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VIRUS PURIFICATION

FIELD OF THE INVENTION

The disclosure relates to methods for the purification of viruses for use in vaccines.

BACKGROUND OF THE INVENTION

Regulatory agencies such as the World Health Organization establish standards and
guidelines for the production of pharmaceutical compositions administered to humans, such as
vaccines, that limit quantity and components of the compositions. Meeting these standards is
particularly challenging with regard to production of vaccines containing biclogical agents, such
as viruses, which must be propagated on cell substrates. Such vaccine preparations must be
sterile (i.2., free from independently replicating organisms) and may contain no more than 10
ng of host cell DNA per human dose, among other requirements. These standards are in place
in order to ensure safety of the composition for human administration, but may introduce
challenges in the development of processes used to produce such compaositions.

Protamine was originally isolated from the sperm of salmon and other species of fish
but is now produced primarily through recombinant biotechnology. It is a highly cationic
peptide that binds to negatively charged molecules such as nucleic acids to form a stable ion

pair. lts use in removing host cell nucleic acid is well document.

SUMMARY
During the course of routine virus purification, it was observed that addition of
protamine sulfate to a virus harvest produced on a cell substrate removed not only
contaminating DNA derived from host cells, as expected, but surprisingly also virtually
eliminated immature and otherwise non-infectious virus particles from the preparation. This
finding provides a streamlined, gentle, reproducible and broadly-applicable process for
obtaining highly-purified infectious virus particles for applications such as vaccine preparation;

furthermore, the process is not dependent on the charge of the virus particle.
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Distlosed herein are downstream processes for purifying virus particles from a crude
preparation. The downstream process can be applied to either a virus which has not adapted
for propagation on a particular cell substrate or for a partial / fully cell substrate adapted virus
particle.

Aspects of the invention provide processes for the purification of infectious virus
particles comprising the steps of (a) providing a crude harvest (a) comprising virus particles and
impurities, wherein the impurities are generated from growing said virus particles on a cell
substrate; (b} reducing impurities from the crude harvest (a) by precipitation with an agent
comprising a protamine salt, preferably a protamine sulphate, to obtain a virus preparation {b);
and further purifying the virus preparation (b) by method or methods selecting for size of the
virus particles, such as e.g. a sucrose density gradient centrifugation to obtain a virus

preparation (c) comprising the infectious virus particles.

In some embodiments, the concentration of protamine sulphate in step (b) is about 1 to
10 mg/mi, more preferably about 1 to 5 mg/ml, more preferably about 1 to 2 mg/ml. In one
embodiment, the concentration of protamine sulphate in step (b) is about 2 mg/mL. In one
embodiment, the concentration of protamine sulphate is 1.2 to 1.8 mg/ml, more preferably 1.4
to 1.6 mig/ml. In a preferred embodiment; the concentration of protamine sulphate in step (b}
is about 1.6 mg/ml or about 2 mg/ml.

In-some embodiments, the residual host cell DNA of the virus preparation (e) is less than
1 pg/ml, especially less than 900, 800, 700, 600, 500, 400, 300 or 200 ng/ml, preferably less
than 100 ng/mL. In a preferred embaodiment, the residual host cell DNA of the virus preparation
(€} is less than 10 ng/mL. In some embodiments, the residual host cell protein of the final virus
preparation {c) is less than 10 ug/mL, especially less than 9, 8 7, 6, 5, 4, 3 or 2 ug/mlL,
preferably less than 1 pg/mL. In a preferred embodiment, the residual host cell protein of the
virus preparation (c) is less than 100 ng/mL. In some embediments, the residual non-infectious
virus particles of the final virus preparation (c) is less than 10 pg/mL, especially less than 9, 8, 7,
6,5, 4, 3 or 2 ug/ml, preferably less than 1 ug/ml. In a preferred embodiment, the residual

non-infectious virus particles of the virus preparation {c} is less than 100 ng/mL.
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In some embodiments, the crude harvest {a) comprising the virus particles and
impurities is subjected to one or more pre-purification step(s) prior to step (b). In some
smbodiments, the one or more pre-purification stepls) comprises digesting host cell genomic
DNA in the crude harvest (a) comprising the virus particles and impurities by enzymatic
treatment. in some embodiments, the one or more pre-purification step(s) comprises filtration,
ultrafiltration, concentration, buffer exchange and/or diafiltration. In some embodiments, the
one or more pre-purification steps is filtration using a filter having a pore size equal to or less
than 1 pm. In some embodiments, the filter has a pore size equal to or lessthan 0.2 um. Ina
preferred embodiment, the filter has a pore size of 0.2 um. In some embodiments, the
concentration and/or ultra/diafiltration and/or buffer exchange is performed by tangential flow
filtration (TFF}. In some embodiments, ultra/diafiltration of the crude harvest (a) comprising the
virus particles and impurities is performed using a hollow fiber membrane having a cut-off of
equal to or less than 300 kDa. In a preferred embodiment, the hollow fiber membrane has a
cut-off of 100 kDa.

In some embodiments, the virus particle is a live virus, a chimeric virus, an attenuated
live virus, a modified live virus, or a recombinant live virus. In a further step, the virus particles
of the invention may by optionally inactivated. In some embodiments, the virus particle is an
attenuated form of the virus particle. For example, the virus may have reduced infectivity,
virulence, and/or replication in a host, as compared to a wild-type virus. In some
embodiments, the virus is a mutated or modified virus, for example the nucleic acid of the virus
may contain at least one mutation relative to the wild-type virus. In some embodiments, the
virus is a recombinant live virus, meaning a virus that is generated recombinantly and may
contain nucleic acid from different sources.

In some embodiments, the virus particle is a live virus, an attenuated live virus, a
modified live virus, ora recombinant live virus. In some embodiments, thevirus belongsto a
virus family selected from the group consisting of Paramyxoviridae, Orthomyxoviridae,
Flaviviridae, Filoviridae, Arenaviridag; Rhabdoviridae, and Coronaviridae. In some
embodiments, the virus belongs to a virus family selected from the group consisting of

Togaviridae (being live or inactivated], siich as alphaviruses, or Flaviviridae (being live or
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inactivated). In some embodiments, the virus is a virus of the family Flaviviridae, i.e. a
flavivirus. In other embodiments, thevirus is a Zilka virus or Yellow Fever virus. in preferred
embodiments, the virus is a Zika virus. In a most preferred embodiment, the Zika virus is a Zika

virus from the Asian lineage.

in seme embodiments, the relative reduction of impurity of the final virus preparation
relative to the liquid medium (a) comprising the virus particles and impurities is in a range from
60 to 95%. In some embodiments, the residual impurity of the final virus preparation is less
than 1%. We observed a decrease in the HCP peaks and the non-infectious aggregate peaks in
the HPLC:SEC or SDS-PAGE. An exact quantification is difficult but one can measure the density
of the SDS-PAGE bands and other methods.

In some embodiments, the filtration of step in {b){ii) of claim 1 is performed using a
filter having a pore size equal to or greater than 1 pm. In some embodiments, the filter has a
pore size equal to or greater than 0.2 um. In a preferred embodiment, the filter has a pore size

af 0.2 ym.

In some embodiments, the virus is propagated ina cell line selected from the group
consisting of an EB66 cell line, a Vero cell line, 8 Vero-aHis cell ling, a Helacell ling, a Hela-53
cellline, a2 293 cell line, a PC12 cell line, a CHO cell line, a 3T3 cell line, a PerC6 cell line, a MDSK
cellling, a chicken embryonic fibroblast cell line, a duck cell line, and a diploid avian cell line. In
some-embodiments, said cell lineis aduck cell line. Insome embodiments, said cell lineisa
diploid avian cell line. In some embodiments, said cell line is EB&6 cell line. Ina preferred

embodiment, said cell line is a Vero cell line.

Aspects of the invention provide a use of any of the processes described herein for
manufacturing a composition for immunization against a viral infection. Ina preferred
embodiment, the composition is a vaccine. In one embodiment, the compaosition or vaccine is
directed against Chikungunya virus. In one embuodiment, the composition or vaccine is directed
against a flavivirus,  In one embodiment, the composition or vaccine is directed against Yellow
Fever virus. In one embodiment, the composition or vaccine is directed against Zika virus such

as e.g. a Zika virus of the Asian lineage.
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Other aspects provide compositions comprising the virus particles obtainable by any of
the processes described herein for treating and/or preventing a viral infection. In one
embodiment, the viral infection is caused by Chikungunya virus. In one embodiment, the viral
infection is caused by a flavivirus. In one embodiment, the viral infection is caused by Yellow
Fever virus. In one embodiment, the viral infection is caused by Zika virus such as e.g. a Zika

virus of the Asian lineage.

In some embodiments, the attenuated form of ChikV is derived from the LR2006-0PY1
Chikv infectious clone {La Reunion isolate). In some embodiments, the attenuated form of
ChikV is the ASnsP3 mutant as described by Hallengard et al. {Novel Attenuated Chikungunya
Vaccine Candidates Elicit Protective Immunity in C57BL/6 mice (2014) Journal of Virology
88(5):2858-2866) or an immunogenic variant thereof. The immunogenic variant of the A5nsP3
ChikV mutant is herein defined as having at least 80% sequence identity to the nucleotide
sequence of the ASnsP3 mutant sequence, especially at least 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88% B9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or at least 99% sequence
identity.

In some embodiments, the Zika virus is derived from the Asizn lineage: In some
embodiments, the Zika virus is a Zika virus as described partially or fully in Sequence section of
this application, i.e. any of sequences SEQ ID Nos 2 to 69, in particular all partly or fully
described Zika viruses of the Asian lineages or an immunogenic variant thereof. The
immunogenic variants of the Zika virus or Zika virus of the Asian lineages are herein defined as
having at least 80% sequence identity to the nuclectide sequence of the sequences described in
any of sequences SEQ 1D Nos 2 to 69, especially at least 81%, 82%, 83%, 84%, 85%, 86%, 87%,
BB% 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or at least 99% sequence identity.

In some embodiments, the process of the inverstion results in an enrichment of
infectious virus particles from the crude harvest camprising infectious virus particles and non-
infectious virus particles and other virus products such that the enrichment of the infectious
virus particles is at least 50%, at least 60%, at least 70%, at least 80%, at least 30%, at least 95%,
oreferably at least 80%, especially 85% relative to the total virus particle content of the crude

harvest {a) comprising the virus particles and impurities.
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In some embodiments, the residual impurity of the final virus preparation with respect
to all impurities in the crude harvest is less than 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%,
preferably less than 5% as determined by SEC-HPLC [Size Exclusion Chromatography — HPLCL

In some embodiments, the filtration step of the virus preparation (b} after contact with
the solid-phase matrix is performed using a filter having a pore size equal to or greater than 1
wrne In some embodiments; the filter has a pore size ggual to or greater than 0.2 yum In 2
preferred embodiment, the filter has a pore size of about 0.2 um, such as 0.22 pym.

In some embodiments, the Zika virus, or Chikungunya virus is propagated in a cell line
selected from the group consisting of an EB66 cell line, a Vero cell line, a Vero-aHis cell line, a
Hela cell line, & Hela-53.cell ling, a 293 cell line, a PC12 cell ling, a CHO cell line, a 3T3¢cell line, a
PerCE cell line, a MDSK cell line, a chicken embryonic fibroblast cell line, a duck cell line, and a
diploid avian cell line. In some embodiments, said cell line is a duck cell line. In some
embodiments, said cell line is a diploid avian cell line. In some embodiments, said cell line is
EBB6 cell line. Ina preferred embodiment, said cell line is a Vero cell line.

Aspects of the invention provide a use of any of the processes described herein for
manufacturing a composition for immunization against a Zika wvirus, Yellow Fever, or
Chikungunya virus infection. In a preferred embodiment, the composition is a vaccine. In
preferred embodiments, the vaccine is administered to the subject once, twice or three or
more times. In a preferred embodiment, the vaccine is administered once or twice. In a
preferred embodiment, the vaccine is administered only once.

Other aspects provide compasitions comprising the viris particles.obtainable by any of

the processes described herein for treating and/or preventing a Chikungunya virus infection.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings are not intended to be drawn to scale. The Figures are
illustrative only and are not required for enablement of the disclosure. For purposes of clarity,

not every component may be labeled in every drawing. In the drawings:
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Figure 1 shows the process of flavivirus maturation in the host cell. Full maturation of
the particles requires proteolytic cleavage of the precursor membrane glycoprotein {privi) by
the host protease furin. Not all prM molecules are cleaved, resulting in the release of mature,
mosaic or immature-like conformations from the cells. Mosaic and immature forms are
generally not infectious—only mature virions are infective and have hemagglutinin (HA) /
TCID50 activity. {Figure adapted from Plevka, et al.,, Maturation of flaviviruses starts from one

or more icosahedrally independent nucleation centres, EMBO reports (2011) 12, 602-606}).

Figure 2 shows schematically the genome of the ChikV, including non-structural and
structural proteins {labeled “CHIKV"} as well as a schematic representation of the BES5nsP3
attenuated Chikungunya virus used to exemplify the purification process of the current
invention (labeled “B5nsP3”). The triangle indicates the approximate location of the deletion in

the nsP3 coding region. (Figure adapted from Hallengérd et al. 2014, supra.)

Figure 3 shows a flow-chart of an exemplary ChikV vaccine downstream purification
process from the crude harvest to formulation of the drug substance, a preferred embodiment

of the process of the invention.

Figure 4 shows the 214 nmy, 260 nm and 280 nm absorbance of the individual S6C
fractions of a representative purification run of the process of the invention (A); the SEC-HPLC
analysis of the final pooled fractions containing purified infectious ChikV virus particles (B); and
a silver-stained SDS-PAGE gel showing the protein content of the virus preparation following
different steps of the process of the invention {defined in the table below the figure) (C). The

SGC purified pool consisting of SGC fractions F7-F11 is shown in lane 12.

Figure 5 relates the SEC area {mAU¥min; right axis} and TCIDsp results {log TCID50/mL;
left axis) of ChikV production harvests before and after PS treatment. The grey portions of the
bars indicate large losses in SEC area following PS treatment, but no corresponding change in

the total number of infectious particles {indicated by black portions of the bars) (A); SEC profile

10
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of virus preparation before and after PS addition, showing a complete removal of large size
virus aggregates by PS treatment as well as a reduction in host cell proteins (HCP) and LMW

impurities [(B).

Figure 6 shows electron micrographs of ChikV harvest before and after PS treatment.

Figure 7 shows relative amounts of ChikV particles and other components by SEC-HPLC
analysis at the different steps of the process of the invention including, from top to bottom:
crude harvest {a); 10X concentrated harvest; diafiltrated harvest; PS treated material: CC700-

treated material and SGC purified pool.

Figure 8 shows a flow-chart of an exemplary Zika vaccine downstream purification
process from the erude harvest to formulation of the drug substance, a preferred embodiment

of the process of the invention.

Figure 9: Change in SEC profile of virus peak after PS addition showing a complete

removal of large size aggregates and LMW impurities,

Figure 10: PS treatment results in selective removal of Zika virus aggregates and Vero

HCPand LMW impurities (SEC-HPLC of 30x concentrated Zika Virus harvest day 5)

DETAILED DESCRIPTION OF THE INVENTION
Disclosed herein are processes for the purification of infectious virus particles, i.e,
mature, functional virus particles, e flavivirus particles {Yellow Fever, Zika Virus) and/or
alphavirus particles (Chikungunya virus). The processes disclosed are characterized by the
removal of undesired by-products of virus production on host.cells, such as non-infectious virus
particles and aggregated and immature virus by-products. The processes provided herein allow

the production of highly-purified virus preparations comprising mostly infectious virus particles.

11
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During the course of the invention, it was observed that protamine sulphate, added to remove
contaminating DNA during virus purification, resulted not only in removal of contaminating
DNA, but also in the loss of a high percentage of total virus particles present in the preparation.
Surprisingly, however, quantification of total infectious virus particles by TCID50 before and
after PS treatment revealed that the absolute number of infectious virus particles did not
change following this loss of total virus particles. This observation clearly shows that treatment
with PS can facilitate selective removal of non-infectious, aggregated and immature viral by-
products, leaving behind the infectious Chikungunya virus particles. Because by-products
produced during virus growth on host cells may have different {and undesirable) immunological
properties or other unwanted side-effects or safety issues, a simple and robust way to remove
these by-products is of high importance for the quality and safety of the final product.
Protamines are small arginine-rich nuclear proteins, present in high amounts in the
sperm of fish, which have an important role in DNA packaging during spermatogenesis.
Protamine sulfate (or “protamine” or "PS") can form a stable ion pair with heparin and is thus
commonly used during certain surgeries when the: anti-coagulation effect of heparin Is no
longer needed, In large doses, protamine sulfate administered alone can also have a weak
anticoagulant effect (“Protamine sulfate”. Wikipedia: The Free Encyclopedia. Wikimedia
Foundation, Inc. 30 Sep 2015 Web., 26 Nov 2015 <hitps:/;

Protamine sulfate>). Protamine Sulphate is additionally routinely used in biotechnology
applications such as DNA precipitation {(e.g., removal of host cell DNA from cell culture
processes), purification of DNA binding proteins and retroviral-mediated gene transfer.
Protamine is obtained from salmon sperm or produced recombinantly and is used as a
sulphate salt. The four major peptides, which constitute almost the entire nitrogen-containing
material in salmon protamine, have been fully characterized and found to be polypeptides of
30-32 amino acids in length, of which 21-22 residues are drginine. The average rolecular mass
is in the range of 4250 Da for the following sequence: PRRRRSSSRP VRRRRRPRVS RRRRRRGGRR
RR (SEQ 1D NO: 1). Herein, protamine is also referred to as protamine salt, or preferably

protamine sulphate.

12
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The present invention relates to the use of protamine sulphate (PS) in a process of
purification of a live virus, wherein the protamine sulphate facilitates the removal of impurities
from a crude virus harvest, including nen-infectious virus particles and aggregates. As seen in
Fig. 1, virus production in the host cell can result in the release of virus products which are not
mature, infectious particles, which can also be considered impurities according to the present
invention. As such, the present invention also relates to the enrichment of infectious virus
particles from a crude harvest containing a mix of virus particles and other viral praducts in
various stages of maturation.

The use of protamine sulphate can follow crude cell lysis ar any further step after cell
lysis wherein the virus particles are further enriched or concentrated and/or other impurities
are removed and/or buffer components are exchanged. The further steps may comprise
filtration or concentration of the crude cell lysate.

The protamine sulphate may comprise the sequence PRRRRSSSRP VRRRRRPRVS
RRRRRRGGRR RR (SEQ 1D NO: 1) or a variant thereof wherein the amino acid sequence
comprises from 28-35 amino acids, preferably 29-34, more preferably 30-33 amino aclds, most
preferably 31 or 32 amino acids. The protamine sulphate preferably comprises at least 19
arginine residues, more preferably at least 20 arginine residues, more preferably at least 21
arginine residues, even more preferably at least 22 residues, most preferably 20 or 21 argining
residues. Further, other protamine sulphate-like compounds or variants thereof may be used.
Therefore, the use of the term “protamineg salt” herein shall serve to encompass natural
variations on SEQ 1D NO: 1, preferably, but not limited to, the protamine sulphate forms.

The process comprising the use of protamine sulphate of the invention can be applied to
purification of any virus for use in pharmaceutical compasitions, for example, for a
pharmaceutical composition such as a vaccine where it is important that the virus is in its
infectious form. The virus to be purified may be any live virus, any live attenuated virus or any
live chimeric virus, preferably a live wild type virus such as a Zika virus of the Asian lineage. In
one embodiment, the virus particle is also be later inactivated. In a preferred embodiment, the

virus is inactivated with formaldehyde

10
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In a preferred embodiment, the produced Zika virus is derived from the Asian lineage
(which includes the strains found in South America and all strains derived from any Asian
lineagel. In some otherembodiments, the produced Zika virus is a Zika virus as described in the
Sequence section of this application (SEQ ID NO: 2 to 69},

In another preferred embodiment, the live attenuated Chikungunya virus is the
protective ChikV-ICRES1-A5n3P3 described by Hallengérd et al. (Novel Attenuated Chikungunya
Vacgine Candidates Elicit Protective Immunity in CS7BL/6 mice (2014) 1, Virolopy, 88[5):2858-2266).
Briefly, the ChikV genome carries a positive-sense single-stranded RNA genome of 11 Kb
containing two open reading frames encoding nonstructural proteins (nsP1 to nsP4) and
structural proteins (C, E3, E2, 6K, and E1), respectively (see Fig. 2, top construct). The
attenuated virus A5nsP3, based on the La Reunion ChikV strain LR2006-OPY1, was obtained by
the substitution of amino acid residues 1656 to 1717 of the P1234 polyprotein with a small
linker {aa sequence AYRAAAG) in the hypervariable region of the nsP3 protein (see Fig. 2,
hottom construct). The A5nsP3 ChikV mutant was shown to be infectious, highly immunogenic
and protective against challenge with wild type ChikV {Hallengérd, et al., supro and Hallengérd,
et ol, Prime-Boost Immunization Strategies against Chikungunya Virus (2014) 1. Virology,
88(22):13333-13343). In one embodiment, the live attenuated Chikungunya virus may be a
variant of the ChikV-ICRES1-A5nsP3 attenuated mutant virus.

A preferred embodiment of the process of the current invention is shown In Figure 3

(Chikungunya virus) and Figure 10 (Zika virus).

Table 1. Overview of process buffers and stock solutions

Buffer Composition Final pH Fmai;;;?ﬁt?ww
A 0.5 M NaOH i,
B 0.1 M NaOH 18,
C 25 MM Tris, 150 mM Natl 7.440.2 i6.5
o 1M Tris 74D f1..
E | 45M NaCl  na, n.a,
E 1 Natl o 1.8 ..
£ 1% 508 .. 1A,
| 50% {w/w) Sucrose o 25 mN Tris, 150 mM Natl TA20.9 1.8,
| 35 % {wyw) Sucrosein 25 mi Tris, 150 mivl Nall 7.4:02 1.8
4 15 %t/ Sucrose in 25 m Tris, 150 mM Natl 74202 r i

11
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K 10 % PBS 7.420.2 f.d,

L 50 mg/ml Protamine sulphate 74202 na.
Brug sulistance formulation buffer (10mM

M Tris{hydroxymethyil-aminomethan, 5 % Sucrose, 1% 7.440.2 1.3
{10 mig/mL) rH5A)

Table 2. Abbreviations

cCrag Capto™ Core 700
Chiky Chikungunya virus
EtOH Ethanol
EU Endotoxin units
Ds Drug Substance
pp Birug Product
Dsp Downstream Process
HEp Host cell protein
heDNA Host cell DNA
hipi Hours post Infection
HPLC High Pressure Liguid Chromatograghy
D - Inner diameter , -
LBS buffer Lithivm dodecyl sulfate sample loading biffer
MALLS Multiangle light scattering
mAU Millt absorbance units
PO Process devélopment
PRU Plague formingunits
SEC a Size exclusion chromatography
SGC Sucrose gradient centriflgation
5DS }r Sodium dodecyl sulphate
TBS Tris buffered saline
TFF Tangential flow filtration
- TCID50 Tissue culture infectious dose 50%
UF/DF Wtrafiltration/diafiltration
ref Relative centrifugal foree
rHSA Recombinanthuman serum albumin
SEQUENCES

The amino acid sequence of a typical form of protamine is provided by SEQID NO: 1:
PRRRRS5SRP VRRRRRPRVS RRRRRRGGRR RR.

Provided below are examples of nucleic acid sequences of the genomes of Zika viruses thatmay beused

inthe methods, compositions; and/orvactines described herein,

12
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KU321639.1 Zika virus strain ZikaSPH2015, Brazil, complete genome (SEQ ID'NG: 2)

GTTGT TACTETTGLTEACTCAGACTGCGACAGTTCGAGTTTGAAGLGAMAGLTAGCAACAGTATCAACAGGTTITTATTTIGGATT
TEGAARCGAGAGTTTCTGOTCATGAMARACCCAAARALGAAATCLOGAGGATTCCGGATTIGTCAATATGLTAAAACGCGGAG
TAGCCCGTETGAGCLCLTTTGGGEGLTTCAAGAGGCTGLCAGLLGGACTICTGLTGGETCATGLGLCCATCAGGATGGTCTIG
GCAATTCTAGCCTTTTTGAGATTCACGGCAATCAAGCCATEACTGGRTCTCATCAATAGATGRGETTCAGTEGGGANAANAGA
GGCTATGLAAATAATAAAGAAGTTCAAGAAAGATCTEGLTGCCATGLTGAGAATAATCAATGCTAGGAAGGAGAAGAABAG
ACGGEGLAECAGATACTAGTEICGGAATTETTGRCCTCCTGUIGACCACAGLTATGLLAGLGGAGE TLACTAGACGTEGEAGT
GLATACTATATG TACT TG G ACAGAAACGATE CTE GG AGEECATAT I TITCCARCCACATIC GGG ATE AN TAAG TE TIATAT
ACAGATCATGGATCTTGGACACATGTETGATGCCACCATGAGCTATGAATGCCCTATGUTGOATGAGGBGGTGGAACCAGAT
GACGTCGATTCTTIGGTGLAACACGALGTLAALTTGEGTTIGTGTACGEAACCTGCCATCACAAAAAAGLTGAAGCACGGAGAT
CTAGAAGAGCTGETGALGCTCCCCTCCCATTLCACTAGGAAGCTGLAAACG GG TLGCAAACLTEGTTCGAATCAAGAGAATAC
ACAAAGCACTTGATTAGAGTCGAARATTGGATATTICAGGAACCCTGOLTTCGCGTTAGEAGCAGCTGCCATCGLTTGELTTTTG
GEAAGLTCAACGAGLCAAAAAGTCATATACTTGGTLATGATACTEL TGATTGLCCCGGCATACAGCATCAGG TGCATAGGAGT
CAGCAATAGGEACTTI TG TGEAAGETATGTUAGETGEGACTTGEGTIGATATTIGTCTTEGAACATEGAGGTTGTGTCACTETA
ATGGCACAGGACARALCGACTGTCGACATAGAGLTGETTACAACAACAGTCAGLAACATGGLGGAGGTAAGATECTACTGLT
ATGAGGCATCARTATCAGACATGGCTTCGBACAGULECTGCLCAACACAAGGTGAAGLCTACCTIGALAAGLAATCAGALACT
CAATATGTCTGCAAMAGAACGTTAGTGEACAGAGGLTGGGEAAATGRATGTRGACTTITTTGGCAMAGEGAGTUTGGTGACAT
GUGCTAAGTITG CATGLTCCAAGAANATOACCGEGAAGAG CATCCAGCCAGAGANTUTGGAGTACCGGATAATGCTGTCAGT
TCATGGLTCCCAGCACAGTGGEATGATCGTTAATGACACAGGACATEGAAALTGATGAGAATAGAGCGAAGGTTGAGATAACE
CCCART TCACCAAGAGLUGAAGLLACLLTEELGOGTTITIGGAAGCCTAGGALTTGAT TG TOAACCOAGGACAGGCCTYGALTT
TTCAGATTIGTATTACTTGACTATGAATAACANGCALTGGTIGGTICACAAGGAGTGGTTCCACGACATTCCATTACCTTGGEAL
GUTGGEELAGACACCGOAACTCOACACTGGAACAACAAAGAAGLACTOGTAGAGTTCAAGGACGCALATGCCAAANGGCAA
ACTETCGTGRTTCTAGGGAGTCAAGAAGGAGCAGTTCACACGG LT TGCTGRAGCTCTCOAGGLTGAGATGGATGETGEAA
AGGGAAGGLTOTCCTCTOGCCACTTGARATGTCOCCTOAAAATGCATAAACTTAGATTGAAGGG LG TG TCATACTCCTIGTGT
ACCGCAGCGTTCACATTCALCAAGATCCCEGLTGAACACTELACG GBACAGTCACAGTGGAGETACAGTACGCAGGGACAG
ATGGACCTTGCAAGGTTLCAGLTCAGATGGCOGTGGACATEGCAMCTCTRACCLCAGTTOREAGETTGATAACCGCTAALCEL
GTAATCACTEAMAGOACTGAGAACTCTAAGATGATGU TG GAALTTGATCCACCATTTGGGEACTCTITACATTGTCATAGGAGTE
GGEGEAGAAGAAGATCACCCACCACTEGLACAGGAGTGECAGCACCATTEGAAAAGCATTTGAAGCCACTGTGAGAGGTGLL
AAGAGAATGGCAGTCTTGGGEAGACACAGLCTEGGACTTTGGATCAGTTGGAGGLGCTCTCAALTCATTGEGCAAGEGLATCC
ATCARATTTTTGGAGCAGLTTICAMATCATTGTTTIGGAGGAATGTLCTGGTTCTCACAAATTCTCATTGRANCGTIGCTEGATGTG
GITGEETCTGAACACAARGAATGGATCTATTTCCCTTATGTGLTTGGECTTAGGGGEAGTETTGATCTTCTTATCCACAGLCGET
CTCTGLTGATGTGEGETGLTLGETGEACTTCTCAAAGAAGGAGACGAGATOUGGTACAGGGEGTETTILGTCTATAACGALGTT
GAAGLCTGOAGEGACAGETACAAGTACCATCCTEACTCOCCLCGTAGATTGGLAGCAGCAGTCANGCAAGCCTEGBALGATE
GTATCTG UGG GATCTCOTC TR TTTCAAGARTG GAAAACATCATG TGO AGATCAGTAGAAGGEGAGCTCAACGUANTCCTGGAR
GAGAATEGAGTICAACTGACGETCOTTATEGGATCTETAAAMAACCCCATETEEAGAGGTCCACAGAGATTGLLLGTBLLTS
TEAACGAGCTGCCCEACGRLTEGAABGLTTEGEOEAMATCGCACTTCETCABAGCAGCAAMAGACAAATAACAGCTTITETCET
GEATGGTGACACACTGAAGGAATGLCCACTCAAACATAGAGE ATG BAACAGETTICT TG TEGAGGATCATEGGTTCGHGETA
TTTCACACTAGTGTCTGGUTCAAGETTAGAGAAGATTATTCATTAGAGTETGATCCAGLOGTIATIGGAACAGLCIGTTAAGGEA
AAGGAGGLTOTACACAGTGATCTAGGCTACTGLATTGAGAGTEAGAAGAATEACACATGGAGELTGAAGAGGGLLCATLTG
ATCGAGATGAAAACATG TG AATGG L ANAGTCCCACACATTGTEGACAGATOGAATAGAAGAGAGTOATCTGATCATALLE
AGTCTTTAGCTGOGCCACTCAGCCATCACAATALCAGAGAGGGUTACAGGACCCAAATEGAAAGHGCCATGGCACAGTGAAGA
GLTTGARATTICGGTTIGAGEAATELCCAGGLALTAAGGTCCALGTGEAGGANMCATGTGGAACAAGAGGACCATCTCTGAGA
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TCAACCACTGLAAGLGGAAGGGTOATCGAGGAATEE TELTECAGGGAGTGCACAATGCCCCCACTGTCGTICCGRGLTANAG
ATGGCTETTGETATEGAATGLAGATAAGGCCCAGGARAGAACCAGAAAGLAACTTAGTAAGGTCAATEGTGALTGLAGGATT
ARCTGATCACATGGATCACTTCTCCCTTEEAGTGUTTBTGATTCTGCTCATGGTGCAGGAAGE GCTGAAGAAGAGAATEACCA
CAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTT
GCAATTTTGATGGOTGCCACCTTCGCEGAAATEAACACTEEAGGAGATGTAGCTCATCTGGCGCTGATAGCGECATICAAAGT

CAGACCAGLGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACALCCOGTEAAAGCATGLTGCTGGECCTTOGLLTLTLTET

TITGCARACTGUGATCTCCGCLTTCOAAGGLGACCTGATEGTTLTCATCAATEGTTTTGCTITEGGCCTGOTTGGCAATACGAGT
GATGGTTGTICCALGCACTGATAACATCACCTTGGLAATCLTEG U TGCTCTGACACCALTEGCLCGGGGOACACTECTIGTGGE
CTOGAGAGCAGGCCTTECTALT TG CEGEGEGTTTATGCTCCTCTCTCTG ARG GG AAAAGECAGTETGAAGAAGAACTTACCA

TTTGTEATGGCCCTEEEACTAALCGETGTGAGGCTGETCGACCCOATCAACETGETEEGGCTGCTGTTGCTCACARGGAGTEE
CAAGLEGAGLTGELCLCCTAGLGAAGTACTCACAGLTGTTGGL T GATATGLGEATI GLCTGBAGGETTCGCCARGGLAGAT
ATAGAGATEGCTEGGECCATGRLCGCEETCEGTCTGCTARTTGT CAGT TACGTGETCTCAGGAAAGAGTETGGACATGTACA
TTGAAAGAGCAGETGACATCACATGGGAAANAGATGLGGANGTCACTGEANACAGTCLLCEEUTCEATCTGGLECTAGATGA
GAGTEGTGATTICTCCCTRGTEEAGGATEACGETCCCCCCATGABAGAGATCATACTCAAGETGGTCCTOATEACCATCTGTS
GCATGARCCEAATAG CCATACCETTTGUAG TG GAGCG TG TACGTATACGTEAABACTEGARAAAGEAG TEETGCTCTATS
GGATGTGLCTG L TCCCAAG G ARG TAAARAAGE G B GAB AL CAC A AT GABTG TACAGAGTAATEACTCETAGACTEETAGS
TTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATETGGCACGTCACAALAGGATCCGLGETGAGA
AGCEGTEAAGGGAGACTTGATCCATAC TG GEACATG TCAAGCAGGATCTEG TG TCATACTETGGTCCATGGAAGLTAGATG
CCELCTEGGACGGGIACAGCEAGGTGLAGLTCTTGGCCATECCCCCCEGAGAGAGAGCEAGGAACATECABACTCTIGECTE
GAATATTTAAGACAMAGEATEGEEACATIGBAGLEG TTGUGCTGGATTACCCAGUAGGAACTTCAGGATCTCCAATCLTAGA
CAAGTE GG GAGAGTGATAGGALT T TATGGLAATGE GG TCOTEAT AN AAATEGGAG TTATE TTAGTGLCATCACCCAAGGE
ACGAGGGAGGAAGAGACTLCTG TTGAGTGL T TLGAGECTTCGATGCTGAAGAAGAAGCAGCTAACTETCTTAGATTIGLATC
CTGGAGLTG GG AARALCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCCATARAMACAAGACTCCGTACTGTGATCTTAGET
CCAACCAGGGTTGTCGLTGLTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTCAATGTCAC
CCACTCTGGAACAGAARTCGTCGACTTAATG TG CUATGLCACCTTCACTTCACGTCTACTACAGCCANTEAGAGTCCCOAACTAT
ABTCTGTATATTATGEATGAGGCCCACTTCACAGATCCCTCARGTATAGCAGLAAGAGGATACATITCAACAAGGGTIGAGAT
GGECEAGGCGECTGCCATCT TCATEACCGCCALGLCACCAGGAACCEGTGACGLATTTCCGGACTCCAACTCACCAATTATGE
ACALCGAAGTEGANS TCLCAGAGAGAGL LT GRAG LT AGG LTI GATTGEETCACGGATTATICTG G AARAACAGTTTEETT
TETTCCAAGCETGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGG CTGGAASACGGGTCATACAGCTCAGCAGAAAG
ACTTTTGAGACAGAGTTCCAGARAACAANACATCAAGAGTOEGACTTTGTCOTGACAALTEACATITCAGAGATEGGLGLDAA
CTTTAAAGETGACCE TG TEATAGATTLAGGAGATG CC T AAAGEOGETCATALTTGATEGCEAGAGABTICATTCISGUTEGAL
CEATGUCTETCACALATGCEAG LG TR L CAGAGEAG GGG IGCATAG GLAGGAATCCCAACABALCTEGAGATGAGTATET
GTATEGAGETEEETECECAGAGATTGALGAAGACCATECACACTEECT TEAAGCAAGARTGETECTTGACARTATTTACCTEL
AAGATGGECT CATAGLCTCOCTETATCBACCTEAGGCUGACAAAGTAGCAGCCATTGAGGEAGAGTTCAAG CTTAGGACEGA
GEAAAG G AAGALCTTT G TEEAACT CATOARAAGAG B AGATCTICC TR TTTGGCTEGCCTATCAGSITECATCTGCLGEAATAA
CCTACACAGATAGAAGATEGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAGTETECCGGCAGAGGTGTGGAC
CAGACACGGAGAGAANAGAGTGCTCAAALEGAGGTGEATGGALGLCAGAGTT TG TTCAGATCATOCGECCCTEARGTEATTC
AAGGAGTTTGCCELTEEGANAAGAGEAGCELCTTTTGGAGTGATGOAAG CLCTGCEAACALTGCCAGGACACATGACAGAG
AGATTCCAGGAAGCCATTGACAACCTCECTGTRUTCATOLGEECAGAGACTEGAAGEAGECCTTACAAAGLLEIGGLGGMC
BTG UCGGAGACCCTAGAGACCATTATGC T T GGG G TGO TG G GARCAGTCTLELTGEEARTCTITITCG TCTTGATGAGE
AACAAGEGCATAGGEAAGATEGGCTTTEGAATEG TRACTETTGEGELCAGLECATEGCTCATETGGLTCTCOGABATTGAGE
CAGCCAGAAT TG AT TG T CCTCAT TG T TG AT TATTIG LT G G TEE TELTEATACCTGAGCCAGAMAAGCAAAGATETERCE

AGGACAACCAAATOGURATCATCATCATGETAGLAGTAGGTCTTCTGGEUTTGATTACCGLCAATGAACTCGGATEGTTGGAG

AGAACABAGAGTGACCTARGECATCTAATGGGARGGAGAGAGEAGGEEEEAACCATGEEATTICTUAATGGACATTGACETG
CEGCCAB LT CAGCTTE GG CCATCTATGCTGLCTTGACAACT TICATTACECCAGL LG TCLAACATGCAGTOACCACTTCATACA
ACARCTACTCCTTAATGGLGATGGCCACGCAAGCTGGAGTETTGTTTGGTATCGGCAMAGGBATGCCATICTACGCATEGEAD
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TTTGGAGTCCLGLTGCTAATGATAGG TTGCTALTCACAAT TAACGCCCCTGACCCTARTAGTGGECCATCATTTTGCTCGTGE0G
CACTACATGTACTTGATCCCAGG GUTGLAGECAGLAGLTGLGLG TGLTECCCAGAGAGAALGGCAGCTGGCATCATGAAGA
ACCCTGTTETGGATGGAATAGTGGTGACTGACATTGACACAATG ACAAT TGACCCCCAAG TEBAGANAANGATEGGACAGET
GLTACTCATGGCAGTAGLEGTCTLCAGCGLCATACTETCE CEGALLACLTEEGEETEGEEEHAGGCTGEGEILCTGATOACA
BECGCAALTTC AL TT TG T GGG ARG G TC T GAACAAG TAC TG G AACTCCTE TACAGLCACTTCACTE TG TALCATTTTTAGS
CEAAGTTACTTGGLTEGAGCTTCTC TARTCTACACAGTAACAAGAAACGCTGGCTTGATCANGAGACETGGEEETGGAACAG
GAGAGACCCTGGEAGAGAAATECAAGGLCCECTTEAACCAGATETCEGCCCTGEAGTTCTACTCCTACAAAAAGTCAGGEAT
CACCGAGGTGTGCAGAGAAGAGECCLGLCGLGLCCTCAAGGALGGTGTGECAACGGGAGGCLATGCTGTGTCLOGAGGAAG
TG ARG TEAGATE G TTEG TEGAGLGBEGATACCTGCAGLLCTATGBAAAGGTCATTGATCTTEEATETGGCAGAGGEEE
CTEGAGTTACTALGCOGCUACCATCCGUAAAG TTCAAGAAGTGAMAG GATACACARAAGGAGGCCCTEGETCATGAAGAACED
GTGTTGETGCARAGCTATEEETEEAACATAGTCCGTCI TAAGAGTGEGGTEGACGTCTTTCATATEGCGEETGAGCLGTGTG
ACKCETTECTG TaTEACATAGE TEAGTCATCATCTAGTCCTBAAG TG G AAGAAGCACGGACGCTCAGAGTCOTCTCCATEETS
GEGGATIGGUT T GAM AR AAGACCAGGAGLCT TG TATAAAG TG TTG TGO CATACACC AGCACTATCATG GAALCICTGGA
GEGACTECAGCGTAGG T ATE G GGEAGEACTGE T CAGAGTGLCACTCT LG LAACTC TACACATGAGATETACTGBRTCTCT
GEAGCGAAAAGCAACACCATAAANAGTGTGTCCACCACGAGCCAGLTCCTETTGG GGLGCATGGACGGGCCTAGGAGGCCA
GTGARATATEAGGAGGATETGAATLTCGECTCIGGLALGLGGGLTGTE G TAAGUTGLEUTGAAGCTCCCARCATEAAGATEA
TTGETAACCGCATTEARAGGATCCGCAGTEAGCACGUGGAMACGTGATICTTIGACGAGAACCACTEATATAGGACATGEGE
TIACCATGGANGCTATGAGGLCCECACACAAGGGTEAGEETCCTCTCTAATAAACGGGETTG TCAGGCTCCTE TCAAMATECT
GEGATGTEETEALTGEAG T CASGAATAGLCATGALCEACACCACACCO TATGGTCAGCAANGAGTTTICAAGGAMARGT
GGACACTAGGGTGCCAGATLCCCAAGAAGGTACTCETCAGG TTATGAGCATGETCTCTICCTGETTGTGGARAGAGCTAGED
BARCACAARCGGLCACGAGTCTGE T ACCARAGRAGAGTTCATCARCAAGETTCETAGCAATGCAGCATTAGGGGLAATATTIGA
AGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGAACGATCCAAGGTTCTEGGLTCTAGTGGACAAGGAAAGAGAGTA
CCACCTGAGAGGAGAGTGCCAGAGTTGTGTGTACAACATEATGGEAMAAAGAGALAAG AMACAAGGGEARTTTGGAALGEE
GGG CAGCCELGLCATCTGGTATATH TR GCTAGEGGETAGATTTCTAGAG TTCEAAGC T TIGGATTCTTGARCGABGATE
AT GEATE GG EAGAGAGAALTCAGGAGETEETG T TEAAGEGCTEEGATTACARAGACTOGGATATGTCETAGAAGAGATEA
BTCECATACCAGGAGGAMGGATGTATGCAGATEACACTECTEGLTEGGACACCCEUATCAGCAGGTTTGATCTGGAGAATEA
AGCTCTAATCACCAACCARATGGAG ARAGEGCACAGGGLCTTGGLATTGGCCATAATCAAGTACACATACCANAACANAGTE
GTAABGETCCTTAGACCAGLTGAABAAGGEARAACAGTTATGGACATTATTTCOAGACAAGALCAALGEEEGAGLGGACAR
GTTGTCACTTACGCT T TAACACATT TACCAACCTAG TGETGLAACTCATTCOGAATATG GAGGLTGAGGAAGTECTAGAGATG
CAAGALTTGTGGLTG LT GLOGAGETCAGAGAMAGTEACCAACTGETTGLAGAGEACGEATGGGATAGGCTCAMEBALTG
GOAGTCAGTEGAGATGATTGCGT TG TG AAG L AATTGATGATAGGTTTGCACATGCCCTCAGGTICTTGAATGATATGEGAAR
AGTTAGGAAGGACALACAAGAGTGGARACCCTCAACTEGATGGGACANCTGGGALGARGTTCCGTTTTGCTCCCACCALTTCA
ACAAGCTCCATCTCAAGGALGBGABG TCCATIGTEGTTLCCTECCECCACCAAGATOAALTGATTEGLCEBELCLELGTETCT
CCAGGGGLGEGATGEAGCATCCEGEAGACTECTTGCCTAGCANAATCATATGLGCARATG TG CAGCTCCTTTATTTCCACAG
AAGGEACCTLCGALTGAT GG CCANTGLLATTTIGT TCATC TG TG CCAGT TGALTGEETITCCAALTGGGAGAACTACCTGGTLAAT
CCATOGAAAG GGAGANT GG ATGALCAC TG AABACATGCTTGTE G TE TEGAACAGAGTGTGGATTCAGGAGARCGACTALAT
GEAAGACAAGACCLCAGTTACGAAATGGACAGALATICLCTATTTGLGAAAAAGGEAAGACTTETGGTGTGGATETCTCATA
GEGCACAGACCGCGCACCACCTEGGCTOAGAACATTAAARA CACAGTCAALATEGTOCGCAGGATCATAGG TGATEAAGAAA
AGTACATG GACTACCTATCCACCCANGTTCG LTACTIG GG TEAAG ARG E G TETACACC TS CAGTGETE TAAGCACCAATCTTA
ATGTTGTCAGGLCTGUTAGTCAGLEACAGLTTEGGGAAAGLIG TEUAGCOTG TEALCLCLLCAGGAGAAGLTGGGAAALTAA
GOCTATAGTCAGGLCOAGAACGCCATRGLACGHAAGAAGCCATECTECCTGTGAGLCCLTCAGAGGACACTGAGTCAANARA
CCCCACGCGUTTGGAGGCGCAGCATGGGAAAAGAAGGTGGCGALCTTCCCCACCOTTCAATCTGGGGCCTEAACTGGAGATE
AECTETGGATETCCAGAAGAGGBACTAGTGGTTAGAGGAGA
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KU497555.1 Zika virus isolate Brazil-ZKV2015, Brazil, complete genome (SEQID NO: 3)

CCAATCTGTGAATCAGACTGLOACAGTTCEAGTTIGAAGLGAAAGUTAGCAACAGTATCARCAGGTTTTATTTIGGATTTGGA
BACGAGAGTITCTGGTCATGAARALCCCAAAABAGAAATCCGGAGGATTCCGEATTGTCAATATGL TARAACGCGGAGTAGE
COBTOTEAGLCLLTTTGGEGOGLT TG AAGAG GLTGLEAGCLGGALTTCTGCTGGETCATGEGCCCATCAGGATEGTLTTGRLG
ATTCTAGCECTTTTTGAGATTCACGGLAATCAAGCCATLACTGEGTCTCATCAATAGATGGGGTTCAGTEBEGAARAAAGAGEL
TATGGAAATAATARAGAAGTTCARGARAGATCTGGLTGLCATGCTGAGAATAATCAATG CCAGGAAGOAGAAGANGAGALE
AGECGAGATACTAGTGTCEGAATCETTIGGCCTCCTGCIGACCACAGCTATEGLAGCEBAGETCALTAGACGTEGGAGTGEA
TACTATATGTACTIGEACAGABACGATGUTEGEGAGGECCATATETT TICCAACCACATTGOEGATGAATAAGTGTTATATALA
GATCATGGATCTTGGACACATGTGTGATGCCALCATGAGCTATGAATGLCLTATGLTGGATGAGGEEGTGRAACCAGATGAL
GTCGATTETTGGTGCAACACGACGTCAACTTGGGETTGTETACGGAACCTGCCATCACAAAAAAGGTGAAGCACGBAGATCTA
GAAGAGCTGTGACGCT CCUCTCLLATICCACTAGGALGCTGLARNCGCGGTCOLAAALCTGE TTGGAATCAAGAGAATALACA
AAGCACTTIGATTAGAGTCGAAAATTGGATATTCAGGAACCCTERUTTCGUETTAGCAGCAGCTELCATCGCTTGGLTTTIGGE
AAGCTCAACGAGCCAAAALGTCATATACTTGOTCATOATACTGUTGATTGELCCGGCATACAGCATCAGETGEATAGGAGTCA
GLAATAGGGACTTTETGGAAGGTATG TCAGG TCEGALTTGEGTTGATETIGTCITGGAACATEG GG GTTGTGTCACCOGTAAT
GLUACAGGACAAACLGALTGTCGACATAGAGLTGGTTACAACAACAGTCAGCANCATGGEGGAGEG TAAGATCCTACTGLTAT
GAGGLATCAATATCAGACATGGCTTCOGACAGLCGCTGUCCAACACAAGGTGAAGCLTACLTTGACAAGCAATCAGACACTCA
ATATETCTGUAAAAGAACGTTAGTGOACAGAGGLTCEEEAAATGEATETGBACTTITTCGCAARGGGAGCLTGETGACATGEL
GLTAAGTTTGCATGCTCCAAGAAAATOALCEGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGBATAATGCTGTCAGTTE
ATGGCTCCCAGCACAGTOEGATGATCETTAATGACACAGGACATGAMACTEATGAGAATAGAGLGAAGGTTGAGATAACGCC
CAATTCACCAAGAGLUGAAGECALCCTGGGGGEGTTITEGAAGCTTAGEACTIGATTICTEAALCGABGACAGGLLTIGACTTTT
CAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCALGACATTCCATTACCTTGGLALG
CTEGGECAGACACCGGAACTCCACACTGGAACAACARAGAKGCACTGGTAGAGTTCAAGGACGCACATEGUCAARAGGLARA
CTGTOGTGG T TCTAGGGACTCAAGAAGGAGCAGTTCACACGECCLTTBLTRGAGL TCTGGAGECTGAGATEGATGETGLAMA
GEEAAGGLTETOCTOIGGLCACTIGAAATETCGLLTGAALATGGATAMACTTAGATTGAAGGGCGTGTCATACTCCTTGTGTA
COGCAGUGTTCACATTCACCARGATECLOGLTGAMEALTGCALGGGACAGTLACAGTGEAGGTACAGTACGCAGGGACAGA
TCGACCTTGLAAGGTTCCAGCTCAGATGGLOGTGCACATCUARALTCTCACCCCAGTTOGGAGE TTOATAACCECTALLCELE
TAATCACTGARAGCACTEAGAACTCTAAGATEATGCTGGAACTTOATCCACCATTTEGGGACTCTTACATIGTCATAGGAGTLEG
GEGABAAGARGATCACCCACCACT GECACAGGAGTGGLAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGETECCA
AGAGAATGECAGTUTTGGGAGACACAGCCTGEGACTTTGGATCAGTTGGACGLGCTCTCAACTCATTGGECAAGGGCATCCA
T AAATTT I TG OAGLAGL T TTCARATCATIGTTT G GAGEARTETCLTGETTCTCACAAATTCTLATIGEAALGTTCLTEATG TGS
TTGERTCTGAACACAAAGRATGEATCTATTTCCCTTATETGCT TG CCTTAGE GGGAGTGTTGATCTTCTTATCCACAGLEGTC
TCTGCTGATGTGGEGTECTCEETGOACTTCTCAAAGAAGGAGACCAGATETGGTACAGGGGTGTTCETCTATAALGACETTE
AAGLCTGGAGGEALAGETACAAGTACCATCCTGACTCTCCCLGTAGATTGGLAGCAGCAGTCAAGCAAGECTGGGAAGATEG
TATCTGCEGGATCTCCTETGTTTCAAG AATGEAARACATCATG TG GAGATCAGTAGAAGGEGAGCTTAACGCAATCCTGGAAG
AGRATGGAGTTCAACTGALGG TCETTETEEGATCTE TAAARMAACLECATGTGGAGAL GTLCACAGAGATTGLCOGTGLETGT
GAACGAGCTGCCCCACGGUTELAAGGLTTGOGEGAAATCGTACTTCGTCAGAGCAGLAAAGACAAATAACAGCTTIGTCETG
GATGGTGACACACTGAAGGAATGLCCACTOAAACATAGAGLATGEAMCAGCTT TCTTGTEGAGGATCATGGETICGGGLTAT
TTCACACTAGTE T TGGLTCAAGETTAGAGAAGATTATTCATTAGAGTGTGATCCAGCCE TTATIGGAACAGCTGITAAGGGA
AAGGAGGLTGTACACAGTGATCTAGGLTACTGGATIGAGAGTGAGALGAATGACACATOOAGGCTOAAGAGGGCCCATCTR
ATCGAGATCARMALATETGANTGGCCARAGTCECAC ACATIGTGGACAGATGOAATAGAAGAGAGTGATCTGATCATACCCA
AGTCTTTAGCTGGELCACTCAGCCATCACAATALCAGAGAGGGCTACAGGACCCAAATGARAGGLLCATGE CATAGTGAAGA
GLTTGARATICEGTTIGAGGAATGCCCAGGLACTAAGGTCCALETGEAGGAMACATG TGEAACAAGAGEACCATETCIGAGA
TCAACCACTGCAAGLGBAAGERTGATCGAGGAATEGTGCTGIAGEGAGTGLACAATGCCCCCACTGTLEITLCGGLLTABAG
ATGECTGTTGOTATOGAATGEAGATARGGCLUAGEAMAGARCCAGAALAGLAACTTIAGTAAGETCARTGETGALT GCAGGATC
AACTGATCACATGBATCALTILTCCCTTRGAGTGUT TGTGATTCTGCTCATG G TELAG GAAGGGLTGCAAGAAGAGAATGACTA
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CAARGATCATCATANGCACATCAATGGUAG TECTGGTAGCTATGATCCTG GGABGATT TTCAATGAGTGACCTGGETAAGLTT
GCAATTTIGATGGGTGCCACCTTCEEGGAAATGAACALTGGAGGAGATETAGCTEATCTG G CECTGATAGCGGUATICARAGT
CAGACCAGCGTTGLTGG TATCTTICATCTTCAGAGLTAATTGGACACCCCGTEAAAGCATELTGCTEECCTTGGECTCGTETTT
TG CAAACTECGATC TG LTI GAAGGLGACCTGAT BETICTCAT CARTE G TTTTGCTTIGGECTEGTTGGCARTACGAGT
GATGETTETTECACGLACTEACAACATCACCTTG BLAATCCTGECTELTC TGACACCACTEGCCOGGEGCACACTGCTTATGGE
GTGGAGAGCAGGLCTTEL TACTTGCGEGGGETTTATGLTCCTCTCTCIGAAGGGAAAAGGCAGTETEAAGARGAACTTACCA
TTTGTCATGGECCTEGGACTAACCEL TG TG ARG TEGTCGACCECATCAACE TG G TGEEALTGCTGTTGUTCACAAGBAGTGE
GAAGCGEAGETEGLCCCCTAGCGAAGTACTCACAGCTG TG BUCTGATATGLGLATTOEL TG AGEGTTCGCCAMGECAGAT
ATAGAGATGELTGEGCCCATGGECGTGGTCGETLTGCTAATIGTCAGTTACGTGGTCTCAGGAAAGAGTETGGACATETACA
TTEAANGAGCAGGTGACATUALATGGGARAAAGATG GG AAGTCACTGGAMACAGTCCLLGGLTCOATG TEGLGLTAGATGA
GAGTGEETEACTTCTCCE TG THGAGGATGACEETCLLCCCATEAGAGAGATCATACTCAAGE TEGETCCTRATGACCATCTGTE
GLATGAACCCAATAGLCATACCETTTGCAGLTGGAGCETEGTACGTATACGTEAAGAL TG G ANAAAGGAGTGETGETCTATS
GEATGTGLUTGCTCCCAABGAAGTAAAAAAG BB B GAGACCAT AGATGGAGTGTACAGAGTAATGACTOGTAGACTELTAGG
TTCAACACANGTTGGAGTGEGAGTTATGCAAGAGGGGETCTTTICACACTATG TGGCACGTCACAAMAG GATCCGCGETGAGH
AGCHGTGAAGEGAGACTTGATCCATALTGGEEAGATETCARGCAGEATCIGG TG TCATACTGTGETCCATGGAAGLTAGATG
COGCTGEGACGEECACAGLGAGETRLAGLTCTTGGLCETGCLCLCCGGAGAGAGAGLGAGGAALATCCAGACTCTGLLLG
GAATATTTAAGACAAAGGATGGEEACATTGGAGCEGTTRLECTEGATTACCCAGTCAGGAACTTCAGGATCTCCAATCCTAGA
CAAG TG TG G GAGAGTGATAGGACTTTAT G CAATEG GO TCETGATARMAMTGEGAGTTATGTTAGTGCCATCACCEARGEE
AGGAGEGAGGAAGAGACTCL TG TTGAGTGCTTCGAG LTI CEATGCTGAAGAAGAAGCAGCTAACTGTCT TAGACTTGCATE
CTGRABCTGGEEARAACCAGGAGAGTTCITCCTGAAATAGTLCG TG AAGLCATAMANALAAGALTCCETACTGTBATETTAGLT
COAACCAGGETTETCGCTGLTGAAATGGAGGAAGCCCTTAGAGGGLTTCCAGTGUGTTATATGACANCAGCAGTCAATGTCAC
AT TGO GAACAGARA TG T B ACTTAA TG TGLCATGCLACCI TLALT TCALGTCTACTACAGCCAATCAGAGTCLOCALCTAT
AATCTETATAT TATGOATGAGG COCACTTCACAGATCCCTCAAGCATAGUAGCAAGAGGATACATTTCAACAAGGG TTGAGAT
GGEGLGAGGLGECTRLCATCTTCATGACCGCCATGULALCAGGAALCCOTEACGCATTTCCGGACTCCANCTCACCARTIATGE
ACACCGAAGTEGAAGTLCCAGAGAGAGTLTEGAGLTCAGGLTTTGAT GGG TGACGGATCATTCTGGAMAAACAGTTIGETT
TGTTCCAAGCGTGAGGAACGGCAATGAGATCGLAGCTTG TCTGACAAAGGLTGGAARACGGGTCATACAGLTCAGCAGAAAG
ACTTTTGAGACAGAGTTCCAGAAAACARAACATCAAGAGTEE AL TI TG TCETEACAACTGACATTTCAGAGATGGHELGLEAA
CTTTAAAGCTEACCGTETCATAGATTICAGGAGATGCUTARAGCOEGTLATACTTGAT GELGAGAGAGTCATICTGGCTGRAL
COATECCTGTCACACATGCCAG CECTGLLCAGAGEAGGGGEIGLATAGGCAGGAATCCCAACALACCTGGAGATGAGTACCT
GTATGGAGGTGGETGLGUAGAGACTEATGAAGACCATECACACTEACTTGAAGCANGAATGCTCCTTGACAATATTTACCTCE
BAGATGGCCTCATAGLCTCGUTCIATCGACCTGAGGLLGACAAAGTAGCAGCCAT TEAGGGAGAGTTCAAGCTTARGACGGA
GLALAGGAAGACCTTTGTGGAACTCATGAARAGAGGAGATCTTCLTETITEEUTGELLTATCAGGTTGLATCTGLCGGAATAR
CCTACACAGATAGAAGATGGTGCTTTEATEGCACGACCAACAACACCATAATGGAAGACAGTETGCCGGCAGAGGTETEGAC
CAGLCACGGAGAGARANGAGTG CTCARACCGAGGTGEATGEALGLCAGAGTTIGTTCAGATCATECEGCLLTGAAGTEATTC
ANGBAGTTTGCCECTEEGAMAAGAGBAGCEETTITEEAGTEATEBAAGLCCTEEGAACALTOLCAGGATACATGACAGAR
AGATTCCAGGAAGCCATTEACAACCTEGE TG TGETCATECGEELAGAGACTE ARG CABGCETTACARAGEEGLGELGGELT
ANTTGLCEGAGACCCTAGAGACCATTATGL TG GGG TIGCTGGGAACACTCTEGUTGGEAATCTTTITCGTCTTBATEAGE
AACAAGGGCATAGGGAAGATEEECTTTGGAATEGTEACTCITGGGGLCAGCGCATGGCTCATGTGGLTCTCGGAMATIGAGE

