T8I G K AILHOGQQV F G AT Y G A AF

2290 2300 2310 2320 2330 2340 2350 2360 2370 2380 2390 2400
AGTCGCGTTTCATGEACTATGARAATCCTCATAGGAGTCATTATCACATGGATAGCAATGAATTCACGCAGCACCTCACTGTCTETGACACTAGTATTCCTGGGAATTGTGACACTGTAT
g ¢ Vv g W T MK I L I 6V I I TW I 6 MNS&RSE&TS L &V TIL VL Ve IV TL

>N81
2410 2420 2430 2440 2450 2460 2470 2480 2490 2500 2510 2520
TTCCCAGTCATGETGCAGGCCCATACTGOTTECCTTCTCACCTGCAAAAACARAGAACTCGAAATCTGGCAGTCGGATTTTCATCACAGACAACGTGCACACATCCACAGAACAATACAAC
L ¢ VMV Q ADSS&S eV V & W KDNIKEZLEKCeEsS 6 I F I TDNVHTWTEQY K

2530 2540 2550 2560 2570 2580 2590 2600 2610 2620 2630 2640
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TTCCAACCAGAATCCCOCTTCAAAACTAGCTTCAGCTATCCAGAAAGCCCATCARCAGGA CATTTOTEEAATCCOCTCACTAACAAGACTCCACAAT CTCATETGCAAACAAATARCACCA
F ¢ F E & P 8 KL A & A I Q KA HEZEDRTIOCGTIRSV TERIULZENTILMM®WZEKZQTI TP

02 P

2650 2660 2670 2680 2690 2700 2710 2720 2730 2740 2750 2760
GAATTGAATCACATTCTATCAGAAAATGAGCTCGAAGTTAACTATTATGACAGCACGACATCAAAGCGAATCATCCACCCAGGAAAACGATCTCTCCGECCTCAGCCCACTCAGCTCGAAGTAT
E L N H I L 8 ENEV KL T IMTOGED LI X6 I MOQAGXREDLRPQQ?PTETLZEKY

2770 2780 2790 2800 2810 2820 2830 2040 2850 2860 2870 2880
TCATGEAAAACATCCCCCAAAGCAAAAATGCTCTCTACAGAGTCTCATAACCAGACCTTTCTCATTEATCOCCCCCARACAGCAGAATGCCCCAACACAAATAGAGCTTCEAATTCCTTG
& W XK T W6 K A KMUL ST E 8 HNQQT LI DG PETAZETZ CPNTDNIRAWTDEINSL

2890 2900 2910 2920 29230 2940 2950 2960 29270 2980 2990 3000
GAAGTTGAAGACTATGCCTTTCCACTATTCACCACCARTATATGGCTARAATTGAAACAAAAACAGGATCTATTCTGCGACTCAAAACTCATETCAGCCECCATAAAACA CARCAGAGCC
E VvV EDY ¢ F ¢V FTTUNIWIL KDL X E KDV F DS KILMS®SAATIIZKDNR A

3010 3020 3030 3040 3050 3060 3070 3080 3090 3100 3110 3120
GTCCATECCGATATGOETTATTGEATAGARAGTGCACTCAATGACACATGEAAGAT AGAGAAAGCCTCTTTCATTGAAGTTARAAACTGCCACTGECCARAAT CACACACCCT CTGRAGC
v #HADMOGY W I E S AL NDTWEKTI EKASTF I EVY KNCLCHW?PKS&HTTUL WS

3130 3140 3150 3160 3170 3180 3190 3200 3210 3220 3230 3240
AATCGAGTGCTAGARRGTGACGATCATAATTUCABRAGRAT CTCGCTGRACCAGTCTCTCAACACAACTATAGACCAGGCTACCATACACARATALCAGCACCATGRCATCTAGGTARGCTT
N ¢V L E S 8 M I I P XKNILAGGPVYV & QHNUYRPGY HTgITOGG?PWHTLCGE KL

3250 3260 3270 3280 3290 3300 3310 3320 3330 3340 3350 3360
GAGATGGACTTTCATTT CTGTGATCCAACAACACT GEGTACTCGACTCGAGCACTCCCGAAATAGAGCGACCCTCTTTGAGAACAACCACTECCTCTEGCAAAACTCATAACAGAATGGTGCTGC
EMDFDV?F¥ CDae¢TTVVVTEDOCGNROG?P®E&L RTTTTSA®SESGEEKXKILI TEWTCC

>NS2A

3370 3380 3390 3400 3410 3420 3430 3440 3450 3460 3470 3480
CGATCTTGCACATTACCACCGCTAAGATACACAGCTCAGGATGGETECTGCTACCGCCGATEGGAAATCAGACCATT GAAGCGAGAAACAACACAATTTGCTCAACTCCTTGGTCACAGCTGGA
R & ¢ T5L P P L RYRGEGEDGGCWY GG METIRPILIE KEZXKEZENTLVDNSESLVT-AG

3490 3500 3510 3520 3530 3540 3550 3560 3570 3580 3590 3600
CATGGGCAGCTCCACAACTTTTCACTAGCAGTCTTCCCAATCGGCATTETTCCTCCACCAAATCCTTAGCACCCUCACTACCAACCAAACATCCAATACTACTAGTTGCAGTTTCTTTTCTE
HG¢G ¢V DVNPF 8L VL GMATLVFTLEZEMTLUZRTH RV VGTI KU HATITULTLVAUV S F V

3610 3620 3630 3640 3650 3660 3670 3680 3690 3700 3710 3720
ACATTGATCACACCEARCATGTCCTTTACGACACCTCECAAGAGTCGATECTTATCETACCCCCCACTATCACCEATCACATAGETATECECOTCACTTAT CT TG CCCTACTAGCAGCCTTC
T L I T G N M B FRDIL G RVMV MY EATMTDD I G MEV T YL AL LAAF

3730 3740 3750 3760 3770 3780 3790 3800 3810 3g20 3830 3840
ARAGTCAGACCAACTTTTGCAGCTGCACTACTCTTGAGARAGCTCGACCTCCAAGGAATTCGATGATCGACTACTATAGGAATTGTACTCCTCT AGAGCACCATACCAGAGACCATTCTT
¥ v RPTFAAGGLLLREKILTTS S KX EL MMTTIGI VL LS s TTI P ETIL

3850 3860 3870 3880 3890 3900 3910 3920 3930 3940 3950 3960
GAGTTGACTGATGCATTAGCCTTAGGECATGATCET CCTCAAAATGATGAGAAATAT GGAAAAGTAT CAATTEGCAGTCGACTATCATGGCTAT CTTGTGCATCCCAAACECAGTGATATTA
EL T DAL AL GMMYVY L KMV RNMEIZ KYQQILAYVY T IMATITILTCGCYV?PNAUVTIL

3970 3980 3990 4000 4010 4020 4030 4040 4050 4060 4070 4080
CARRRCGCATGCAARGTGAGTTGCACAATATTCGCAGTGGTETCCETTTCCCCACTGTTCTTAACATCCTCACAGCARAARACACATTGEATACCATTAGCATTGACGAT CARAGGTCTC
Q N A WKV S CT I L AV YV SV S P L FL T E 8L QKTDW I P L ALTTIKGL

D2 PDK-53 specific NS2A-181-Phe (wt D2 16681: Leu, nt-4018-C)

»NS2B
4090 4100 4110 4120 4130 4140 4150 4160 4170 4180 4190 4200
AATCCAACAGCTATTTTTCTAACAACCCTCTCARCGAACCAGCAAGAAAAGCACCTEECCATTAAATGAGCCTATCATGCGCAGTCCEGATEETCGACGCATTTTAGCCAGTTCTCT COTAAAA
N P TA I F L T TUL & R T 8 K KR & W PLNEATIMAVYVGMVYV S I L AS &L L K

4210 4220 4230 4240 4250 4260 4270 4280 4290 4300 4310 4320
ANTGATATTCCCATEACAGCGACCATTAGTECCTCCAGCE CTCCTCACTGTETECTACCTC CTCACTECACCAT CECCCCATTTCEAACTCCACACAGCAGCCOATGTCARATECEAAGAC
NpIPMTGP LV AGEEDL LTV CY VL TGRS ADLELERAADVYV KWED

4330 4340 4350 4360 4370 4380 4390 4400 4410 4420 4430 4440
CAGGCAGACGATATCAGGARGCAGTCCAATCCTETCAATAACAATAT CAGAAGATGETAGCATGTCGATARARAATGAAGAGGAAGARCARACACTGACCATACTCATTAGARCAGGATTC
Q A E I &8 ¢ 8 s P I L 8 I T I 8 ED G gMS I KN EEEESQTILTIDL I RTGL

»>N83
4450 4460 4470 4480 4490 4500 4510 4520 4530 4540 4550 4560
CTGEETCATCTCAGCACTTTTTCCTGTATCAATACCAATCACGECAGCAGCATCCTACCTETECEAAGTCAAGAAACARCCERCCEBACTATTGTGCCGATGTTCCTTCACCCCCACCCATS
L v 1 s L ¥ PV Eg I P I TAAAWYL WEV EKEKOQRA®GEGY L WDV P8P PP M

4570 4580 4590 4600 4610 4620 4630 4640 4650 4660 4670 4680
GCAAAGGCTCAACTGCARCATGEAGCCTATAGAAT TAAGCAAAAAGGEATTCTTGGATATTCCCAGATCEGAGCCCGAGTTTACAAAGAAGGARCATTCCATACAATATGGCATGTCACA
G K A E L B DG AYRTI XKXKGgEXoeI L eYsQIlIe sV Y KEGTVFHTMWH VT

4690 4700 4710 4720 4730 4740 4750 4760 4770 4780 4790 4800
CGTGGCGCTGTTCTAATGCATAAAGGABAGACGCATTGAACCATCATGGGCGGACGT CAAGAAAGACCTAATATCATATGGAGGACGCGCTCCARGTTAGRAAGGAGAATGGAAGGAAGGAGAA
R ¢ AV L M H KX & KR I EP & WADV XK KDILTI &Y G ¢ ¢ W KL EGEWIKTE G E

4810 4820 4830 4840 4850 4860 4870 4880 4890 4200 4910 4920
GAAGTCCAGGTATTCCCACTCCAGCCTECAAAARATCCAACGAGCCGTCCAAACCAARCCTGETCTTTTCAAAACCAACGCCGCAACAATACGETECTETATCTCTGEACTTTTCTCCTCGA
EV ¢V L AL EPEKXKNPRAV QTEX?PGELF KTNAGTTIGaAV 8L DF 8P G

4930 4940 4950 4960 4970 4980 4990 5000 5010 5020 5030 5040
ACGTCAGGATCTCCAATTATCGACAAAAAAGCARAACTTETCEETCTTTATCETAATCETETTOTTACAAGCACTCCACCATATETGACTECTATAGCCCAGACTGAAARAACCATTCAA
T 8 G &£ P I I D K K @G KV YV G L Y G NGEVVTRS G AYV g A I A QG TEIZKSIE

5050 5060 5070 5080 5090 5100 5110 5120 5130 5140 5150 5160
GACAACCCAGAGATCCAAGATGACATTTTCCCARAGAGARGACTCGACCATCATGRACCTCCACCCAGEAGUGGCAAAGACCARGAGATACCT TCCEECCATAGTCAGACGAAGUTATAARA
b Np E I EDDIFRKXUR®RILTTIMDDLHP GAGKTKZRYDLPATIVREH®SATIHZK
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5170 5180 5190 5200 5210 5220 5230 5240 5250 5260 5270 5280
CGECETTTGAGAACATTAATCTTGGCCCCCACTAGACTTGTCCCAG CTGARATCGAGGAAGCCCTTAGAGGACT TCCAATAAGATACCAGACCCCAGCCATCACAGCTGTGUACACCERE
R ¢ L R TDL I L AP TRV V AAEMEZ EHAILUZROGGLPIRYT®PATIIRATYVHTG

: PDR-ES S0-Val atrtenuation loous D7 25881 Glu,

5290 5300 5310 5320 5330 5340 5350 5360 5370 5380 5390 5400
CEEEAGATTATCCACCTAATGTGT CATGCCACATT TACCATGAGECTACTATCACCACTTAGAGTGCCAAA CTACARCCTGATTATCATECACCAAGCCCATT TCACACACCCAGCARAGT
R EI vDLMCHATT F T MRILILSE& P ¥ RV PFNYNTILTITIMDEA AHTFTDZPR-RARS

5410 5420 5430 5440 5450 5460 5470 5480 5490 5500 5510 5520
ATAGCAGCTACAGGATACATCTCAACT CCAGTCGAGATCGETCAGGCAGCTCECAT TTTTATGACAGCCACTCCCCCGGGAAGCAGAGACCCATTTCCTCAGAGCAATCCACCAATCATA
I A ARG Y11 &8 TRV EMOGEAA®GIEFPMTAT?®P®PG S8 RDUPF P Q8 NAUP I I

5530 5540 5550 5560 5570 5580 5590 5600 5610 5620 5630 5640
GATGARGARAGAGAAAT CCCTEAACGCTCATGCAATTCCEGEACATCGAATGEETCACGCATTTTAARGECAAGACTCTTTGETTCETTCCARCTAT ARAAGCAGGARATEATATAGCAGCT
D EEQRETI P EREWUNS HEWV TDFIEKOGGEEKTVWEFV PS8 I K AGNDTIAA-A

D2 PDK-53 silent mutation nt-5547-C (D2 16681: T)

5650 5660 5670 5680 5690 5700 5710 5720 5730 5740 5750 5760
TGCCTCAGCARAAAATCCARACAAACTGATACAACT CAGTAGGAACACCTTTCATTCTCAGTATGTCAAGACTAGAACCAATCATTGCCACTTCCTCETTACAACTCACAT TTCAGAAATG
¢ L R XK N ¢ K K vV I QL 8 R KT VF D S8 E Y V KT RTNDWZDVF VYV TTDTI S E M

5770 5780 5790 5800 5810 5820 5830 5840 5850 5860 5870 5880
GETGCCAATTTCAAGCCTGAGACGETTATAGACCCCAGACGCTCCATGAAACCAGT CATACTAACAGATGGTCAAGAGCEEETEATTCTAECAGEGACCTATGCCAGTGACCCACTCTAGT
G A NF KA E RV I DUPREROCMZE KX®PV I L TDOGEZET&RUVYILA®G?PMPYVTHS &

5890 5200 5910 5920 5930 5940 5950 5960 5970 5980 5990 6000
GCAGCACAAAGAAGAGCCACAATAGEAAGAAATCCARAARAATGAGAATCGACCAGTACATATACATEGGGCAACCTCTCCARAATGATCGAACACTCTCCACACTGCAAACARGCTAAAATG
A A Q R R G R I ¢ RNPIKNZEWNDOQYI Y MO®GEUPILENDEWDTUGCHSZHEWIE KEATI KM

6010 6020 6030 6040 6050 6060 6070 6080 6090 6100 6110 6120
CTCCTAGATAACAT CRACACGCCAGAAGGAATCATTCCTAGCATGTTCCGAACCAGAGCGTGAAAAGGTCCATCCCATTGATGECEGAATACCEGCTTGAGAGCGAGAAGCAAGGARAACCTTT
L L. b N I N T PEGgETI I PS8 MFE®PEZREI KWVDSATIUDOGEGEZYURTLZROGEA ARIKTF

6130 6140 6150 6160 6170 6180 6190 6200 6210 6220 6230 6240
GTAGACTTAATCACAAGAGGAGACCTACCAGTCTEETTCECCTACAGACTECCAGCTCAAGGCATCAACTACCCACACAGAAGGTGATCTTTTCATCCAGTCAAGAACAACCARATCCTA
vV DL MR RGDILZPV WILAYURVAAZEGTINTYHATDU RIZERUWZGSECVFUDSOGYVIKNDNUINOQTITL

6250 6260 6270 6280 6290 6300 6310 6320 6330 6340 6350 6360
GAAGAAAACGTECARCTTCGAAATCTEOACAAAACAACCCCAAAGGAACAAATTEAAACCCAGATCET TECATCCTACCATCTATT CTCACCCACT CCGCC CTAAAAGAATT TARGCAATTT
E E NV E YV E I WT X E G ER KX KL XK P R WULDARTI Y SS$DPILATILIEKETFZKETF

»NS4A
370 6380 6390 6400 6410 6420 6430 6440 6450 6460 6470 6480
GUAGCCEGAACARAGTCTCTCACCCTEAACCTAAT CACAGAAATGEGTACGCCT CCCARCCTTCATGACTCAGAAGECAAGAGACACACTCEACAACTTAGCAGTGCTECACACCELTCAG
A A G R K 8 L TLNILITEMGRTL®PTFMTQQKAIRDALUDNTILAVILHTAE

420 6500 6510 6520 6530 6540 6550 6560 6570 6580 6590 6600
GUAGGTGGAAGCCCCTACAACCATCCTCTCAGTCAACTC CCOGAGACCCTECAGACATTG CTTTTACTCACACTTCTCGCTACAGTCACCACAGCEATCTTTTTAT TCTTEATCGAGCGCA
A ¢ ¢ R A Y NUHAL S EL P ETULET'TLLILIL®TDLILATVYVYTOGGO®GEGIFLFLME A

D2 PDE-53 specific N84A-75-Ala {(wt D2 16681: Gly, nt-6599-G)

6610 6620 6630 6640 6650 6660 6670 6680 6690 6700 6710 6720
AGGGGCATACCCARCGATCGACCCTGCCAATETECTGCATAATCACCGCTAGCAT CCT CCTATGGTACGCACAARATACAGCCACACTCGATAGCACCTTCAATAATACTGCACTTTTTTCTC
R ¢ I ¢ K M TLeM«ocoec I I TAS& I L L WY AQTI QPHWI A2 ¢ I I L BEF F L

>NS4B
6730 £740 6750 8760 6770 £780 6790 6800 6810 6820 6830 6840
ATAGTTTTGCTTATTCCAGAACCTGAAAAACAGAGAACACCCCAAGACAACCAACTGACCTACGTTETCATAGCCATCCTCACAGTEGTGECCCCAACCATEGCAAACCAGATGEETTTC
I v.L L I P EPEKXKQRT?POQQDUVNQLTYVV I AT L TV YV AARTMANEMG®GF

6850 6860 6870 6880 6890 6300 6910 6920 6930 6940 6950 6960
CTAGAAAAAACCAACGAAAGATCTCGCATTEECAAGCATTGCAACCCAGCAACCCCACGAGCAACATCCTECACATAGAT CTACGTCCTECATCAGCATCEACGCTGTATGCCETEECCACA
L £E XK T X X DL G L G 8 I AT ¢ P E S§NTIILUDTIUDTZLUZRZPFAS-AAWTTULYAYVYV AT

6970 6980 6990 7000 7010 7020 7030 7040 7050 7060 7070 7080
ACATTTGTTACACCAATCTTGAGACATAGCATTCAAAATTCCTCAGTCAATCTETCCCTAACAGUTATACGCCAACCAAGCCACAGTET TAATCCETCTCEECAAAGUATECCCATTGTCA
T F VT P M L RHEg I ENESE S8V NV S L TAIANOQATTVY L MGL G KGEGWPL S

7090 7100 7110 7120 7130 7140 7180 7160 7170 7180 7190 7200
ARGATGGACATCGGAGTTCCCCTTCTCGCCATTGCATGCTACTCACAAGTCAACCCCATARCT CTCACAGCAGCTCTTTTCTTAT TGETAGCACATTATGCCATCATAGEGCCAGGACTC
¥Mp1le¢e v P L L AI G CY S Q VNP I TL TAATLFTDLILUVAUHEYATITIOGT?PGL

7210 7220 7230 7240 7250 7260 7270 7280 7290 7300 7310 7320
CAAGCAAARGCAACCAGAGAAGCT CAGAAAAGAGCAGCERCEGACATCATGARARACCCAACTATCEATEGAATAACAGTGATTGACCTAGATCCAATACCTTATGATCCABAGTTTGAA
@ A K A TR EAQ KRAAAG I MKDNXpPpTV DGEGI TV I DL DUPI P Y D P KF E

7330 7340 7350 7360 7370 7380 7390 7400 7410 7420 7430 7440
ARGCACGTTGGGACARGTAATGCTCCTAGTCCTCTGCGTCACTCAAGTATTGATGAT GAGGACTACATGCGCTCTCTGTCGAGGCTTTAACCTTAGCTACCCRGCCCATCTCCACATTG TGS
¥ L ¢ VML LVL CVTggVLMMERTTTWALTCEATLTTLWATOG?PTIS&TTIL W

7450 7460 7470 7480 7490 7500 7510 7520 7530 7540 7550 7560
GAAGGAAATCCAGCCAGCTTTTCGAACACTACCAT TGCECETGTCAATGECTAACAT TTTTAGAGCGCACTTACTTCCCCCCGAGCTGCACTTCTCTTTTCTATTATGAAGAACACARCCAAC
E ¢GNP G R PF WNTTI AV S MANTIVEFROGSYL AGACCGCL L F & I MKUNTTN

>NS5
7570 7580 7590 7600 7610 7620 7630 7640 7650 7660 7670 7680
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ACAAGAAGCCECAACTCECAACATAGCACACACCCTTCCAGACGAAATUCAAAACCCCATTCAACCCATTCCCARAARCGTCAATTCCACATCTACAACGAAAAGTCEAATCCACCAACTGGAT
T R R G T ¢ N I G FE TL G E KW X S R L NALGEKSEEF Qg I Y K X8 ¢ I QE V D

7690 7700 7710 7720 7730 7740 7750 7760 7770 7780 7790 7800
AGAACCTTAGCAAAAGAAGGCATTAARACGAGEAGAAACGGACCATCACGCTGTCTCECEAGGCTCAGCARAAACTGACGATGETTCETTCACGAGARACATGETCACACCAGRAAGGCARAGTA
R TL A K E 6 I KRG ETDHHAYV SSRGS A KLU RWEFVYVERINMVTZ?PEG KV

7810 7820 7830 7840 7850 7860 7870 7880 7890 7900 7910 7320
GTGGACCTCGETTCTGECAGAGGAGECTERTCATACTAT TGTGGAGGACTARAGAATGTAAGAGARGTCAALGGCCTAACAARAGEAGCGACCAGCACACGAAGRACCCAT CCCCATGTCA
v oD L &€ ¢ 6 R G G WS Y Y CGE G L KNV REV KEL T KOG P 6 HEDEBEPI P M S

7930 7240 7950 7960 7970 7980 7990 BOOO 8010 BO20 8030 8040
ACATATGCGTGGAATCTAGTGCETCTTCARAGTGGAGTTCGACCTTTTCTTCAT CCCEGCCAGAAAAGTGTGACACATTATTCTCTGACATAGGGGAGTCATCACCAAATCCCACAGTGGAA
T Y & WwWNDL VRL @ &€ VDV FF I PPEEXKCDTIL L CDI®GE S & PNUPTVE

8050 BO6O 8070 B0BO 8090 8100 8110 8120 8130 8140 8150 8160
GCAGGACGAACACTCAGAGTCCTTAACTTAGTAGAARATTCCGTTCGAACAACAACACTCAATTTTGCATARAGGTTCTCAACCCATATATGCCCTCAGTCATAGAAAAARTGEARGCACTA
A G R T L RV L NLV ENW®WLNNWENTZGQPFCI KV L N¥NPYMUPSV I EIKXKMES-ATL

8170 8180 8190 8200 8210 8220 8230 8240 8250 8260 8270 8280
CARAGGAMATATCCAGCGAGCCTTAGTCAGCEAATCCACTCTCACGAAACT CCACACATGAGATGTACTGECETATCCAATGCTTCCECGAACATACTGTCATCAGTCGAACATCATTTCAAGG
¢ R K Y ¢ 6 A L VRNUPIL S RNS&THEMYWV & NAS NI VS 8V NMISESER

8290 8300 8310 8320 8330 8340 8350 8360 8370 8380 8390 2400
ATGTTCATCAACAGATTTACAATGAGATACAACAARGCCACTTACGAGCCCCATET TCACCTCOCAAGCECAACCCCTAACATCCOGATTCARACGTCGAGATACCAAACCTACGATATAATT
M L I N R F T M R Y XK XK A TYEPDVDLOGS ¢ TRNTIGI]IZESZETIUPNILTZDTITI

8410 8420 8430 8440 8450 8460 8470 8480 2490 8500 8510 8520
GGCAAAAGANTACARAAARTAANGCAAGAGCATCAAACATCATGOCACTATCACCARGACCACCCATACAAAACCTCEGCATACCATCOTACCTATCAAACAAAACAGACTCEATCAGCA
¢ KR I E X I K Q EH E T 8 WHYDQDHPY KT WAYHCESEYETZXKOQTG & A

8530 8540 8550 8560 8570 8580 8590 BEOD 8610 8620 8630 8640
TCATCCATEETCAACCEAGTEETCAGGCTGCTGACAARA CCTTGGGACGTCAT CCCCATGETGACACACGATGGCAATGACAGACACCGACTCCATT TGGACAACAGCGCET TTTTARAGAG
& 8 M VNGV VYV RL L TZXK P WDV VPMYV T QMAMTDTTITZPFEF G QQ RV F KE

8650 8660 8670 8680 8690 8700 8710 8720 8730 8740 8750 8760
ABMAGTGGACACGAGARMCCCAAGAACCGAMAGAAGGCACCAAGAMACTAATCGARARTARCACCACAGTGACT TTGGAAACAATTAGCGGAACGAALAAGACACCCAGGATATGCACCAGAGAA
X¥Xv D TRTQE P KEGT K XKL MK KTI T AEWILWIEXETILOG K KKXTPRMZOCTRE

8770 B780 8790 BBOO 8810 8820 8830 8840 8850 BEEO 8870 8880
GAATTCACAAGAAAGCTGAGAAGCAATGCACGCCTTCEECECCETATTCACTGATCGAGAACAAGTCCAAGTCCCCACCTCAGGCTCTTCAACGATACTAGCTTTTCCCAGCTGCTTCGACRAG
EF TR KV R &NAAL G AV FTDUEDNI KWIXS&AUREAV EDSURVFWETILWV DK

Additional N85-412 Ile-to-Val (nt-8803 A-to-G) mutation in master and pre-master seed

8890 8200 8910 8920 8930 8940 8950 8960 8970 8980 8990 9000
GAAAGGAATCTCCATCTTGAAGGAAAGTETGAARCATGTCTGTACAACATEATGEGAAAAAGAGAGARGAAGCTAGGEGAATTCAGCARCACARAAGGCAGCAGAGCCATATGETACATG
E R NL HL 8¢ K ¢ EBE T CV Y NMMMS®GZXKRE L ¢ B F & K A K ¢ 8 R A I

2010 2020 2030 2040 2050 2060 2070 2080 2090 9100 9110 9120
TEECTTGEAGCACGCTT CTTAGAGTTTGAAGCCCTAGCGATTCTTAAATGARGATCACTGGTTCTCCAGAGAGAACTCCCTGAGTRGAGTGGAAGCACAAGCGCTGCACAAGUTAGGTTAC
W L @& AR F L EF EAUL G F LN EDUHUWPF & RENSL & ¢V E G E G L HKULGY

9130 9140 9150 9160 9170 9180 9190 2200 9210 2220 9230 9240
ATTCTAAGAGACCTGACCAAGAAAGAGGEACGCGAGCARTGTATGCCGATCACACCCCAGCATCCGCATACAAGART CACACTAGAAGACCTARAARARTCAAGAAATGGTAACARRACCACATG
I L. R DV 8 XK K EgZGge A MY ADDTAGWD TR I TIL EDL KNEEMVYV TN HEM

9250 9260 9270 9280 9290 9300 9310 9320 9330 9340 9350 9360
GAAGGAGAACACAAGAAACTAGCCEAGGCCATTTT CAAACTAACGTACCAAARCAAGGTGETGCOTETECARAACACCAACACCAAGAGRCACACT AATCCACATCATATCCAGARGAGAC
E G EH K X L A E A I F KL T Y ¢ N K ¥ VRV QRPTUPR®ETV MDTITI®S&ERRD

9370 9380 9390 2400 2410 9420 2430 9440 2450 9460 2470 Q480
CAAAGAGOTAGTCEACAACTTCGCACCTATGEACT CAATACTTTCACCAATATCEAACCCCAACTAATCACACACATGCAGGGAGARGEACT CTTTAAAAGCATTCAGCACCTAACAATC
¢ R G &8 ¢ Q Ve T Y L NTFTNMEAGQDLTIROQMEU®GEZ®GGV F K S I QHL T I

9490 9500 9510 9520 9530 9540 9550 9560 9570 9580 9590 9600
ACAGAAGAAATCGCTGTGCARAACTGETTAGCARGAGTGEEECECGARAGETTAT CAAGAATGGECCATCAGTEGAGATCATTGTETTETEAAACCTTTAGATGACAGGTTCGCAAGCECT
T EE I AV Q N WL ARV GG RERULSERMATILI®SES®EEDDCV VY K P LDDIRFAS A

9610 2620 9630 2640 9650 2660 9670 9680 9690 9700 9710 9720
TTAACAGCTCTAAATGACATCCEAARGATTAGCARAGACATACAACAATGEGAACCTTCARGAGGATEGAATGATTCCACACAAGTGCCCTTCTGTTCACACCATTTCCATGAGTTAATC
L T AL N D MG KIRIKDIQgOQWEPS§ROGWNDWTOGQV P F CS HHEFUHETDLI

9730 2740 9750 2760 9770 Q780 9790 Q800 9810 9820 9830 9840
ATGAAAGACGGTCGCCTACTCGTTGTT CCATGTAGAAACCAAGATGAACTCATTGGCAGAGCCCGAATCTC CCAAGGAGCAGGETGETCTTTEGCCGCAGACCGGCCTETTTGGGCAAGTCT
M X b ¢ R VL VVPCRNOQEDETLTIGRARTI®EQGAOGWETLRETHA<OCLGZEK S8

9850 9860 9870 9880 9890 9200 9910 2920 9930 2940 9950 2960
TACGCCCAAATGTCCAGCTTCATGTACTTCCACAGACCCCACCTCAGGCTEECEECARATGCTATTTECTCECCACGTACCATCACATTGCETTCCAACAAGTCCAACAACCTGETCCATA
Yy A 0 M W 8L MY F HRRDILURTILAH®RRDNATILIOGCSAVYV P S HWV P TE&RTTTWS8 I

9970 9980 9990 10000 10010 10020 10030 10040 10050 10060 10070 10080
CATGCTAAACATEARTCEATGACAACCGAACACATGCTCACAGTCTEEAACACCETCTCCATT CAAGAAAA CCCATCEATGGAAGACAAAACT CCACGTCCAAT CATGACACCAAATCCCA
H A K HEWMTTTEDMTLTVWNRVYV X I QENP WMZEDIXKXTU?PVESEWZEZETIP

10090 10100 10110 10120 10130 10140 10150 10160 10170 10180 10190 10200

TACTTGEGEAAAAGAGAAGACCAATGGTCCCGCCTCATTGATTGGGT TAACAAGCAGGGCCACCTOGGCAAAGAACATCCAAGCAGCAATARAATCAAGTTAGAT CCCTTATAGG CAATGAA
¥y L & KR ED QWG S8 L I ¢ L TS RATWAZEKINTI @QAATILIWNIGQVERSL I ¢ NE

»3'-NC
10210 10220 10230 10240 10250 10260 10270 10280 10290 10300 10310 10320
GAATACACAGATTACATGCCATCCATGAARACGATT CAGAAGAGAAGACGCGAACAACCAGCGAGTTCTETCETACAAACGCAAAACTAACATGAAACAACGCCTAGAAGTCAGET CEEATTAAGC
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E Y TD Y M P 5§ M KRPFRUREZEZEZEH SAZQGEV L W

10330 10340 10350 10360 10370 10380 10390 10400 10410 10420 10430 10440
CATAGTACGGAARABACTATGCTACCTATEAGCCCCOTCCAAGGACAHTTAAAAGARGTCACGCCATCATAAATGCCATAGCTTGAGTARACTATG CAGCCTETAGCTCCACCTGAGAAGG

10450 10460 10470 10480 10490 10500 10510 10520 10530 10540 10550 10560
TGTAAAAAAT CCGCCAGCCCACAAACCATGCAACCTETACCCATCGCETACGTCCACTAGCGGTTAGACGAGACCCCTCCCTTACAAAT COCACGCAACAATCGGCEGCCCAAGCCCACGATCGA

10570 10580 10590 10600 10610 10620 10630 10640 10650 10660 10670 10680
AGCTGTAGTCTCCCTCEARGGACTAGAGETTACAGGAGACCCCCCCGAAACAARAAACAGCATATTGACCUTGECARAGACCACAGAT CCTGCTCTCTCCTCAGCATCATTCCAGGCACA

10690 10700 10710 10720
GRACGCCAGAAAATGGAATCOGTCCTGTTGAATCARCAGGTTCT

DENvax-3 Master Virus Seed (MVS)

[000162] Nucleotide sequence of the chimeric viral genome and deduced amino acid
sequence of the translated protein are provided herein. Most of the prM-E gene (nt-
457 t0 -2373, underlined) is wild-type (wt) DEN-3 16562 virus-specific; the
remaining nucleotide sequence is DEN-2 PDK-53 virus-specific. The E protein of
DEN-3 virus has two fewer amino acids than the E protein of DEN-2. Therefore, nt
position starting from NgoMIV is 6 nt less than the original DEN-2 PDK-53 nt
position. All engineered substitutions differ from wt virus (DEN-3 16562 or DEN-2
16681), as well as extra mutations (changes from engineered cDNA clone) are
marked.