CAGCCAGAATTGCATG TG T T CATTG T TG TG TTCCTATTGCTGGTGG TG CTCATACCTGAGCCAGAARAGLAAAGATCTCCLT

AGGACARCCAAATEGLAATCATCATCATGGTAGCAGTAGGTCTTCTOGGLTTGATTACCGLCAATGAACTCGBATGRTTGGAG
AGAACARAGAGTGALCTAAGCCATCTAATG G GAAGGAGAGAGGAGGGEGEAACCATAGGATTETCAATGGACATTGALCTE

CGGLCAGCCTCAGCTTGGGLCATCTATGLTGCCTTGACANCTTTCATTACCCCAGCCETCCAACATECAGTEACCACTTCATACA
ACAACTACTCCTTAATGGECEATEGLCACGLAAGCTGGAGTG TTGTTTGLTATGEGLAALGEEATGCCATTCTACGCATEGGALT
T TEGAGTCCCEUTOUTAATGATAGE TTGCTACTCACAAT TAACACLCCTRACLCT AMATAGTGGLCATCATTTTGLTUGTERLGE
ACTACATETACTIGATCCOAGGGETGLAGGLAGCAGCTGLGLGTGLIGLCCACARGAGAACGRTAGCTGEUATEATEAAGAN
CCCTETTGTEEATCGANTAGTGGTGACTGACATIGACACAATOACAATIGACCCCCAAGTOGAGARAALGATGGGACAGGTS
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CTACTEATAGCAGTAGLLGTCTCCAGCGLCATACTGTCACGGACTGCLTGEAGETAGEEEEAGGCTEEEGCCCTEATCACAG
COGLAACTICCACTTTIG TG AAGG LT CTUCGAACAAGTACTGEANCTCCTCTACAGCEACTTCACTGTGTAACATITTITAGGE
GALGTTACTTGGETGGAGCTTCTCTAATCTACACAGTAACAAGARACGCTGELTTGETCAAGAGALGTG GGG ETRGAACAGE
AGAGACCCTGGEAGAGAATEGAAGGCCCRLTTGAACCAGATETLGBLCCTGGEAGTICTALTCLTALAAMAAGTCAGGLATE
ACCGAGRGTGTECAGAGAAGAGGLOCGLOBCECCCTCAAGLALGETGTGGCAACGGEAGGCIATCUTRTGTCCCGAGGAAGT
GCAANGCTGAGATEGTTGETGEAGLGGGEATACCTIGUAGLICTATGGAAAGLTCATIGATCTTGGATGTGGLAGAGRGEEE
TGGAGTTACTACGCLECEACCATCCGLANAG TTCAAGAAGTEGAAAGEATACACANAAG GAGGECCTEETCATEANGAACLEG
TGTTGETGEAAAGLTATGGGTGEAACATAGTCCGTCTTAAGAGTGEEGTGEACGTCTTTCATATGGCEBLTCAGECGTETGA
CALG TGO TE I GACATAGE TGAGTCATCATCTAG TCCTGAAG TOGAAGALBLACE GALGCTCAGAGTCLTCTCCATGETEE
GGGATIGGLTTGAAMAANGACCAGEAGLCTTTIGCATAAAAGTGTIGTGUCCATACALCAGCACTATGATGBAAACCCTGEAS
COACTEUAGLGTAGETATGGGEGAGGACTGLTLAGAGTGCLACTCTLLLGLAALTCTACACATGAGATG TACTGRETCTICTG
GAGCGAMAAGCAACACCATAARAAGTETGTCCACCACGAGECAGCTCCTCTTG GGG CECATRGACGGGCCTAGGAGELCAGT
GAAATATGAGGAGGATGTGAATCTCGGCTCTIGECACGLGGGLTGTGETAAGCTS CECTGAAGLTCCCAACATGAAGATCATT
GETAANCCGUATTGALMAGGATCCGLAGTEAGCACGUGGAAALGTEGTTCTTIGALGAALACCACCCATATAGGACATGGELTT
ACCATGGAAGLTATGTGGCCCCCACACAAGGGTCAGCGTCCTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCARAACCCTGE
GATETGGTGALTEGAGTCACAGGARTAGCCATGACCEACACCACALCETATGGTCAGCARAGASTTTTCAAGGALAAAGTGE
ACACTAGGGTGCCAGACCCCEAAGAAGGCALTCGTCAGGTTATGAGCATGRTCTCTTCLTGGTTGTGCAANGAGCTAGGLAA
ACACARACGACCACGAGTUTGTACCARAGAAGAG TTCATCAACAAGETTCGTAGUAATGCAGCATTAGGGGLAATATITGAAG
AGGAAAAAGAGTGEAAGACTECAGTGGAAGCTETGAACBATCCAAGGTTCTGGGLTCTAGTGGACAAGGABAGABAGCALC
ACCTEAGAGGAGAGTELCAGAGTTCTGTGTACAACATGATGGE GAAAAAGAGALAAGARACAAGEGGAATTIGGAAMGGLCA
AGGGTAGLCGCGCCATCTRETATATGTGGCTAGG GRCTAGATITCTAGAGTTCGAAGCECTTGGATTCTIGAACGAGEATCAC
TEGATGEGEGAGAGAGANCTCAGEAGGETEGTGTTGAAGEGUTGGGATTACAMGACTCGGATATGTLCTAGAAGAGATEAGT
CGCATALCAGGAGGAAGEATGTATGCAGATBACACTECTEECTGGGATACLLGCATCAGCAGGTTTGATCTEGAGAATG ARG
CTCTAATCACCAACCAANTGGAGABAGGGCATAGE G CCTTEGCATTGGCCATAATCAAGTACACATACCARNACALAGTGETA
KAGGTCCTTAGACCAGCTGAAAAAG GEAAAATAGTTATCGACATTATT TLGAGACAAGALCAMGGGEEAGLGGATARGTT
GTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTELAACTCATTCGGAATATGGAGGCTEAGGAAGTTCTAGAGATGOAA
GACTTETGGLTGUTGCGEAGGTOAGAGAAAGTGACCAACTGGTTGCAGAGCAACGGATEEGATAGGLTCAMACGAATEGEA
GTCAGTGGAGATGATTGCE TG TGAAGCCAATT GATGATAGS TTTGLACATECCUTCAGGTTCTTOAATOATATEGLAAAAGT
TAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGANGTTCCGTTTTGCTCCCACCACTTCAALA
AGCTCCATCTCAAGGACGEGAGGTCCATTGTGETTCECTGOLGLCACCAAGATGALCTGATTGGCCGGEECCELGTCTLTCON
GEEGELGEEATEGAGCATIIGEGAGACTEOTTGCCTAGCANAATCATATGEGLAAATETGGCAGCTCCTTTATTTCCACAGAR
EEGACCTCCGALTGATEGLCAATECCATTTS TTCATCTG TGLCAGTIGACTGEE TTCCAACTE G GAGAALTACCTEGTCAATCL
ATGGAANGGEAGAANTGEATEACCACTGARGACATELTTGTEGTETEGAACAGAGTG TEGATIGAGRAGAACGACCACATES
AAGACAAGACCCCAGTTACGAAATGGACAGAEATTCCCTATTTGE GAAAAAG GG AAGACTTGTGETGTGGATCTCTCATAGE
GCACAGACCE O CACCACCTGEGLT CAGAALATTANARATACAGTCAACATGETGLGCAGGATUATAGGTEATEAAGANAAG
TACATGGACTACCTATCCACCCAAGTTCGCTACTTGEETCAAGAAGGGTCTACACCTGGAGTELTGTEAGCACCAATCTTAATG
TIGTCAGGLLTG CTAGTCAGLCACAGCTTGGGBAAAGL TG TGLAGLL TG TEALLLL TECAGGAGAAGLTGGGTAACCAAGLET
ATAETCAGGCCGAGAACECCATEG CACGGAAGAAG AT CTGLC TG TEAGLLCCTCAGAG GALATTGAG TCAAAABRACTLT
ACGLGOTTGGAGGIGLAGGATCEGARAAGAAGGTGGLBACCTTCCCCALLCTTCAATCTEGGGLITGAACTGEAGATCAGET
GTGGATCTCUAGAAGAGEGACTAGTGGTTAGAGGAGACCLLCCGGAANACGLARAACAGCATATTEACGLTGBEARAGACT
AGAGACTCCATEAGTI TECALCACGUTGE LG LLAGGEACAGATCGCEGAATAGLGOCGELLGGTETREGGAANTCCA

KW501215.1 Zikavirus strain PRVABCSS, Puerto Rico, complete genome (SEQIB N 4)
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GITGTTGATCIGTGTGAATCAGACTGLGACARTTCGAGTTTGAAGCGAANGETAGCAACAGTATCAACAGGTTTTATTTIGGAT
TIGGAMACGAGAGTTTCTGGTCATGARAAACCCAALSAAGAAATCCEGAGGATTCCGGATTEGTCAATATGLTAARACGOGGA
GTAGCCCETGTEAGLCCLTTIGGGGECTTCAAGAG GLTRCCAGLLGBALTTCTGLTG GG TCATGEGECCATCAGGATGETOTT
GGCGATTCTAGCUTTTITGAGATTCACGGCAATCAAGCCATCALTG GG TCTCATUAATAGATG GGG TICAGTGGEGAMARAAG
AGGLTATGGAAACAATAMGAAGTTCAAGAAAGATCTGELTECCATGCTGARAATAATCAATGLTAGGAAGGAGAAGAAGA
GACGAGGCGCAGATACTAGTETCOEAATTGTTGGLCTCCTGCTEACCACAGCTATGGCAGCGGAGE TCALTAGACGTGEGAG
TGCATACTATATGTACTTIGGACAGAAACGATGOTGEGEAGGLCATATCTITTCCAACCACATTGGGGATORATAAGTGTTATAT
ACAGATCATEGATCTTGGACACATGTGTGATELCACCATGAGCTATGAATGLECTATGLTGGATGAGG GGG TGLAACCAGAT
GACGTCOATTGTTEGTGUAACALGALGTCAACTTGEGTTGTGTACGGAACCTGCCATCACAALAMAGGTGAAGCACGGAGAT
CTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACCAGGAAGLTOCARACGCOBTLGLAAALCTGETTGOAATCAAGAGAATAC
ACAAAGCACTTEATTAGAGTCGAAAATTGEATATTCAGGAACCCTGGCTTCRCAGTTAGCAGCAGCTGCCATCGUTTGELTTTIG
GGAMGCTCAACGAGLLAAAAAGTCATATACTTGGTCATGATALTGETGATT GLCCCEGEATACAGCATCAGGTGCATAGGAGT
CAGCAATAGGGACT TG TG GANGG TATOTCAGETEGGALT TG TTCATGTIGTCTTGEAACATGEABGTTGTG TCACCETA
ATGGCACAGGACARACEGACTGTCGACATAGAGCTGGTTALAACARCAGTLAGCAACATGGUGGAGGETAAGATCLTACTSCT
ATGAGGCATCAATATCAGACATGGCTTCIGACAGLLGCTGLCCAACACAAGGTGAAGCLTACCTTGACANGCAATCAGACALT
CAATATGTCTGCAANAGAACGTTAGTEGACAGAGGLTEGEGAAATEGATETGGACTTTITGCCAAAGGGAGCITGGTGACAT
GCGCTAAGTTITGCATGCTCCAAGARARTGALCEGGAAGAGCATLCAGCCAGAGAATCTGGAGTACCGBATAATECTGTCAGT
TCATEGCTCCCAGCALAGTGGGATGATCOTTAATGACACAGGACATGAAACTGATGAGAATAGAGUGANAGTTOAGATAALG
CLCAATTCACCGAGAGCUGAAGCCACCCTGGEGEGTTTTGGAAGLCTAGGACTTGATTGTEGAACCGAGEACAGGLLTTGALTT
TTCABATTIGTATTACTTGACTATGAATAACAAGCACTEGTTGGETICACAAGGAGTEGTTCCACGACATTCCATTALCTTGGLAC
GUTGGGEGCAGACALCGGAACTCLACALTGGAACAALAARGAAGCALTEGTAGAGTICAAGGACGCACATE CEAARAAGGEOAA
ACTETCBTCATTICTAGGGAGTCAAGAAGGAGCABTTCACACGGLCCTIGCTGGAGCTCTEGAGGLTGAGATGCCATEGTECAA
AGGGAAGGCTETCCTETCGCCALTTGAAATGTCGLCTGAAAATGGATAAALTTAGATTGAAGEG LG TG TCATACTCCTTEIET
ACTGLAGCGTTCACATTCACCANGATELLGGCTEAAACACTGLACGGGACAGT CACAGTEGAGGTACAGTALGCAGEGACAG
ATGGACCTTGCAAGGTTCCAGCTCAGATEGLGGTEGACATGLARAACTCTGACCCCAGTIGEGGAGGTTEATAACCGCTAALCLE
GTAATCACTGAAAGCACTEAGAACTCTAAGATGATGLTGGAACTTGATCCACCATTIGGEGACTCTTACATTGTCATAGGAGTT
GEGCAGAAGAAGATCACCCACCALTOGLACAGGAGTGGLAGCACCATTGEAALAGCATTTCAAGLCACTG TGAGAGGTGLL
AAGAGAATGGLAGTUT TGGGAGACALAGLLTGEGACTTTGGATEAGTTGEAGGCECTCTCAACTCATTGEGEAAGGGCATED
ATCARATTTTTEGAGCAGLT TTCABMATCATIGTT TGEAGGAATEGTCCTGGTTCTCACAAAT TETCATTGGAALGTIGLTGATETE
GTTGGEGTCTOAACACARAGAATG AT TATTTICCCTTATGTGCTTGGLCTTAGGGGGAGT G T TEATCTICTTATCCACAGLLGT
TG TG ATGTGGEETGCTCGETAEACTTCTCAAAG ARG GAGACGAGATG LG CTACAGG GG TG TICATCTATAACBACETT
GAAGECTGGAGGGACAGETACAAGTACCATCCTGACTCCCCCCGTAGATTEGCAGCAGCAGTCANGEAAGCCTGGBAAGATG
GTATCTGLGGGATCTCCTCTGTTICAAGAATOGAABACATCATOTOC AGATCAGTAGAAGGGCAGCTCARCGTAATCCTGEAA
GAGANTGGAG TTCAACTGACGBTLGT TG TG GEAT TG T AAAAAACCCCATETGGAGAGGTCCACAGABATIGECCGTRELTG
TGAACGAGUTGCCECACEGLTOEAAGGCTTOEOECARATCETATTICGTCAGAGCAGCAAAGACAAATAACAGCTTTGTCGT
GGATGETGACALALTGAAGGAATGLCCALTLAAALATAGAGCATG GAACAGLTTTCTTE TRGAGBATCATGGGTTCGGEETA
TITCACACTAGTGTCIGGCTCAAGE T TAGAGAAGATTATTCATTAGAG TG TGATCCAGCCGTTATTEGAACAGC TG TTAACGGA
ABGGAGGETGTACACAGTGATLTAGGLTACTGGATTCGAGAGTGAGAAGAATGACACATGHAGGLTGAAGAGEECOCATOIG
ATCEAGATGAARACATGTGARTGECCAMAGTCLCACACATIGIGEACAGATG GAATAGAAGAGAGTGATLTGATCATACCCA
AGTCTTTAGLTGGGCCACTCAGLEATCACAATACCAGAGAGGGUTACAGGATLCAAATG AAAGELLCATEGCACAGTCAAGA
GCTTGAAATTCEGTT T BAGBAATELCCAGGLACTAAGG TCEACG TG GAGGAAACATETGLAACALAGAGGACCATCICTGAGA
TCAACCACTOUAAGCGGAAGGGTEATCGAGEAATGGTGLTGCAGGEAGTGCACAATGCECCCACTETCATTCCGEGCTAAAG
ATGLETGTTGETATGGARTGEAGATAAGECLCAGGARAGAACCAGAAAGCAALTTAGTAAGGTCAATGOTGACTGLAGGATC
AACTGATCACATGGACCACTTCTCCCTTEEAGTEUTTGTGATCCTGLTCATG G TGLAGGAAGELLIGAAGAAGAGAATGALEA
CAANGATCATCATAAGCACATCAATGECAGTEUT GG TAGLTATGATCL TGGGAGGATTTTCAATGAGTEACCTEGLTAAGCTT
GLAATITTGATG GG TECCALCT TG UG GAAATRAACALTGOABGAGATOTAGCTCATCTRECGLTGATAGCGOCATICALMAGT
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CAGACCAGCGTTBCTGETATCTITCATCTTCAGAGCTAATTGGACACCCCETGAAAGCATGCTGCTRGLCTTEGLCTLGTGTCET
T TCCARALTGLGATCTCCGLCT TGRAAGGLGALLTGATGETTCTCATCAATEETTTTGLTTIGGCCTGGTTEGLAATACGAGL
GATGETTGTTCCACGUACTGATAACATCACCTTEGCAATCCTGELTGCTCTGACACCACTGGLCCGEGECACACTGLTIGTGEE
GTEGAGAGCAGGECCTTECTACTTGL GG EGEGETTTATG T CCTCTCTC TG AAGG G ARAAGGLAGTE TGAAGANGAACTTACCA
TTTGTCATGGLCCTEGGACTAALCGCTGTEGAGGLTGGTEGACCCLATCAACGTEGTGEGALCTELTIGTTGLTCACAAGGAGTGE
GAAGCEGAGCTGECLCCCTAGCGAABTACTCACAGETGTIGCCLTGATATGLGLATIGELTGGAGGETTCGLCAAGG CAGAT
ATAGAGATGGLTGGGLCCATEGLCGULGTLGaTLTGLTAATIGTCAGTTACGTGETCTCAGGAAAGAGTGTGGACATGTACA
TTGAAAGAGCAGGTEACATCACATGGGARAARGATECGGAAGTCACTGEARACAGTCCCCGGLTLGATETGGLGCTAGATGA
GAGTGGTGATTTCTCCCTGOTGGAGGATGACGGTCCCOCCATEAGAGAGATCATACTCAAGETGGTCCTGATGALCATCIGTE
GCATGAACCCAATAGCCATACCCTTITGLAGLTGGAGCETGOTACGTATACLGTGAAGACTE GARAAAGGAGTOGTGCTCTATG
GGATGTGLCTECTCCCAAGGAAGTARAAAGGEGEAGACCACAGATEGAGTGTACAGAGTAATGACTCGTAGACTELTAGE
TTCAACACAAGTIGGAGTGGGAGTTATGCAAGAGGGGETCTTICACACTATETEGCACGTLACAARAGEATICGCGLIGAGA
AGCGETEAAGGEACGACTTGATCCATACTGGOGAGATGTCAAGCAGGATCTGETGTCATACTGTERTCCATGGAAGLTAGATG
CLGLCTGGEATEEECACAB CEAGRTGCAGCTCTIGGLOGTGCOLCCGGAGAGAGAGCGAGGAACATCCAGALTETGLCLG
GANTATTTAAGACAAAGGATGEGGACATTGGAGLGGTTGCELIGGATTACCCAGCAGGAACTTCAGGATCTCCAATCLTAGA
CARGTGTEEEAGAGTGATAGGACT T TATGG CAATGEEGTCGTEATCARAAACGGGAGTTATETTAGTGCCATCACCCAAGES
AGGACGGAGGAAGAGACTCLTGTIGAGTGLTTCEAGL LTI GATGLTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGEATE
CTGEAGCTOCOARAMLCAGGAGAGTTCTTCCTGAAATAGTLLGTGAAGCCATAAAAACARGALTCCGTACTGTGATCTTAGLT
COARACCAGGET TG TCEUTCLTEAAATGEAGGAGGCCCTTAGAGGGLITCCAGTGCAT TATATGACAACAGCAGTCRATETCAL
COACTCTGGAACAGAAATCETCGACTTAATGTGCCATGUCACCTTCACTTCACGTCTACTACAGCCAATCAGAGTCCCCAALTAT
AATCTGTATATTATGGATGAGGCCCACTTCACAGATCCCTCAMGTATAGCAGLAAGAGGATACATITCAACAAGGGTTGAGAT
CEGIGAGGLGECTGCCATCTTCATGACLGCCALGLLACCAGGAACCCOTGACGCATTTCCGGACTCCAACTCACCAATTATGE
ACACCGAAGTGGAAGTLCLAGAGAGAGLCTGGAGLTCAGGLTTTGATIGGETGACGGATCATTCTGGAMABACAGTITGGTT
TETTCCAAGCGETGAGGAACGECAATGAGATCGCAGUTTGTCTGACARAGE CTEGAAAACGEGTCATACAGCTCAGCAGAALG
ACTTTTGAGACAGAG TTCCAGAARACAAAACATCAAGAG TGEGACTTTG TG TGACAACTCACATTTCAGAGATEGECECOAA
CT T AAAGCTGACCGTGTCATAGATICCAGGAGATGCCTAAAGCCGGTUATACTTIGATEGLEAGAGAGTCATTCIGGLTEGAL
COATGCCTGTCACACATGCCAGEGCTELLCAGAGGAGCGGGLLGCATAGGCAGGAATCCCAACANACCTGEAGATOAGTATCY
GTATGEAGGTGEETECECAGAGATTGACGAAGACCATGLACACTEGLTTG AAG CAAGRATGCTCET TG ACANTATTIALLTCE
AAGATGERCCTCATAGCCTUECTCTATCGACCTGAGGLLGACARAGTAGUAGCLATIGAGGGAGAGTTCAAGLTTABGACGGA
GUAMAGGAAGACCTTTIGTGGAACTCATG ARAAGAGGAGATLTTCCTGTT TG GCTGGLCTATCAGGTTGCATCTGLEGRAATAA
CCTACACAGATAGAAGATGETGCTTTGATEECACGACCAACAACACCATANTGGAAGACAGTG TECCEGCAGAGGTIGTEEAL
CAGACACEGAGAGARANGAGTGCTCARALLGAGETEGLATEGGACGCCAGAGTTTGTTCAGATCATGCGGLCCTEGAAGTCATTC
AAGGAGTITGCCGETaGGARMAGAGGAGLGGCTITIGGAGTGATGEALGECCTEGEAACACTELCAGGACACATGACAGAG
AGATTCCAGGAAGCCATTGACAACCTCGCTGTEUTCATGLGOGCAGAGALTOGAAGLAGGECCTTACAAGLLELEGLEELLT
AATTOCCOGAGACCOTAGAGACCATAATGCTTTIGGEGTIGUTGGEAACAGTLTCGUTGGGAATCTTCTTICG TCTIGATGAGE
AACAAGGECATAGGBGANGATGEGLTTTGGAATGRTEACTCTTGEEGCCAGLGLATGELTCATETOGLTCTCGGAAATTGAGE
CAGCCAGAATIGCATGTGTCCTCATTGTTGTG TICCTATTGCTGATGETGUTCATACCTGAGCCAGAANAGCAANGATCTCCCE
AGGACARCCAAATGGLAATCATCATCATEE TAGLAGTAGGTCTTCTEGECTTGATTACCGCCANTGAACTCEBGATEGTTGEAG
AGARCAAMGAGTEACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGELUAACCATAGGATTCTCAATGEACATTGALLTG
CGBCCAGCCTCAGCTTG GG CCATCTATRUTGCCTTGACAACTTICATTACCUCAGCLG TCCAACATOCAS TGACCACTTCATAC
ACAACTACTCCTTAATEGLGATEGLCACGCARGLTGGAGTETTG T T TGGLATG GGUANMGEGATECCATICTACGLATEGGAL
TITGGAGTCCCGUTGCTAATGATAGGTTGCTACTCACAAT TAACACCCCTGACCCTAATAGTGGCCATCATTITGCTCETEECGT
ACTACATGTACTTGATLCCAGE LT AGGCAGCAGETEUGLATG TR CLCAGAAGAGAALGBCAGLTGECATCATGAAGAA
CLCTETTGTGGATEEAATAGTGETGACTGACATTGACACAATGACAATTGACCOCCAAGTEGAGARAAAGATCGGBACAGGTE
CTACTCATAGCAGTAGCCGTUTCCAGUGCCATACTE TLGLGEALCGLOCTGOGLETOLEEELAGGUTCGEGUTCTOATCACAG
CGCAACTTCCACTT TG TEEGAAGGCTCTICCEAACARGTACTGGAACTCCTETACAGCCACTICACTGTETAACATTITITAGGE
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GAAGTTACTTEGCTGEAGCTTCTCTAATCTACACAGTAACAAGAAACELTEGOTTGE TCAAGAGALE TGGGLETERANCAGE
AGAGALLCTGEGAGAGAAATGEANGECCCRLTTEAALCAGATG TCEGLCETBGAGTTCTACTCCTACAARARGTCAGGCATE
ACCGAGETGTELAGAGAAGAGECCOGLLGLGECLTEAAGGACGETGTGGCAACGEBAGGCCATEETETGTCCCGAGGAAGT
GCAANGLTGAGATEETIGGTEGAGCEGEGATACCTGCAGCCLTATGEAAAGETCATTGATCTTEEATATEGCABAGGEGEE
TGGAGTTACTACGTCGCCACCATCCGEAAAGTTCAAGAAGTGABAGGATACACARALGGAGGCCCTGETCATGAAGARCCES
TG GTRARAGCTATG GG TEGAACATAGTCCGTCTTAAGAGTEEGETEGALGTCTTTCATATGGCGECTEAGCOGTETEA
CACGTIGC TG TG TGACATAGE TEAGTCATCATCTAG TCCTGAAG TE G AAGAAGLALGBALGLTCAGAGTCLTCTCCATGRTG
GGGATTGECTTGAAAANAGACCAGGAGCCTTTTGTATAAAAG TR TTG TG CCCATACACCAGCACTATGATGGABACCLTEGAG
CGACTGCAGCOTAGG TATGEGEBAGGACTGETCAGASTGLUACTCTCLCGLAALTCTACACATGAGATGTACTGEGTCICTG
GAGCGAAAAGCAACACCATARAAAGTGTGTCCACCACGAGLCAGLTCCTCTTGGGGCGCATGGACGGGCCTAGGAGGLCAGT
GAARTATEAGGAGGATE TEAATLTICGGLTCTGGLACGIGGECTG TG TAAGC TG LG CTGAAGCTLCCAACATEARGATCATT
GETANCCGCATTGAAAGRATCCGLAGTGAGCACGUGEANACGTGETTCTTIGACGAGAACCACCCATATAGGACATEBGETT
ACCATGGAAGETATGAGGLCCLLACALNAGGG TEAGLGTCCTCTCTALTAAACGEGETIG TCAGGCTCCTG TCAAAACCOTGS
GATGTGGTGACTGEAGTCACAGGAATAGCCATGACGACAC CACACCGTATE G TCAGLARAGAGTTTTCAAGGAANAGTES
ACACTAGGE TG COABALCCICAAGAAGELACT LG TCAGG TTATGAGCATEGTCTCITCC TG ETTGTGGARAGAGLTAGGEAA
ACACKAACGGLCACGAGTCTGCACCARAGAAGAGTTCATCANCAAGGTTCETAGCAATGCAGCATTAGGGGUAATATTIGAA
GAGGAAAAAGAGTEGAAGACTGCAGTGGAAGCTGTGAACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCAC
CALCTGAGAGLAGAGTGCLAGAGUTG TG TGTACAACATEATEEGALANAGAGAAAAGAAACALGEEGAATTTGGARAGGEE
AAGEGCAGCCECECCATI TR TATATGTEBCTAGG AL TAGATTICTAGAG TTUGAAGLCCTTGGATTCTTGAACGAGGATCA
CTGGATGERGAGAGAGAACTCAGGAGGTEGTETTEAAGGELTEGEATTALARAGALTCGGATATETCCTAGAAGAGATGAG
TG TATACCAG GAGEANGEATGTATE CAGATGACACTGCTE G TEGEACACCCGCATTAGCAGETTIGATCICGAGAATSAA
GUTCTAATCACCAACCAAATGGAGAAAGEGCACAGGGCCTTOGCATTGRCCATARTCAAG TACACATACCAARACARNAGTEGT
BAAGETCCTTAGACCAGCTGAANAAGE GARAACAGTTATAGACATTATTTCGAGACAAG ALC AR AGG GGEAGCGGACLAGTT
GTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTCGGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAA
BACTTGTEGLTG TG CGLAGGTCAGAGAAAGTEACCAALTGETTGCAGAGCALCGEATGEEATAGGCTCAAACGANTEEEA
BT AGTOGAGATGATIGLGT TG TORAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAMRAGT
TAGGAMGGACALACAAGAGTEGAMALCLTCAACT GEATGEGACAACTEGGAAGAAGTTCCG TTTIGCTCCCATCCACTTCAACA
AGCTCCATCTCAAGGACGEBAGGTCCATTGTGETTCCCTGCCECCACTAAGATG AN TGATTEGLIGEBLCCELETCTCICEA
GGGECEGEATCGAGCATCCGGGAGACTGCTTGCCTAGCAAAATCATATGCGCARATGTGGLAGLTCCTTTATTTCCACAGAA
GEGALCTCCGACTGATG GLCAATGLCATTIGTTCATCTGTCLCAGTIGACTGERTTCCAACTE GRAGAACTACCTRGTCAATCD
ATGGAMAGEGAGAATEGATGACCACTGAAGACATGCTTETEETGTERANCAGAG TG TGGATTGAGGAGAACGALTACATES
AAGACAAGATCCCAGTTACGAMATGGACAGACATICCLTATTIGGGAANAAGGEAABALTTCTGETGTGEATCTCTCATAGE
GCALAGACCELGCALCACCTEBGCTGAGAATATTAAAAACACAGTCANCATE G TELGCAGGATCATAGGTGATGAAGAARAG
TACATGGACTALCTATCCALCCARGTTOGCTAL TG G TEAAGARGGETCTACACCTGGACTGCTGTAAGCACCAATCTTAATS
TG T AGG TG T AG TCAGCCACAG T TOGGGAMAG CTETELAGCCTGTEACCCCLLCAGGAG AAGCTEEGAAACEAAGCL
TATAGTCAGGCCEAGAACGLOATGGCACGGAAGAABCEATGLTGLCTGTGAGLCCCTCAGAGGACACTGAGTCARAANACCC
CACBLGCTTGGABGLGLAGGATGEGAAMAGAAGGTGELGACCTTCLCCACCE TICAATETEGGRELCTGAMLTEGAGATCAGT
TGTEEATCTCCAGAAGAGEGACTAGTECTTAGAGEA

KUS09998.1 Zika virus strain Haiti/1225/2014, Haiti, complete genome [SEQ ID NG: 5)

GTTETTACTGTTGCTGACTCAGACTEUGACAGTTCGAGTTTGAAGLEGAAAGLTAGCAACAGTATCAACAGGTTTTATTTGGATT
TEGABACGAGAGTTTLTGETUATCAABAACCUAAAARAGAAATCCOGAGGATICCOGAT TGTCAATATGLTAAAACGLGGAG
TAGCCCGTGTGAGCCLCTTTGEEEGCTTGAAGAGGLTGLCAGCCRGACTTCTGETCGETCATGGGCLCATCAGBATEATETIG
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GUARTTCTAGCCTTTTIGAGATTCACGGLAATCAAGLCATCACTGGE TCTCATCARTAGATEGEGTTCAG TG GLALAARAGA
GGUTATGGAAATAATAAAGAAGTTCARGAANGATCTGGLTGLCATGETGAGAATAATCAATGCTAGGAAGGAGAAGALGAG
ACGAGGLGLAGATALTAGTGTLG GAATTIGT TGGCCTLCTEUTGACCALAGCTATGGLAGLGGAGGTCACTAGACBTEGGAGT
GUATACTATATGTACTTGGACAGAMCGATGCTEE GG AGECCATATCTTTTCCAACCACATTGGOGATGAATARGTGTTATAT
ACAGATCATGGATOTTGGACALATGTGTGATGLCACCATGAGLTATGAATGCCCTATGLTOGATGAGGGGETGGAALCAGAT
GACGTCGATTGTTGGTGCAACACGACETCAACTTERGTTGTGTACGGAACCTECCATCACAALMALMGGTGAAGCATGGAGAT
CTAGAAGAGCTETGACGLTCCCCTCCCATTCCACTAGGAAGLTGCAAACGLGG TUGCABACCTGGTIGGAATCAAGAGARTAC
ACAAAGCACTTGATTAGAGTCEAAAATTGGATATTCAGGAACCCTGEUTTCGLGTTAGCAGCAGCTGLCATCGLTIGELTITIG
GGAAGCTCAALGAGTCAAARAGTCATATACTTGGTCATGATALTGUTGATTGCLCCGGCATACAGTATCAGGTGUATAGGAGT
CAGCAATAGGEACTTTGTECAAGGTATGTLAGGTGGGACTTCGGTTGATG TIGTLT TG AACATGEAGETTIGTGTICACEGTA
ATGGCACAGGACAAACCGACTETCGACATAGAGCTGETTACAACAACAGTCAGCAACATORCGGAGGTAAGATCCTALTELT
ATGAGGLATCAATATCAGALATGGUTTCOGACAGLCGUTGLLCAACACAAGETGAAGCCTALCTTGACAAGCAATCAGACALT
CAATATATCTGCAMMAGAALGTTAGTGGACAGAGGLTGGGLAAATEGATCTGGACTITTTGE LCANGGEAGTCTGGTGACAT
GLGCTAAGTTTGCATGLTCCAAGAALATGACLGEGAAGAGCATCCAGCCACAGAATCTGEAG TALCGGATAATGCTGTCAGT
TCATGGCTCLCAGEACAGTGGGATGATCGT TAATGACACAGGACATGAANCTGATGAGAATAGAGCGAAGEGTTGAGATAALG
CCCAATTCACCAAGAGCCGAAGCCACCCTGGEEGETTTTGGAAGLCTAGGACTTGATTGTGAACLGAGGACAGGLCTTGACTT
TTCAGATTTIGTATIALTTIGACTATGAATAACAAGCALTGGTTGETTCACAAGGAGTGGTTCCACGACATTCCATTACCTTGGEAC
GLTGGEELAGACACCGGAACTCCACACTEEAATAACALMAGANGLALTGE TAGAGTTUAAGGACGLACATGCCAAAAGETAK
A TOT G TGETICTAGGGAS TCAAGAAGEAGCAGTTICACACGGLCOTTECTGGAGCTCTECAGGLTGAGATOGATGETGOAN
AGGGAAGGLTETLCTCTGELCACTTGANMATG TCGCLTGARAATGEATARMACTTAGATTGAAGGECETGTCATACTCCTTGTGT
ACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACALTECALGGGACABTCA CAGTGGAGGTACAGTACGLAGRGACAG
BTG GACCTIGCAAGETTCLAGCTCAGATGGCGGTEGACATGCARACTCTGALCLCAGTTGGRARLETTGATAALCGLTAACTCE
GTAATCACTGAALGCALTOAGAACTCTAAGATGATGCTGGAACTTIGATCCACCATTITGGGRACTCTTACATTGTCATAGGAGTC
GEGGAGAAGAAGATCACCIACCACTEECACAGGAGTEGCAGCACCATTGGANAAGCATTTGAAGLCACTGTGAGAGGTGLE
ARGAGAATEELAGTCTTGGGAGACACAGCLTGEGACTTTGEATCAGTTGEAGGLCCTCTCAACTCATTGOGLAAGGGLATCC
ATCARATTTTTGGAGCAGCTTTCAAATCATTETTTGGAGGAATGTCCTGGTTCTCACAAATICTCATIGGAACETTGCTGATGTS
GTTGEGTCTEAACACAARAGAATGOATCTATTTCCCTTATGTGCTTGGUCTTAGGGGEAGTETIGATCTICTTATECACAGCEST
CTCTGCTGATGTOGGETGCTCCLTGGACTTCTCAAAGAAGEAGALCGAGATGLGGTACAGEEGTETTCO TCTATAACGALGTT
GANGCCTGEAGGRACAGGTACAAGTALCATCCTGACTCCCCCUGTAGATTIGGLAGLAGCAGTCAAGCAAGCLTRGGAAGATG
GTATCTGCGGEATCTCCTCTGTTTCAAGAATEGAAALCATCATETEGAGATCAGTAGAAGGEGAGCTCAALGCARTCCTEGAA
GAGAATGGAGTTCAALTGACGETCGTIG TG GG ATCTETARAABALCCCATETGGAGAGL TCCACAGAGATIGLLCGTELETG
TEAACGAGLTGCLCCATGELTOGAAGEL T T GELGGAAATCECACTTCETCAGAGCAGLAAAGACAAATARCAGLTTIGTCGT
GGATGGTGACACACTOAAGBAATGCCLACTCAAAATAGAGEATGGRACAGCTTTLT TG TGGAGGATCATG GG TTCGEEETA
TITCACACTAG TG TCIGG T AAG G T TAGAGARGAT TATTCATTAGAGTGTBATCCAGCCGTTATTGGAACAGCIG T TAAGGGA
AAGGAGGUTETACACAGTGATCTAGGUTACTEGATTGAGAGTEAGAAGAATEGACACATEGAGGCTGAAGAGGLECCATCTE
ATCGAGATGAAACATG TGAATGGLCARAGTLCCACACATIGTGEACAGATGGAATAGARGAGAGTGATLTGATCATALLEA
AGTCTTIAGLTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACAGGACCCARATGAAAGLGCCATGGCACAGTEAAGS
GETGARATTCHOTTTGAGGAATGLLCAGECALTAAGETCCACE TG GAGGAMACATGTGEALCAAGAGEALCATOTCTGAGA
TCAACCACTGUAAGEGEAAGGETGATCCAGGANTGE TGLTGLAGGGAGTBCACAATGLCCCCACTGTEGTTCLGGGUTAAAG
ATGGCTETTGGTATGEAATGGAGATAAGGCCCAGGAALAGAACTAGARAGEAACTTAGTAAGETCAATGETGACTGCAGGATL
AACTEATCATATGEATCACTTICTCLCTTIGEAGTGUTIGTEATTCTGUTCATEG TELAGGAAGGGLTGAAGAAGAGAATGACEA
CAARGATCATCATAAGCACATCAATGEEAGTGCTGETAGLTATGATCCTGGEAGGATITTCAATGAGTGALCTGLECTAAGCTT
GCAATTTTG AT GGG TG CCACC T TCE BB AAATGAACACTEGAGGAGATGTAG CTCATETEGEGCTGATAGCGGEATICAAAGT
CAGACCAGCETTGUIGGTATCTTTCATCTTCAGAGUTAATTGEACACCCCGTEAAAGEATELTGCTGGLLMGELLTUR TRTLY
TETGCAANCTOLGATCTCCCCCTTGGAAGELGACCTCATGETTCTCATCAATEL T THGCTTTGGLCTGGTTOGLAATACGAGT
GATGGTTGT T CACGCACTRATAACATCACCTTGRCAATCCTEGCTGLTCTGACALCACTERCLCGLGELACALTOLTTGTIGEE
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GTGGAGAGCAGRCCTTGCTACTTGLGEGEGOTITATGCICCICTCTCTGAAGGEAAAAGGCAGTGTEAAGAAGAACTTACCA
TITGTCATEGLCLTGGGACTAACCGCTGTEAGGLTGGTCGALLECATCAALGTGETGGGGLTGCTGTIGCTCACAAGGAGTEE
GAAGUGGAGCTGGUCCCCTAGLGAAGTACTCACAGCTETTGGOCTGATATGUGLATTGELTGGAGGGT TCGLCAAGGCAGAT
ATAGAGATGGLTGEGLCCATGECLGLGGTCGGTCTGUTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTETGGACATETACA
TTGAAMAGAGCAGGTGACATCACATGGGAAAAAGATGLGEAAGTCACTGGAAACAGTCCCLGGUTCGATETEGIGLTAGATGA
GAGTGGTGATTTCTCCLTGGTEGAGGATGALGGTCCCCCCATGAGAGAGATCATACTCAAGGTEGGTCCTGATGACCATLTGTGE
GUATGAACCCANTAGCCATACCLTTIGCAGLTGEAGLG TG TACCTATACGTEAAGACTEEARALAGEAGTGGTGLTETATE
GEATGTGCOTGUTCCCAAGGAAGTARAAAAGGEGGAGACCACAGATEGAGTGTACAGAGTAATGACTLGTAGACTGLCTAGS
TTCAACACARGTTGGAGTGGEAGTTATELAAGAGGEGGTCTITCACACTATG TG CACETCACAAMAGGATCCGLGLTGAGA
AGCGETGAAGGGBAGACTTEATCCATACTGEGEAGATGTCAAGLAGGATCTGL TG TCATACTGTGETCCATGGAAGCTAGATE
CCGUCTGEEACGEGEACAGEGAGGTGLAGCTCTTGGLCGTELCCLCLGGAGAGAGAGLGAGGAACATOCABALTCTELECG
GAATATTTAAGACAMAGGATGGGGACATIGGAGLGETTGLGCTEGATTACCUAGCAGGAACTTCAGGATCTCOANTLCTAGA
CAAGTOTGGEAGAGTGATAGGACTTTATGGCAATGEGETCETGATCAAAAATGGGAGTTATETTAGTGCCATCACCCAAGEE
AGGAGGGAGGAAGAGACTECTGTTGAGTGCTTEGAGCETTCCATOCTGAAGANGALAGCAGETAACTETCTTAGALTIGEATT
CTEGAGCTGGEAAMACCAGGAGAGTTICTTICCTGAMAATAGTCCO TEAAGLCATAAAAACAAGACTCCGTACTGTGATCTTAGET
CCAACCAGGRTTGTCGLTGCTGANATEGAGGAAGLCCTTAGAGGGCTICCAGTECGTTATATGACAACAGCAGTCRATGTCAL
COACTCTGGAACAGAAATUGTCOALTTAATGTGCCATGCCACCTICACTTCACGTCTACTACAGCCAATCAGAGTCCCCAACTAT
ANTCTETATATTATGGATGAGG CCOACTTCACAGATCCCTCARGTATAGLAGCAAGAGGATACATTTCAACAAGGETTGAGAT
GGGLGAGGEGGLTGCCATCTTEATGACCGCCACGCCALTAG GAACCGTEACGLATTTLLGGACTLCAACTCACCAATTATGS
ACACLGAAGTGGAAGTCCLAGAGAGAGLCTGLAGLTCAGGUITTGATTGGG TGACGGATTATICTGGAAMAACAGTTTGRTT
TETTLCAAGLGTGAGGARCGGLAATGAGATCGLAGLTIGTLTGACAMAGECTGEARAACGGGTCATACAGCTCAGCAGAALG
ACTTTTGAGACAGAGTTCCAGAAAACAARACATCAAGAGTGEGACTTTGTCGTGALAACTGACATTTCAGAGATGEGCGLCAA
CTTTAAAGCTGACCGTGTCATAGATICCAGGAGATGCCTAAAGCCGG TCATACTTGATGGLGAGAGAGTCATICTGGCTGRAC
CCATGLCTETCACALATGCCAGLGCTGCLCAGAGGAGEGEGLECATAGGCAGGAANTCCCAACARACCTEGAGATGAGTATCT
GTATGGAGGTGEETGLGCAGAGACTRACGAAGALCATGCACACTEGETTGAAGAAGAATGCTCCTTGACAATATTTACCTICC
ARGATGGCCTCATAGCCTCGUTCTATLGACCTGAGGLCGATAMAGTAGLAGLCATTOAGGEAGAGTTCAAGCTTAGEALGGA
GLAAAGGAAGACCTTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTIGGCTGGLLTATCAGGTTGCATCTGLCCGAATAA
CCTACACAGATAGAAGATGGETGUITTGATGGLACGACCAACAACACCATAATGGAAGACAGTETGLCGGLAGAGGTIGTGEAL
CAGACACGGAGAGAAAAGAGTGUTCAAALCGAGGTEBATEGACBLCAGAGT TTGTTCAGATCATGUGBLCCTGAAGTCATIC
AAGGAGTTTGCLGUI GG GAARAGAGEAGCEGLTTTTGGAGTGATGLAAGCCCTEEGAACALTGLCAGGACACATRACAGAG
AGATTCCAGEAAGCCATTBALAACCTCGCTETELTCATGUE GG CABAGALTGGAAGCAGGLCTTACARMAGCEGERECOGECE
AATTGCCEGAGACLCTAGAGALCATTATGLTTTTCGEETIGLTCEGAACAGTCTCELTGGEAATCTTTTITCGTCTITGATGAGE
AACAAGGGLATAGGGAAGATEEGCTTIGGAATGETGACTCTTGEGGLCAGCGCATGELTCATGTEGCTCTCEGARATIGAGE
CAGCCAGAATTGLATOTGTCCTCATIGTIGTGTTCCIATTGLTEGTGGTECTCATALCTGAGCCAGAAAAGCARAGATCTLCCT
AGGACAACCAANT GG CAATCATCATCATOETAGCAGTAGG TCTTLTGBGLTTGATTACCGLCAATRAACTCGGATEGGTTGGAG
AGAACAAAGAGTGACCTANGCCATCTAATGEOAAGGAGAGAGGAGEGEGLAACCATGEEATTCTCAATGLALATIGALLTS
COGCCAGCCTCAGCTTEGGLCATCTATGCTGLCTTGACAACTTTICATTACCCCAGCLGTCLAACATGEAGTGALCACTTCATACA
ACARCTACTECTTART GG LGATGELCALGCAAGLTEGAG TG TTGTTIGGTATGGGCARAGEEATGLCATICTACGCATGRGAL
TITGGAGTCCCGUTGCTAATEATAG G TTGCTACTCACAATTAACGLCCCTGACCCTANTAGTGGLCATCATTITECTCATEECG
CACTACATGTACTTGATCCCAGGELTIGUAGGTAGCAGLTGLGLETGLTELCCAGAAGAGALALEGGLAGUTGGCATCATGAAGA
ACCUTGTTGTCGATGEAATAG TGO TGACTGACATTGACACAATGACAATTGACUCLCAAGTG GAGAAAAAGATEGGACAGET
GCTACTCATOOCAGTAGCCGTCTCCAGCGCCATACTETCGLGGACCGLLTGREEETEEEGEEABELTGEEECCCTGATCALA
BLCGEAACTTCCALTTTGTGEEAABGLTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCACTG TG TAACATITITAGG
GGAAGTTACTIGGCIGGAGUTTCTC TAATC TACACAG TAACAAGAAACGLTEGCTIGGTCAAGAGACGTGRGGETEGAACAG
GAGAGACCCTOOGAGAGARATGGAAGGLCCGLTTOARCCAGATETCOLLCUTGGAGTTCTACTCCTACAAARAGTCAGGUAT
CACCGAGGTGTGUAGAGAAGAGGLCIGLLGCEICCTCAAGGALGETGTEGLAALEOGAGECLATGLTGTGTCCCGAGGARSG
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TECAAAGCTOAGATGETTIGETEEAGCGGGEATACCTGCAGCCCTATGGAAAGETCATTGATCTTIGGATOTGECAGAGRGEE
CTGGAGTTACTACGCLGULACCATLCGCAANG TTCAAGAAG TG ARAGGATACACAAAAGGAGGLCCTGETCATGARGAACEE
GTETTGETELARAGLTATGE G TGEAACATAGTLCGTC TTAAGAGTGEGGETEGACGTCTTTCATATGGLGEUTEAGCLGTETE
ACACGTTGCTGTGTGACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGETCAGAGTCCTCTCCATGETG
GEGGATTEGCTTGARAAAAGACCAGGAGCCTTT TG TATAARAGTETTGTGCCCATACACCAGCACTATOATGGABACCLTGGA
GLGACTOCAGLGTAGGTATEGOGGAGEACTGETCAGAGTGCCACTCTCLCOLAALTCTACACATGAGATGTACTGGGTCTCT
GGAGCGANAAGCAACACCAT AABAAG TGTGTECACCACGAGLCAGCTCCTCTTEGEELGCATEGACGGELCTAGGAGECA
GTGAAATATGAGGAGBATOTGAATCTCGGETCTGGUALGLGGGCTGTEGETAAGLTGCGCTGAAGCTLCCAACATGAAGATTA
TTGGTAACCECATTEAAAGGATCCGLAGTGAGCACGLGEAARTGTGGTTCTTIGACGAGAACCACCCATATAGGALATEEGE
TTACCATEGGAAGCTATEAGG CLCUCACACAAGGETCAGUGTCCTCTCTAATAAACGGGETTGTCAGGCTCCTGTCARAALCET
GEGATETGETERACTGEAGTCACAGGAATAGLCATGALCGACACCACALCGTATOGTCAGLANAGAGTTITCAAGGANAAAGT
GEACACTAGGGTGLCAGALCCCCARGAAGG CACTCOTCAGGTTATGAGCATGETCTCTICCTGGTTGTREABAGAGLTAGEE
AAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACANGETTCGTAGCAATGCAGCATTAGGGGOAATATTIGA
AGAGGAAMARGAGTEGAAGACTGLAGTGEAAGCTGTGAALGATLLAAGG TTLTRGELTCTAGTEGALAAGGAAAGAGAGTA
CCACCTGAGAGGAGAGTGLCAGAGTTGTETGTACAACATGATGEGAAAANGAGALAARAGARACAAGGEGAATTTGGEAAAGET
CAAGGGLAGLLGCGLCATCTGGTATAT G TGGLTAGGG L TAGAT I TCTAGAGTTLAAGCCETTGBATTETTGANCGAGGATE
ACTGOATGGEEAGAGAGAACTCAGGAGGETGGIGTIGAAGGGLTEGGATTACAAAGACTCOGATATGTCCTAGAAGAGATGA
GTCGCATACCAGGAGGAAGGATGTATGLAGATEACACTELTGGLTGGGACACCCGTATCAGCAGGTTTGATCTGGAGAATGA
AGCTCTAATCACCAACCABATEGAGARAGGELACABGECCTTIGGEATTGGCCATAATCAAGTACACATACCAAAACAARGTE
GTAAAGGTCCTTAGACCAGLTGAARAAGGLAAGACAGTTATGGACATTATITCGAGACAAGACCAAAGEEEGAGEGGALCAA
GTIGTCACTTACGCTCTTAALACATT TACCAALCTAGTGR TG CAALTCATICGGAATATEGAGGLTGAGGAAGTICTAGAGATG
CAAGACTTGTGGLTECTGLGGAGGTUAGAGAMAGTGACCAACTEGTTGCAGAGCAACGGATOGEATAGGCTCAAACGAATG
GEAGTCAGTGGAGATGATTGLETIG TGAAGCCAATTCATGATAGETITGCACATGCLCTCAGG TTCTTGAATGATATGGGAAA
AGTTAGGAAGGACACACAKGAGTGGABACCLTCAACTGBATGGGACAACTEEGAAGAAGTTCCGTTITGLTCCCALCATTTCA
ACALGCTCCATCTCAAG G ALGGGAGE TLCATIGTGE TTCLCTECLGUCACCAAGATGAACTGATTGEGELECGLECGEGTLTCT
CCAGGGGLGHEEATGLAGCATCCGEEAGATTGUTTGLLTAGCAAAATCATATGLGCAAATATGGCAGLCTCCTTIATITCCACAG
AAGGGACCTCCGACTEATGGCOCAATGCCATTTGTTCATCTGTGCCAGTTEACTGGOTTCCAACTOEOAGAACTACCTGGTCAAT
CCATGGARAGGGAGANTGEATGACCACTGAAGACATELTTGTGG TG TGEAACAGAGTGTGGATTGAGGAGAACGACCACAT
GEARGACAAGACCCCAGTTACEAAATGEACAGACATTCCCTATTTGGGAMBAGGGAAGALTIGTGETGTGGATCTCTCATA
GEGCACAGACCGCGOACCACCTGEGLTGAGAACATTAAMAACACAGTCAACATEGTGCGLAGGATCATAGGTGATGAAGARA
AGTACATGGACTACCTATCCACCCAAGTTCGLTALTTGE G TG AAGAAGGGTLTACACCTGLAGTECTGTAAGLACCAATCTTA
ATGTTGTCAGGCCTGLTAGTCAGLCACAGETTEGGGAMAGCTE TG CAGCC TG TEACCECCCCAGBAGAAGLTGREAAACCAA
GECTATAGTCAGGCLGAGAALGCOATGRLALGEAAGAAGLCATGLTGECTOTGAGLCCLTCAGAGGACALTCAGTCAAAALA
CCCCACCEGUTTEGAGRIGCAGGATGOEANAAGAAGETEGLGACLCTTCCCCACCCTTCARTL TG GG UCTGAACTEGACATC
AGCTGTGGATCTCCAGANGAGGGALTAGTGOTTAGAGGAGA

KU527068.1 Zika virus strain Natal RGN, Brazil: Rio Grande do Norte, Natal, complete genome [SEQ D
NO: 6]