Substitutions Included in the Genome and Progin:

[000163] Junction sites:
a. nt 451-456): engineered silent mutation, nt-453 A-to-G
b. (nt 2374-2379): engineered mutations, nt-2375/2376 TG-to-CC
(resulted in E-480 Val-to-Ala change)

[000164] D2 PDK-53 virus backbone (change from wt D2 16681)' in bold
5'-noncoding region(NCR)-57 (nt-57 C-to-T): major atienuation focus {in red)
NS1-53 Gly-to-Asp (nt-2573 G-to-A): major attenuation locus (i red)
NS2A-181 Leu-to-Phe (nt-4012 C-to-T)

NS3-250 Glu-to-Val (nt-5264 A-to-T): major atteruation locus {in red)
nt-5541 (NS3 gene) T-to-C silent mutation

NS4A-75 Gly-to-Ala (nt-6593 G-to-C)

nt-8565 C-to-T silent mutation of PDK-53 is not engineered in the vaccine virus

o oo

[000165] Engineered mutation in DEN-3 prM-E (change from wt D3 16562)
a. Engineered nt-552 C-to-T silent mutation: clone marker
b. Engineered E-345 His-to-Leu (nt-1970 A-to-T) for efficient replication in
cultures

[000166] Additional substitutions found in vaccine seed (0.02% nt different from

original clone)
a. E-223 Thr-to-Ser mutation (nt-1603 A-to-T, in bold)
b. nt-7620 A-to-G silent mutation (in bold)

ROR-BF-U, DI POK-53 attesuatilon loeouws {(wt DI L888L: )
> 5'-Noncoding Region | > C
10 20 30 40 50 60 70 80 90 100
AGTTGETTAGTCTACGTGGACCGACARAGACAGATTCTTTGAGGGAGCTAAGCTCAATGTAGTTCTAACAGTTTTTTAATTAGAGAGCAGATCTCTGATGA
M N
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Date Recue/Date Received 2022-06-28



110 120 130 140 150 160 170 180 190 200
ATAACCAACGGAAAAAGGCGARAAACACGCCTTTCAATATGCTGARACGCGAGAGAAACCGCEGTGTCGACTGTGCAACAGCTGACAAAGAGATTCTCACT
N Qg R K K A KNTUPF NMILIKREURUNU RV S TV Q g L T KU R F 8 L

210 220 230 240 250 260 270 280 290 300
TGGAATGCTGCAGGGACGAGGACCATTAAAACTGTTCATGGCCCTEGTGGCGTTCCTTCGTTTCCTAACAATCCCACCAACAGCAGGGATATTGAAGAGA
¢ ML 0 G R G P L KL FMAULV A F L RPF¥F L TTI P PTAZGTITL KR

310 320 330 340 350 360 370 380 390 400
TGGGGAACAATTAAAAAATCAAAAGCTATTAATGTTTTGAGAGGGTTCAGGARAGAGATTGGAAGGATGCTGAACATCTTGAATAGGAGACGCAGATCTG
W ¢ T I K K 8 K A I NV L RGPFRIKETIGRMILUNTIILWNU®RIZRI RIRS A

> prM Beginning of D3 16562 sequence
410 420 430 440 450 |460 470 480 490 500
CAGGCATGATCATTATGCTGATTCCAACAGTGATGGCETTCCATT TAACC AL GEE TCATCCGAGAGCCECGCATCATTGTGCCCAAGAATGAAAGAGGAAA
G M I T M L I P TV MATFHTILTTIRDGEPIRMTIU YVGI KV NEIR G K

Engineered |

splicing site (nt-453 A-to-G silent mutation)

510 520 530 540 550 560 570 580 590 600
ATCCCTACTTTTCAAGACAGCCTCTGGAATCARCATGTGCACACTCATAGCTATGGATCTGGGAGAGATGTGTGATGACACGGTCACTTACAAATGCCCC
s L L F K T A S8 G I ¥ MCTULIAMDT LGEMT<CDU DTV T Y K C P

Sllent C-to-T nt mutation as clone marker

610 620 630 640 650 660 670 680 690 700
CACATTACCGAAGTGGAGCCTGAAGACATTGACTGCTGGTGCAACCTTACATCGACATGGGTGACTTATGGAACATGCAATCAAGCTGGAGAGCATAGAC
H I T E YV E P E D I D CW CNIL TS T WV TY G T CDNQQAGEH R R

> M
710 720 730 740 750 760 770 780 790 800
GCGATAAGAGATCAGTGGCGTTAGCTCCCCATGTTGGCATGGGACTGGACACACGCACTCAAACCTGGATGTCGGCTGAAGGAGCTTGGAGACAAGTCGA
D K R 8 V A L A PHV GM G L DTURT QT WMUSAE G A WU R Q V E

810 820 830 840 850 860 870 880 890 900
GAAGGTAGAGACATGGEGCCCTTAGGCACCCAGGGTTTACCATACTAGCCCTATTTICTTGCCCATTACATAGGCACTTCCTTGACCCAGAAAGTGGTTATT
K v E T WAILURUH?P G PF TI L AULVF L A HY I G T S8 L T Q K V V I

> B
910 220 930 940 950 960 970 9280 990 1000
TTTATACTATTAATGCTGGTTACCCCATCCATGACAATGAGATGTGTAGCGAGTAGGAAACAGAGATTTTGTGGAAGGCCTATCGGGAGCTACGTGGGTTG
¥F I L. LM L VTP S MTMU®RCCVYV GV G N RUDVF V E GL 8 G AT W V D

1010 1020 1030 1040 1050 1060 1070 1080 1090 1100
ACGTGETGCTCGAGCACGGTGCETGTGTGACTACCATGGCTARGAACAAGCCCACGCTGCGACATAGAGCTTCAGARAGACCCGAGGCCACCCAACTGGCGAC
vV VvV L EH G G CV TTMA AU KNI K?P TULIDTIEULQZ KTEA AT QUL AT

1110 1120 1130 1140 1150 1160 1170 1180 1190 1200
CCTAAGGAAGCTATGCATTGAGGGAAAAATTACCAACATAACAACCGACTCAAGATGTCCCACCCAAGGGGAAGCGATTTTACCTGAGGAGCAGGACCAG
L R KL ¢ I EG K I T NI T TD S R C?PTQGEATILPEZE QD Q

1210 1220 1230 1240 1250 1260 1270 1280 1290 1300
AACTACGTGTGTAAGCATACATACGTGGACAGAGGCTGEGEAAACGGTTGTGETTTIGTTTGGCAAGGGAAGCTTGGETGACATGCGCGAAATTTCAATGTT
N Yy v ¢C K HTYVDRGWGDNGCCGL F G K GS L VTCAI KF Q C L

1310 1320 1330 1340 1350 1360 1370 1380 1390 1400
TAGAATCAATAGAGGGAAAAGTGGTGCAACATGAGAACCTCAAATACACCGTCATCATCACAGTGCACACAGGAGACCAACACCAGETGGGAAATGAANC
E $ I BE 6 K VV Q H EDNIL XK Y TV I I TV HTGDQHQV G NE T

1410 1420 1430 1440 1450 1460 1470 1480 1490 1500
GCAGGGAGTCACGGCTGAGATAACACCCCAGGCATCAACCGCTGAAGCCATTTTACCTGAATATGGAACCCTCGGGCTAGAATGCTCACCACGGACAGGT
Q 6 v T A E I T P Q A S T A EATI L P EY G T L G L E C S P R T G

1510 1520 1530 1540 1550 1560 1570 1580 1590 1600
TTGGATTTCAATGAAATGATCTCATTGACAATGAAGAACAAAGCATGGATGCTACATAGACAATGETTCTTTGACTTACCCCTACCATGGACATCAGGAG
L D F NEMISILTMIEKDNI K AWMV YVYHIROQW?FFDILPILPW TS G A

1610 1620 1630 1640 1650 1660 1670 1680 1690 1700
CTTCAGCAGAAACACCAACTTGGAACAGGAAAGAGCTTCTTGTGACATTTAAAAATGCACATGCAAAAAAGCAAGAAGTAGTTGTTCTTGGATCACAAGA
S A E T P T W DNR K E L L VTVPF KN AHRAI KU KGQEUV V V L G 8 @ E

Additional E-233 Thr-to-Ser mutation (wt D3 16562: nt-1603 A) in master and pre-master seed

1710 1720 1730 1740 1750 1760 1770 1780 1790 1800
GGGAGCAATGCATACAGCACTGACAGGAGCTACAGAGATCCAAACCTCAGGAGGCACAAGTATCTITGCGGGGCACTTAAAATGTAGACTCAAGATGGAC
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G A MHBTAUL TGATETIQTS GG GGT S I F A GHILIKCRILIEKMMD

1810 1820 1830 1840 1850 1860 1870 1880 1890 1900
AAATTGGAACTCAAGGGGATGAGCTATGCAATGTGCTTGAGTAGCTTTGTEGTTCGAAGAAAGAAGTCTCCGAAACGCAGCATGGGACAATACTCATTAAGG
K L E L K ¢ M S8 ¥ AMCIL S S8 F VL KKEV S ETQHGTTI L I KV

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
TTGAGTACAAAGGGGAAGATGCACCCTGCAAGATTCCTTTCTCCACGGAGGATGGACAAGGARAAGCTCTCAATGGCAGACTGATCACAGCCAATCCAGT
E ¥ K 6 E D A P C K I P F 8 TED G Q GG K ALNGR LI T AN P V

Engineered E-345 His-to-Leu (wt D3 16562: nt-1970-A) for efficient growth

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
GGTGACCAAGAAGGAGGAGCCTGTCAACATTGAGGCTGAACCTCCTTT TGGAGAAAGTAACATAGTAATTGGAATTGGAGACAAAGCCCTGAAAATCAAC
v T K K E E P V N I E A E P P F G E $ NI Vv I G I GDZ K AUL K I XN

2110 2120 2130 2140 2150 2160 2170 2180 2190 2200
TGGTACAAGAAGGGAAGCTCGATTGGGAAGATGTTCGAGGCCACTGCCAGAGGTGCAAGGCGCATGGCCATCTTGGGAGACACAGCCTGGGACTTTGGAT
W ¥ K K ¢ 8 8 I ¢ KM F E AT AIRUGAIRIZRMATLIILUGDTH®- AMWDF G 8

2210 2220 2230 2240 2250 2260 2270 2280 2290 2300
CAGTGGGTGGTGTTTTGAATTCATTAGGGAAAATGGTCCACCAAATATTTGGGAGTGCTTACACAGCCCTATTTGGTGGAGTCTCCTGGATGATGARAAT
v 6 ¢ V. LN 8L 6K MV HQTI F G S8 A Y TALUPF G GV B8 WMMIK I

End of D3 16562 sequence
2310 2320 2330 2340 2350 2360 2370 | 2380 2390 2400
TGGAATAGGTGTCCTCTTAACCTGGATAGGGTTGAACTCAAAAARTACTTCTATGTCATTTTCATGCATCGCG! TTGTGACACTGTATTTGGGA
G I ¢ v L L T W I 66 L N 8 KN T S8 M S PF 8 C I A A G I V TIL Y L G

splicing site, E-480 Val-to-Ala (nt-2375/2376 TG-to-CC)

Engineered Kg

» NS1
2410 2420 2430 2440 2450 2460 2470 2480 2490 2500
GTCATGGTGCAGGCCGATAGTCETTGCETTGTGAGCTGGAAAAACAAAGAACTGAAATGTGGCAGTGEEATTTTCATCACAGACAACGTGCACACATGEA
vV M Vv Q ADSGCCV V 8 WIKNI KETLIEXKCCGS8S 6 I F I TDDNUVHTWT

2510 2520 2530 2540 2550 2560 2570 2580 2590 2600
CAGAACAATACAAGTTCCAACCAGAATCCCCTTCAAAACTAGCTTCAGCTATCCAGAAAGCCCATGAAGAGGACATTTGTGGAATCCGCTCAGTAACAAG
E Q Y K F ¢ P E 8 P 8 KL A S A I @ K A HEUEZ I C G I R S5V TR

PREK-A3 NS1-33-3sp abtrenuatien losus {wt D2 18831%: Gly, mL-2BVI-G)

o

[~

2610 2620 2630 2640 2650 2660 2670 2680 2690 2700
ACTGGAGAATCTGATGTGGAAACAAATAACACCAGAATTGAATCACATTCTATCAGAAAATGAGGTGAAGTTAACTATTATGACAGGAGACATCAAAGGA
L EN L MW K¢ I TP E L NHI L S EDNEV KILTTIMTGD I K G

2710 2720 2730 2740 2750 2760 2770 2780 2790 2800
ATCATGCAGGCAGGAAAACGATCTCTGCGGCCTCAGCCCACTGAGCTGAAGTATTCATGGAAAACATGGGGCAAAGCAAAAATGCTCTCTACAGAGTCTC
I M Q@ A G K R S L R P Q P TETULIXK Y S W K TW G KA KMTILSTE $ H

2810 2820 2830 2840 2850 2860 2870 2880 2890 2900
ATAACCAGACCTTTCTCATTGATGGCCCCGAAACAGCAGAATGCCCCAACACAAATAGAGCTTGGAATTCGTTGGAAGTTGAAGACTATGGCTTTGGAGT
N Q@ T F L I D G P E T A E C P N T NRAWDNS L EV EDY G F G V

2910 2920 2930 2940 2950 2960 2970 2980 2990 3000
ATTCACCACCAATATATGGCTAAAATTGAAAGAAARACAGGATGTATTCTGCGACTCAARACTCATGTCAGCGGCCATAARAGACAACAGAGCCGTCCAT
F T T N I W L K L K E K ¢ DV F ¢ D S8 KL M 8 A A I K DUNUZERKAV H

3010 3020 3030 3040 3050 3060 3070 3080 3090 3100
GCCGATATGGGTTATTGGATAGAAAGTGCACTCAATGACACATGGAAGATAGAGAAAGCCTCTTTCATTGAAGTTAAAAACTGCCACTGGCCAARATCAC
A DM G Y W I E 8 A L NDTT WK I EI K AU SV F I EV KNCHW P K 8 H

3110 3120 3130 3140 3150 3160 3170 3180 3190 3200
ACACCCTCTGGAGCAATGGAGTGCTAGAAAGTGAGATGATAATTCCARAGAATCTCGCTGGACCAGTGTCTCAACACAACTATAGACCAGGCTACCATAC
T L # 8 N ¢ v .. £ 8 EM I I P K N L A G P V 8 Q HN Y R P G Y H T

3210 3220 3230 3240 3250 3260 3270 3280 3290 3300
ACAAATARCAGGACCATGGCATCTAGGTAAGCTTGAGATGGACTTTGATTTCTGTGATGGAACAACAGTGGTAGTGACTGAGGACTGCGGAARTAGAGGA
Q I T G P W HUL G K L EMDVF¥ D ¥ ¢CD GTTV V V TEUDTCGDNR G

3310 3320 3330 3340 3350 3360 3370 3380 3390 3400
CCCTCTTTGAGAACAACCACTGCCTCTGGAAAACTCATAACAGAATGGTGCTGCCGATCTTGCACATTACCACCGCTAAGATACAGAGGTGAGGATGGGT
P $ L R T TTAS G KL I T EWCCCUZR S CCTULUPUPULUZRYURGED G C

> NS2A
3410 3420 3430 3440 3450 3460 3470 3480 3490 3500

61
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GCTGGTACGGGATGGAAATCAGACCATTGAAGGAGAAAGAAGAGAATTTGGTCAACTCCTTGGTCACAGCTGGACATGGGCAGGTCGACAACTTTTCACT
W ¥y ¢ M E I R PLIKEI KEENDNTILV NS LV TAGUHGUOQVYV DNV F S8 L

3510 3520 3530 3540 3550 3560 3570 3580 3590 3600
AGGAGTCTTGGGAATGGCATTGTTCCTGCAGGAAATGCTTAGCGACCCGAGTAGGAACGARACATGCAATACTACTAGTTGCAGTTTCTTTTGTGACATTG
G v L ¢ M AL F L EEMILRT RV GTIEXKHATIILILV AV S8 F V T L