AGTTGTTGATCTG TG TGAATCAGACTGCGACAG TTCGAGTTTGAAGLGARAGL TAGCAACAGTATCAACAGETTTTATTTIGSE
ATTIGGAAALGAGAGTTTLTGGTCATGAAAAACCUAAANAAGARRTLCEEAGGATTCLGGATTGTLAATATGCTAARACGLGE
ABTAGCCCETETEAGCCLCTTTEGRGECTIGAAGAGGLTGLCAGCLGOACTTCTGLTGEGTCATEGECCCATCAGGATEETE
TG G CAAT T TAGECTTTTTGAGAT T CACGE CARTCARGCCAT AT GG TCTCATCAATAGATG GG TTCAG TGGGEARAAA
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AGAGECTATGGARATAATAAAGANGTTCAAGAAAGATCTGELTGLCATGCTGAGAATAATCANTECTAGGAAGGAGAAGAA
GAGACGAGGLOLAGATACTAGTGTLGBAATTETTOGLCTCCTGUTGALLACAGLTATGRLAGUGGAGETCALTAGACGTGEE
AGTGLATACTATATGTACTTGG ACAGAAACGATGCTEGEGAGECOATATCTTTTCCANCCACATTGGGEATEAATAAGTETTA
TATACAGATCATGGATCTTGEACACA TG TG TGATGCCACCATGAG CTATGAATGLCCTATEC TEBATEAGGGEGTOGAACCAG
ATGACGTCGATTGT I GE TG AACACGACGTCAACTIGEG TG TG TALGGAACCTGCCATCACAAMAAAGE TEAAGCALGGAG
ATCTAGAAGAGETETEACGLTCCCCTCCCATTCCACTAGGAAG CTELAMACG LG TOGCALACCTEGTTGGAATCAAGAGAAT
ACACARAGCACTTGATTAGAGTCGAABATTGGATATTCAGGAACCCTGECTTEGUETTAGCAGCAGCTGLLATCGLTIGHLTTT
TEGGARGLTCAACGAGCCAMARAGTCATATACTTGETCATGATACTGCTGAT TG COCCGGCATACAGCATCAGGTGCATAGGA
BTCAGLAATAGGGACTTTETGGAAGGTATGTCAGGTEEEACTTIGGGTTGATGTTGTCT TGLAACATGGAGGTIGTGTCACCE
TAATEECACAGGACANALCBACTGTCGACATAGAGE TG TTACAACAACAGTCAGCAACATGGCGEAGRTAAGATCLTACTG
CTATGAGGCATCAATATCAGACATEGLTTCGEACAGLLGLTELCCAACACANGETEAAGCCTACCTTGACAAGCARTCAGALA
CTCAATATGT TG L AAAAGAACETTAGTGGACAGAGGLTGEEGARATGEATG TEEACTTTTIGGCAAAGEGAGUCTGETGAL
ATGLGCTAAGTTTGCATGETCCAAGARAATEALLGGGANGAGCATCCAGLCAGAGANTCTGGAGTACCGGATARTGCTETOA
GTTCATGGCT L AGCACAGTRG GATGATCG T TAATE ACACAGGACATCARACTGATGAGAATAGAGCOAAGETTGAGATAA
CGCCCAATTCACCAAGAGICGAAGCCACCCTGGGGGGTTTIGEAAGCCTAGGACTIGATTGTGAACCGAGGACAGECCTTGA
T T AGATT TG TAT T AT TG AL TATGAATARCAAGCACTGATTGG T COACAAGEAG TGS TICCACGACATTCCATTALTTTGE
CACGCTGEGGCAGACACCRGAACTCCACACTEGAACAACARAGAAGCACTGG TABAGTTICANGGACGCACATGLCAMALAGS
CAAACTETCG TG G T CTAGGGAGTEAAGAAGGAGUAGTTCACACG G LCETTGCTGGAGCTCTGEAGGLTCAGATGEATEETS
CAABGGGAAGECTG T T T GG O AT TG AAATETCG LT AAMATG G ATANACTTAGATTGAAGGGCE TG TCATACTLCTIG
TETALCGUAGCGTTCACATICACCAAGATILCGGCTGARALALTGCACGGGACAG TCACAGTEBAGG TACAGTACGCAGG A
CAGATGGACCTTGLAAGETTCCAGLTCAGATGELEETEEACATG CARMACTCTEACCCLAGTTEGGAGG TTEATAACLGETAAC
CCCGTAATCACTGARAGCACTGAGAACTCTAAGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGA
GTCGEGGAGAAGAAGATCACCCACCALTGGCACAGGAGTGGLAGCACCATIOGAAAAGCATTTGARGECACTGTGAGAGET
GLCAAGAGAR TG AL T TG GGAGACACAGLCTGGEACTITGGATCAGTIGGAGGCGETCTCAACTCATTGGREAAGGELA
TECATCAAATTTT T GG AGCAGE T TCAAATCATTIG T TTGEAGG AR T TCCTGETTCTCACARATCCTCATTEGAACGTTGETGAT
GTEETTEGG TCTEAACACAANGARTGGATCTATTTICCCTTATG TG CTTGGCCTTAGG GGEAGTGTTGATCTTCTIATCOACAGE
CGTCTCTGCTGATGTGGEGETGCTCEGTGEACTTCTCAAAGANGGAGACGAGATGECGGTACAGGGGTGTTCGTCTATAACGAC
GTTGAAGCCTEGAGEEACAGG TACAAGTACCATCCTGACTCCCCOEGTABATTG BLAGLAGCAGTCAAGCARGCCTEEERAG
ATGGTATCTGCEGGATCTCCTCTGTTTCAAGAATGGAGAACATCATGTGGAGATCAGTAGAAGGGGAGLTCAACGCAATCTTG
GAAGAGAATGGAGTTCAALTGALBGTCGTIGTGGEATCIGTAMAAAACCCCATG TG BAGAGG TCCACAGAGATTGLLLGTEE
CTETEAACGAGLTGCCCCALGGLTEGAAGGLTTGGGEEAAATCETACTTCGTCAGAGLAGCARAGACAAATAACAGCTTTGT
CETEGATCGTCALACALTEANGEAATGCCCACTEG AACATAGAGCATC GAACAGLTTTCTIG TR AGGATCATGGRTTCGGE
GTATTTCACACTAG TG TC TG T CAAGG T TAGAGAAGAT TATTCATTAGAG T TOATCCAGCCG TTATTOGAACAGETETTAAG
GEGAAGGACGLTGTACACAGTGATCTAGGLTACTGGATIGAGAGTEAGAAGAATGACACATGGAGGCTEANGAGEGLCCAT
CTARTCEAGATGAARACATE TGAATGECCAAAGTECCACALAT TG TG GLAGATEGAATAGAAGAGAGTGATCTGATCATTES
CARGTCTITAGCTGG G CACTEAGCCATUACARTACCAGAGAGEGUTACAGEACCEAMTGAAAGGECCATCEOACAGTGAA
GAGCTTGARATTCGETTTGAGGAATG LCCEGGCALTAAGETCCACGTGEAGGAARCATETGGAACAAGAGGALCATLICTGA
GATCAACCALTGLANGUG ARG GG TGATCGAGGHATGCTGCTEOAGGGAGTECACAATECILCCACTGICATICCGEGLTAA
AGATGGLTGTTGGTATGEAATG GAGATAAGGCCCAGGAANG AACCAGAAGCAACTTAGTANGE TCAGTGGTGACTGCAGE
ATCAAC TGATCALATGGATCACTICTCCCTTGEAG TG TG TGAT L TGCTCATGETALAGEAACGGLTGAAGAAGAGAATEA
CCACAAAGATATCATAAGCACATCAATGGCAGTGCTEG TAGCTATGATCCTGEGAGGATTTTICAATGAGTGACCTGGLTARG
CTTGCAAT TTTGATGGECGLOACTTTLGLGEAMATGAACACTEGAGGAGATE TAGCTCATCTEGCGCTGATAGTGGCATTCAA
AGTCAGACCAGCGTIGCTGG TATCTITCATCT T CAGAGL TAATTGGACACCCC G TGARAGCATECTGLTGGLCTTEGLCTLETE
T TG AR TECGATL TCCGCC T TG GAAG G LG AL TEATE G TTCTATCAATGE G TTTTG LT TIGGOCTECTIGGUAATALG
AGCGATEGT TG T I CACGCAC TG AT AR AT CACCT TG G CARTCCTEGLTGCTCTGACACCACTGELCCGGEEUACACTEOTTGT
GECETGEAGAGCAGECCTTECTACTTGCGEGEGETTTATGUTCCTCTLTCTGANGEEAAAABGCAGTETGAAGHAGAATTTA
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COATTIGTCATG GO TG GEACTAACCE TG TEAGGCTGGTCGACCCCATCAALGTEGTEGEACTGCTATTGCTCACAAGGAG
TEEGARGCEEAGCTEGLLCCCTAGLGAAGTACTCACAGC TG TTGGLLTGATATGCECATTGGLTCEAGELTTCOLCARGGEA
GATATAGAGATGGCTGGEGCLCATGGULG LG ETLOGTCTECTAATTGTCAGTTACGTGG TCTCAGGABAGAG TG TBGACATET
ACATTGASAGAGCAGGTEACATCACATE GG ARAAAGATECGGARGTCACTEGAARCAGTCLCCGEETCOATETGREGETAGA
TEAGAGTEETGATTT CTCC T GG T GG AG GATGAL GG TCCCCCCATEAGAGAGATCATALTCANGGTGGTLCTEATGACCATET
GTGGCATGAACCCAATAGCCATACCCTTTGCAGLTGGAGEGTEETACGTATACGTGAAGACTG B AMAANGGAGTGETGETCT
ATGGEATGTECOTGUTCCCAAGGAAG TARAALAAGGGGGEAGALLACAG ATGGAGTETACAGAGTAATGACTCGTAGACTGETA.
GETTCAACACAAG TTEGAGTGGGAG TIATGCAAGAGGGEGTLTTTEACACTATE TGECACGTCACAAAAGGATCLGCGCTGA
GAAGLGG TGAAGEGAGACTTGATUCATALTGGEGAGATG TCAAGCAGGATCTGG TG TCATACTGTGETCCATGEAAGETAGA
TGCCGCCTGEEADGECCACAGLEAGGTGLAGLTCTTEGLCGTELLCCCCOGAGAGAGAGLGAGGAACATCCAGACTCTGLLC
GGAATATTTAAGACAAAGGATGGGGACATTGGAGCGGTTGLGLTGGATTACCCAGCAGGAACTTCAGGATCTCCAATCCTAG
ACAAGTG TG GGAGAGTGATAGGACTTTATGGCAATGGEGTCETGATCAARAATGGGAGTTATETTAGTGCCATCACCCANGE
GAGGAGGEAGGAAGAGALTCCTGTTGAGTGLTTCGAGECTICGATGLTEAAGAABAAGCAGCTAACTGTCTTAGACTTGEAT
CCTGGAGUTEGGARAACCAGGAGAGTTICTTLCTGARMTAGTCLE TEAAGCUATAAAAACAAGACTCEGTACTG TGATCTTAGE
TCCAACCAGGETTETCGCTELTGAAATGGAGGAAGCOCTTAGAGGECTTCCAGTE UG TTATATGACAACAGCAGTCARTETCA
CCCACTE TG GAACAGAART G TCBACT T AATG TG LCATG COACCT TCACTICACG TET AL TACAG CLAATCAGAGTCCCCAACTA
TARTCTGTATATTATGGATGAGGLCOACTTICACAGATCCCTCANG TATAGCAGCAAGAGGATACATITCAACAAGEETTGAGA
T6GGCEAGELAELTECEATCTTCATGACCGLCACGCEACCABGAACCLGTGACGUATT TCCEGACTECAACTCACCAATTATG
GACACCGAAGTEGAAGTCCCAGABAGAGLCTGEAGLTCAGGLTTTEATTGGETGACGGATCATTICTRGAARAACAGTTTIGET
TTGTTCCAAGCOTGAGGANCGGCAATEAGATCGCAGLTTGTCTGACAAAGELTEGANALCGGETCATACAGLTCAGTAGAAA
GACTTTTGAGACAGAGT I CCAGAAAALARAACATCAAGAGTGGGACTTTBTCETGALAACTGACATT TCAGABATGGGCGCCA
ACTTTAMAGCTEACCE TG TCATAGATTCCAGGAGATECCTAAAGCCGGTCATACTTGATGECCAGAGAGTCATTITGECTEEA
CCCATGCCTGTCACACATGCEAGEGCTECCCABAGCAGEEGGEGCATAGGCAGEAATCOCAACARACCTEGAGNTGAGTATC
TGTATGEAG G TEEG TG UG AGAGACTGACGAACACCATGCACALTOACTTGAAGLAAGAATGCTCCTTGACAATATTTACETC
CAAGATGGCCTCATAGCCTCGETCTATCGACETGAGGCLEACAMAGTAGCAGLEATTGAGGGAGAGTTCAAGLTTAGGACEG
AGCAAAGGAAGACCTTIGTGEAALT CATGAAMAGAGGAGATCTTCCTE TTTGGLTEGLLTATCAGGTTGLATCTGLCGGAATA
ACCTACACAGATAGAAGATEG TOCTTTGATGGLACGACCAATAACACCATANTGGAAGACAGTGTGLCGELAGAGGTGTGEA
CCAGACACGGAGAGAAALGAGTGCTUAACCEAGETAGATGGACGULAGAGTITETTCAGATCATGCGELLITEAAGTCATT
CAAGGAGTTTGLCOCTEEHAAAGALGAGCGELTTTTGEAGTGATGRAAGLCCCTGEGAACALTGLCAGGACACATGACAGA
GAGATTCCAGGAAGE CATTGACRACCTLGC TG IGCTEATE UG GG CAGAGATTGGAAGCAGGLLTIACAAAGCCGLEELGELE
CAATTGCCGGABACCCTAGAGACCATTATECTITTEGGGTTECTEGEAACAGTCTCECTEEGAATCTTTTTCETCTTGATGAGE
AACAAGGGCATAGEG AN GATERGLTTTG AN TG TEACTCTIGE GG CCAGCECATGRCTCATE TG GLTLTCOGARMTTGAGT
CAGCCAGAATTGUATGTGTCCTCATTIGT TG TG T TCCTATIGCT GG TGGTGLTCATACCTEAGCCAGARAAGCARAGATCTCCEC
AGGACAACCARATG GUAATCATCAT AT G TAGLAGTAG BT TICTEGGCTIGATTACCGCCANTEAACTOGBATRETTEBAG
AGANCAAAGAGTEACCTAAGLEATCTANTE GG AAGGAG AGAGGAGGEAGCAACCATAGGATTETCAATGEACATTGALCTG
CGGLCAGCCTCABL TG GG CCAT T AT T G TGACAACTTTCATTACCCOAG CCETULAACATCCAGTEACCAL TTCATALA
ACANCTACTCOTTAATGGCGATGGCCACGCAAGCTEGAGTGTTGTTTGETATGGGEAAAGGGATECCATTCTACGCATGEGAL
TITGGAGTCCCEUTUCTARTGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTEGCCATCATTTTGLTCETEREGE
ACTACATGTACTTGATCCCAGBGLTGCAGGCAGCAGLTGLGCETGCTGLCCAGAABAGAALGGCAGCTEECATIATEGAAGAA
CECTETIG TOEATEEAATAG TEGTCGALTCALATIGACACAATGACARTTGACCCLCAAGTGOACAAANAGATEGGACAGETE
CTACTCATAGCAGTAGCAGTCTCCAGCECCATACTETCECGEALLGLCTGEEEETEGEEEGAGELTEEGEILCTGATCACAG
CEGCAACTTLCACT TTGTGGGAAGGCTCTCLGAACAAGTACTGGAACTCCTCTACAGCCACTICACTG TG TARCATTTTTAGEG
GAAGTTACTTGELTGGAGCTICTETARTCTACATAGTAACAAGARACGLTGGLTTGRTCAAGAGALGTEEGBGTEGAACAGE
AGAGACCCTEGEAGAGAAATG GAAGECOCECTTGAALCAGATETCGGCLCTGGAGTTCTACTCCTACARAAAG TCAGGLATC
ACCGAGGTETELABAG AAGAGGE LU LG LG LCCTCARGEATGG TG TG G LAALGGOAGGLCATECIGTETCLCEAGEAAGT
GOAAAGLTGAGATEE T TEE TEGAGLGEEGATALCTGUAGLLLTATG G AAAG R TCATTEATCTTGEATGTGCAGAGGEEEE
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TGEGEAGTTACTACGLCGUCACCATCOGCARAGTTEAAGAAG TGAAAG GATACACAAAAGGAGGCCCTEE TCATGAAGAACCCG
TGTTGGTGCAAAGCTATGGGTGGAACATAGTCCGTCTTAAGAGTGGGETGGACGTCTTTCATATEGCGGCTGAGLLGTGTGA
CACGTTGECTGTGTEACATAGGTGAGTCATEATCTAGTCCTGAAGTGRAAGAAG CALGGACGCTCAGAGTCCTCTLCATEGTGE
GBGATTOGCTT G AAAAAG AL CAGGAGLCT T TG TATARAAGTGT TG TGEC CATACACCAGCACTATGATGGARACCCTEGAG
CGACTECABCGTAGGTATEGGGEAGGACTRETCAGAGTGCCACTCTCCCECARL TETACAL AT AGATATACTAEETLTCTG
GAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTLCTCTTGGGGCGCATGBACGGGCCTAGGAGGLCAGT
AN TATGAGGAGGATE TGAATCICEGLTCTERCACGLGGELTGTGETAAGCTGCELTGAAGCTLCCAACATGAAGATLATT
GETAACCGCATTGAAAG GATCCGUAGTEAGTACGCEGAARCE TG TTCT TIGACGAGAACCACCCATATAGGACATGEBGECTT
ACCATGGAAGCTATGAGGCOCCCACACARGGG TEAGLGTCCTCTCTAATAANC GGG TTGTCAGGCTIC TG TEAAAALLLTGE
GATGTGETGACTGEAGTCACAGGAATAGCCATGACCGACACCACACCETATE G TCAGLAAAGAGTTTTCAAGGAAAAAGTGE
ACACTAGGGTGLCAGACCOCCAAGAAGECACTCG TEAGGTTATGAGCATEGTCTETTCCTGETTATGGAAAGAGCTAGGTAA
ACATAMALEGLCALGAGTCTGTACCAMAGAAGAG TTCATCARCAAGG TTCETAGEAATGLAGCATTAGGGGCARTATTIGAA
GAGGAAAANGAGTEGAAGACTGCAGTGEAAGCTGTGAACGATCCAAGGTTCTEGGCTCTAGTGGACAAGGAMAGAGAGCAC
CACCTGAGAGEAGAGTGCLAGAGTTOTOTGTACAACATEATGEGAAAAAGAGAAAAGAAACAAGGGGAATTTEGAAAGGEC
AAG GG CAGLEGCECCATCT GG TATATETGECTAG GEECTAGATTTCTAGAGTTCGAAGLLCTTGGATTCTTGAACGAGGATCA
CTGGATGEEEAGAGABAACTCAGGAGGTEETGTTEAAGGECTGGGATIACARAGACTCGEATATETCCTAGAAGAGATEAG
TCGCATACCAGGAGGAAGGATETATGCAGATGACACTE TG G CTGGHACACCCECATCAGEAGGTTCGATCTGGAGAATGAL
GCTCTAATCACCAACCAAATG GAGAAAGGG CATAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCANRACAAAGTEET
ANRGGTLCTTAGACCAGLTOARAAAGGEAARACAGTTATGGACATTATITCGAGACAAG ACCARAGGGGEAGCEGALAAGTT
GTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTCGGAATATGGAGGCTGAGGAAGTTCTAGAGATGLAA
GACTTETGGCTGCTGCGGAGGTCAGAGARAGTGACTAACTEETTGLAGAGEAACGEATEGEATAGGLTCAMACGAATGECA
GTCAGTGGAGATEATTGCETTG TG AAG CCAATTGATGATAGGTTIG CACATECCCTCAGE TTCTTGAATGATATGGGAANAGT
TAGGAAGGACACACAAGAGTGGAAACCCTCAACTGEATGGEACARCTGGGAAGAAGTTCLGTTTIGLTCCCACLACTTCAACA
AGCTCCATCTCAAGGACGEGAGGTCCATTETGGTTL TGO CCACCARGATG AACTEATTGELLGGECCCGLETCTOTLA
GGGEEGGEATGLAGUATCLGGEAGACTGLITGLCTAGCAAAATCATATGCRUARATGTGGCAGCTCCTTTATITCCACAGAA
GGGACCTCLCACTGATGGLCARTECCATTTGTTCATCTGTGELCAGTTGACTEEGTTCCARCTGGGAGAALTAL LTS GTLARTEC
ATGGARAGGEAGAATGGATEACCACTGAAGACATGLTTETEG TG TGGAACAGAGTETGEATTGAGGAGAACGACCACATSG
ANGACAAGALCCCAGTTACGAAATGGACABACATTCCCTATITGG GANAAAGGEAAGALTTGTGETGTGGATCTCTCATAGG
GLACAGALCECGCACCACCTGGECTGAGAACATTANARNCACAGTCAACATEGTGLECAGGATCATAGETGATGAAGAAAAG
TACATGGACTACCTATCCACCCAAGTTCGLTACTTGGETGAAGAAGGGTCTACACCTGGAGTGCTGTAAGEACCAATCTTAATG
TTETCAGGLCTGCTAR TLAG CCACAG LTI G GGAARGL TG TOCAGELTGTEATCECCLCAGGAGAAGLTEGEARACEARGTL
TATAGTCAGGCCCAGAACGUCATGGLALGGAAGAAGCCATGCTGLCTG TGAGCCCCTCAGAGGACACTEAGTCARAARACEE
CATGUGCTTEGAGELGCAGGATGEGAAAAGAAGETEECEALCTTCCCCACLCTTCAATETORGGCCTAAALTGEAGATCAGT
TGTGGATCTCCAGAAGAGEEALTAGTGETTAGAGGAGACLCCLCGEAAALCGCAAAATAGCATATTGACGCTGOEABAGAL
CAGAGALTCCATGAGTTTUEACCACGETOGLCGCUAGGCACAGATEGECGAATAGCGEEGECCGETGTEEEGANATICATEE
GTCTT

KUBE1081 .3 Zika virus isplate Zika virus/H.sapiens-te/THA/2014/SV0177- 14, Thailand, complete
genarme (SEQ 1D NO:17)