3610 3620 3630 3640 3650 3660 3670 3680 3690 3700
ATCACAGGGAACATGTCCTTTAGAGACCTGGGAAGAGTCGATGGTTATGETAGGCGCCACTATGACGGATGACATAGGTATGGGCGETGACTTATCTTGCCC
I T 6N M S F RDL GRVYVM VMYV G A TMTDDIGMGV T Y L A L

3710 3720 3730 3740 3750 3760 3770 3780 3790 3800
TACTAGCAGCCTTCAAAGTCAGACCAACTTTTGCAGCTGGACTACTCTTGAGAARAGCTGACCTCCAAGGAATTGATGATGACTACTATAGGAATTGTACT
L A A F KV R ?PTVPF AAGUL L LRI KULTSKEILMMTTTIG I V L

3810 3820 3830 3840 3850 3860 3870 3880 3890 3900
CCTCTCCCAGAGCACCATACCAGAGACCATTCTTGAGTTGACTGATGCGTTAGCCTTAGGCATGATGGTCCTCAAAATGGTGAGARATATGGARAAGTAT
L s Q s T I P ETI L E L TDOATULAILGMMY YL KM V RNME K Y

3910 3920 3930 3940 3950 3960 3970 3980 3990 4000
CAATTGGCAGTGACTATCATGGCTATCTTGTGCGTCCCARACGCAGTGATATTACARAACGCATGGAAAGTGAGTTGCACAATATTGGCAGTGGTGTCCG
Q L AV TIMMATIILCVYV P NAUV I L Q NA W KV S CTTIUL AV YV 8V

4010 4020 4030 4040 4050 4060 4070 4080 4090 4100
TTTCCCCACTGTITCTTAACATCCTCACAGCAAAAAACAGATTGGATACCATTAGCAT TGACGATCAAAGGTCTCAATCCAACAGCTATTTTTCTAACAAC
s P L F L TS S Q Q K TDWTI PL AL TTIXKGIL NP TATIFULTT

D2 PDK-53 specific NS2A-181-Phe (wt D2 16681l: Leu, nt-4012-C)

> NS2B
4110 4120 4130 4140 4150 4160 4170 4180 4190 4200
CCTCTCAAGAACCAGCAAGAAAAGGAGCTGGCCATTAAATGAGGCTATCATGGCAGTCGGGATGGTGAGCATTTTAGCCAGTTCTCTCCTAAAAAATGAT
L 8 R T 8 K K R 8 W P L N E A I M AV G MV 8 I L A 8 8 L L KN D

4210 4220 4230 4240 4250 4260 4270 4280 4290 4300
ATTCCCATGACAGGACCATTAGTGGCTGGAGGGCTCCTCACTGTEGTGCTACCGTGCTCACTGGACGATCGGCCGATTTGGAACTGGAGAGAGCAGCCGATG
i pp M TG?PUL VAGGL L TV CYV L TGU R S8 ADULETLEIRAATDYV

4310 4320 4330 4340 4350 4360 4370 4380 4390 4400
TCAAATGGGAAGACCAGGCAGAGATATCAGGAAGCAGTCCAATCCTGTCAATAACAATATCAGAAGATGGTAGCATGTCGATAARAAATGAAGAGGAAGA
K W E D Q A E I 8 G 8 8 P I L 8 I T I 8 E DG S M S8 I K NE E E E

4410 4420 4430 4440 4450 4460 4470 4480 4490 4500
ACAAACACTGACCATACTCATTAGAACAGGATTGCTGGTGATCTCAGGACTTTTTCCTGTATCAATACCAATCACGGCAGCAGCATGGTACCTGTGGGAA
Q T L TIL I RTGIL L VI 8 G L F PV S I P I TAAAWY L W E

» NS3
4510 4520 4530 4540 4550 4560 4570 4580 4590 4600
GTGAAGAAACAACGGGCCGGAGTATTGTGGGATGTTCCTTCACCCCCACCCATGGGAMAAGGCTGAACTGGAAGATGGAGCCTATAGAATTAAGCAAALAG
vV K K ¢ R A ¢ V L W DV P S P P P MG KAUETLEUDGAYURTI K QK G

4610 4620 4630 4640 4650 4660 4670 4680 4690 4700
GGATTCTTGGATATTCCCAGATCGGAGCCGGAGTTTACAAAGAAGCAACATTCCATACAATGTGGCATGTCACACGTGGCGCTGTTCTAATGCATAAAGG
I L. 6 Y s @ I 6 A GV Y KEGTVFHTMW®HVYV TRGA AUV L M HIK G

4710 4720 4730 4740 4750 4760 4770 4780 4790 4800
AARGAGGATTGAACCATCATGGECGGACGTCARGAAAGACCTAATATCATATGGAGGAGGCTGGAAGTTAGAAGGAGAATGGAAGGAAGGAGAAGAAGTC
K R I E P 8 WA DYV K KUDUILTI S Y GG G W KL E G EWKEGEE V

4810 4820 4830 4840 4850 4860 4870 4880 4890 4900
CAGGTATTGGCACTGGAGCCTGEAAAAAATCCAAGAGCCGTCCAAACGARAACCTGGTCTTTTCAAAACCARCGCCGGAACAATAGETGCTGTATCTCTGG
Q v L AL E P G KN PR AV Q T K P G L F KTU N AOGTTIGAV 8 L D

4910 4920 4930 4940 4950 4960 4970 4980 4990 5000
ACTTTTCTCCTGGAACGTCAGGATCTCCAATTATCGACAAAAAAGCGAAAAGTTGTGGETCTITTATGCTAATCETGTTGTTACAAGGAGTGGAGCATATGT
¥F s P G T s G 5 P I I DK XK G KV V G LY G NGV VY TR S G A Y V

5010 5020 5030 5040 5050 5060 5070 5080 5090 5100
GAGTGCTATAGCCCAGACTGAAAAAAGCATTGAAGACAACCCAGAGATCGAAGATGACATTTTCCGARAGAGAAGACTGACCATCATGGACCTCCACCCA
$ A I A Q T E K S8 I EDNUP E I EDDTI ¥ R KURIRIDLTTIMDILHP

5110 5120 5130 5140 5150 5160 5170 5180 5190 5200

GGAGCGGGAAAGACGAAGAGATACCTTCCGGCCATAGTCAGAGAAGCTATAAAACGGGGTTTGAGAACATTAATCTTGGCCCCCACTAGAGTTGTGGCAG
G A G K T K R Y L P A I vV R EA I KR GUL RTUL I L A P TR V V A A
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5210 5220 5230 5240 5250 5260 5270 5280 5290 5300
CTGAAATGGAGGAAGCCCTTAGAGGACTTCCAATAAGATACCAGACCCCAGCCATCAGAGCTGTGCACACCGGGCCGGAGATTGTGGACCTAATGTGTCA
E M EE A LR GUL P I RY @Q TPATIIRAY¥YHTGH®RETIVDTILMMTCH

D2 PDR-S3 WE3-250-val attenuvation Iocus (D2 18681: ¢lu, nmb-BR70-3)

5310 5320 5330 5340 5350 5360 5370 5380 5390 5400
TGCCACATTTACCATGAGGCTGCTATCACCAGTTAGAGTGCCAAACTACAACCTGATTATCATGGACGAAGCCCATTTCACAGACCCAGCAAGTATAGCA
A TF TMU R L L 8 P VRV P N YN LI I M DEAHVPF T D P A 8 I A

5410 5420 5430 5440 5450 5460 5470 5480 5490 5500
GCTAGAGGATACATCTCAACTCGAGTGGAGATGGGTGAGGCAGCTGGGATTTTTATGACAGCCACTCCCCCGGGAAGCAGAGACCCATTTCCTCAGAGCA
A R G Y I 8 T R YV EM G EAAGI F M T AT?PUP G S8 R D P F P Q 8 N

5510 5520 5530 5540 5550 5560 5570 5580 5590 5600
ATGCACCAATCATAGATGAAGAAAGAGAAATCCCTGAACGCTCGTGGAATTCCGGACATGAATGGETCACGGATTTTAAAGGGAAGACTGTTTGGTTCGT
A P I I DEZERETIPEUZR S WNS GGHEWYV TDUF K G KTV W F V

D2 PDK-53 silent mutation nt-5541-C (D2 16681l: T)

5610 5620 5630 5640 5650 5660 5670 5680 5690 5700
TCCAAGTATAAAAGCAGGAAATGATATAGCAGCTTGCCTGAGGARAAATGGAAAGAAAGTGATACAACTCAGTAGGAAGACCTTTGATTCTGAGTATGTC
P 8 I K A G N DI A A ¢CL RIKNGI K K VI gL 8 R K TUF DS E Y V

5710 5720 5730 5740 5750 5760 5770 5780 5790 5800
AAGACTAGAACCAATGATTGGGACTTCGTGETTACAACTGACATTTCAGARATGGETGCCAATTTCAAGGCTGAGAGGGTTATAGACCCCAGACGCTGCA
K T R TN D WD F V V TTUDI S8 EM GADNUF KA AUEIRV I DUPZRIZ RTCM

5810 5820 5830 5840 5850 5860 5870 5880 5890 5900
TGAAACCAGTCATACTAACAGATGGTGAAGAGCGGGTGATTCTGGCAGGACCTATGCCAGTGACCCACTCTAGTGCAGCACARAGARGAGGGAGAATAGG
K P Vv I L. T DG EEU RV I LAGUZPMZ®PVTHS S A A QI RIZRUGTRI G

5910 5920 5930 5940 5950 5960 5970 5980 5990 6000
AAGAAATCCAAAAAATGAGAATGACCAGTACATATACATGGGGGAACCTCTGGARAATGATGAAGACTGTGCACACTGGARAAGAAGCTAAAATGCTCCTA
R N P K N ENDOQY I ¥ M G E P L EDNDEDCAUHWI KU EAIZ KMMTIL L

6010 6020 6030 6040 6050 6060 6070 6080 6090 6100
GATAACATCAACACGCCAGAAGGAATCATTCCTAGCATGTTCGAACCAGAGCGTGAAAAGETGGATGCCATTGATGGCCGAATACCGCTTGAGAGGAGAAG
D W I N T P E G I I P S M F E P EREI KWV DATIDGEUYRILIRGE A

6110 6120 6130 6140 6150 6160 6170 6180 6190 6200
CAAGGAAAACCTTTGTAGACTTAATGAGAAGAGGAGACCTACCAGTCTGGTTGGCCTACAGAGTGGCAGCTGAAGGCATCAACTACGCAGACAGAAGETG
R KT F VD L MU RIRGDUL PV WL AY RV A AEGTIDNUVYADUZ RTR RW

6210 6220 6230 6240 6250 6260 6270 6280 6290 6300
GTGTTTTGATGGAGTCAAGAACAACCARATCCTAGAAGAAAACGTGGAAGTTGAAATCTGCGACAAAAGAAGGGGAAAGGAAGAAATTGAAARCCCAGATGG
¢ F D ¢ V X NN Q@ I L E ENVV E V E I W TTZXE G ER K KL K P R W

> NS4a
6310 6320 6330 6340 6350 6360 6370 6380 6390 6400
TTGGATGCTAGGATCTATTCTGACCCACTGGCGCTAAAAGAATTTAAGGAATTTGCAGCCGGAAGAAAGTCTCTGACCCTGAACCTAATCACAGAAATGG
L Db A R I Y 8 D P L AL KEUVF KEVFAAG RI KSUL TULNILTITEMSG

6410 6420 6430 6440 6450 6460 6470 6480 6490 6500
GTAGGCTCCCAACCTTCATGACTCAGAAGGCAAGAGACGCACTGGACAACTTAGCAGTGCTGCACACGGCTCGAGGCAGGTGGAAGGGCGTACAACCATGC
R L. P T F M T Q K A RDAILUDDNULAVYV L HTAUE AUG G R A Y N H A

6510 6520 6530 6540 6550 6560 6570 6580 6590 6600
TCTCAGTGAACTGCCGGAGACCCTGGAGACATTGCTTTTACTGACACTTCTGGCTACAGTCACGGGAGGGATCTTTTTATTCTTGATGAGCGCAAGGGGC
L §$ £ L P ETUL EETIL L L L TL L ATV T G G I F L F L M S AR G

D2 PDK-53 specilfic NS4A-75-Ala (wt D2 1668l: Gly, nt-6599-G)

6610 6620 6630 6640 6650 6660 6670 6680 6690 6700
ATAGGGAAGATGACCCTGGGAATGTGCTGCATAATCACGGCTAGCATCCTCCTATGGTACGCACARATACAGCCACACTGGATAGCAGCTTCAATAATAC
I 66 K M T L GGMOCCVCTITITMAOS I L L WY A QI ¢ P HW I A A S I I L

6710 6720 6730 6740 6750 6760 6770 6780 6790 6800
TGEAGTTTTTTCTCATAGTTTTGCTTATTCCAGAARCCTGAAAAACAGAGAACACCCCAAGACAACCAACTGACCTACGTTGTCATAGCCATCCTCACAGT
E F F L I v L L I P E P E XK Q R TP Q DN L T YV VI ATITULTYV

> NS4B
6810 6820 6830 6840 6850 6860 6870 6880 6890 6900
GGTGGCCGCAACCATGGCAAACGAGATGGGTTTCCTAGAAAAAACCGAAGAAAGATCTCGGATTGGGAAGCATTGCAACCCAGCAACCCGAGAGCAACATC
vV A AT MADNEMG ¥ L E K T K K DL G L G S8 I A T Q Q P E 8 N I

6910 6920 6930 6940 6950 6960 6970 6980 6990 7000
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CTGGACATAGATCTACGTCCTGCATCAGCATGGACGCTGTATGCCGTGGCCACAACATTTGTTACACCAATGT TGAGACATAGCATTGAABRATTCCTCAG
L DI b L R P AS AWTILY AV ATTVFV TUPMILI®RIUESTIEUDNS SV

7010 7020 7030 7040 7050 7060 7070 7080 7090 7100
TGAATGTGTCCCTAACAGCTATAGCCAACCAAGCCACAGTGTTAATGGETCTCGGGAAAGCGATGGCCATTGTCAAAGATGGACAT CGGAGTTCCCCTTCT
N v s L T A TI ANOQATV L M GL G K G W PL S$ KMDTIGVYV P L L

7110 7120 7130 7140 7150 7160 7170 7180 7190 7200
CGCCATTGGATGCTACTCACAAGTCAACCCCATAACTCTCACAGCAGCTCTTTTCTTATTGGTAGCACATTATGCCATCATAGGGCCAGGACTCCAAGCA
A 1 6 C Y 8 Q VNP I TIL TAAILUPF L LV A HYAI I G P G L @ A

7210 7220 7230 7240 7250 7260 7270 7280 7290 7300
AAAGCAACCAGAGAAGCTCAGAAAAGAGCAGCGGCGGGCATCATGAAAAACCCAACTGTCGATGGAATAACAGTGATTGACCTAGATCCAATACCTTATG
K a&a TR E A Q KR A A A GGI M KNP TV D I TV I DULDUPI P Y D

7310 7320 7330 7340 7350 7360 7370 7380 7390 7400
ATCCAAAGTTTGAAARAGCAGTTGGGACAAGTAATGCTCCTAGTCCTCTGCGTGACTCAAGTATTGATGATGAGGACTACATGGGCTCTGTGTGAGGCTTT
P K ¥F E K ¢ L6 Q vVMvM L L VL CV TQV L MMURTTWAILCE AL

7410 7420 7430 7440 7450 7460 7470 7480 7490 7500
AACCTTAGCTACCGGGCCCATCTCCACATTGTGCGGAAGGARATCCAGGGAGGTTTTGGAACACTACCATTGCGGTGTCAATGGCTAACATTTTTAGAGGG
T L A T GG P I 8 T L W E GNP GRVF WNTTTTI AV S MAUDNTIF R G

> N85
7510 7520 7530 7540 7550 7560 7570 7580 7590 7600
AGTTACTTGGCCGGAGCTGGACTTCTCTTTTCTATTATGAAGAACACAACCAACACARGAAGGGGAACTGGCAACATAGGAGAGACGCTTGGAGAGAAAT
s Y L A G A G L L F 8 I M K N TTWNTWRUZRGTGDN I G E TUL G E K W

7610 7620 7630 7640 7650 7660 T670 7680 7690 7700
GGAAAAGCCGATTGAACGCETTGGGAAAAAGTCGAATTCCAGAT CTACAAGAAAAGTGGAAT CCAGGAAGTGGATAGAACCTTAGCAAAAGAAGGCATTAA
K 8 R L N A L G K 8 EF @ I ¥ K K S G I Q@ EV DURTIULAI KEG I K

Additional nt-7260 A-to-G silent mutation in master and pre-master seeds

7710 7720 7730 7740 7750 7760 7770 7780 7790 7800
AAGAGGAGAAACGGACCATCACGCTGTGTCGCGAGGCTCAGCAARACTGAGATGCTTCGTTGAGAGAAACATGCTCACACCAGAAGGGAAAGTAGTGGAC
R G E T D HH AV S8 R G S A KL RWF V ERWNMV Y TPE G K V V D

7810 7820 7830 7840 7850 7860 7870 7880 7890 7900
CTCGETTGTGGCAGAGGAGGCTEGGTCATACTATTGTGCGAGGACTAAAGAATGTARGAGAAGTCAAAGGCCTAACARAAGGAGGACCAGGACACGAAGAAC
L ¢ ¢C G R G G W S Y Y C GG L KNUVZ REVYVKGULTI KGG?P G HE E P

7910 7920 7930 7940 7950 7960 7970 7980 7990 8000
CCATCCCCATGTCAACATATGGGTGGAATCTAGTGCGTCTTCAAAGTGGAGTTGACGTTTTCTTCATCCCGCCAGAAAAGTGTGACACATTATTGTGTGA
I P M 8 TY G WDNL V RIL Qs GV DV F F I PP EI KCDTTULUL C D

8010 8020 8030 8040 8050 8060 8070 8080 8090 8100
CATAGGGGAGTCATCACCAAATCCCACAGTGGAAGCAGGACGAACACTCAGAGTCCTTAACTTAGTAGAARATTGCTTGAACAACAACACT CAATTTTGC
l1 ¢ E 8 & PNP TV EAG?RTILIRVYVY L NILYV EDNWILNWNDNTQTF C

8110 8120 8130 8140 8150 8160 8170 8180 8190 8200
ATAAAGGTTCTCAACCCATATATGCCCTCAGTCATAGAAAAAATGCGAAGCACTACAAAGGAAATATGGAGGAGCCTTAGTGAGGAATCCACTCTCACGAA
I K v L N P Y M P S VvV I E XK MEAIL QR K Y G666 A L V RN P L 8 RN

8210 8220 8230 8240 8250 8260 8270 8280 8290 8300
ACTCCACACATGAGATGTACTGGGTATCCAATGCTTCCGGGAACATAGTGTCATCAGTGAACATGATTTCAAGGATGTTGATCAACAGATTTACAATGAG
S T H E M ¥ W v 8 N A 8 G NI VS8 8V N MTI S RMILTIDNUERZEFTMRZBR

8310 8320 8330 8340 8350 8360 8370 8380 8390 8400
ATACAAGAARGCCACTTACGAGCCGGATGTTGACCTCGGAAGCGCGAACCCGTAACATCGGGATTGAAAGTGAGATACCAAACCTAGATATAATTGGGAAA
Y K K AT Y E P DV DL G 8 G T RW N1 G I E S8 E I P N L DI I G K

8410 8420 8430 8440 8450 8460 8470 8480 8490 8500
AGRATAGAAAAAATAAAGCAAGAGCATGAAACATCATGGCACTATGACCAAGACCACCCATACAARACGTGGGCATACCATGGTAGCTATGAAACAAAAC
R I E K I K Q BE H E T S WH Y D Q D HUP Y KTWAYHGS Y E T K Q

8510 8520 8530 8540 8550 8560 8570 8580 8590 8600
AGACTGGATCAGCATCATCCATGGTCAACGGAGTGETCAGGCTGCTGACAAAACCTTGGGACGTCGTCCCCATGGTGACACAGATGGCAATGACAGACAC
T 6 8 A S5 8 MV NGV VRILILTI KU®PWDVV PMVTOQMMAMTDT

8610 8620 8630 8640 8650 8660 8670 8680 8690 8700
GACTCCATTTGGACAACAGCGCGTTTTTAAAGAGAAAGTGCGACACGAGAACCCAAGAACCGAAAGAAGGCACGAAGARACTAATGARAATAACAGCAGAG
T P F 6 Q Q RV F K E K VDT RTOQE P XK EGTI X KL M KI TAE

8710 8720 8730 8740 8750 8760 8770 8780 8790 8800

TGGCTTTGGAAAGAATTAGGGAAGAAAANGACACCCAGGATGTGCACCAGAGAAGAATTCACAAGAAAGGTGAGAAGCAATGCAGCCTTGGGGGCCATAT
W L W K E L 6 K K XK T?PZRMTCTIREEU?FTIRIEKVZR S NAALGAITF
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8810 8820 8830 8840 8850 8860 8870 8880 8890 8900
TCACTGATGAGAACAAGTGGAAGTCGGCACGTGAGGCTGTTGAAGATAGTAGGTITTGGGAGCTGGTTGACAAGGAAAGGAATCTCCATCTTGAAGGAAA
T D E N K W K 8 A REAV ED S R F W EULV DK EIZRNDNULHTUL E G K

8910 8920 8930 8940 8950 8960 8970 8980 8990 9000
GTGTGAAACATGTGTGTACAACATGATGGGAAAAAGAGAGARGAAGCTAGGCGGAATTCGGCARGGCARARGGCAGCAGAGCCATATGGTACATGTGGCTT
¢ E T ¢C VY N M MG KREI KKULGEVF G KA KG S RATIWY MWL

3010 9020 9030 9040 9050 9060 8070 2080 9090 9100
GGAGCACGCTTCTTAGAGTTTGAAGCCCTAGGATTCTTAAATGAAGATCACTGETTCTCCAGAGAGAACTCCCTGAGTGGAGTGGAAGGAGAAGGGCTGC
G AR F L EF E AL G F L N EDHWVF S REDNSL S GV E G E G L H

3110 9120 9130 9140 9150 9160 3170 9180 9190 9200
ACAAGCTAGGTTACATTCTAAGAGACGTGAGCAAGAAAGAGGGAGGAGCAATGTATGCCGATGACACCGCAGCATGGGATACAAGAATCACACTAGARAGA
K L. ¥y I L R DV S8 KK EGGAMYADUDTH AGWDT®RTI TULED

9210 9220 9230 9240 9250 9260 9270 9280 9290 9300
CCTAAAAAATGAAGAAATGGTAACAAACCACATGGAAGGAGAACACAAGAAACTAGCCGAGGCCATTTTCAAACTAACGTACCAAAACAAGGTGGTGCET
L K N E EMV TNHMEGEHI KK L A EATIVF KL TY gNXK V V R

9310 9320 9330 9340 9350 9360 9370 9380 9390 9400
GTGCAAAGACCAACACCAAGAGGCACAGTAATGGACATCATATCGAGAAGAGACCAAAGAGGTAGTGGACAAGTTGGCACCTATGGACTCAATACTTTCA
v Q R P T P R G TV M D I I 8 R RDQR G S G Q YV T Y UL N TF T

9410 9420 9430 9440 9450 9460 9470 9480 9490 9500
CCAATATGGAAGCCCAACTAATCAGACAGATGGAGGGAGAAGGAGTCTTTAAAAGCATTCAGCACCTAACAATCACAGAAGAAATCGCTGTGCAAAACTG
N M E A QL I R QM EGE GGV F K S8 I @ H L TTI TZEETI-AUV Q N W

9510 9520 9530 9540 9550 9560 9570 9580 9590 9600
GTTAGCAAGAGTGGGGECGCGAAAGGTTATCAAGAATGGCCATCAGCTGGAGATGATTGTGTTGTGAAACCTTTAGATGACAGGTTCGCAAGCGCTTTAACA
L AR V G R ERL S8 R MATI S D DCV YV K P L DD RUF A S AL T

9610 9620 9630 9640 9650 9660 9670 9680 9690 9700
GCTCTAAATGACATGGGAAAGATTAGGAAAGACATACAACAATGGGAACCTTCAAGAGGATGGAATGATTGGACACAAGTGCCCTTCTGTTCACACCATT
A L N DM G K I R KDTI @ Q WE P S R G WUNDWTQ VYV P F C S8 HH F

9710 9720 9730 9740 9750 9760 9770 2780 9790 9800
TCCATGAGTTAATCATGAAAGACGGTCGCGTACTCGTTGTTCCATGTAGAAACCAAGATGAACTGATTGGCAGAGCCCGAATCTCCCAAGGAGCAGGGTG
H BE L I M K D G R V L V V P CRUNQEDEULTI GRAIZRTI S8 Q G A G W

3810 9820 9830 39840 9850 9860 3870 9880 9890 9900
GTCTTTGCGGEGAGACGEGCCTETTTGGEGCGAAGTCTTACGCCCAAATCTGGAGCTTGATGTACTTCCACAGACGCGACCTCAGGCTGGCGGCAAATGCTATT
s L R E T A CUL G K S Y A Qg MW s L M Y F HRURUDILUZRTILA AWM ANDNATI

$910 9920 9930 9940 9950 9960 8970 9980 9990 10000
TGCTCGGCAGTACCATCACATTGGGTTCCAACAAGTCGAACAACCTGGTCCATACATGCTAAACATGAATGGATGACAACGGAAGACATGCTGACAGTCT
¢ 8 AV P 8§ H WV P TS RTTW S I H A KHEWMTTETDMMTLTV W

10010 10020 10030 10040 10050 10060 10070 10080 100390 10100
GGAACAGGGTGTGGATTCAAGAAAACCCATGGATGGAAGACAAAACTCCAGTGGAATCATGGGAGGAAATCCCATACTTGGGGAAAAGAGAAGACCAATG
N RV W I ¢ ENP WM EDI KT PV E S WEETI PY L G KU REUDOQW

10110 10120 10130 10140 10150 10160 10170 10180 10180 10200
GTGCGGCTCATTGATTGGGTTAACAAGCAGGGCCACCTGGGCAAAGAACATCCAAGCAGCAATAAATCAAGTTAGATCCCTTATAGGCAATGAAGAATAC
¢ 6 $ L I 6 L T S R A T W A KNI QA ATINQV R S L I GNEE Y

» 3'-~Noncoding Region
10210 10220 10230 10240 10250 10260 10270 10280 10290 10300
ACAGATTACATGCCATCCATGAAAAGATTCAGAAGAGAAGAGGAAGAAGCAGGAGTTCTGTGGTAGAAAGCAAAACTAACATGAAACAAGGCTAGAAGTC
T D Y M P 8 M K RF RREUEEZEAGV L W *

10310 10320 10330 10340 10350 10360 10370 10380 10390 10400
AGGTCGGATTAAGCCATAGTACGGAAAAAACTATGCTACCTGTGAGCCCCGTCCAAGGACGTTAAAAGAAGTCAGGCCATCATAAATGCCATAGCTTGAG

10410 10420 10430 10440 10450 10460 10470 10480 10490 10500
TAAACTATGCAGCCTGTAGCTCCACCTGAGAAGGTGTAAAAAATCCGGGAGGCCACARACCATGGAAGCTGTACGCATGGCGTAGTGGACTAGCGGTTAG

10510 10520 10530 10540 10550 10560 10570 10580 10590 10600
AGGAGACCCCTCCCTTACAAATCGCAGCAACAATGEEEECCCAAGECCAGATGAAGC TCTAGTCTCGCTGCGAAGGACTAGAGG TTAGAGGAGACCCCCCC

10610 10620 10630 10640 10650 10660 10670 10680 10690 10700
GAAACAAAAANCAGCATATTGACGCTGGGAAAGACCAGAGATCCTGCTGTCTCCTCAGCATCATTCCAGGCACAGAACGCCAGAARATGGAATGGTGCTG

10710
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TTGAATCAACAGGTTCT

DENvax-4 Master Virus Seed (MVS)

[000167] Nucleotide sequence of the chimeric viral genome and deduced amino acid
sequence of the translated protein. Most of the prM-E gene (nt-457 to -2379,
underlined) is wild-type (wt) DEN-4 1036 virus-specific; the remaining nucleotide
sequence is DEN-2 PDK-53 virus-specific. All engineered substitutions differ from
wt virus (DEN-3 16562 or DEN-2 16681), as well as extra mutations (changes from
engineered cDNA clone) are marked.

Substitutions Included in the Genome and Protein:
[000168] Junction sites:
451-456): engineered silent mutation, nt-453 A-to-G
nt 2380-2385): engineered mutations, nt-2381/2382 TG-to-CC
(resulted in E-482 Val-to-Ala change)

[000169] D2 PDK-53 virus backbone (change from wt D2 16681)

5"-noncoding region(NCR)-57 (nt-57 C-to-T): moajor atienuation locus {in red}
NS1-53 Gly-to-Asp (nt-2579 G-to-A): major attemsation locus (in ved)
NS2A-181 Leu-to-Phe (nt-4018 C-to-T, in bold)

NS3-250 Glu-to-Val (nt-5270 A-to-T): major aticnuation locus (in red)
nt-5547 (NS3 gene) T-to-C silent mutation (in bold)

NS4A-75 Gly-to-Ala (nt-6599 G-to-C, in bold)

* nt-8571 C-to-T silent mutation of PDK-53 is not engineered in the vaccine virus

o oo o

[000170] Engineered substitutions in cDNA clone

a. Engineered C-100 Arg-to-Ser (nt-396 A-to-C): may improve viral replication
in culture

b. Engineered nt-1401 A-to-G silent mutation

¢. Engineered E-364 Ala-to-Val (nt-2027 C-to-T): may improve viral replication
in culture

d. Engineered E-447 Met-to-Leu (nt-2275 A-to-C): may improve viral
replication in culture

[000171] Additional substitutions found in vaccine seed (0.06% nt different from
original clone)

nt-225 (C gene) A-to-T silent mutation (in bold)

NS2A-66 Asp-to-Gly (nt-3674 A-to-G) mutation (in bold)

NS2A-99 Lys-to-Lys/Arg mix (nt-3773 A-to-A/G mix, in bold)

nt-5391 C-to-T (NS3 gene) silent mutation (in bold)

NS4A-21 Ala-to-Val (nt-6437 C-to-T, in bold)

nt-7026 T-to-C/T mix silent mutation (in bold)

nt-9750 A-to-C silent mutation (in bold)

©@hoe e o

NCR-ET7-T, D2 FDR-53 attenuation looue {(wt D2 16881: )
> 5'-Noncoding Region >C
10 20 30 40 50 60 70 80 S0 100

AGTTGTTAGTCTACGTGGACCGACAAAGACAGATTCTTTGAGGGAGCTAAGCTCAATGTAGTTCTAACAGTTTTTTAATTAGAGAGCAGATCTCTGATGA
M N
110 120 130 140 150 160 170 180 190 200
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ATAACCAACGGABRAAAGGCGAAAARCACGCCTTTCAATATGCTGAAACGCGAGAGAAACCGCGTGTCGACTGTGCAACAGCTGACAAAGAGATTCTCACT
N ¢ R K K A KN TP FNMUILI K®REIZRIDNU RV S TV 0 QL T KU RF 8 L

210 220 230 240 250 260 270 280 280 300
TGGAATGCTGCAGGGACGAGGACCTTTAAAACTGTTCATGGCCCTGETGECGTTCCTTCGTTTCCTAACAATCCCACCAACAGCAGGGATATTGAAGAGA
¢ ML 9 G R 6P L KL FM ALV AFILZRVFLTTI PPTAGTITIL KR

Additional nt-225 A-to~T silent mutation in master and pre-master seeds

310 320 330 340 350 360 370 380 390 400
TGGGGAACAATTAAAAAATCAAAAGCTATTAATGTTTTGAGAGGGTTCAGGAAAGAGATTGGAAGGATGCTGAACATCTTGAATAGGAGACGCAGCTCTG
W 6 T I K K 8 K A I NV L RGPFRI KETIGRMTLUNITI LDNI®RI®RIRSS A

Engineered C-100 Arg-to-Ser (nt 396 A-to-C)

> prM Beginning of D4 1036 sequence
410 420 430 440 450 |460 470 480 490 500
CAGGCATGATCATTATGCTGATTCCAACAGTGATGGCGTTCCATTTAACCA GATGGCGAACCCCTCATGATAGTGGCAAAACATGAAAGGGGGAG
& M 1 I M L ¥ p TV M A F HL T TZRDGE P L M I VvV A K HE R G R

Engineered M

gplicing site (nt-453 A-to-G silent)

510 520 530 540 550 560 570 580 590 600
ACCTCTCTTGTTTAAGACAACAGAGGGGATCAACAAATGCACTCTCATTGCCATGEACTTCGGETGAAATGTGCTGAGCACACTGTCACGTATAAATGCCCC
P L L F K T TE GG I N K CTL I A MDILGEMCCEUDTV T Y K C P