AGTTGTTGATLTGTGTGANTCAGACTGLGALAGT TCBAGTTTGAAGTCAAAGCTAGCAACAGTATCAACAGE TITTATTTIGE
ATTTGGAARCGAGAGTTIC TG TCATGAMARACCCAAAAARGARATCCGGAGGATTCORGATTG TCAATATECTAAAACGEGE
AGTAGCECG TG TG AGCIETTIT OG0 GITTGAAGAGGCTGLCAGCCGEACTTCTGLTRGETCATEGGCCCATCAGGATEETT
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TTGGCGATTCTAGCCTTTTTGAGATT CALGGUAATCAAGCCATCACTGGGTCTCATCAATAGATE GEETTCAGTEEGAMABAA
AGAGGCTATGGAAAT AR TAAAGANG TTCAAGAMAGATCTGECTGCCATECTGAGAATAATCAATGCTAGGAAGGAGAAGAA
GAGAGAGGCACAGATACTAGTETCBGAATTGT TG CCTCOTGCTGACCACAGCTATGGCAGLEGAGGTEACTAGACETEGE
AGTGCATALTATATGTACTIGG ACAGAAGLGATG LTS CGEAGGLCATATCTTT TECARCCACACTE G GGATGAATAAGTETTA
TATACAGATCATEEATCTTGGACACAT TG TGATGCCACCATG AL TATGAATGLECTATGE TG ATGAGEGLETAGANL DAL
ATGALGTCGATTETTBGTGLAACACGACGTCAACTTGOG TG TETALGGAACCTGCLATCACAAAAAAGGTEANGCACGEAG
ATCCAGAAGAGLTETEACGCTCCLCTECCATTECACTAGE AAGLTGCANALGLGETOGCAGACCTEGTTGGAATCAAGAGART
ACA AN G AL TIGATTAGAG TO G AN AT TG GATATTCAGBAACCCTE G CTTOG CaTTAGCAGCAGCTECOATCGUTTGELTTT
THGGANGLTCAALG AGCCARANAGTCATATALTIOGTCATG ATALTHCTGAT TG CUCCE G CATACAGCATEAGG TG CATAGGA
GTCAGTAATAGGGALTTTETEGAAGGTATG TCAGE TEGGACTTGGGTTGATGTTGTLTTE GAACATGGAGGTTBTGTCACCET
BATGGCACAGGACAAACCEACTGTCGACATAGAGCTOGETTACAACARM AGTCAGCAACATEGLGGAGGTAAGATCCTACTGE
TATGAGGCATCAATATCGGACATEGCTTCGRACAGLCGLTECLCAACACAAGG TEAAGCCTACCTTRACAAGCAATCAGACAL
TCAATATG TC TG A AAGANCGTTAGTGGACAGAGGLTGL CGAAATEGATGTOLACTTTTTGGCAAAGGGAGCLTEOTGACA
TGLGCTAAGTT TELATGLTCCARGAMAATEACCGGGAAGAGCATCLAGCCAGAGAATCIGEAGTACCEGATAATELTGTCAG
TTCATEGCTCCUAGUALAGTGGEATGATCETTAATGACACAGGALATG AL TEATGAGAATAGAGCGAAGGTTGAGATAAL
GLCCARTTCACCAAGAGCOGAAGLCALCETGEG GGG TITTGCAAGCCTAGGACTTGATTCTGAACCGAGEACAGGCCTIGAC
T TCAGATT TG TATTACTTGACTATGAACANCAAGUALTGGTTGGTTCACAAGGAGTGG T TCLACCACATTCCATTACLTIGEE
ACACTGGOG CAGACALCGGAACTCCACACTGGAACAACAAAGAAGLACTGGTAGAGTTCAAGGACGCACATGCCAAAAGGE
ABRACTGTCETGGTTCTAGEGAGTCAAGAAGGAGCAGTICACACGELLLTTELTGGAGCTCTGOAGELTGAGATEGATEETGE
ARAGGGAAGGCTGTCCTC GG ECALTTGARA TG TLGCCTEAAAATGGATAAACTTAGATTGANGGGUGTGTCATACTCCTTET
GTACCGCAGCGTTCACAT TCACCAMGATCCCGEUTGAAMCALTGLALGGGACAG TCALAGTEGAGGTACAGTACGCAGEGAL
AGA TG GACCTTGCAAGETTCCAGLTCAGATGGCGE TG ACATECARACTCTEACCICAGTTC G CABE TIGATAMCBITAACE
COGTAATCACTGAAGG CACTGAGAACTCTARGATGATGCTGGAACTTGATCCACCATTTGEGGACTCTTACATTGTCATAGGA,
GTCGGGGAGAAGAAGATCALLCACCALTEGCACAGGAG TG GCAGCACCATIGRAAMAGCATTTBAAGCCATTETEGAGAGGT
GLCAAGAGAATEGCAGTUTTGEGAGACACAGLCTGGGACTTIGRATCAGTIG GAGGCGTTC TTAAC TCATTGEGCAAGEECA
TCCATCAAATTTTTGEAGLAGCT T TCAAATCATTGT TTGRGAGGAATG TCCTEGTTCTCACAAATTCTCATTGGAACGTTGLIGAT
GTGGTIGEGTCTGAATACAAAGAATGEATCTATTTCCCTTATETGCTTEGCCTTAGGGGGAGTETTIGATCTTCTIATCOACAGE
COTCTCCGLTGATETOGEGTGLTCOGTGEACTICTEAMAGAAGGAMACGAGATGEGGTACAGGGETETTCGTCTATAALGAE
BTIGAAGCLTEGAGEEACAGGTALAAG TACCATCCTEACTULCCTCOTAGATTGGCAGCAGTAGTCANGCAAGCCTGEGAAG
ATGGTATCTE TG G GATCTCLTCTGTTTCAAG AR TG G AAAACATCATG TEGAGATCAG TAGAAGGGEAGCTCALTBCANTECTG
GALGAGAATEGAGTTCAACTGALGE TCGTTGTEGGATC TG TAAAAMACCLCATC TG GAGASG TCCACAGAGATTGLLCGTEE
CTGTGAACGAGCTGLCCCACE GLTEBAAGE CTTGGREGANATCETACTTCGTCAGAG CAG CAMG ACARATARCAGCTTTGT
CETGGATEGTGACALACTGAAGGAATGLLCACTCAAACATABAGCATGGAACABCTTTCITC TG CAGBATCATCOGTTLGEE
GTATTTCACACTAGTGTCTGGETCAAGG TTAGAGAAGATTATTCACTAGAGTE TEATCCAGCLGTCATIGEAACAGLTGTTAAG
GOAMBGAGLLTGTACALAGTGATCTAGGCTACTGGATTEAGAGTEAGAAGAACGACACATCEAGGLTEAGGAGGELLTAL
LG AT CGAGATGAANACATE TEAATGGCCAMAG TCOCAC A CATTG TG BACAGATG GARTAGAAGAGAG TEATETGATCATAC
CCAMGTCTTTAGETEOGUCACTCAGCCATCACAACALCABABAGGGLTACAGE ACCCAAATGAAAGGELCATGGCATAGTGA
AGAGLITGAARTTCGGTTTGAGGAATGLCLAGECALTAAGGTLCALGTGGAGGARACATGTGLAACAAGAGGACCATCICTE
AGATCAACCACTGUAAGLGEAAGGETEATCEAGGAATEGTGLTECAGEGAGTECACASTELCCCCACTGTCETICCGGGLTA
AAGATGELTGTIGETATGRAATGEAGATAAGGLLCAGGARAGAALCAGAARGTAALTTAGTAAGE TCAATGETGACTELAG
GATCRA TG AT AT G AT AT T I T GG AG TG TG TG AT TG TCATG BTG AGGAAGGGCTGAAGAAGAGAATG
ACCACAAAGATCATCATAAGCACATCAATGGCAGTGLTEGTAGLTATGATCCTGGGAGGATTTTCAATGAGTGATCTEGLTAA
GCTTGCAATTTIGATGGETECCALCTTIGUGEARATG ARCACTE BAGEAGATGTAGLTCATCTGGLGLTEETAGLGECATTOA
AAGTCAG ACCAGLGTTGCTGGTATCT TTEAT T AGAGCTAAT TG BACACCCL G TEAAAGEATEL TG CIGEECTTGELLTCGT
GTCTT I TG AAAC TG BAT T LG L TTGGAAGGLC AL TG AT T LT AT AT GE T TGO ITIGGCCTEE TTGGLANTAL
GAGEGATGRT TG TTCCACG AT GACAATATCALCTTGGLAATCE TG G TG TCTRACACCACTRGOCCGE GG CACALTELTIG
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TeGECETOGAGAGCAGGLCTTECTALTTGCGEEEGG TICATGLTCCTCTCTCTGAAG GG GAMAGGCAG TG TGAAGANGAALTT
ACCATT TG TCATGGLCCTGEGACTAALCGCTGTOAGG CTGGTCGALCCCATCAACGTGETOGGACTGLTETTGCTCACAAGGA
GTGGEAAGIGGAGLTEGLCLCCTAGTGAAGTACTCACAGLTGTTERLCTGATATGOGCATTGOLTEGAGEETTUGLLAAGEE
AEATATAGAGATGGCTGGELLCATEGLLGCEETCRGTCTGCTANT TG TCAGTTACGTEGTCTCAGGAMGAGTETEGACATS
TACATTGAAAGAGCAGGTEACATCACATG GG AAAMGATGCGEAAGTTACTGGANACAGTCCCCOGCTCGATETGREACTAG
ATGAGAGTGGTGATITCTCCLTGETEGAGGATGACGGTCCCCCCATGAGAGAGATCATACTCAAAGTGGTCCTGATGACCATE
TETGEGCATGARCCCAATAGCCATACCCTT TG CAGE TG GAGCGTGETACG TATACG TG ARAACTCCARAAAGGAGTEGTEETET
ATGEGATGTGLCTGLTCLCAAGGAAGTANSAAAGEEEGAGACCACAGATEEAGTGTACAGAGTAATGACTCGTAGALTECTA
GETTCAACACAAGTTGGAGTEGEAGTTATGCAAGAGGGEGTCTTTCACACTAT GTEGCATE TCACAAMGEATCCGLGETEA
GAAGLGGTGAAGGGAGALTTGATCCATACTE GG BAGATG TCAAGCABGATCTGG TG TCATACTGTEG TCCATGGAAGCTAGA
TECCECUTEGEEACGEGEACAGLEAGGTOLAGLTCTTGECCETELLCCCCEGACAGAGAGCEAGBAACATCCAGACTETGECE
GGAATATTTAAGACAAAGGATGEEGACATTGGAGCEGTIGCGL T GACTATCCAGCAGGAALTTCAGGATEICLARTLCTAG
ACAAGTGTEEGABAGTGATAGGACTETATGGCAATGGGETCETEATCAMGAATE GGAGTTATGTCAGTGUCATCACCLAAGE
GAGGAGGGAGEAAGAGACTCLTETTGAGTOLTTCGAGCLTTCBATCCTGAAG ARG ANGCAGCTAACTGTCTTABACTTGCAT
CCTGEAGTTEGEGAAAACCAGGAGAG TTCTTCCTGARATAGTCEGTGAAGCCATAANAACGAGACTCCE TACTGTGATCTTAGE
TCCARCCAGGETIBTCGETE TG ARATGEAGGAAGECCTTAGAGGGCTTCLAGTGLE TTATATGACABCAGCAGTCAATGTCA
COCATTCTGGGACAGAAATCGTTGACTTAATGTGLCATGCCACCTTCACTTCALGTCTACTACAGCCAATCAGAGTCCCTAACTA
TAATCTGTATATTATGGATGAGGCCCACTTCACAGAT LT ARG TATAG CAGCAAGAGGATACATTICAACAAGE GTTGAGA
TGGGECGAGGLAGLTGLCATCTTCATGACCELCATGCCACCAGGAACCCETEACGLATTCCOGGALTCCARCTCACCAATTATG
GACACCGAAGTEEANG TELCAGAGAGAGLCTGGAGCTCAGGLITTCATIGEGTGACGGATCATTCTGGAALAACAGTTTGET
TG TCCCARGLGTGAGGAALGECARTEAGATUGCAGLTTOTCTGACAMGECTGEAARACGEETCATATAGCTCAGTAGARA
GACTTTTIGAGACAGAGTTCCAGARAACAAAACATCAAGAGTGGGACTTCGTCGTEACAACTGACATTTCAGAGATGGGLGCCA
ACTTTARAGLYGACCE TR TLATAGATTCCAGGAGATGLCTAAAGCCGGTCATACTIGATGGLGACAGAGTEATTCTEEETGGA
CCCATGUCTGTCACACATGCUAGLB LT CCCARAGEAGG GG R CGLATAGGLAGGAATCCCAACARALCTGEAGATEAGTATC
TETATGGAGE TEGETGLGCAGAGALTGATGAAGACCATGCACACTGECTTGAAGTAAGARTGETCETTGACAATATITACCTE
CAABATGGUCTCATAGCCTCGLTLTATCGACCTEAGGLCGACAAAGTAGCAGLCATTGAGGEAGAGTTCAAGCTTAGGALGE
AGCAAAGGAAGACCTTTGTGGAACTCATGAAMAGAGGAGATCTTCCTGTITGGCTGGCCTATCAGGTTGCATCTGCCGGAATA
ACCTACACAGATAGANGATG G TG T TIGATGGCATEACCAACAACALCATARTGEAAGACAG TG TECCGELAGAGGTGTEEA
COAGACACGOAGAGAANAGAGTECTOAAACCEAGGE TG GATGGACGLCAGAGTITGTTCAGATCATGCGGLCCTGARGTCATT
CAAGGAGTT TGLCGLTGEOAARAGAGGAGLGGLTTTTGGAGTGATGEAAGLCCTGEGAACACTGCCAGGACACATGADGGA
GAGATTCCAGGAAGCCATTGACAACLTCGETGTRCTCATCC GEGEABAGACTEGAAGCABGCLTTACARAGCOGLGGIGELL
AN TGO GOAGAC U TAGAGACCATTATGCTTITTGE GG TG TG GG AACAG TLTCGUTEGGAATCTITTICG TET TGATEEEE
AACAAGGGECATAGEGAAGATEGGLTITGEAATE G TEAC T T GGG ECCAGLGCATEG L TCATE TGGECTCTEGBANATTGAGT
CAGCCAGAATTGCATGCGTCCTCATTGTTGTGTTECTATTGCTGGTGGTGLTCATACCTGAGCCAGAAAAGCAAAGATCCCCLE
AGGACAA COAAA TG G CARTCATCATCATE R TAGCAG TAGG TLITCTGGECT TEATTALCGCCAATE AALTCOBATGETTCEAG
AGARCAANGAGTGACCTAAGCCATCTAATEGGRAGEAGAGAGGAGEGGECAACCATAGGATTCTCAATGEACATTEACTTS
COBCCAGLCTCRGLL TG OCCATCTATGL TGCCETOACAACTITCATT ACCCCAGECGTCCAACATECAGTGACCACTTCATAC
AR AL TAC O T AR TG L GATaE L LA CAAG L TE AT TG T T TGO TATG B CAAAGGGATECCATTCTACGLATEEEA.
CTTTGGAGTCCCGLTGUTAATGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTGGCTATCATTTIGCTCG IGGCG
CALTACATOTACTTGATCCUAGGGUIGLAGGLAGCAGCTGLELGTE TG LCLAGAAGAGAACGELAGLTOGCATCATGAAGA
ACCCTG T TG TEG A TG AATAG TEETGALTGACAT TG ACAC AT GACTAT TG ACCCCCAAG TG AGAAMAAGATEEGACAGET
GETACTCATAGCAGTAGLCRTCTELAG Lo L ATACTG TEE LG CALCECCTEE LG ETEGGEGGEAAGCTEGEELICTEATCACA
GUTGCAACTTCCACTTTG TG GG AAGGLTCTCCGAACAAG TACTE G ARCTCCTETACAGCCACTTCACTE TECALCATTTITAGE
GOAAGTTACTTGGCTGGAGLTTCTCTAATE TALACAG TARCAAG ARACGLTEECTIG G TCAAGAGALG TEGLGETOGAACAG
GAGAGACCCTO GG AGAGARATE BAAGGLLCECTTRAACCAGATE TCGGLCCTEGAG T TLTACTECTACAARARGTCAGGCAT
CALCGAGGTETGCAGAGANGAGGCLLGECGUGCLCTCAAGGACGGTGTEGAALGEGAGGCCATEGCTGTGTCCCGAGGANG
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TECARAGUTOAGATGGTTGETGGAGLGGGGATACLTGCAGCCCTATEGAALGETCATTGATCTTGGATGTEGCAGAGGGGE
CTGGAGTTACTACGCCGUCACCATCCGLAAAG TTCAAGAAGTGAMAGGATACACAAMAGEAGGLLC TG TCATGAAGAALCC
ATGTTGETGCARAGCTATELGTGRAACATAGTCCETCTTAAGAGTEGERTGEACGTCTTTCATATGRLGGLCTGAGCLGTETG
ACACGTTIGCTETETGACATAGGTGAGTCATCATCTAGTCCTGAAGTGEAAGAAGCACGGACGCTCAGAGTLLTCTCCATEG TG
GEEEATTEECTTGAAAMAAGACCAGGAGCCT T TG TG TARAAGTGTTGTGUCCATACACCAGCACTATGATGGAAACCCTEGA
GLGALTGLAGLGTAGGTATOLOEEAGEACTGGTCAGAGTRLCALTLTCCCGCAACTCTACACATGAGATGTACTEGEGETLTCT
GGAGLGAMRAGCAALACCAT AAAAAGTGTETCLALCALGAGCCABLTCLTCT TG GGG LG CATGGALGGGLCCAGGAGGLCA
GTGAARTATEGAGGAGGATGTEAATCTCGGCTCTGGCACGCEGGGCTETOGTAAGLTGCGUTGAAGCTLCCAACATGAAGATCN
TTGGTAACCGCATTGAMGEATCLGUAGTEAGCACGLEGAARLGTGE TTCTT TGACGAGAACCACCCATATAGGACATEGET
TTACCATGGAAGUTATGAGGCCCCTACACAAGGGTCAGLGTCCTCTCTAATAAACGGGETTGTCAGGCTCCTETLAARACLCT
GGOATETGETEACTGGAGTCALAGGAATAGLCATGACCGACACCACACCGTATG G TCAGCABAGAGTTTTCAAGGAAARAGT
GGACACCAGGRTGCCABACCCCCAAGAAGBLACTCETCAGGTTATGAGCATGRTCICTTCCIGGTIGTGGAAAGAGLTAGGT
ARACACAAACGGCCACGAGTCTGTACCABAGAAGAG TTCATCAACAAGGTTCGTAGCAATGLAGEATTAGGGGCAATATTIGA
AGAGGAAANAGAGTGEAAGACCGLAGTGGAAGLTGTGAACGATCCANGGTTCTEGGLTCTAGTGGACAAGGABAGAGAGT
ACCACCTGAGAGGAGAGTECCAGAGCTGTGTGTACAACATGATOGOAAAMAGAGAAALCAAACAAGGEGAATITGGARAG
GLOAAGGGCAGLCGUGCCATCTERTATATG TG TAGGGGCTAGATITCTAGAGT TCGAAGCCLTTGGATTCIT AMMATOAGGA
TCACTGGATEGGG EAGAGAGAACTCAGGAGGTEGTETTGAAGGEUTGGGATTACAAAGACTCOGATATCTCCTAGAAGAGAT
GAGTCGCATALCAGGAGGAAGGATGTATGLAGATGAL AL TELTGGLTGEEACACCLGCATCAGCAGGTTTGATLTGGAGAAT
GAAGCTTTAATCACCAACCAAATGGAGAAAGGEECACAGGGLCTTAGLATTOGCCATAATCAAGTACACATACCAAAACABAGT
GOTAAAGGTCCTTAGACCAGUTEAAAAAGGEAAGACAGTTATGGACATTATITCAAGACAAGACCARAGGGGGAGLGGALA
AGTTGTCACTTACGCTCTTAACACAT TTACCAACCTAGTGGTGCAACTCATTCEGAATATEGAGGCTGAGGAMGTICTAGAGAT
GCAAGACTTGTGELTELTELGEAGGTCAGAGAAAGTGACCAACTGETTGCAGAGCAACGGATGEGATAGELTCARACGAAT
GGLAGTCAGTGGAGATEATTGCETTGTGAAGCCAATTGATGATAGGTTTGLACATGLCCTEAGGTICTTGAATGATATGGGAR
AAGTTAGGAAGGACACACAAGAGTGGAAACCLTCAACTGEATEGGACAALTGGEAAGAAGTTCLETTTIGTTCCCACCACTTC
AMCAMGCTCCATCTCAAG GACGGGAGGTCCATTGTGETICCCTGCCGUCACCARGATEAACTEATTGGLEGGGECCETETETE
TCCAGGGELAGLATEEAGCATCLGEGAGACTGCTTGLCTAGCAAAGTCATATGLGCAAATGTGGCAGLTCCTTTATTTCCACA
GAAGGEALCTCCGACTGATGGLCAATGLCATCTGT TCATCIGTGLCAGTTGALTEGGTTCLAACTGGEAGAACTACCTGGETCA
ATCCATGGARAGGGAGAATOGATGACCACTRAAGACATCCTTGTGOTGTGEAACAGAGTETGEATTGAGGAGAACGACEAT
ATEEAAGACANGACCCCAGTTACGARATEGACAGACATTCCCTATUTGGEAAAANGLEAAGACTTGTGLTGTGEATCICTCA
TAGGGLACAGACCGEGLACCACCTEEELIGAGAMATTALMAACACAGTCANCATEGGTGLGCAGGATCATAGGTGATGAAGA
ABAGTACATGGACTACCTATCCACCCANGTTLGLTACTTGGETOAAGAAGEETCTACACCTGGAGTE CTATAAGCACCAATETT
AGTEITETCAGGCCTGLTAGTCAGCCACAGLTTGRGGANAAGCTGTELAGLLTGTGACCCCCCCAGGAGAGECTGEGARALLA
AGLCCATAGTCAGGUCGAGAMLGLCATEGALGGARGAAGLCATGCTGLCTGTGAGLLCCTCAGAGGALACTGAGTCABAAA
ACCCCACGCGETTGEAGGCGEAGEATEGEAAAAGAAGGTGELGACCTTCCUCALLCTTCAATCTGG GG ELTGAACTEBAGAT
CAGCTETEGATCTCCAGAAGAGGEACTAGTELTTAGAGEAGALCLCLOGEAMAATGLARMAACAGCATATIGACGCTEEEAA
AGACCAGAGACTUCATGAGTTTCCACLACGUTGGLLG CCAGGCACAGATCLLCEAATAGCBGCELLIGGTETEGGEAMATIC
ATGGETCTY

KUER1082.3 Zika virus isolate Zika virus/H.sapiens-t¢/PHL/2012/CPC-0740, Philippines, complete
genome (SEQID NO: 8)

AGTTGTTGATCTGTGTGAATCAGACTGEGACAGTTLGAGTTTGAAGCGAAAGCTAGCAACARTATCARCAGGTTTTATITIGE
ATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCOGATTGTCAATATGCTAAAACGCGG
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AGTAGCCCETETEAGLCCCTTTGGGEGCTTEAAGAGGCTECCAGCCGGACITCIGLTGGGCCATEGGLLCATCAGGATAGTE
TIGGLGATACTAGCCTTTTTGAGAT TCACGGLAATCAAGLCATCALTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAARAA
AGAGGECTATGGAAATAATANAGAAGTTCAAGAAAGATCTGGECTGLCATGUTGAGAATAATCAATGCTAGGAAGGAGAMGAS
GAGACGAGGCGUAGATACTAGCGTCGGAATTETTGGCCTOCTCLTGACCACAGLCATGECAG TAGAGGTCALTAGACGTGEE
AGTGCATACTATATE TACTI GG ACAGAAG CGATEC T GG GAGECCATATCTI TTICLAACCACACTEGEGATCAATAAGTGTTA
CATACABATCATGGAT TG GACACATETGTGATGLCACCATGAGCTATGAATOCLLTATG TIGEATGAGGEGGTAGAACCAG
ATGACGTCGATIGLTCOT GCAACALGACAT CAACTTG GG TTE TG TATGGAACCTGCCACCACAABAAAGGTGAAGLALGGAG
ATCTAGAAGAGCTETGACGCTCOCCTCCCATTCCACTAGGAAGCTEEARACGCG G TCECAGACCTEGTTGGAATCAAGAGAAT
ACAC AL GCACCTEATTAGAGTTEAAMATTGGATATTCAGEALCCCTEELTTEG UG T TAGCAGCAGCTETCATLGCTTGELTTT
TGGGAAGTICARCGAGL CANAAAG TCATATAT TG BT ATGATALTECTGATTGCCC TG GCATACAGCATCAG TG LATAGGA
GTCAGCAATAGGGACTTTG TG GAAGETATE TCAGGTGGGACTTGGTTGATGTTETCT IGGAACATGEABGTTGTETTACCET
AATGGLACAGGACAAACCGACTGTCEALATAGAGLTIGGTTACAACAACAGTCAGLAACATEGUCEAGBTAAGATCCTALTGL
TATGAGGCATCAATATCG GATATEGCTTOGGACAGLLGLTGLCCAACACAAGGTGAGGLCTACCTIGACAAGCAGTCAGACAT
TCAATATGTCTGCAARAGALLGTTAGTGEACAGAGELTEGGEAMATEEATETEGALTITITEGLAAAGGGAGLCTEETEACA
TGCGCTAAGTTTGCATECTCCAAGARMATGACLGEGAAGAGCATCCAGCTAGAGAATC TG GAGTACCGGATAATGCTGTCAG
TTCATGGLTCCCAGCACAGTEGGATGATIGTTAA T GACACAGGACATGAABLTGATGAGAATAGAGCGAAGG TTGAGATAAC
GO AT LA CARGAGTCGAAGLCACCCTEGAG GG T T IGEGAGLCTAGGALTIGATTGTGAACCGAGGACAGECLTTGAC
TTTICAGATTTETATTACCTGACTATGAATAACAAGCACTEGTTGETTCACAAGGAGTGGTTCCACBACATICOATTACCTTGGE
ATGLTGGEGCAGALACTGGAALTECACATTGGAACALCAMAGAAGCACTEE TAGAG TICAAGGACGCACATGCAAARAGGEA
AACTETCETEETTCTAGGEAGTCAAGAAGGAGCAGTTCACACGBCCCTTG TG AGCTCTGGAGGCTGAGATGEATEBAGLE
AAGGGAAGGETGTCCTCTGGLCACTTGARATGTCGLCTGARAATGGATARACTTAGATTGAACGEEGTGTCATALTCLTIGTG
CACTECAG LTI CACAT T CACCAAGATCC LG BU TG ARACACT B CACGEGALAG TCACAGTG GAGETACAGTACGCAGEBACA
GATGGACCTTGCAAGETTCCAGCTCAGATEG UGG TGEATATECAMACTCTGACCLCAGTTEGEAGGTTGATAACCGCTAACCE
TETAATCACTGAAAGTALCBAGAACTCTAAGATGATGCTGEAACTTGATCCACCATITGEGGACTCTTACATTGTCATAGGAGT
CEGEGAGAAGALGATCALCCATCAL TG GCACAGEAGTEGLAGACCATTGGALAAGCATTTGAAGCCACTG TEAGAGETGE
CAAGABRATOGCAGTETTEGCAGACACAGLCTCGEACTITGGATCAG TTGEGEGTECTCTCAALTCATTGEETAAGGGLATE
CATCARATTTTTGGAGCAGLTTTCAAATCATIGTICGGAGGAATGTCCTOGTTCTCACAAATTCTCATIGEAACGTTELTIGGTGT
GGTTGGETCTGARTACAARGAATGEATCTAT T CCC T AL G TG CTTEECCTTAGGG G GAGTG TTEATC TTCTTATCCACAGELG
T CTE T GATG T GG GG TG CEETEEACT TCTCARAGAAGGAAALGAGATGCGETALAGGGRTGTTCE TCTATANGACETT
GAAGCLTGGAGGEACAGETACAAGTACCATCCTGACTCCCCTCGTAGATTGGCAGCAGCAGTCAAGCAABCCTEGGAAGATE
GGATCTETGOEATCTCCTOTGTLICAAGAATEEAAMACATCATGTGGAGATUAGTAGAAGGGGAGCTLAACGLAATCLTGEA
AGAGAATGGAGTTCAACTGACGETCETTRTGEGATCTETAAAAMCCCCATG TG GAGAGETCCACAGAGATTGCLCETECLT
GTGAACGAGLTGLCCCACGGLTGGAAGGLTTGEGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAAATAACAGCTTTETCE
TEGATEGTGACALACTGAAGGAATGCCCACTCAAACATAGAGCATEGAACAGCITICT TR TGGAGEATCATGEETTIGEGET
ATTTCACACTAG TG TET GO ETCAAG GTTAGAGAAGATTATTCATTAGAGTG TG ATCCAGLCGTEATTGGAMAGCTGLTALGS
GAMGGAGGLTGTECACAGLGATCTAGGLTACTGEATTCAGAGTCAGAAGAMCGACALATGGAGGLTEAAGAGBRLLLACE
TEATCGAGH T GAANACATE TG AATG G AAAGTC O ACACATTG TGEATAGATGGAGTAGAAGALAGTEATCIBATCATALD
CAAGTCTITAGLTGEGCCACTCAGCCATCACAACALCAGAGAGBGUTACAGGACTCAAATEAAAGGGLCATEELALAGTEAR
GAGCTTGAAATTCGGTTTEAGEAATGCLCAGGUACTARGE TLCACETGGAGGAACATE TG GG ACAAGAGGACCATCCCTGA
GATCAACCACTGCANGCEGAAGEGTBATCGAGE AATEG T TECAGGGAATGCACANTGLOCCCCACTETCETICCOAGCTAA
AGATGECTAT TGO TATGEAATGGAGATAAGGCCCAGBAAMEGAACCAGARAGTAALTTAGTAAGGTCAATGGTGACTGCAGS
ATCAACTGATCACATGGATCACTICTCICTIG GAGTGUITGTGATI TIGCTEATGGTRLAGGAAGELCTGAAGAAGAGAATEA:
CCACAANGATCATCATAAGEACATCAATEGCAGTGLTGG TAGLCATGATCL TG ABGATTT TCAATGAGTGACCTEGLTARG
CTIG AT T IGATGEGTECCACCTTCGCGO AN T B AA AT TOGAG GAGATG TAGCTEATTTGGCECTBATAGCEGCATTCAA
AGTEAGACCTECETTGCTEGTATCI TTCATCT TCAGAGCTAATTGEACACCCCGTGAGAGLATELTGCTEECCTTEELLTCETS
TCTTCTECAAACTGLBATCTCCGLCTIGGAAGGCGACCTGATEGTICTCATLAATGETTTTGCTITEGLCTRETIGGLAATALG
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AGCGATEETTIGTTCCACGCACTEACAACATCACCTTGGCAATCCTGBLTGCTCTGACACCALTOGLCLGGLGCACACTGLTTGT
GGG TEBAGAGCAGGTCTIGLTACTIGCGGEGEGETTCATGCTCLICTCTCTGAAG GGG AAAGGCAG TETGAAGAAGAACTTA
AT TG T ATE LT TGE AL TAAL TG TG TG AGG LT G TCGAL CLCATCAACG TG TG GALTECTGTIGETEALAAGGAG
TGGEANGCGEAGCTEGCOCCCTAGTEAAGTACTCACAGETGTIGGCLTGATATGCGUATTGGC TEGAGGGTTCGCCAAGGEG
GATATAGAGATGGLTGRECLCATRGCIGLGETEGETCIGETAATTGTCAGTTACGTAG TETCAGGAAAGAG TETGGACATST
ACATTGARAGAGCAGGTGACATCACATEEEAAMAAGATECGEAAATCALTEGAAACAGTCCCLGELTCOATETEBOACTAGA
TGAGACTGGTGATTTCTCCCTAGTEEAGGATGATEG TCEALLLATG AGAGAGATCATACTCAANETGE TCCTGATGACEATET
GCGGCATGAACCCAATAG CCATACCCTTTGCAGCTGEAGCGTEETACGTETATE TGAAGACTEGAAAMAGGAGTEGTGLTLT
ATGGGATETECLTGCTECCAMG ARG TANALAAGGGEGAGALCACAGATOGAGTGTACAGAGTAATGACTCGTAGACTGETT
GETTCAACACAAG T TG GAGTE GEAG TCATG LAAGAGE GGG TLTTCLACACTATE TGECACGTCACAARAGGATICGEGETEA
GAAGCEETGANGEEAGACTTGATCCATALTGGGBAGATE TCAAGCAGGAT TG B TGTCATACTGTGETCOG TEGAAGTTAGA
CGCOGLCTGGEACGEGCACAGCGAGGTGCAGCTCTTGELLGTECCLCCLEGAGAGAGAGUGAGEAMATCCAGACTCIGEE
COGAACATTTAAGACARAGGATGEGGACATTABAGCAGTTGLGCTERACTACCCAGCAGGAACTTCAGGATCTCCAATCLTA
GACAAGTETGGGABAG TEATAGGACTETATGGTAATEEGGTOETCATARRAAATCGGAGTTATGTTAGTGCCATCACCCAAG
GEAGGAGGGAGGAAGABACTCCTETTGAGTECTTCEAG CCTTCEATECTGAAGAAGAAGCAGLTAACTETCTTAGACLTEEA
TCC TG GAG GG GARAACCAGGAGAGTTCT T TG AAATAGTCL G TG AAGLCATALAAACAAGACTCCG TALTGTGATCTTAG
CTCCAACCAGGE TCGTUGLTE U TGARATGEAGGAAGLCCTTAG AGGGLTTECAGTICATTATATEACAACAGCAG TCAATETE
ACCCATTCTEEGACAGANATLE TTGALTTAATGTGCCATE CTACCTTCACTTCACGCCTACTACAACCARTCAGAGTECCCAACT
ATAATTTGTATATTATGGATGAGGECCACTTCACAGAT CLCTUAAGTATAGEAG CAAGAGGATACATTTCAACAAGEETTGAG
ATGGGLCGAGECGGCTGLATCTTCATGALCGLCALGCCATCAG GARCLCETBACGCATTLLCGGACTCCARCTCACCARTTAT
GEACALCGAGGTGEAAGTLCCABAGAGAGCUTGEAGLACAGGETTTGATTGG G TGACGEATCATTCTECGANAACAGTETE
BT TICTTCCAAGLGIGAG GAACGECAATEAGATCGCAGCTTGTLTGACAANGELTEGAMMALGGGTCATACAGCTCAGEAGA
ARGACTTTTGAGACAGAGTTCCAGARAATGAAANATCAAGAGTGGGACTTCETCGTGACAACCGACATTTICAGAGATEGGEE
CCARCTTITAAAGLTGALCG TG TCATAGATTCCAGGAGATE L TTAAAGLCGETCATACTTGATGEUGAGAGAGTCATTTTGEET
GGACCCATEULTGTCACACATGCCAGLEETGETCAGAGEAGGGEECECATAGGLAGGALTCCCARCAAACCTEGACATGAGT
ATCIGTATGGAGGTGGGTELELAGAGACTEATGAAGATCACGLACACTGECTIGANGCARGARTECTTCTTGACAACATTTAG
CTCCAAGATG B CCTEATAGCTTCGETCTATCOALCTGAGGCCEACARAG TAGCAGCTATTGAGGGAGAGTTCAAGETTAGEAL
GEAGCAAAGGAAGACCTTTGTGGARCTCATGAAAAGAGGAGATCTICCEGTTTGETIGGLCTATCAGGTIGCATL TE0CGGA
ATARCCTACACAGA T AGAAGATORTGCTTIGATGGLATGACCAALAACATCATAATG G AAGACAGTETELEGGIAGAGETET
GEACCAGATACGEAGAGAAAAGAGTRCTCANATCEAGGTEGATGGACGLCAGAGTTIGTTCAGATCATGCGGICCTEAAGT
CATTCAAAGAGTTTECCGLTGHEEAAAAGAGGAGLGGECTTTEGAGTGATAGAAGCLCTGGGAACACTGLEAGGACACATGAD
AGAGAGATTCCAGEAAGCCATTGALAACCTCECTBTGCTCATECEEGCAGAGACTGEAAGTAGGLCTTACAAAGCCEIGELE
GCCCAATTGLCGGAGACCLTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCICGUTGGGAATCTTTTTCGTCTTGATG
CGEAACARGEGCATG GG EAAGATE GG CTTTGGANTCETGALTCTTGEGGCCAGCECATEGECTTATETIGGCTCTCGGAALTTE
AGCCAGLEAGAAT TGCATG TG TLCTCAT TG TG TG TTECTATIGE TGO TG G TO U TCATACCTGAGECAGAARAGEAAAGATCTIC
CTCAGGACAACLAMTGGLAATCATCATCATGGTAGLAGTEGETCTTCTEGUTTBATTACCELCARTEAACTEGEATEGTTG
GAGAGAACALABNGTGACCTAAGUCATCTAATEGGALGEAGAGAGHAGGGEGLAACCACAGRATTCTCAATGGACATIGAL
CTGLGGCAGCCTCAGCT ToGGELTATCTATGCT L T GACAACT T CATCACCCCAGCCE TECAACATELGGTEACCACTICAT
AL AL AR TACTCCTT AL TG GLBATE G CACGLAAG L TEGEETE TG TTIGETATGGGLANAGGEATGLCATTLTACGEATGG
GALTT TG GAG TE LG LTECTAATGATGEETTGUTACTCALAATTAACACCTEIGALCCTARTAG TEGCCATCATTTTIGBETCETS
GLGCACTACATETACTTEATCCCABGECTELAGGCAGCAGLTELGLEEGCTECLCAGAAGAGAALGELAGLTGECATCATEA
AGANCCCTGT TG TGGATGGAATAGTGETEACTEACATTGACACAATGACAATTGACCCCOAAGTGGAAAAANAGATEBEEEA
GETGCTALTCATAGCAGTAGL LG TCTCOABCGCCATALTE TCG LG GACCGLLTGGGGETEGGHGRAGECTGEEECIETGATC
ACAGTTECAACTT AT TG TEEGAAGECTC TG AL CAAGTACTGGAACTECTCOACAGCCACTTCACTOTE TAACATTITIA
GEGGAAGTTACTTGGCTEEAGLTTCTCTAATE TACACAG TAACAAGARACGL TGO TIGGTCANGAGACCTEE GEGTGGAND
GGGAGABALLCTGGGAGALARATGEALGELC LG CTEAACCAGATETCOGCCCTGRAGTTCTACTECTACARARAGTCAGEE
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ATCACCGAGETETECAGAGAAGAGELCCGLCBTECECTOAAGGACGE TG TG CAACAGGAGGCCATGLTGTGTCLCBAGGA
AGTGCARAGLTTAGATRG UGG TCGAGAGAGGATALLTGCAGLECTATGRAMAGGTEATTIGATCTTGGATGTGGCAGAGES
GLCTEGAGTTACTATECCELCACCATCLGCARAG TTCAGCAAGTEAAAGEATACACALAAGBAGECCCTGRTCATGAAGAAC
CCATGTTGG TG CAAAGCTATG GG TEGAACATAGTCCGTCT TAAGAGTGEEGTGGACGTCTTTCACATGGLEGUTGAGLIGTS
TGACACTT TBCTGTG TGATATAGGTGAGTCATCATCTAGTCLTG AAGTGGAAG AAGCACGGACGCTCAGAGTCCTCTECATER
TEEGEEATIGECTTGAMAAAAGACCAGGAGCCTTTTGTATAAAAG TG TTETGECCATACACCAGTACTATEATGGAAACCLTE
GAGCGACTGLAGLGTAGG TATGGEGEAGGACTEGTCAGG BTG UCALTCTCCCECAACTOTACACATGAGATGTACTGEGTCT
CTGGAGCGAMAGCAACACCATAAAAAG TG TETCCACCACGAGLCAG CTCCTCTTGEGELGCATCCALGGGLICAGGAGSELE
AGTGRAATATGAGEAGGATG TG AATETLEECTCTGGLACGUGLGLTETEGTAAGCTELGCTGAAGCTCCCAACATGARGATE
ATTGETAACCECATTCAGAGEATICECAGTGAGCACGLGEAANLGTEETTLTITEACGAGAACCACCCATATAGGACATGEG
CITACCATGGAAGCTIATGAGGCCCCTACACAAGG B TCAGLETCETCTL T AATARACGGEGTTGTCAGGLTCC T TCAAMACCET
GGGATETGETGATTRGAGTCACAGGAATAGLCATGACTGACACCACACCGTATEETCAGCAMAGAGTTTTCAAGEAALNAGT
GRACACTAGGETGLCAGACCCCCAAGAAGGACTLG TCAGGTTATGAGCATEG TCTCTTECTGOTTATRG ASGBAGLTAGGE
AARCACAAACGGUCACGAGTCIG TACCANAGAAGAG TTCATCARCANGE TTCGTAGLAATGCAGCATTAGGEGLAATATTTGA
AGAGEAABAAGAGTEGANGALTECAGTGGAAGCTETEAATEATCCAAGGTTC TG G CTCTAGTREACAAGGAMAGAGAGTA
TCACCTGAGAGE AGAGTETCAGAGCTG TETETACAACATGATEG GAANAAGAGAANAGARACARGGEEAATTTGGAAAGGE
CAAGGECAGILGLECCATCTEGTATATE TEGUTAGGGGLTAGATTCCTAGAGTTCGAAGLCCTTGGATTETTGANTGAGGATC
ATTGGATGEEGAGAGAGAATTCAGGAGGTGGTGTTOAAGGACTGEGATTACAANAGACTCGGATATETECTAGAAGAGATEA
GTCGCATACCAGGAGGAAGGATGTATGCAGATEATACTGLTEGCTGAGACACCCRLATCAGCAGETTTGATCTGGAGAATGA
AGCTCTAATCACCAACEARATGGAGARAGG GCACAGGGCLTTGGCATTEGCCATAATCAAGTACACATACCAARACARAGTE
GTAAAGGTCCTTAGACCAGCTGAMAAAGGGANGACAGTTATG GACATTATTTCAAGACAAGACCARAGEEGEAGLEEACAA
GTTGTCACTTACGC T T TAATA L ATTCACCAACCTE B TGGTECAGCTCATTCRGAATATGOAGGCTGAGGAAGTTCTAGAGATG
CANGACTTGTGGLTGCTGLEGAGGLCAGAGAMAGTGACCARLTGGTTGCAARGEANCGBATGGGATAGGCTCAALAGAATG
GEAGTCAGTEGAGAT GATTG LG T TG TGAARCCAATTGATGATAGG TTTGEACATECCCTCAGG TICTTGAATGATATGGEARA
AGTTAGGARGGACACACAAGAGTGGAMACCCTCAAC TG GATGG GATAACTHGGAAGAAGTTCCG TTITGCTCCCACCACTICA
ACAAACTCEATCTTAAGGACGGGAGETCCAT TG TG GTTCCCTGLCGLCACCAAGATGAACTGATTGGLCOAGECLGEGTATCA,
COAGGOGLEGEATEGAGCATLCGGBAGACTE LT IO TAGCARAATCATATGLGUARATE TG GCAGLTCCTTTATTICCACAR
RAGGGACCTCCGACTOATGG L AT ATTIG T T CAT TETG L CAG TTEATTG GG T CCAACTEGGAG AACTACCTGGTCART
CCATGGARAGEGAGAATGEATGALCACTGAAGACATEUTTGTG GTATGGARCAGAG TG TEGATIGABGAAAACGATCACAT
GEAAGACAABACCCCAGTTALAANATGGACAGACATTCCCTATTTGGE ANBMAABAGAAGACTTGTEGTETGGATCTCTCATAG
GGCACAGACCGCGTACTACCTEGELTGAGAACATCARAAATACAG TCAACATGATGLGCAGGATEATAGETGATEAAGAAAL
GTACATEGACTACCTATCCACCCAGGTTCGCTACTTGG G TG AAG ALG GG TCCACATETEGAGTGC TG TAAGCACCARTCTTAG
TGTTGTCAGGECTGCTAGTCAGCCACAGETTGGGGAAAGCTETGCAGCCTGTGACCOCCCEAGGAGAAGCTGGGARALCAAG
CCTATAGTCAGGCCOAGAACGCCATGGEUACGEAAGAAGCCATECTELCTETEAGLCCCTCAGAGHACACTGAGTCAAMAAL.
CCCACGEGCTTGEAGGLELAGGATE GEAASAGALGGTEELEATCTICCCOACCETTCAATCTGGEGLCTEAACTGGAGATON
GUTETOGATCTCCAGAAGAGGEALTAGTEGTTAGAGGAGACCCECEGEAAMALCGEAAAACAGCATATTGACGCTIGEOARAG
ACCAGAGACTCCATGAGTTICCACTALGCIGELCELCAGGCACAGATEGICGANTAGLGGLERCIEETOTGGGEANNTLCAT
GGGTCT