610 620 630 640 650 660 670 680 690 700
TTACTGGTCAATACCGAACCTGAAGACATTGATTGCTGGTGCAATCTCACGTCTACCTGGGTCATGTATGGGACATGCACCCAGAGCGGAGAACGGAGAC
L L v N T E P ED I DCWOCNILTSTWV MUY GGTCTT g S G E R R R

> M
710 720 730 740 750 760 770 780 790 800
GAGAGAAGCGCTCAGTAGCTTTAACACCACATTCAGCAATGGGATTGGAAACAAGAGCTGAGACATGCATGTCATCCGAAGGGGCTTGGAAGCATGCTCA
E K R $ VAL TPUHS8S GGMGL ETI®RA AETMWMMSS8E G AW KUHAQ

810 820 830 840 850 860 870 380 890 200
GAGAGTAGAGAGCTGGATACTCAGAAACCCAGGATTCGCGCTCTTGGCAGGATTTATGGCTTATATGATTGGGCAAACAGGAATCCAGCGAACTGTCTTC
R v E 8 W I L R N P G F A L L A G F M A Y M I G QT GG I Q R TV F

> B
910 920 930 940 950 960 970 980 990 1000
TTTGTCCTAATGATGCTGGTCGCCCCATCCTACGGAATGCGATGCGTAGGAGTAGCGAAACAGAGACTTTGTGGAAGGAGTCTCAGGTGGAGCATGGGTCG
F v L.M M L Vv A P 8 Y GMUR CV GV G NRUDVF V E GV S8 G G A W V D

1010 1020 1030 1040 1050 1060 1070 1080 1090 1100
ATCTGGTGCTAGAACATGGAGGATGCGTCACAACCATGGCCCAGGGAAAACCAACCTTGGATTTTGAACTGACTAAGACAACAGCCAAGGAAGTGGCTCT
L v L EH G GG CVTTMASGQ G K P TLUDVF EUL T KTTAI KEV A L

1110 1120 1130 1140 1150 1160 1170 1180 1130 1200
GTTAAGAACCTATTGCATTGAAGCCTCAATATCAAACATAACCACGGCAACAAGATGTCCAACGCAAGGAGAGCCTTATCTAAAAGAGGAACAAGACCAA
L R T Y ¢ I EA 8 I 8 NI TTATU®RZCUPT QG E P Y L KEE Q D Q

1210 1220 1230 1240 1250 1260 1270 1280 1290 1300
CAGTACATTTGCCGGAGAGATGTGGTAGACAGAGGETGGEGCAATGGCTGTCECTTCTTTGGAARAAGCGAGCGAGTTGTGACATCTGCGAAGTTTTCATGTT
Q Y I ¢ R R DV VDU RGWOGUNGOCCGL F G K G GV VT CAI KF 8 C 8

1310 1320 1330 1340 1350 1360 1370 1380 1380 1400
CGGGGAAGATAACAGGCAATTTGGTCCAAATTGAGAACCTTGAATACACAGTGET TG TAACAGTCCACAATGGAGACACCCATGCAGTAGGARATGACAC
G K I T ¢ N L V QI ENILEY TV YV V TV HUNGDTHAUY G DN D T

1410 1420 1430 1440 1450 1460 1470 1480 1490 1500
GTCCAATCATGGAGTTACAGCCACGATAACTCCCAGGTCACCATCGGTGCAAGTCAAATTGCCGGACTATGGAGAACTAACACTCCGATTGTGAACCCAGG
$ N H GV TAT I T PR S P SV EV KL P DY G E L T L D CUE P R

Silent nt-1401 A-to-G mutation in engineered clone

1510 1520 1530 1540 1550 1560 1570 1580 1530 1600
TCTGGAATTGACTTTAATGAGATGATTCTGATGAAAATGAAAAAGAAAACATGGCTTGTGCATAAGCAATGGTTTTTGGATCTACCTCTACCATGGACAG
s ¢ I p F N EMIL M KMIE K K KTWILV HIZKOQWF L DL P L P W T A

1610 1620 1630 1640 1650 1660 1670 1680 1650 1700
CAGGAGCAGACACATCAGAGGTTCACTGGAATTACAAAGAGAGAATGGTGACATTTAAGGTTCCTCATGCCAAGAGACAGGATGTGACAGTGCTGGGATC
G A DT S E V HWDNY K ERMWYVY TV FE KV PHAZ KU ROQDWYVTV L G 8

1710 1720 1730 1740 1750 1760 1770 1780 1790 1800
TCAGGAAGGAGCCATGCATTCTGCCCTCGCTGEAGCCACAGAAGTGGACTCCEETGATGGAAATCACATGTTTGCAGGACATCTCAAGTGCAAAGTCCGT
Q E G A MH S A L A G A TUEV DS GGD GUNHMUFAGHTIL K C K V R
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1810 1820 1830 1840 1850 1860 1870 1880 1890 1900
ATGGAGAAATTGAGAATCAAGGGAATGTCATACACGATGTGTTCAGGAAAGTTCTCAATTGACAARAGAGATGGCAGAAACACAGCATGGGACAACAGTGG
M E K L R I K G M 8 ¥ TM C¢C 8 G K F 8 I D KEMAZETQHGT TV V

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
TGAAAGTCARGTATGAAGGTGCTGGAGCTCCGTGTARAGTCCCCATAGAGATARGAGATCTGAACAAGCGARARAGTGGTTGGGCGTATCATCTCATCCAC
K v X ¥ E G A G A P C KV P I EI RDV NKEI KUV YV G R I I 5 8 T

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
CCCTTTGGCTGAGAATACCAACAGTGTAACCAACATAGAGTTAGAACCCCCCTTTGGEGACAGCTACATAGTGATAGGTGTTGGAAACAGTGCATTAACA
P L A ENTNS V TNTIEILE?PUPF GGDsSs Y I VI GV GGDN S A LT

Engineered E-364 Ala-to-Val (nt-2027 C-to-T) to improve viral growth in culture

2110 2120 2130 2140 2150 2160 2170 2180 2190 2200
CTCCATTGGTTCAGGAAAGGGAGTTCCATTGGCAAGATGTTTGAGTCCACATACAGAGGTGCAAAACGAATGGCCATTCTAGGTGAAACAGCTTGGGATT
L H W F R K G 8 8 I 6 K M F E S8 TJY R GG A KU RMA®ATITLGETW AUWDF

2210 2220 2230 2240 2250 2260 2270 2280 2290 2300
TTGETTCCGTTGETGEGACTGTTCACATCATTGGGAAAGGCTGTGCACCAGGTTTTTGCGAAGTGTGTATACAACCCTGTTTGGAGGAGTCTCATGGATGAT
G 8 v ¢ 6 L F T s L 6 KA YV HQ V F GG S VY TTULUZFG GV s W M I

Engineered E-447 Met-to-Leu (nt-2275 A-to-C) mutation

End of D4 1036 sequence
2310 2320 2330 2340 2350 2360 2370 | 2390 2400
TAGAATCCTAATTGGETTCCTAGTET TGTGEAT TEECACGAACTCAAGGAACACT TCAATGECTATGACETGCATAGCTY : TTGTGACACTGTAT
R I L I ¢ F L V L W I 66T N S8 RN T S8 M AMTC I A I VvV T L ¥

Engineered splicing site, E-482 Val-to-Ala (nt-2381/2382 TG-to-CC)

> NSL1
2410 2420 2430 2440 2450 2460 2470 2480 2490 2500
TTGGCGETCATGETGCAGGCCGATAGTGETTGCGTTGTGAGCTGGAARARCAARGAACTGAAATGTGGCAGTGGGATTTTCATCACAGACAACGTGCACA
L G VM YV Q AD S G CV YV 8 WKW NI KETLI KCGS GG I F I T DNV HT

2510 2520 2530 2540 2550 2560 2570 2580 2580 2600
CATGGACAGAACAATACAAGTTCCAACCAGAATCCCCTTCAAAACTAGCTTCAGCTATCCAGAAAGCCCATGAAGAGGACATTTGTGGAATCCGCTCAGT
w T E @ Y K F ¢ P E S P S KL A S A1 ¢ KA HEEWDD I COGTIIR s V

D POR-~B3 N8L-53-fgp attenuation Iocus (wh DI LE68L: Gly, nu-3B7$-&)

2610 2620 2630 2640 2650 2660 2670 2680 2690 2700
AACAAGACTGGAGAATCTGATGTGGAAACARATAACACCAGAATTGAATCACATTCTATCAGAAAATGAGEGTGAAGTTAACTATTATGACAGGAGACATC
T R L E N L M W K I TP ETLDNHTIIL S EDNZEV KLTTIMT G D I

2710 2720 2730 2740 2750 2760 2770 2780 2790 2800
AAAGGAATCATGCAGGCAGGAAAACGATCTCTGCGGCCTCAGCCCACTGAGCTGAAGTATTCATGGAAAACATGGGGCAAAGCAAAAATGCTCTCTACAG
K ¢ I M g A G KR S L R PP TEIZLI KY S WK TW G KAI KMMTIL S TE

2810 2820 2830 2840 2850 2860 2870 2880 2890 2900
AGTCTCATAACCAGACCTTTCTCATTGATGGCCCCGAAACAGCAGAATGCCCCAACACAAATAGAGCTTGGAATTCGTTGGAAGTTGAAGACTATGGCTT
S H N QTPF L I DGPETAZECUPDNTDNIRAWDNSILIEVYVYEUDZY G F

2910 2920 2930 2940 2950 2960 2970 2980 2990 3000
TGGAGTATTCACCACCAATATATGGCTAAAATTGAAAGARAAACAGGATGTATTCTGCGACTCAAAACTCATGTCAGCGGCCATAAAAGACAACAGAGCC
G v F T TN I W L K L K E K @ DV F DS KIL MBS A AT KDDNR A

3010 3020 3030 3040 3050 3060 3070 3080 3090 3100
GTCCATGCCGATATGGGTTATTGGATAGAAAGTGCACTCAATGACACATGGAAGATAGAGAAAGCCTCTTTCATTGAAGTTARARACTGCCACTGGCCAA
vV H A DMGY W I E S ALDNDTWI KTIEI KA ASU FIEV KIDNCHW P K

3110 3120 3130 3140 3150 3160 3170 3180 3190 3200
AATCACACACCCTCTGGAGCAATGGAGTGCTAGAAAGTGAGATGATAATTCCARAGAATCTCGCTGGACCAGTGTCTCAACACAACTATAGACCAGGCTA
sSs H T L W S8 N GV L E S8 EMTI I P KNI L AU GUPV S8 Q HNYUZRP G Y

3210 3220 3230 3240 3250 3260 3270 3280 3290 3300
CCATACACAAATAACAGGACCATGGCATCTAGGTAAGCTTGAGATGGACTTTGATTTCTGTGATGGAACAACAGTGGTAGTGACTGAGGACTGCGGARAT
H T @ I T G P W HL G K L EMDVF¥ DF CD G T TV V V TZETDCG N

3310 3320 3330 3340 3350 3360 3370 3380 3390 3400
AGAGGACCCTCTTTGAGAACAACCACTGCCTCTGGAAAACTCATAACAGAATGGTGCTGCCGATCTTGCACATTACCACCGCTAAGATACAGAGGTGAGG
R ¢ P 8 L RTTTHASGGKUL I TEWCCR S CTUL P PILIRYRGED

> NS2A
3410 3420 3430 3440 3450 3460 3470 3480 3490 3500
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ATGGGTGCTGGTACGGGATGGAAAT CAGACCATTGAAGGAGAAAGAAGAGAATTTGGTCAACTCCTITGGETCACAGCTGCGACATGGECAGGTCGACAACTT
G ¢ W Y G M E I RPUL K E KEEUNILV NS LV TAGHGUOQV DN F

3510 3520 3530 3540 3550 3560 3570 3580 3580 3600
TTCACTAGGAGTCTTGGGAATGGCATTGTTCCTGGAGGARATGCTTAGGACCCCGAGTAGGAACGAAACATGCAATACTACTAGTTGCAGTTTCTTITGTG
s L. & vL 6MAL F L EEMILRTW®RVYV GTI KU HATIILILWVAYVY S F V

3610 3620 3630 3640 3650 3660 3670 3680 3690 3700
ACATTGATCACAGGGAACATGTCCTTTAGAGACCTGGGAAGAGTGATGGT TATGGTAGGCGCCACTATGACGGATGACATAGGTATGGGCGTGACTTATC
T L I T ¢ N M S F R DL GR VM VMY A TMTGeD I GMGV T Y L

Additional NS2A-~66 Asp-to-Gly (nt-~3674 A-to-G mutation) in master and pre-master seeds

3710 3720 3730 3740 3750 3760 3770 3780 3730 3800
TTGCCCTACTAGCAGCCTTCARAAGTCAGACCAACTTTTGCAGCTGGACTACTCTTGAGAAAGCTGACCTCCAGGGAATTGATGATGACTACTATAGGAAT
AL L A A F KV RPTUPF&AAGILULILIRI KILTSIEKETILMMTTTI G I

Additional NS2A-99 K to R/K (mix) (nt-3773 A-to-G/A) mutation in master seed

3810 3820 3830 3840 3850 3860 3870 3880 3890 3900
TGTACTCCTCTCCCAGAGCACCATACCAGAGACCATTCTTGAGTTGACTGATGCGTTAGCCTTAGGCATGATGGTCCTCAAAATGGTGAGARAATATGGAA
vV L L. 8 ¢ 8 TTI P ETTI L EL TDAULA ATLZ GMMU VLI KMVYVURNME

3910 3920 3930 3940 3950 3960 3970 3980 39380 4000
AAGTATCAATTGGCAGTGACTATCATGGCTATCTTGTGCGTCCCARACGCAGTGATATTACAAAACGCATGGAAAGTGAGTTGCACAATATTGGCAGTGG
K ¥y ¢ L AV TTIMMAIILTCVYVPDNAV I L QN AWK VS CcCTTI L A VYV

4010 4020 4030 4040 4050 4060 4070 4080 4090 4100
TGETCCCTTTCCCCACTGTTCTTAACATCCTCACAGCAAAAAACAGATTGGATACCATTAGCATTGACGATCAAAGGTCTCAATCCAACAGCTATTTTTCT
$ v 8 P L F L T S S5 @ Q KTDWTI P L AL TTIKGILDNUP T ATIF L

D2 PDK-53 specific NS2A-181-Phe (wt D2 1668l: Leu, nt-4018-C)

> NS2B
4110 4120 4130 4140 4150 4160 4170 4180 4190 4200
AACAACCCTCTCAAGAACCAGCAAGAAAAGGAGCTGGCCATTAAATGAGGECTATCATGGCAGTCGGGATGETGAGCATTTTAGCCAGTTCTCTCCTAAAA
T T L 8 R T S K KR S WP LN EATIMA AV GG MV 8 I L A S8 8 L L K

4210 4220 4230 4240 4250 4260 4270 4280 4290 4300
AATGATATTCCCATGACAGGACCATTAGTGGCTGGAGGGCTCCTCACTETGTGCTACGTGCTCACTGGACGATCGGCCGATTTGGAACTGGAGAGAGCAG
N D I PMTGU?PULVAGGUL L TV CY VL TGRS AUDTILETLE R A A

4310 4320 4330 4340 4350 4360 4370 4380 4380 4400
CCGATGTCARATGGGAAGACCAGGCAGAGATATCAGGAAGCAGTCCAATCCTGTCAATAACAATATCAGAAGATGGTAGCATGTCGATAAAAAATGARGA
D v K W EDQAZEI S G s8 s P I L 8 I TTI S EDGIS M s I KN E E

4410 4420 4430 4440 4450 4460 4470 4480 4490 4500
GGAAGAACAAACACTGACCATACTCATTAGAACAGGATTGCTGGTGATCTCAGGACTTTTTCCTGTATCAATACCAATCACGGCAGCAGCATGGTACCTG
E E Q T LTI UL I RTTGUL LV I s G L F PV s I P I T A AU BAUWY L

> NS3
4510 4520 4530 4540 4550 4560 4570 4580 4590 4600
TGGGAAGTGAAGAAACAACGGGCCGGAGTATTGTGGCGATGTTCCTTCACCCCCACCCATGCGGAAAGGCTGAACTGGAAGATGGAGCCTATAGAATTAAGC
w E V X K ¢ R A GV L WDV P s P P P M G K A E L E D G A Y R I K Q