KU707826.1 Zika virus isolate SSABRL, Brazil, complete genome [SEQID NO:G)

GACAGTTCGAGTTTGAAGLEAAAGCTAGCAACAGTATCAACAGETTT TATTTEGATT TGGAMACGAGAGTTTCTGGTCATGAR
AAACCCAAAAAAGANATCOGCAGGATTCCGEATTGTCAATATGUTAAANCEEGCAGTAGCCCGTETEAGLCLCTTTGGEGEE
TIGAAGAGGLTELCAGCCEGACTICTGLTGEGICATEEECCCATCAGGATGETLTIGGUGATTCTAGCCTTITIGAGATTCAL
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GGCAATCAAGCCATCACTGRGTCTCATCAATAGATGEEGTTCAGTEGEREARAANAGAGGUTATGGARATAATARAGAAGTTL
AAGARAGATCTGGUTGCCATGUTGAGAATAATCAATGLTAGCAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTETCGGA
ATTGTTGGCCTCCTGCTGALCACAGCTATOGLAGLGGAGGTEACTAGALGTGGGAGTGCATACTATATG TACTTGGACAG AL
COATGLTEEGEABGLCATATCTTITCCAACCACATTGGRGATGAATAAGTGTTATATACAGATCATGBATCTTGGACACATET
GIGATGCCACCATGAGCTATGAATGLCCTATGLTGGATEAGGEGGETGEAACCAGATGACGTCGATTGTTELTGCAACATGAC
GTCAACTTGGGTTETETACGGAACCTGLLATCACAAMAAAGETGAAGCALGEABATUTAGAAGAGUIGTEALBLTCLCCTCLC
ATTCCACTAGGAAGCTGCAAACGIGETCECANACETE G TTGCAATCARGAGAATACACAAAGCACTIGATTAGAGTCGAAAAT
TGGATATTCAGGAACCLTGGCTTLGUGTTAGCAGCAGCTGCCATCOUTTGECTTTIG GG AAGTTCAACGAGLCAAMBAGTCAT
ATACTTGGTCATGATACTGCTGATTGLCCLGECATACAGLATCAGGTGLATAGGAGTCAGTANTAGGGACTTIGTGGAAGGTA
TETCAGGTEEGACCTGEETIGATGT TG TCTTGEAACATEGAGETTGTGTCACCGTAATGGCACAGGACARALLGACTGICGA
CATAGAGLTGGTTACAACRACAGTCAGEAACATEGLGEAGGTAAGATCCTACTGLTATGAGGCATCAATATCAGACATGEGLTT
CGGACAGCCGLTGLCCAATACAAGRTGAAGCCTACCTTGACAAGCAATCAGACATTCAATATG TCTGCAAAAGRALGTIAGTG
GACAGAGGCTGGGEAMATEEATGTGEACTTTTTGGLAMAGGEAGLCTGETEACATGLGCTAAGTTTGCATGCTCCAAGAAAA
TGALLGGOAAGAGUATCCAGCCAGAGAATCTGOAGTACCGLATAATGLTGTCAGTTCATGECTCCCAGCACAGTGGEATGAT
TGTTAMTGACACAGBACATOAAACTGATGAGAATAGAGLGAAAGTTGAGATAACGCCCAATTLACCAAGAGCLGAAGLLALL
CTGGEEEGTTTTGEAAGCLCTAGGACTTGATIGTOAACLGAGGACAGGLUTTGACTTTTCAGATTIGTATTACTIGACTATGAAT
BACRAGCACTGGTTGETTCACAAGEAGTGGTTCCACGACATTCCATIACCT TG GLACGLTEEGGLARACACCHGAALTCEALS
CTGOAACAACARAGAAGCACTGETAGAGTTCANGGACGCACATGLCAAAAGGLAPACTGTCGTEGTTCTAGGGAGTCAAGAA
GGAGCAGT TCACACGGLLCTTIGCTGGAGCTCTEGAGGLTGAGATGGATEETGCAAAGGERABGLTGTCCTLTGECLACTTGA
AATGTCECCTGAAMATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCT TG TETACTECAGLGTTCACATTCALCAAGATCC
COGLTGARACACTELACGOGACAGTCACAGTGRAGGTACAGTACGCAGGBACAGATLGACCTTGCAMGGTTCCAGCTCAGAT
GGLGGTEGACATEUAAACTCTGACCCCAGTTGGGAGETIGATAACCEGLTARCCCCGTAATCACTGAMAGCACTGAGAALTCTA
AGATGATGCTGGAACTTGATCCACCATTIG GG GACTCTTACATTGTCATAGGAGTCGEEGAGAAGAAGATCACCCACTALTGEE
CACAGGAGTEOCAGCACCATTEGANNAGCATTTGAAGCCACTGTGAGAGGTECCAAGAGAATGGCAGTCTTGGGAGACACA
GCCTGGGALTTTGGATCAGTTGGAGGCGLTCTCAACTCATTGEGCAAGGGCATCCATCAANTTTTTGGAGCAGETTTCARATCA
TTGTTIGGAGGAATGTCCTGETTCTCACASATICTCAT TGEAACETTGLTGATGTEETTGEGTCTGAACACAAAGANTGGATET
ATTICCCITATGTGUT IO GCCTTAGGGGGAGTIGTTGATCITCITATCCACAGECGTCTCIGLTGATC TGO EETRLTCGETEEALC
TTCTCASAGRAGGAGACCAGATGLGGTALAGGGETETTCGTLTATAALGACGTTGAAGLLTGGAGGOACAGGTACAAGTALCT
ATCCTGACTCCLCLCGTAGATTGGUAGUAGLAGTCAAGLAAGLCTGLGAAGATGGTATCTGCGEEATCTCCICTGTTICAAGA
ATGGARAMCATCATGTEEAGATCAGTAGAAGEEGAGLTCAACGCAATCCTOGAAGAGAATGOAGTTCAACTOACGGETCIGTIG
TG GAT TG TARAAAACCECATG TE GAGAGGTCCACAGAGATTGLCIETECCTETEAACGAGLTELCCCACGEETEGAAGGE
TTGGEEEAAATCETACTTCGTCAGAGCAGCAAAGACAMATAALAGCTTIGTCETCOATGRTGACACACTEAAGGAATGLCEA
CTCARACATAGAGCATGGAACAGCTTTCTTGTGEAGGATCATEGG T TCGRGETATTTCACACTAGTETCTGGUTCAAGGTTAG
AGAAGATTATTCATTAGAGTGTGATCCAGCCGTTATTBGAACAGL TG TTAAGGGAMAGGAGGCTETACACAGTGATCTAGGET
ACTEGATTGAGAGTEAGAAGAATGACACATEGAGECTGAAGAGGGLLCATCTEATCGAGATGAARACATEGTGAATEGCCAA
AGTCCCACACATIG TG GACAGATEGAATAGAAGAGAGTGATCTEATCATACCCAARTCTTTAGCTEGGULACTEAGCLATEAL
ARTACCAGAGAGGRLTACAGOACCCARATOAAAGGGLUATEGGCACAGTCAAGAGLTTGARATICGGTTTGAGGAATGELLCA
GGLALTAAGGTLLACGTGGAGGABACATGTGGAACAAGAGGACCATCTETGAGATCAACCACTGLAAGLGGAAGGGTGATE
GAGGAATOETGUTGUAGGGAGTGCACAATGLCLCCACTGTCETTCCAGGUTARAGATEGCTGTITEGTATGGAATGEAGATAA
GGECCCAGEABAGAALCAGAAAGCAALTTAGTAAGGTCAATGG TGACTGEAGGATCAACTGATCACATEGACCACTTCTCCOTT
GCRAGTGCTIGTGATTCTGCICATGETGLAGGAAGGGLTGARGAAGAGAATGALCACAAAGATCATCATAMNGCACATEALATGE
CAGTGLTGOTAGLTATGATCCTGGOAGGBATTTTCAATGAGTGACTTGGLTAAGCTTGCAATTTIGATEGGTELCACCTTCGLG
GAAATGAACACTEGAGGAGATGTAGLTCATCTGGLGLTGATAGCEE CATTCAAAGTCAGACCAGCGTTGLTGGTATCTTTEAT
CTTCAGAGCTAATTGOACACCCCETGAANSCATECTGUTGELCTIGGCCTCOTETUTITIGCAAMACTGCGATCTCCGLLTTESA
AGGCEACCTGATGGTTCTCATLAATEGTTTIGUTTI TG GLLTEETTEEUAATALGAGLGATEGTTGTTCLACGCACTGATAACAT
CACCTTGECAATICTOBCTGETCTGACALCACTEGCLEGEEELACACTRCTTGTGELGTEGACAGCAGGLCTTGLTACTTELG
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GGGGOTITATGCTCCTCTCTCTGAAGGGAAAAGGLAGTGTGAAGAAGAALT TACCATTITGTICATGECCCTGGOACTARCEGET
GTGAGGLTGETCGACCCCATCAACGTGETOLGACTGCTETTGLTCACAAGEAGTEEGAAGLGGAGCTEGLCLLCTAGLGAA
GTACTCACAGLTETTIGGLCTEATATGLGCATTGGLTELAGGETTCGLCAAGLCAGATATAGAGATEGETGGGLCCATGELLG
COGTCOGTCTOCTAAT TG TCAGTTACGTGETCTCAGGAAAGAGTGTGEACATOTACATTIGAAAGAGCAGGTGACATCATATG
GLASMAAGATGCGGAAGTCACTGEAAACAGTECCLEELTCGATGIGGUGETAGATOAGAG TGGTGATTTCTCCCTGGTEGAG
GATGACGGTCCCCCCATGAGAGAGATCATACTCAAGETGETCCTGATGALCATCTGTGGLATGAACCCANTAGCCATACLCTTT
GCAGLTGGAGLG TG TACGTATACG TG AAGALTGGAAARGEAG TG T LTCTATEGEATE TG CCTGCTCCCARGGARGTAA
AAAAGGGGEEAGACCACAGATEGAG TG TACAGAGTAATGACTCGTAGACTECTAGGTICAACACAAGTTGEGAGTGGEAGTTA
TGCAAGAGGEOGTCTTTCACACTATGTGEGCALGTCALAAAAGEATLCGLGLTGAGAAGEGETGANGGGAGALTTGATCCATA
CTGGEGAGATGTCAAGCAGEATCIGGTGTCATACTGTEGTCCATEBAAGLTAGATALLGCCTGEEACGEGCACAGLGAGGT
GLAGCTCTTGELCGTELLCCCCGOAGAGAGAGLBAGGAACATCCAGACTLTGCCCCGEAATATTTAAGACALAGGATGEEEAL
ATTGRAGLGETTGLGCTGGATTACCCAGLAGGAACTICAGGATCTCCAATCLTAGACAAGTG TEEGAGAGTGATAGEACTTTA
TEECARTEEGETCATGATCAAAAATEGGAGTTATGTTAGTGCLATCACCCAAGGGAGHAGGGAGGAAGAGACTCLTGTIGA
GTGCTTCGAGCCTTCEATEUTGAAGAAGAAGEAGLTAAC TG TCTTAGALTTGCATCLTGOAGETE GG AANACCAGEAGAGTTC
TTCCTGAAATAGTCCETGANGCCATAAMAACAAGALTCLGTACTGTGATCTTAGCTCCAACCAGGETTIGTCG CTELTGAAATGE
AGGAGGCCCTTAGAGGGLTTCCAGTGLGTTATATGACAACAGCAGTCAATGTCACCCACTCTGGAACAGAAATLETCGACTTA
ATGTGCCATGLCACCTTCACTTCACGTUTACTACAGCCAATCAGAGTCCCCAACTATAATUTGTATATTATGGATGAGGCCLACT
TCACAGATCCCTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGEETTGAGATEOECGAGGLAGETELCATCTTCATGACT
GCCACGLUACCAGGAACCCGTGACGUATTTCLGGACTCCAACTEACCAATTATEGACACCGALGTEGAAGTCCCAGAGAGAGE
CTGGAGLTCAGGCTTTEATTGGGTGACGEATCATICTGEAAARACAGTTTGGTITGTTCCAAGCGTGAGGAACGRLAATGAG
ATCGCAGCTTGTETGACAAAGGLTGGARAACGG GTCATACAGUTCAGTAGRAAGALTTTTGAGACAGAGTTCCAGARARTCAA
AACATCAAGAGTGEGACTT TG TCGTGACAACTOACATTTCAGAGATGGECELCAACTTTAAAGCTCACCGTGTCATAGATTLC
AGGAGATGLLTAAAGCCEGTCATACTTGATGGLGAGAGAGTCATTCTGGCTEGACCCATGCCTGTCACACATGLCAGLGCTIGE
CCAGAGGAGGGGGLECATAGGLAGGAATCCCARCANACCTCGAGATEAGTATCTGTATGEAGGTGGGTGLGCAGAGALTGA
CORAGACCATGCACACTGECTTGAAGCAAGAATECTCOTTGACAATATTTACCTCCAAGATGGCUTCATAGLLTCGCTCTATCG
ACCTGAGGLOGALMAGTAGCAGLLATTGAG GEAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGALETTITGTEGARCTCATE
AABAGAGGAGATCTTCCTET T TG ELTGGLCTATCAGG TTGCATC TG LCGGAATAACCTACACAGATAGANGATEGTGLTTTGA
TGGEACGACCAATAALACCATAATGEGAAGACAGTO TOLCEGLAGAGETGTEGACCAGACACGGAGAGANAAGAGTGLETCAR
ACCBAGGTGEATEEACGLCAGAGTTTIETICAGATCATELGGCCOTGAAGTCATTCAAGGAGTTTGLCGLTGGGAMAAGAGEA
GCGGCTTTTGGAGTGATRCAAGLLCTEGEAACACTELCAGGACACATGACAGAGAGATICCAGGAAGCCATTGACAACLTCG
CIGTGCTCATGCGEGCAGAGALTGEAAGLAGGCCTTACARAG CCGLGGLEECLCAATIGCCEBAGACTCTAGAGALCATTAT
GUTTTTGGGGTTECTGGGAACAGTCICGLIGGGAATCTTCTICOTCTTCATEAGGAACAAGEGCATAGRGAAGATREGLTIT
GOANTGETGACTCTTOGEGCCAGCGOATGGLTCATGTGELTCTCCGAAATTGAGLOAGCCAGARTTGCATGTGTOCTCATIGT
TG TGTITCTATTGCTEETEE TG CTCATACCTGAGLCAGAARMABCAAAGATCTCCCCAGGACAALCAAATGGCARTCATCATCAT
GOTAGCAGTAGGTCTTCTGLGETTGATTACCGCCAATGAACTCGGATCGTTGRAGAGAACAANGAGTGACCTANGCCATCTA
ATGGGAAC GAGAGAGGAGGEE GLAACCATAGEATTCTCAATGEACATTGACCTGEGGLCAGECTCAGETTGGGCOATCTATG
CTGCCTTGACAACTITCATTACCLCAGLCGTCCAALATGCAGTBACCALTTCATACAACAACTACTCCTTAATGGCOATGGLTAC
GCAAGCTEGAGTGTTGT I TG TATG GG CAAAGGGATGCCATTCTALGLATCGGALTTIGGAGTCLCGCTGCTAATGATAGGTT
GLTACTCACAATTAACACCCCTCACCCTAATAGTGRCCATCATTITOCTCGTGGUGCALTACATETALTTIGATCLCAGGGLIGEA
GGUAGTAGLTGLGLGTGLTGLCCAGAAGAGAACGGLAGETCLUATCATGAAGAACCCTETTIGTGEATGEAATAGTGGTGACT
GACATTGACACAATEGACAAT TGACCCLCAAGTEGAGALAAAGATOEGACAGGT GETACTCATAGLAGTAGCLGTCILCAGEG
CCATACTGTCGCGRACCGLCTGOL GG TEEEEGEAGBLTEGEELLCTGATCACAGLCGLAACTICCACTITETEGGAAGGLTE
TCOGARCANGTACTGGAACTCETCTACAGCCACTTCACTG TG TANCATTITTAGG GEAAG TTACTTEGCTGEAGCTTCTCTAATE
TACACAGTAACAAGAMACGLTGGCTTERTCAAGAGALGTOOEGETEGAACAGEAGAGALLCTGLGAGAGAATEGAAGEE
CLGCTTGRACCAGATETCEGLCCTGEAGTTLTACTCCTACARAAAG TCAGGIATCACCEAGGTE TECAGAGAAGAGGLLLGE
CECOCCCTCAAGLALGETETEECAACGEEAGGECATGLTGTGTLCCOAGGAAGTECAMAGLTIGAGATEETTOLTEEAGIGE
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GGATACCTGCAGCCCTATEGAAAGGTCATTGATCTTGGATGTGGCAGAGGEGGLTGEAGTTACTACBCCBLCALCATELGEA
AAGTTCAAGAAGTGAAAGGATACACAAAAGGAGGCLCTGGTCATGANGAACCCGTGTTG GTGCAAMAGETATGGGTGGAACAT
AGTCCETCT T AAGAG TG GG ETCGBACGTCT T T LATATGGCGGCTBAGCCGTETGACACGTTEL TG TG TGACATAGGTGASTCAT
CATCTAGTLCTGAAGTGEARGAAGLACGRALGLTCAGAGTCCTCTCCATERTEOGEGATIGGCTTIGAANAMAGACCAGGAGE
T T TG TATAAAG G TG TG TG CCCATACACCAG AL TATGATEG AMACLCTEEAGEGACTECAGCGTAGGTATEGEGGAGGA
CTGETCAGAGTGCTACT TG CAACTCTACACATGAGATG TATTGGBTCTC TG BAGLEAAAAGCAACACCATARALAGTGT
GTCCACCACGAGCCAGUTCCTCTTGEGEEGCATEGALGGELCTAGGAGGCCAG TOARATATCAGGAGGATG TGARTCTCGEE
TCTGGEACGCGEGCTGTAE TAAGL TG GO TGAAGLTCCCAACATE ANGATCATTGGTAACCGLATIGAAAGGATCCGCAGTS
AGCACGCGEANACETEGETTCT TTGACGAGAACCACLCATATAGGACATGGECT TACCATEGAAGLTATGAGGCCCCCATACAR
GGEETCAGCETOCTCICTAATAAACG G GETTGTCAGGLICCTETCARAACCCTGG GATETO L TG AL TG EAGTLACAGGARTAGE
CATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAMAAGTGGACACTAGGGTGCCAGACCOCCAAGAAGGT
ACTCGRTCAGGTTATGAG CATGGTLTCTTECTEGT TG TEGAAAGAGCTAG GLAAACALAANCGGCCACGAGTCTBTACCARAGA
AGAGTTCATCAACAAGE TTCETAGCAATGCAGEATTAGE GEEANTATTTCAAGAGGAARAAGAGTGLAAGACTGLAGTEGA
AGCTGTGAMCEATCCAAGGTTCTGEGCTCTAGTGGATAAGGAANGAGAGCACCACCTOAGAGGAGAGTGLCAGAGTTETGT
GTACAACATGATGG GAAANAGAGAAAAG AN AAG GG GAATTTEGAAAGGOCAAGGGCAGCCGOGCCATCTRETATATGTG
GLTAGGGGUTAGATITCTAGAGTICGAAGLCCTTGGATTCTTGAALGAGGATCACTEEATG GO GAGAGAGAACTCAGGAGET
GHETETTGAMGGGECTEEEAT TACAAAGACTCE GATATGTCCTAGAAGAGATGAGTCG TATACCAGEAGGAAGGATETATSEA
GATGACACTGCTGGCTEGBACALCCGLATCAGCAGE TTTGATCTEGAGAATGAAGCTCTAATCACCAACCAAATEGAAMAG
GGLACAGGGCCTTGRCATIGECCATAATCAAGTACACATACCAAAACAAAGTGE TAAAGGTCLTTAGACCAGETGASALAGE
GARDACAGTTATGGACATTATTTCGAGACAAGACCAAAGBRGEAGLGBACAAGTTGTCACTTACGLTCTTAACACATTTALEA
ALCTAGTGETGUAACTCATTCGGARTATE GAGGLTEAGGAAGTTCTAGAGATGLAAGACTTGTGEL TGCTEEGLAGGTCAGA
GAMAGTGACAACTEGTT B AGAGCARCGEATEGGATAGELTCAAACGAATE GCAGTCAGTEGAGATGATTIECETTIGTGAA
GCCANTTGATGATAGGTTTGCACATGCCCTCAGGTTCTIGAATEATATG G GANAAGTTAGGANG GACACACAAGAGTGENAN
CLCTCAACTGEATEGEACAACTGGGAAGAAGTTCCGTTITEUTCCCACCACTTCAACAAGCTLCATCTEAAGEACGEBAGETC
CATTGTGGTT LT RCCELCACC ARG A TG AACTGATTGG GGG CCCGCETCTCTCCALGGELGEBATEGAGCATCLGEEAL
ACTGCTTGCCTAGLAAMATCATATELGCAAATGTGGCAGCTECTITAT T ICCACAGAAGGGACCTCLGACTGATERECAATELL
ATTIGTTCATCTETGCCAGTTGACTEGE TTLOAACTEGEAGAACTACCTGGTCAATCCATGGAAAGEEAGAATGEATGACCAL
TGARGACATGCTTGTERTETGGARCAGAGTG TEGATTEAGHAGARCGACCACATGGAAGACAAGATCCCAGTTACGBALTE
GACAGACATCCCUTATTTGEGAAAAAGGBAAGALTTGTGETGIGGATCTCTCATAGGGLACAGACLGUGCALCACLTGGELT
GAGANCATT AARAACACAGTCAACATG G TGUGLAGGATCATAGG TGATGAAGARAAGTACATGEACTACCTATCCACTLAAG
TTCBCTACTTEBETEAAGAAG GG TCTACACCTGGAGTECTG TAAGCACCAGTCTTAATGTIGTCAGG CLTGCTAGTCAGLEAC
AGCTTGEEEAMAGLTETELAGCCTGTGALCCC L CAGGAGAMGCTGEBAMCCAAGLLTATAGTCAGG CLBAGAALELLATE
GCACGGAAGAAGLCATGCTGLCTGTGAGLCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGLTTEGAGGLGLAGGATE
GEAMAAGAAGGTEECOALCITCLOCACCCTTCARTC TG GGG CCTEARCTGGAGATCAGLTETEGATCTCCABAAGAGGLACT
AGTGGTTAGAGGAG