4610 4620 4630 4640 4650 4660 4670 4680 4690 4700
AARARAGGGATTCTTGGATATTCCCAGATCGGAGCCGGAGTTTACAAAGAAGGAACATTCCATACAATGTGGCATGTCACACGTGGCGCTGTTCTAATGCA
K ¢ I L 6 ¥ 8 g I G A GV Y KEGT TV FHTMWHV TZRGA AV L MH

4710 4720 4730 4740 4750 4760 4770 4780 4780 4800
TAAAGGAAAGAGGATTGAACCATCATGGGCGGACGTCAAGAAAGACCTAATATCATATGGAGGAGGCTGGAAGT TAGAAGGAGAATGGAAGGAAGGAGAA
K 6 K R I E P S W ADV K KXKDILTI S Y G G G W KL E G E W K E G E

4810 4820 4830 4840 4850 4860 4870 4880 4890 4900
GAAGTCCAGGTATTGGCACTGGAGCCTGGAAAAAATCCAAGAGCCCTCCAAACGAAACCTGETCTTTTCAAAACCAACGCCCGGAACAATAGGETGCTGTAT
EVQ VL AL E P G KNP RAV QT K P GGILF KTDNAGTTI G AV S

4910 4920 4930 4940 4950 4960 4970 4980 4990 5000
CTCTGGACTTTTCTCCTGGAACGTCAGGATCTCCAATTATCGACAAAAAAGGAAAAGT TGTGGGTCTT TATGGTAATGGTCGTTGTTACAAGGAGTGGAGC
L DF s P G T s 65 P I I DKIEKGI KUV YV 6L Y G NGV V TR 8 G A

5010 5020 5030 5040 5050 5060 5070 5080 5090 5100
ATATGTGAGTGCTATAGCCCAGACTGARAAAAGCATTGAAGACAACCCAGAGATCGAAGATGACATTTTCCGAAAGAGAAGACTGACCATCATGGACCTC
Yy v 8 A I A Q T E K 8 I E DN P E I E DD I F R KR RUL TTI MDD L
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5110 5120 5130 5140 5150 5160 5170 5180 5130 5200
CACCCAGGAGCGGEGAAAGACGAAGAGATACCTTCCGGCCATAGTCAGAGRAGCTATAAAACGGGGTTTGAGAACATTAATCTTGGCCCCCACTAGAGTTG
H P G A G KT KR YL P ATI V REATII KU RGULRTTULTIULAUZPTRV YV

5210 5220 5230 5240 5250 5260 5270 5280 5290 5300
TCGCAGCTGARATGGAGGAAGCCCTTAGAGGACTTCCAATAAGATACCAGACCCCAGCCATCAGAGCTEGYGCACACCGGECGGGAGATTGTGGACCTAAT
A A EMEEALIRGILPTI RY QTP ATIIRAVW¥UHTGRETIUVDTIL M

i
!
L4 PIK~52 NE2-3B0-Val attenuation loons (22 1€83%: Gla, nt-S53T70~4)

5310 5320 5330 5340 5350 5360 5370 5380 5390 5400
GTGTCATGCCACATTTACCATGAGGCTGCTATCACCAGTTAGAGTGCCAAACTACAACCTGATTATCATGGACGAAGCCCATTTCACAGATCCAGCAAGT
¢ H AT F¥ TMRULUL S P V RV PN Y N LI I M DEA AHT FTUDP A S

Additional nt-5391 C-to-T silent mutation in mater and pre-master seeds

5410 5420 5430 5440 5450 5460 5470 5480 5490 5500
ATAGCAGCTAGAGGATACATCTCAACTCGAGTGGAGATGGGTGAGGCAGCTGGGATTTTTATGACAGCCACTCCCCCGGGAAGCAGAGACCCATTTCCTC
I1 A AR G Y I 8 TRV EMGEA AWAGI FMTTATU®PUP GS RD P F P Q

5510 8520 5530 5540 5550 5560 5570 5580 5590 5600
AGAGCAATGCACCAATCATAGATGAAGAAAGAGAAATCCCTGAACGCTCGTGGAATTCCGGACATGAATGGGTCACGGATTTTAAAGGGAAGACTGTTTG
s N A p I I D EEUZ RETI P EUR S WN S G HUEWVYV TDVF K G K TV W

D2 PDK-53 specific silent mutation nt-5547-C (D2 16681: T)

5610 5620 5630 5640 5650 5660 5670 5680 5690 5700
GTTCGTTCCAAGTATAAAAGCAGGAAATGATATAGCAGCTTGCCTGAGGAARAATGCGAAAGAAAGTGATACAACTCAGTAGGAAGACCTTTGATTCTGAG
F v P 8 I K A G N D I A A CL RKDNGI KKV I QL 8 R KT F D 5 E

5710 5720 5730 5740 5750 5760 5770 5780 5790 5800
TATGTCAAGACTAGAACCAATGATTGGGACTTCGTGGTTACAACTGACATTTCAGAAATGGGTGCCAATTTCAAGGCTGAGAGGGTTATAGACCCCAGAC
Yy v X T R TND WD PF VvV TTTDI S EMGANU F K AEIZRV I D P R R

5810 5820 5830 5840 5850 5860 5870 5880 5890 5900
GCTGCATGAAACCAGTCATACTAACAGATGCTGAAGAGCGGETCATTCTCGCAGGACCTATGCCAGTGACCCACTCTAGTGCAGCACAAAGARGAGGGAG
¢ Mm K p V I L T DG EE RV I L AGZPMU®PVYV TH S8 8 A A QRR G R

5910 5920 5930 5940 5950 5960 5970 5980 5990 6000
AATAGGARGAAATCCAAAARATGAGAATGACCAGTACATATACATGGGGGAACCTCTGGARAATGATGAAGACTGTGCACACTGGAAAGARGCTARAATG
I G RN P KNEDNDIGQY I YM G EPULENDNUDET DTCA AHWI KEAI KM

6010 6020 6030 6040 6050 6060 6070 6080 6030 6100
CTCCTAGATAACATCAACACGCCAGAAGGAATCATTCCTAGCATGTTCGAACCAGAGCGTGAAAAGGTGGATGCCATTGATGGCGAATACCGCTTGAGAG
L L. D NI NTU®PEGTII P S MV F EPEZREI KV DATIDSGEYRILRG

6110 6120 6130 6140 6150 6160 6170 6180 6150 6200
GAGAAGCAAGGAAAACCTTTGTAGACTTAATGAGAAGAGGAGACCTACCAGTCTGGTTGGCCTACAGAGTGGCAGCTGAAGGCATCAACTACGCAGACAG
E A R K TPF VDL MRRGDUL PV WL AY RV A AEGTIUNUY A DR

6210 6220 6230 6240 6250 6260 6270 6280 6290 6300
AAGGTGGTGTTTTGATGGAGTCAAGAACAACCAAATCCTAGAAGAAAACGTGGAAGTTGAAATCTGGACAAAAGAAGGGGAAAGGAAGAAATTGAARCCC
R w ¢ F D GV K NN QI L E ENV EV E I WTKEGEURI KK KL K P

» NS4A
6310 6320 6330 6340 6350 6360 6370 6380 6390 6400
AGATGGTTGGATGCTAGGATCTATTCTGACCCACTGGCGCTAAAAGAATT TAAGGANTTTGCAGCCGEGARGAAAGTCTCTGACCCTGAACCTAATCACAG
R w L D A RI Y S D P L A L K E ¥ K EF A A GZRIK S L TIL N L I TE

6410 6420 6430 6440 6450 6460 6470 6480 6490 6500
ARATGGGTAGGCTCCCAACCTTCATGACTCAGAAGGTAAGAGACGCACTGGACAACTTAGCAGTGCTGCACACGGCTGAGGCAGGTGGAAGGGCGTACAA
M ¢ R L P T F M T Q K V R DAL DDNILAV L HTAUEWAGGUZR A YN

Additional NS4A-21 Ala-to-Val (nt-6437 C-to-T) mutation in mater and pre-master seeds
6510 6520 6530 6540 6550 6560 6570 6580 6590 6600
CCATGCTCTCAGTGAACTGCCGGAGACCCTGGAGACATTGCTTTTACTGACACTTCTGGCTACAGT CACGGGAGGGATCTTTTTATTCTTGATGAGCGCA
H AL 8 EL P ETIL ETLL L L TIL L ATV T G G I F L F L M S A
D2 PDK-53 specific NS4A-75-ARla (wt D2 1668l: Gly, nt~-6589-G)
6610 6620 6630 6640 6650 6660 6670 6680 6690 6700

AGGGGCATAGGGAAGATGACCCTGGGAATGTGCTGCATAATCACGGCTAGCATCCTCCTATGGTACGCACAAATACAGCCACACTGGATAGCAGCTTCAR
R ¢ I 6 K M TL GM CC I I TAS S I UL L WY A QI Q P H W I A A S I

6710 6720 6730 6740 6750 6760 6770 6780 6790 6800
TAATACTGGAGTTTTTTCTCATAGTTTTGCTTATTCCAGAACCTGAAAAACAGAGAACACCCCARGACARCCAACTGACCTACGTTGTCATAGCCATCCT
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I L E F F L I VvV L L I P E P E XK QR TP QDN QUL T Y V V I A I L

» NS4B
6810 6820 6830 6840 6850 6860 6870 6880 6830 6900
CACAGTGGETGGCCGCAACCATGGCAAACGAGATGGETTTCCTAGAAAAAACGAAGAAAGATCTCGGATTGEGGAAGCATTGCAACCCAGCAACCCGAGAGC
T vv A ATMAUDNEMGV FL E X T K KDL G L 68 I A TOQQGQ P E 8

6910 6920 6930 6940 6950 6960 6970 6980 6990 7000
AACATCCTGGACATAGATCTACGTCCTGCATCAGCATGGACGCTGTATGCCGTGGCCACAACATTTGTTACACCAATGTTGAGACATAGCATTGAAAATT
N I L DI DL R PA S AWT LY AV ATTPFV TPMILRUHESTIENS

7010 7020 7030 7040 7050 7060 7070 7080 7090 7100
CCTCAGTGAATGTGTCCCTAACAGCCATAGCCAACCAAGCCACAGTGTTAATGGGTCTCGGGAAAGGATGGCCATTGTCAAAGATGGACATCGGAGTTCC
s v NV 8 L TATI A N @QQATV L M GL G K GWPIL 8 KMUD I G V P

Additional nt-7026 T-to-C/T mix silent mutation in master and pre-master seeds

7110 7120 7130 7140 7150 7160 7170 7180 7190 7200
CCTTCTCGCCATTGGATGCTACTCACAAGTCAACCCCATAACTCTCACAGCAGCTCTTTTCTTATTGGTAGCACATTATGCCATCATAGGECCAGEACTC
L L. A I 6 C ¥ s Q VvV N P I TIL T AAULPF L L V A HY A I I G P G L

7210 7220 7230 7240 7250 7260 7270 7280 7280 7300
CAAGCAAAAGCAACCAGAGAAGCTCAGAAAAGAGCAGCGGCGGGCATCATGAAARACCCAACTGTCGATGGAATAACAGTGATTGACCTAGATCCAATAC
Q@ A K A TR E A Q K R A AAGGI M KNDNU®PTVDGGI TV I DULDUP I P

7310 7320 7330 7340 7350 7360 7370 7380 7390 7400
CTTATGATCCAAAGTTTGAARAAGCAGTTGGGACAAGTAATGCTCCTAGTCCTCTGCGTGACTCAAGTATTGATGATGAGGACTACATGGGCTCTGTGTGA
Yy b P K F E XK L6 ¢ VML L VL ¢CVTQV L MMU®RTTWATL C E

7410 7420 7430 7440 7450 7460 7470 7480 7490 7500
GGCTTTAACCTTAGCTACCGGGCCCATCTCCACATTGTGGGAAGGAAATCCAGGGAGGTTITTGGAACACTACCATTGCGETGTCAATGGCTARCATTTTT
A L T L AT GG P I 8 T L W EGNP GZRPF WNTTTTI AV S8 M A NTIVF

> NS5
7510 7520 7530 7540 7550 7560 7570 7580 7530 7600
AGAGGGAGTTACTTGGCCGEAGCTGEACTTCTCTTTTCTATTATGAAGAACACAARCCAACACAAGAAGGGGAACTGGCAACATAGCAGAGACGCTTGGAG
R 6 8 ¥y L AG A GL L F s I M K N TTTWNTRUZERGT G NI G E T L G E

7610 7620 7630 7640 7650 7660 7670 7680 7690 7700
AGRAATGGAAAAGCCGATTGAACGCATTGGGAAAAAGTGAATTCCAGATCTACAAGAAAAGTGGAATCCAGGAAGTGGATAGAACCTTAGCAAAAGARGG
K W K 8 R L N A L G K 8 E F @ I ¥ K K s G I Q EV DZRTTULAI K E G

7710 7720 7730 7740 7750 7760 7770 7780 7730 7800
CATTAARAGAGGAGAAACGGACCATCACGCTGTGTCGCGAGGCTCAGCAAAACTGAGATGGTTCGTTGAGAGAAACATGGTCACACCAGAAGGGARAGTA
I K R G ETDHHAVYV S R G S A KUILIRWUFV ERIDNMVYVTPE G K V

7810 7820 7830 7840 7850 7860 7870 7880 7880 7900
GTGGACCTCGETTGTGGCAGAGGAGGCTGGTCATACTATTGTGGAGGACTARAGAATGTAAGAGAAGTCAAAGGCCTAACAAAAGGAGGACCAGGACACG
v bL G CGRG GW S Y Y ¢C 666G L KNVEREVKGILTIZ K GG P G H E

7910 7920 7930 7940 7950 7960 7970 7980 7990 8000
AAGAACCCATCCCCATGTCAACATATGGGTGGAATCTAGTGCGTCTTCAAAGTGGAGTTGACGTTTTCTTCATCCCGCCAGAAAAGTGTGACACATTATT
E P I PM s T Y GG W N L V R L Q 8 GV DV F F I P P EI KCDT L L

8010 8020 8030 8040 8050 8060 8070 8080 8090 8100
GTGTGACATAGGGGAGTCATCACCAAATCCCACAGTGGAAGCAGGACGAACACTCAGAGTCCTTAACTTAGTAGAAAATTGGTTGAACAACAACACTCAA
¢ b1l 6 E S 8 P NP TV EA G RTULZ RV L NL V ENW®¥W L NNDNT Q

8110 8120 8130 8140 8150 8160 8170 8180 8190 8200
TTTTGCATAAAGGTTCTCAACCCATATATGCCCTCAGTCATAGAARAAAATCGGAAGCACTACAAAGGAAATATGGAGCGAGCCTTAGTGAGGAATCCACTCT
F ¢ I K vV L N P YMUPS8 VI EKMEA AILO QU RIEKYGGATILVYV U RDNUP L 8

8210 8220 8230 8240 8250 8260 8270 8280 8290 8300
CACGAAACTCCACACATGAGATGTACTGGGTATCCAATGCTTCCGGGAACATAGTGTCATCAGTGAACATGATTTCAAGGATGTTGATCAARCAGATTTAC
R N s TH EM Y WV S8 NA S GNTI VS SV NMTI S RMILTIDNUZRYFT

8310 8320 8330 8340 8350 8360 8370 8380 8330 8400
AATGAGATACAAGAAAGCCACTTACGAGCCGGATGTTGACCTCGGAAGCGGAACCCGTAACATCGGGATTGAAAGTGAGATACCAAACCTAGATATAATT
M R Y K K aT%Y E?PDVDILGS8S G TZRNTIGTIUESETIUPIDNIULUDTI I

8410 8420 8430 8440 8450 8460 8470 8480 8450 8500
GGGARAAGAATAGARARAATAAAGCAAGAGCATGAAACATCATGGCACTATGACCAAGACCACCCATACAAAACGTGGGCATACCATGGTAGCTATGAAR
¢ K R I E K I K Q EHE TS W HY D QDH?PY KTWAUY HG S Y E T

8510 8520 8530 8540 8550 8560 8570 8580 8590 8600

CAAAACAGACTGGATCAGCATCATCCATGGETCAACGGAGTGGTCAGGCTGCTGACAAAACCTTGGGACGTCGTCCCCATGETGACACAGATGGCAATGAC
K ¢ T 6 8 A 8 s M VN GV V R L L TKPWDVYV P MV TQMAMT
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8610 8620 8630 8640 8650 8660 8670 8680 8690 8700
AGACACGACTCCATTTGGACAACAGCGCGTTTTTAAAGAGAAAGTGGACACGAGAACCCAAGAACCGAAAGAAGGCACGAAGAAACTAATGAAAATAACA
D T T P F G Q Q RV ¥F K E K VvV DT RT @ E P K E GG T K KL MKTI T

8710 8720 8730 8740 8750 8760 8770 8780 8790 8800
GCAGAGTGGCTTTGGAARGAATTAGGGAAGARAAAGACACCCAGGATETGCACCAGAGAAGAATTCACAAGARAGGTGAGAAGCAATGCAGCCTTGGGGG
A E WL W K EL G K K K TUPURMTCTR®REETFT®RIEKYV R S N A AIUL G A

8810 8820 8830 8840 8850 8860 8870 8880 8890 8900
CCATATTCACTGATGAGAACAAGTGGAAGTCGECACGTGAGGCTGTTGARGATAGTAGGTTTTGCCGAGCTGGTTGACAAGGAAAGGAATCTCCATCTTGA
I F T D EDN K W K S A REAVYV ED SR VF W EULV D K EZRUNTILUHL E

8910 8920 8930 8940 8950 8960 8970 8980 8990 9000
AGGAAAGTGTGABACATGTGTGTACAACATGATGGGAAAAAGAGAGAAGAAGCTAGGGGAATTCGGCAAGGCAAAAGGCAGCAGAGCCATATGGTACATG
¢ K ¢ E T CV Y N MMOGI K®REI K KILUGEVFGIEKAI KGS RATIWUY M

9010 3020 9030 9040 9050 9060 9070 9080 2090 9100
TGGECTTGGAGCACGCTTCTTAGAGTTTGAAGCCCTAGGATTCTTAAATGAAGATCACTGGTTCTCCAGAGAGAACTCCCTCGAGTGGAGTGGAAGGAGAAG
W L G AR F L E F E AL G F L NEDUHWPF¥ 8 R EUDN S L 8 GV E G E G

9110 9120 9130 9140 9150 9160 9170 9180 9130 9200
GGCTGCACAAGCTAGGTTACATTCTAAGAGACGTGAGCAAGAAAGAGGGAGGAGCAATGTATGCCGATGACACCGCAGGATGGGATACAAGAATCACACT
L H K L 6 ¥ I L R DV s K KEGGGAMYADDTHSAGWDTU®RI TL

$210 9220 9230 9240 9250 9260 9270 9280 9290 9300
AGAAGACCTAAAAAATGAAGAAATGGTAACAAACCACATGGAAGGAGAACACAAGAAACTAGCCGAGGCCATTTTCAAACTAACGTACCAAAACAAGGETG
E DL K NEEMV TDNHMMETSGEUHI K KL AEA ATITFI KILTY QN K V

9310 9320 9330 9340 9350 9360 9370 9380 9390 9400
GTGCGTGTGCAAAGACCAACACCAAGAGGCACAGTAATGGACATCATATCGAGAAGAGACCAAAGAGGTAGTGGACAAGTTGGCACCTATGGACTCAATA
vV RV Q R P TP RGTUV MDTITI S8 RRDQRGS GGQV G T Y L N T

9410 9420 9430 9440 9450 9460 9470 9480 9490 9500
CTTTCACCAATATGGAAGCCCAACTAATCAGACAGATGCGAGGGAGAAGGAGTCTTTAAAAGCATTCAGCACCTAACAATCACAGAAGAAATCGCTGTGCA
F T N M EA QL I R Q MEGE GGV F K S$ I Q HL T I TEETIAYV Q

9510 9520 9530 9540 9550 9560 9570 9580 9590 9600
AAACTGGTTAGCAAGAGTGGGGCGCGAARAGGTTATCAAGAATGGCCATCAGTGGAGATGATTGTGTTGTGAAACCTTTAGATGACAGGTTCGCAAGCGCT
N W L A RV GR ER L 8 RMATI S GDDCV V K P L DDIZ RF A 8 A

9610 9620 9630 9640 9650 9660 9670 9680 96390 2700
TTAACAGCTCTARATGACATGGGARAGATTAGCGAAAGACATACAACAATGCGAACCTTCARGAGGATGGAATGATTGGACACAAGTGCCCTTCTGTTCAC
L T A L N DM G K I RKUDTIOQQWEP S8 R G WDNUDWTQV P F C S H

9710 9720 9730 9740 9750 9760 9770 9780 9790 9800
ACCATTTCCATGAGTTAATCATGARAGACGGTCGCGTACTCGTTGTTCCCTGTAGAAACCAAGATGAACTGATTGGCAGAGCCCGAATCTCCCAAGGAGC
H F HEL I M K D G RV L VYV P CURDNOQ@EDETLTIGIZRAIRTIISOQG A

Additional nt-9750 A-to-C silent mutation in master and pre-master seeds

9810 9820 9830 9840 92850 9860 9870 2880 9890 9900
AGGGTGGTCTTTGCGGGAGACGGCCTETTTGGGGAAGTCTTACGCCCAAATGTGGAGCTTGATGTACTTCCACAGACGCGACCTCAGGCTGGCGGCAAAT
G W s L R ETACUL G K S Y A Q M W S L M Y F HRIRDTILURTILAA AN

9910 9920 9930 9940 9950 9960 9970 3980 9990 10000
GCTATTTGCTCGGCAGTACCATCACATTGGGTTCCAACAAGTCGAACAACCTGGTCCATACATGCTARACATGAATGGATCGACAACGGAAGACATGCTGA
A I ¢ 8 AV P 8 HW VP TS RTTW S I HAKHEWMTTETDMMTLT

10010 10020 10030 10040 10050 10060 10070 10080 10080 10100
CAGTCTGGAACAGGGTGTGGATTCAAGAAAACCCATGGATGGAAGACAAAACT CCAGTGGAATCATGGGAGGAAATCCCATACTTGGGGAAARGAGARGA
vV WN RV W I Q ENP WMEWDI KTUPV E S W EETI P Y L G KR E D

10110 10120 10130 10140 10150 10160 10170 10180 10180 10200
CCAATGGTGCGGCTCATTGATTGGGTTAACAAGCAGGECCACCTGGGCAAAGAACATCCAAGCAGCAATAAATCARGT TAGATCCCTTATAGGCAATGAA
Q w ¢ 66 8 L I 6L TS R AT W AIKNTIOQAATINDIGQV RS L I G N E

> 3'-Noncoding Region
10210 10220 10230 10240 10250 10260 10270 10280 10290 10300
GAATACACAGATTACATGCCATCCATGAAAAGATTCAGAAGAGAAGAGGAAGAAGCAGGAGTTCTGTGGTAGARAGCAAAACTAACATGAAACAAGGCTA
E Yy T b Y vMm P 8 M K R F R R EEEEAGV L W *

10310 10320 10330 10340 10350 10360 10370 10380 10390 10400
GAAGTCAGGTCGGATTAAGCCATAGTACGGAAAAAACTATGCTACCTGTGAGCCCCGTCCAAGGACGTTAAAAGAAGTCAGGCCATCATAAATGCCATAG
72
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10410 10420 10430 10440 10450 10460 10470 10480 10490 10500
CTTGAGTAAACTATGCAGCCTGTAGCTCCACCTGAGAAGGTGTAAAAAATCCGGGAGGCCACAAACCATGGAAGCTGTACGCATGGCGTAGTGGACTAGC

10510 10520 10530 10540 10550 10560 10570 10580 10590 10600
GGTTAGAGGAGACCCCTCCCTTACAAATCGCAGCAACAATGGGGGCCCARGGCGAGATGAAGCTGTAGTCTCGCTGGAAGGACTAGAGGTTAGAGGAGAC

10610 10620 10630 10640 10650 10660 10670 10680 10680 10700
CCCCCCGAAACAAAAAACAGCATATTGACGCTGGGAAAGACCAGAGATCCTGCTGTCTCCTCAGCATCATTCCAGGCACAGAACGCCAGAAAATGGATG

10710 10720
GTGCTGTTGAATCAACAGGTTCT
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What is claimed:

1. A nucleic acid chimera comprising a first nucleotide sequence encoding
nonstructural proteins from a modified live, attenuated dengue-2 virus strain
PDK-53, and a second nucleotide sequence encoding at least one structural
protein from dengue-1, wherein the live, attenuated dengue-2 virus further
comprises at least one additional mutation that includes a mutation at nucleic
acid position 3823 wherein amino acid position 116 of NS2A gene is a leucine
instead of isoleucine.

2. The nucleic acid chimera of claim 1, wherein the live, attenuated dengue-2 virus
further includes a mutation at position 4407 wherein amino acid position 92 of
NS2B is aspartic acid instead of glutamic acid.

3. The nucleic acid chimera of claim 1, wherein the live, attenuated dengue-2 virus
further includes a mutation at position 7148 wherein amino acid position 108 of
NS4B is isoleucine instead of threonine.

4, The nucleic acid chimera of claim 1, wherein the live, attenuated dengue-2 virus
further includes a mutation in position 7311.

5. The nucleic acid chimera of claim 1, wherein the second nucleotide sequence
encodes the E protein from dengue-1 which further comprises a mutation at
position 2384 wherein amino acid position 483 of the E protein is alanine
instead of glycine.

6. A pharmaceutical composition comprising a nucleic acid chimera of according
to any one of claims 1-5, and a pharmaceutically acceptable excipient.

7. A pharmaceutical composition comprising a polypeptide encoded by a nucleic
acid chimera according to any one of claims 1-5, and a pharmaceutically
acceptable excipient,

3. A method for inducing an immune response in a subject comprising
administering a pharmaceutically acceptable amount of any of the compositions
of claims 6 and 7, wherein the composition induces an immune response to
dengue virus in the subject.

9. A vector encoding a nucleic acid sequence of any one of claims 1-5.

10. A nucleic acid sequence comprising a nucleic acid sequence encoding a

modified live, attenuated dengue-2 virus strain PDK-53, wherein the live,
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11.

12.

13.

14.

15.

16.

17.
18.

19.

attenuated dengue-2 virus further comprises at least one additional mutation that
includes a mutation at nucleic acid position 6481 wherein amino acid position
36 of NS4A gene is a proline instead of alanine.

The nucleic acid sequence of claim 10, wherein the live, attenuated dengue-2
virus further includes a mutation at position 7156 wherein amino acid position
111 of NS4B is phenylalanine instead of leucine .

The nucleic acid sequence of claim 10, wherein the live, attenuated dengue-2
virus further includes a mutation at position 8803 wherein amino acid position
412 of NS5 is valine instead of isoleucine .

The nucleic acid sequence of claim 1, wherein the live, attenuated dengue-2
virus further includes a mutation at position 592 wherein amino acid position 52
of prM is glutamic acid instead of lysine.

A pharmaceutical composition comprising a nucleic acid chimera of according
to any one of claims 10-13, and a pharmaceutically acceptable excipient.

A pharmaceutical composition comprising a polypeptide encoded by a nucleic
acid sequence according to any one of claims 10-13, and a pharmaceutically
acceptable excipient.

A method for inducing an immune response in a subject comprising
administering a pharmaceutically acceptable amount of any of the compositions
of claims 14 and 15, wherein the composition induces an immune response to
dengue virus in the subject.

A vector encoding a nucleic acid sequence of any one of claims 10-13.

A nucleic acid chimera comprising a first nucleotide sequence encoding
nonstructural proteins from a modified live, attenuated dengue-2 virus strain
PDK-53, and a second nucleotide sequence encoding at least one structural
protein from dengue-3, wherein the live, attenuated dengue-2 virus further
comprises at least one additional mutation that includes a mutation at nucleic
acid position 6436 wherein amino acid position 23 of N42A gene is asparagine
instead of aspartic acid.

The nucleic acid chimera of claim 16, wherein the live, attenuated dengue-2

virus further includes a mutation at position 7620.
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20.

21.

22.

23.

24,
25.

26.

27.

28.

29.

The nucleic acid chimera of claim 16, wherein the second nucleotide sequence
encodes the E protein from dengue-3 which further comprises a mutation at
position 1603 wherein amino acid position 223 of the E protein is serine instead
of threonine.

A pharmaceutical composition comprising a nucleic acid chimera of according
to any one of claims 18-20, and a pharmaceutically acceptable excipient.

A pharmaceutical composition comprising a polypeptide encoded by a nucleic
acid chimera according to any one of claims 18-20, and a pharmaceutically
acceptable excipient.

A method for inducing an immune response in a subject comprising
administering a pharmaceutically acceptable amount of any of the compositions
of claims 21 and 22, wherein the composition induces an immune response to
dengue virus in the subject.

A vector encoding a nucleic acid sequence of any one of claims 18-20.

A nucleic acid chimera comprising a first nucleotide sequence encoding
nonstructural proteins from a modified live, attenuated dengue-2 virus strain
PDK-53, and a second nucleotide sequence encoding at least one structural
protein from dengue-4, wherein the live, attenuated dengue-2 virus further
comprises at least one additional mutation that includes a mutation at nucleic
acid position 3674 wherein amino acid position 66 of NS2A gene is an glycine
instead of aspartic acid.

The nucleic acid chimera of claim 22, wherein the live, attenuated dengue-2
virus further includes a mutation at position 3773 wherein amino acid position
99 of NS2A is arginine instead of lysine .

The nucleic acid chimera of claim 22, wherein the live, attenuated dengue-2
virus further includes a mutation at position 5391.

The nucleic acid chimera of claim 22, wherein the live, attenuated dengue-2
virus further includes a mutation at position 6437 wherein amino acid position
21 of NS4A is valine instead of alanine.

The nucleic acid chimera of claim 22, wherein the live, attenuated dengue-2

virus further includes a mutation at position 7026.
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30.

3L

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

The nucleic acid chimera of claim 22, wherein the live, attenuated dengue-2
virus further includes a mutation at position 7538 wherein amino acid position
238 of NS4B is phenylalanine instead of serine.

The nucleic acid chimera of claim 22, wherein the live, attenuated dengue-2
virus further includes a mutation at position 9750.

The nucleic acid chimera of claim 22, wherein the live, attenuated dengue-2
virus further includes a mutation at position 225.

A pharmaceutical composition comprising a nucleic acid chimera of according
to any one of claims 25-32, and a pharmaceutically acceptable excipient.

A pharmaceutical composition comprising a polypeptide encoded by a nucleic
acid chimera according to any one of claims 25-32, and a pharmaceutically
acceptable excipient.

A method for inducing an immune response in a subject comprising
administering a pharmaceutically acceptable amount of any of the compositions
of claims 33 and 34, wherein the composition induces an immune response to
dengue virus in the subject.

A vector encoding a nucleic acid sequence of any one of claims 25-32.

A nucleic acid sequence comprising one or more nucleic acid sequences identified
by SEQ ID NOS. 1, 7, and 10.

The nucleic acid according to claim 33, wherein the nucleic acid chimera encodes a
polypeptide represented by SEQ ID NOS. 2, 3, 8,9, 11 or 12,

An immunogenic composition comprising one or more nucleic acid sequences of
claim 37 or polypeptides of claim 38, and a pharmaceutically acceptable carrier.
The composition of claim 39, further comprising a live, attenuated dengue-2 virus.
The composition of claim 40, wherein the live, attenuated dengue-2 virus is
represented by the nucleic acid sequence of SEQ ID NO.4 or the amino acid
sequence of one or more of SEQ ID NOS. 5 and 6.

The composition of claim 40, wherein the composition contains all four dengue
virus serotypes, a tetravalent composition.

The composition of claim 39, further comprising an immunogenic composition

for a flavivirus selected from the group consisting of yellow fever virus, tick-
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44,

45.

46.

47.

48.

49.

50.

5L

borne encephalitis virus, Japanese encephalitis virus, West Nile virus, hepatitis C
virus, and a combination of two or more thercof.

A kit comprising at least one nucleic acid sequence according to any of claims 1-
5, 10-13, 18-20 or 25-32; or at least one composition according to any of claims 6,
7,14, 15, 21, 22, 33 or 34 and a container.

A live, attenuated virus comprising one or more nucleic acid sequences according
to any of 1-5, 10-13, 18-20 or 25-32.

A nucleic acid sequence or polypeptide encoded by one or more nucleic acid
sequences comprising the nucleic acid sequences of Table 3.

A nucleic acid sequence or polypeptide encoded by one or more nucleic acid
sequences comprising one or more of DENVax-1-A, DENVax-2-F, DENVax-3-F,
and DENVax-4-F.

A composition comprising one or more nucleic acid sequences or polypeptides
encoded by the nucleic acid sequences of claim 47, and a pharmaceutically
acceptable carrier or excipient.

The composition of claim 48, further comprising a pharmaceutically acceptable
adjuvant,

A composition comprising one or more live attenuated viruses of claim 45, and a
pharmaceutically acceptable carrier.

The composition of claim 50, wherein the composition comprises a tetravalent
dengue virus composition capable of inducing an immune response in a subject

against all four dengue virus serotypes.
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