KU744653.1 Zikavirus isolate VE Ganxian, China, complete genome (SEQ IDNO: 10)

GTTGTTACTG T TGCTCALTCAGACTGCEACAGTTCGAGLT ITEAAGLEAAAGLTAGCARCAGTATCAACAGE TITTATTTGGATT
TGGAAACGAGAGTTITCTGETCATEAAARACCCARAMALGAARTCCGEAGEATTCCGEATTOTCAATATGLTAAAACGEGEAG

TAGCCCETETCAGLLCLTTIGG GG 6L TEAAGAGELTOLUAGCCGGACTTC TG CTEGETCATE GO LCCATCAGGATEETETTG
GCAATTCTAGCCTTTTTCAGATTCACGECAATCAAGCCATCACTGGRTCTCATCAATAGATEGGGTICAGTGGEEAAAAAAGA
TGCTATGGAAAT AT ALAGAAG T CANG R ANGATCTGGETGUCATG CTGAGAAT AR TCAATG L TAGGANGGAGAAGRAGAGA
CEAGGUGCAGATACTAGTETCEGAATTGTTGGCCTLOTGLTGACCACAGLTATOGCAGCGEAGGTCALTAGALGTGGGAGTE

36

39




PATO22-EP-PR

CATACTATATETALTTEGACAGAAACGATECTGGGGAGGCCATAT T T TCCAACCACATTG GG CATGAATAAG TG TTATATAC
AGATCATEGATC TTGEACACATGTETGATECCACCATGABCTATGAATGCCCTATGLTGEATEAGEGEETGEALCAGATEA
CETCEATTETIGETGCANCALGACS TCAACTTEEGTTGTETACGGANCETGCCATCACAMDANAGG TEALGCACGGAGATCTA
GAAGAGCTGTGACGCTCCCTTCCCATTCCACTAGBAAGC I GLAAACGLEGTCGLAMACCTGGTTGGAATCAAGAGAATACATA
AAGCACTTGATTAGAGTCGAARATTGEATATTCAGGAALCCTEECTTCGCGTTAGCAGCAGCTGLCATCGLTTGELTTTIGEE
AAGCTCAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGTGLATAGGAGTEA
GLAATAGGOACTTIGTGRAAGGTATGTCAGGTGGEALTTI GGG T TGATGTICTCITGGAACATGGAGGTIGTGTCACCGCAAT
GGCACAGGACAAACCEACTETCGACATAGAGCTEG T TACAACAACAGTCAGCOACATGGLGLAGE TANGATCCTACTGUTAT
GAGGCATCAATATCAGACATGGLTTCGEALAGCLECTELCCALCACAAGGTEAAGLCTACCTTGACAAGCAATCAGACALTCA
ATATGTTTGCANAAGAACGTTAGTGGACAGAGGLTEEEGAAATGEATGTGEACTITITGGCAAAGGBAGTLTGETOACATEE
GLTAAGTTTGCATGCTCCAAGAARATGACCGGGAAGAGCATCCAGCCAGAGAATETGGAGTALCEGATAATEL TG TCAGTTE
ATGGCTECCAGEACAGTGEGATGCTCETTANTGACACAGGACATGAAMLTGATGAGAATAGAGCGAAGGTTGAGATAALGLD
CAATTCACCAAGAGLLGAAGLCALLOTGGGEGGTTITGGAAGLLTAGBALTTGAT TG TGAACCEAGGACAGGCCTTGACTTTT
CAGATTTGTATTACTIGACTATGAATAACAAGCACTGET TGO CTCACAAGGAGTGGTTCCACGACATTECATTALCTTGGEACE
CTGEGEECAGCCACCEGAACTCCACACTEGANCAACANAGARG CACTGGTAGAGTTCAAGGACGCACATGCCABRAAGECARAL
TG TCETEGTICTAGGGAGTCARG AAGEAGCAGTTCACALGBCCLTTGETEGAGCTCTEEAGGLTEAGATGEATGGTECAAAG
GGAAGGETETOCTCTOGCCACTTGAAATGTCECCTGANAATGGATAMACT TAGAT TGAAGE GLGTE TCATACTCCTTGTGTAC
COCAGCGT TCALATICACCAAGATCLCGGUTGAAACAGTCGALGEGACAGTEACAGTGGAGGGACAGTACGEAGGGACAGA
TGEGACCTTGCAAGS T TCCAGCTCAGATEG UGG TGGACATGLABACTCIGALCCCAGTTGEGABGTTGATAACCEETARLCCLG
TAATCALTGAAAGCACTGAGAACTCTAAGATGATGUTGGAACTTGATCCACCATITGGEGACTCTTACATTIGTCATAGGAGTEG
GGEGAGAAGAAGATCACCCACCACTGGLACAGEAGTGGCAGCACTATTGEAAMAGCATTTEAAGCCACTGTGAGAGETGLS
AGAGAATGECAGTCT TEGEAGACACAGCCTGEGACTTTGGATCAGTTGGABGCGLTCTCANCTCATTG GG CANGGECATCOA
AT TAT TG CAGCAGETTTCARATCATT G T TG G AGGAATGTCCTEE TTCTCACAAAT TETCATIGE GALGTTGCTGATETS
BITGGETCTGANCACAMAG A TEGATCTATTTCCCTTATG TG LT GGLCTTAGG GGG AGTE TTGATCTTCTTATCCACAGCTGT
CTCAGETGGTGTGGEG TGCTCGGETGGACT TCTCAAAGAAGGAGACGAGATECEGTACAGEGGTETTCGTCTATAACGATETT
GAAGCCTGGAGGEACAGETACAAGTACCATCCTGACTCLCCCCETAGATTGECAGCAGLAGTCAAGCAAGLUTGGGAAGATE
GTATCTELGGGATCTECT TG T TCAAGAATGGAAMACATCATGTGGAGATCAGTAGAAGEGGAGLTCAACGCAATCCTRGAR
GAGAATGGAGTTCAACTOACGRTCETTGTGGGATCTETAAAAAACCCCATETGEAGAGGTCCACAGAGATTGLCCETELLTG
TGAACGAGCTGCCCCACGGLTEEAAGECTTGGEGGAAATCGTACTTCG TCAGAGCAGCAAAGACAAATAACAGLTTTGTCGT
GEATGETGACACACTGAAGGAATGCLCACTCAMACATAGAGCATGGAACAGLITTCTIG TEGAGGATCATGEETTCGGEGTA
TR TCACALTAGTOT TGO TCAAGE I TAGABAAGACTATT GG TTAGAG TETGATCCAGCOETTATTGGAACAGTTS TTANGEE
ARAGBAGGLTGTACACAGTGATCTAGGLTACTGGATTGAGAG TEAGNAGAATE ACACATEGTEGETEARGAGEGECCATCT
GATCEAGATGAAMACATETGAATEGCCAAAGTCOCACACATTG TGOALAGATGGAATAGARGAGAGTGATCTGATCATACTE
ARGTCTTTAGLTGGGLCACTCAGUCATEALAATGCCAGAGAGGGLTACAGEACCCANTGAAAGEGLCATEGCACAGTGAAG
AGCTTGARATTOLGTTIGAGGAATGCTCAGGLACTAAGGTECACG TG BAGGAAACATGTGRAACAAGAGEACCATCTCTGAG
ATCAACCALTGCANGEGEAAGEETEATCGAGGAATEGTGCTCCAGEEAGTGCACARTGLLOCCACTGTLCTTCCAGBLTAAL
GATGGLTOTTRGTATGUAATGGAGATAAGGCCCAGE AAAGAACCAGALAGCAACT TAGTAAGGTCAATGGTEACTGCAGSA
TCAMC TG T CACATG G AT CAC T TC T TIGGAGTE L TG TEAT I TG CTCATG G TGLAGGAAGE GCTCAAGAAGAGAATGAT
CACAAAGATCATCATAAGCACATCAATGGLAGTGCTGGTAGCTATGATCCTOGGAGGATTTTCAATGAGTGACCTGGCTAAGT
TTGCAATTTIGATGEGTGULACCTTCGEGGAAATE ARCACTGEAGGAGATETABCTCATCTGGLECTRATAGC GO CATTCAAR
GTCAGACCAGCGTTECTGGTATC T TCATCTTCAGAGETAATTGBACACCLCGTGARAGLATGCTGCIGGUCTIGGCCTLGTET
CET TG CAAALTGEGATETCCGELTTEGAAGELGACCTEATGRTICTCATCAATEGTTTTCCTTTBELCTCGTTEECAATACGA
GLGATGETTETICCACGOACTGATAA L ATCACCT TAGCARTCCTGGCTECTCTCACACCATTGBLL UG GEGLACACTGETTATE
GLGTGGAGAGCAGGCLTTIGCTACTIGLGEGGEGTITATGOTCCTCTCTCTGAMGECAAAMGGCAG TG TCAAGAAGAACTTAT
LA T TCATGG TGS GACTAAC BTG TGAGG TG TCBACCC AT AACE TEETE 66 ACTEC TG TIGCTCACAAGEAGT
GEGARGEGEAGLTEGUUCCCTAGEGAAGTACTCACAGETETTGGLLTEATATGLGCATIEGCTGAGGETTCECCAEEEAG
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ATATAGAGATGGLTGEELCCATEGLCGCORTCOETCTGUTAATTETCAGTTACGTOGTCTLAGGAANAGAGTGTCGRACATETA
CATIGAAAGAGCAGGTGACATCACATGEGAAAAAGATGLGGAAGTEALTGEAMATAGTCLCUGLUTCGATGTGECGCTAGAT
GAGAGTGGTGATTTICTCCETGGTEGAGGATGALGGTCCCCCCATGAGAGAGATCATACTCAAGG TG TCCTGATGACEATLIG
TGGCATEAACCCAATAGCCATACCLTTTGLAGCTGGAGLGTEG TACGTATACG TGAAGACTEGARAAAGGAGTGGTGCTCTAT
GOGATETGECLTACTCCOAAGGAAGTARAARAGGGEGAGACCAUAGATGRAGTGTACAGAG TRATGAL TCGLAGACTGETAG
GTTCAACACAAGTTEGAGTGEGAGTTATGLAAGAGGEEGTCTTTCACACTATS TEGLACGTCACAAAAGGATCCGUGCTGAG
ARGLGGTEAAGGEAGACTTGATCCATACTGGGEAGATE TLAAGLAGGATCTGGTGTCATACTGTGG TCCATG GAAGETAGAT
GECECCTEGEACGGELACAGLEAGETECAGLTCTTGECCGTECCLCCOGGAGAGAGAGLGAGEAACATCCAGALTCTELCC
GEAATATTTAAGALABAGGATEGGGACATT GEAGLGGTTGUACTGGATTACCCAGCAGGAALTTCAGGATCTCCAATCCTAG
ACAAGTETGOGAGAGTGATAGGACTITATGGLAATGEGGTLGTGATCAAMAATGGGAGTTATGTTAGTGLCATCALCCAAGG
GAGGAGGGAGGALAGAGACTCCTETIGAGTGLTTCHAGCCTTCGATECTGAAGAAGARGLAGCTAACTGTCTTAGACTTGEAT
CCTGBAGLTEGGAMMACCAGGAGAGT TCTTCOTGAANT AGTCCGTGAAGLCATAAAAACARGACTCCGTACTGTGATCTTEGEL
TCCAACCAGEETTGTCGCTGLTGAMATEGAGGAGGCUCTTAGAGGGLTTCCAG TGO TTATATGACALCAGCAGTCAATGTCA
CCCALTLTRGAACAGAAATCETCGACTTAATGTGCCATGLCACCTTCACT TCACGTUTALTACAGLCAATTAGAGTCCECAALCTA
TAATCTGTATATTATGGATGAGGULCALTTCACAGATCCCTCAAGTATAGCAGCAAGAGGATACATITCAACAAGGETTGAGA
TEGGLEAGECEEOIGLEATCTTCATE ACLGUCALGLLACCAGGAAL UG TEALGCATITELGGACTCCAACTCACCANTTATS
GACALCGAAGTGGAAGTCLCAGAGAGAGLUTGEAGCTCAGGLTTIGATTGEGTGACGGAGTAT ICTEGAAARACAGTTTGGT
TIGTTCCACGLGTGAGGAACGGLAATCAGATCOLAGCTTGTCTGACAAAGECTGGAMAACG GG TCATACAGCTCAGLAGAAA
GALTTTIGAGALAGAGTTCCAGAANALAAAACATCAAGAGTEGEALT TTGTCGTGACAACTGACATTTCAGAGATEGECECEA
ACTTTAAAGLTGACCGTETCATAGATTLCAGGAGATGLCTAAAGCLGETCATACTTGETGGUGAGAGAGTCATTLTEGLTEEA
COCATGCCTETCACACATGLCAGEGLTEECCAGAGGAGEGGEIGCATAGGLAGGAATCCCAACARALETEGAGATGAGTATE
TETATEGAGGETGGETGUGCAGACALTGACGAAGACCATECACACTAGUTTGAAGCAAGAATECTCCTTGACAATATITACCTC
CAAGATGGLCTCATAGCCTCGCTCTATCGACLTGAGGCCGACAAAGTAGCAGLCATTGAGERAGAGTTCAAGCTTAGGACGS
AGCAAAGGAAGALCTTTGTGGAALTCATGARAAGAGGAGATCTTCCTGTTIGGCTGGUCTATCAGETTGUATCTGCUGGEAATA
ACCTACACAGATAGAAGATGGTECTTIGATOGCACGACCAACANCACCATAATEGAAGACAGTEGTCLLGGCAGAGGTGTGEA
CCAGACACGGAGAGAARABAGTGCTEAAACCGAGGTGRATOGALGCCAGAGTTTGTTCAGATCATGLGGLUCTEAAGTEATT
CAAGGAGTTTCGLCGLTGEGAAAAGAGGAGLEELTTTTGGAGTGATEGAAGLCCTEEGAACACTGLCAGGACACATGACAGA
GAGATTCCAGGAAGLCATIGACAALCTUGLTGTGCTCATGLGLGCAGAGACTGGAAGCAGBLLTTACAARMGLIGLGGLGGLL
CAATTGCCGGAGACCCTAGAGACCATTATGCT T TEGEE TIGLTGEGAACAGTCTCECTGOGARTCTTTTICETCTTGATGAGS
AACAAGGGCATAGGGAAGATGEGCTTTGGAATCG TEACTCTTE GGG LLAGCGUATGGLTCATOTGECTLTCEGABATIGAGE
CAGLOAGAATTGLATGTGTCCTCATTGTTIG TG T TCCTATTGUTGG TEETECTCATACCTOAGCCAGAAAAGCAMGATCTELLE
AGGACAACCAAATGGUCATCATCATCATEGE TAGCAGTAGGTCTTCTGGGCTTGATTACCGLCAATGAACTLGGATGGTIGGAG
AGAACARAGAGTGACCTAAGCCATCTANTGGGAABGAGAGAGGAGGGGGLAACCATGGGATTLTCAATEGACATIGACLTG
CGGLCAGCLTCAGCTIGGELCATCTATCCTGCCITGACATCTITCATTACCCCAGCCETCLAACATEGCAGTEALCACTTCATACA
ACAACTACTCCTTAATGELGATGRECACGEAAGCTOGAGTETTG TTTE G TATGGGCALAGEGATGLCATTCTACGCATGEGAC
T G CAGT G T GLT AT GATAGG TTGCTACTCACAATTAACGLCLCTGACCCTAATAGTGGCOATCATITTGLTCGTGECE
CACTACATOTACTTGATULCAGGLETECAGGCAGLAGCTGCGUGTGLTELCCAGANGAGAACEGLAGLTOGCATCATGAAGA
ALCCIGTTGTOGAGEGANTAG TG TGALTGACATTGALACAATGACAATTIGALCLCCAAGTEEAGAAARNGATOGGACAGET
GUTACTCATGGCAGTAGCCGTUTCCAGUGCCATACTGTOGAGGACCGECTRGEEETGRGEGEAGELTGGGELICTEATIALA
GCCGLAACTTCCACTTIGTGGEAAGGETCTCCEAALAAG TACTGGAALTCCTCTACAGCCACETCACTETGTARCATTTTTAGE
GOAAGTTACTTGELTOGAGLTTETCTAATCTACACAGTAACAAGAAACGLTGGLTTEGETCAAGAGALGTGEGGETEGAACAG
GAGAGACCUTGEGAGAGAAATGCAAGELCCGUTTGAACCAGATE TEGGLCCTGGAGTTCTACTCCTACAAARAGTCAGELAT
CACCBAGGTGTGUAGAGAAGAGGLLCGLLELOUCCTICAAGGALGETETEGLAACGE GAGRLCATELIGTETCCLGAGGAAG
TECAAAGTTEAGATEETTGETGGAGIGEECATACCTRCAGLCCTATGEAAMGGTCATTGATCTTEGATGTEGCAGAGBEER
CTGGAGTTACTACGCCGCCACCATCCGLAAAGTTCAAGAAGTGAAAGGATACACAANAGGAGGCCCTGGTCATGAAGAALLC
GTETTOGRTGCAAAGLTATOEGTEGAACATAGTCCGTCTTAAGAGTGEGGTGEACBTCTTTCATATGGLGOLTGAGLLETGTG
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BCACETTGCTGTGTGACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGLTCAGAGTLCTCTCCATEETG
GGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTG TTGTGCCCATACACCAGCACTATGATGGARACCCIGGA

GCGACTGCAGLGTAGGTATGGGEEAGGACTEE TCAGAGTGLCALTLTCCCGCAACTUTACALATGAGATGTACTGGGTCTCT

GGAGCGAAMAGLAACACCATABRAAAGTETGTCCACCACGAGLCAGLTCCTCTTCGEGCGLATGEACGBOLITAGGAGGLCA
GTGABATATGAGGAGGATGTGAATCTLLGETOIGECACGLGGEETETGE TAAGCTGOGLTEGAAGLTCCCARCATGAAGATCA
TIGGTAACCGCATTGAAAGGATCCGEGLTGAGARAGLEGAAACGTEETTCTTTGACGAGAACCACCCATATAGGACATEEGE
TTACCATGGAAGCTATGATGLCGLCACACAAGEGTCAGCGTECTCTCTAATAAACGGEGTTICTCABGLTCCTO TCARAALELT
GEOATGTGOTBACTEEAGTCACAGGAATAGCCATGACCGACACCACACCGTATEETCAGUAAAGAGTTTTCAAGGAAMARGT
GEACACTAGEGTELIAGALCCCLAAGAAGGCACTCGTCAGETIATGAGLATOGTCTUITCCIGG TIGTGGARAAGAGCTAGGL
AAACACARACGGCCACGAGTCTGTACCARAGAAGAGTTCATCAACAAGGTTCGTAGLAATGCAGCATTAGGGGLAATATTTIGA
AGAGGABAAAGAGTEGAAGACTGCAGTGEAAGCTETGAACGATCCAAGGTTCTGGEUICTAGTGGACALNGEAMAGAGAGCA
CCACCTOAGAGGAGAG TELCAGAGTTGTGTETACATCACAATGGGAAAAAGAGALAAGABALALAGGEGARTTTGGAMMGGE
CAAGEECAGCCGUGLCATCTGOTATATGTGOETAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGBATTCTIGAACGAGGATC
ALTGHATEGGEAGAGAGAACTCAGGAGETEGTGTTGAAG GG CTOGEATTACAAAGACTCOGATATGTCCTABAAGAGATGA
GTCGCATACCAGGAGGAAGGATGTATECAGATEACACTECTGECTEEEACACCCGCATCAGLAGGTTTGATCTROAGAATGA
AGCTCTAATCACCAACCAAATGGAG AAAGEGCACAGEGCCTIGGUATTGGLCATAATCAAGTACACATACCAARACAMAGTG
GTARAGGTCCTTAGACCAGLTGAAAAAGGGAAGACAGTTATGGACATTATTTCGAGACAAGACCAAAGGGGGAGLGGALAA
GTTGTCACTTACGCTLTCAACACATTTACCAACCTAGTGGTGLAACTCATTCEGAATATG GAGECTGAGGAAGTTCTAGAGATG
CANCACTTGTGGUTGLTGLGGAGLTCAGAGARAGTGALCAACTGGTTGCAGAGLAALGGATGGGATAGGCTCAAACGALTE
GLGGTCAGTOGAGATGATTGLGTTGIGAAALCARTIGATGATAGETTTGCACATGLCCTCAGGTICTTGAATGATATEGGAMA
AGTTAGGAAGGACACACARGAGTEGAMALCCTCAAC TG GATEGGACANCTG GG AAGANGTTCLCTTCTGCTCCCACCACTTEA
ARG T AT T AN GGALGBGAGGTCCATT G TG G TTCL TG LG AL CAAGATRAACTGATTG GCCBEGLLCGLBTLTCT
CCAGEEEUGEGATEGAGLATCCGGGEAGACTGCTTECCTAGCAAAATCATATELGLARATGTGGEAGUTCCTITATTTCCACAG
AMGGGACCTCOGACTGATGG CCAATGLCATTTGTTCATCTGTGCCAGTTGALTEGGTTCCARCTGGLAGAACTALCTGRTCAAT
CCATEGAAAGGGAGMATEGATCACCACTGAAGACATGCTTGTEGLGTGGAACAGACTETGGATTGAGEAGAALGACCACAT
GGAAGACAAGACCCCAGTCALGARATGBACAGACATICCCTATTTG G GAMAAAGGGAAGALTIGTGGIGTGOATCTCTEATA
GGGCACAGACTGCECACCACCTIGOGUTGAGAACATTAAAAACACAGTCAACATGETGLGLAGOATCATAGGTGATGAAGARA
AGTACATGGACTACCTATCCACCCANGTTCGLTACTTEEETEAAGAAGGGTUTACALCTGGAGTGCTETAAGEACCAATETTA
ATGTTGTCAGGLCTRCTAGTCAGLCACAGCTTGGEEAMGCTGTGLAGLLTGTEACCCCCCCAGGAGAAGCTEGGAAALCAA
GCCTATAGTCAGGLLOGAGAACGCEATGGCACGEAAGAAGLUATECTGUCTGTGAGCCCCTCAGAGGACALCTGAGTCAARARA
CCLCACEEGETTGEAGELECAGEATEGGAAMAGAAGGTEELGACCTTCELLACCETTCAATCTEEOGLETGANCTEGAGATE
AGCTGTGGATCTCCAGAAGAGGGACTAGTLETTAGAGGAGA

LCO02520.1 Zika virus genoimic RNA, strain: MR7E6-NID, Uganda, completegenome [SEQID MO: 11)

AGTTGTTGATCTGTCTGAG TCAGACTGLGACAGTTCGAGTUTGAAGLGAGAGLTAACAACAGTATCAACAGGTTTAATTIGEA
TITGGAAACGAGAGTTTCTOGTCATGAAARACICAAAGAAGAAATCCGGAGGATTCCOEATTOTCAATATGLTARAALGLGSG
AGTAGCCCGTETARACCLOTTGGGAGETITGAAGAGE TTOLCAGCUGGACTTCTGLTGGGTCATGGACCCATCAGAATGETTT
TEGLGATACTAGCCTTTTTGAGATTTACAGCANTCANGCCATCACTGGGLCTTATCAACAGATG GGG TTLCGTGGGGARAARA
GAGHRCTATGGAMATAATAAAGAAGTTCAAGARABATCTTGCTGCCATG TTGAGAATAATCAATGLTAGGANAGAGAGGAAGA
GACGTGEECGLAGACACLAGTATLGGAATCATTGGLCTCCTECTGALTACAGLCATEGLAGEAGAGATEACTAGACGLOEGAG
TECATACTACATGTACTTGGATAGGAGLGATGCCEGEGANGECCATTICGTTIGETACCALATTGGOAGTCAACALGTGCLACE
TACAGATCATGGALLTCGOGCALATGETGTGACGLCACCATEAGT TATGAGTECLCTATGCTEGGATCAGGGAGTEGAMCLAGA
TEATGTCOATTGCTOETGLAACALGACATCAALTTGGGTTGTGTACGOAACLTGTCATCACARABAAG R TGAGGLACGGLGAT
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CTAGRAGAGLLGTEACGLTCCCTTCTCACTCTACANGGARGTTGUARACGLEETCGUAGACCTGETTAGAATCAAGAGAATAL
ACGANGTACTIGATCAAGGTTGAAAACTGGATATTCAGGAACCCEGGETTTGEGCTAGTGGLEG TTGCCATTGLCTGECTTIT
GEGAAGLTUGACGAGLCAMAARGTCATATACTTEETCATGATACTGLTGAT TGLCLCBGLATACAGTATCAGGTGCATIGGAG
TCAGCAATAGAGACTTCGTEGAGGGUATGTCAGE T GG ACCTGGETTGATGTIGTCTTGGAACATEGAGGCTBCGETIACCET
GATGGLACAGGACAAGCCAACAGT TGACATAGAGTTEGTCALGACGALGETTAGTAALATGGLCGAGGTAAGATCCTATTGE
TACGAGECATCEATATCRGACATEGLTTCRGACAGTCETTGCCCAACACAAGETEAAGCCTACCTTGACAAGCAATCAGALAL
TCARTATG TCTG CAMMAG AACATTAG TEGACAGAGE T TG GGG ARMCOETIG TEEACTTTTIGGCALAGGEAGCTTGGTGACA
TETGCCANGTTTACCTGTICTAAGAAGATGALCEGEAAGAGLATTCAACLGEARAATCTGGAGTATCGGATAATGCTATCAGT
GUATGGCTCCCAGCATAGGEGGATEALTGTCARTGATATAGGATATGAAACTEACGAMATAGAGCGARMGTCOAGETTACG
CCTAATTCACCAAGAGLGGAAGLAACCTIGEGAGGCTTTGGAAGLTTAGGACTTGAL TG TGAACCALGGACAGGCCTTGACTT
T CAGATC TG AT TACCTGACCATGALA AR T AAGCATTOE T TGO TG CACAAAGAGTGGTITCATGACATCLCATTGLLTIGGCA
TECTGEEGLAGALATGGAACTCCACACTE GRACAACANAGAGE CATTGETAGARTTCAAGGATGCCCALGCCARGAGGLAA
ACCGTLETCGTTCTEGGBAGLLAGGAALGAGLCRT TCACALGGETCTCGLTEGAGLTETAGAGGLTGAGATEGATGGTECAR
AGGEAAGCTETTCTCTGECCATTTEAAATGLCGCCTAALAATGGACAAGCTTAGATTGAAGGGCETGTLATATICCTIGTEE
ACTGLEGUATTCACATTCACCAAGG TCCCAGLTEAMACACTGUATEGAACAGTCACAG TEGAGETELAGTATGCAGGGACAG
ATGGACCC TR AAGATCCCAGTCCAGATERCEGTGGACATECAGACCCTGACCICAGTTGEAAGGCTGATAACCECCAALLT
CGTGATTACTGARAGCACTGAGAALTCAMGATGATGTTGGAGCTTGACCCACCATTTGGGGATTCTTACATIG TCATAGGAG
TIGGEGACAAGARARTCACCCACCACTGGUATAGGAGTEG TAGCACCATCEGAAAGGCATTTEACCECACTE TEAGAGELEE
CAAGAGAATGGCAGTCCTGGEGEEATACAGLCTEGGATLTTCGGATCAGTCOGGGETGTGTTCAACTCACTGGGTAAGGGCATT
CACCAGATTTT TGEAGCAGLLTTCARATCACTG T TGGAGGAATGTCCTGGTICTCACAGATCCTCATAGGCACGLTGLTAGTG
TEGTTAGGTTTGAACACAAAGAATGGATCTATCTC LT CACATGCTTGGLCCIGGGEGEAGTGATGATCTTCCTCTCCACGGET
GTTTCTGLTGACGTEGGETECTCAGTGGALTTCTCAARLAAGEAAALGAGATGTGECACGEGEETATTCATCTATARTGATET
TGAAGCCTGGAGGGACCOETACAAGTALCATCCTGACTCLCLLCGUAGATTGGCAGCAGCAGTEAAGCAGGCCTGEEAAGAG
GEGATCTETGGBATCTCATCCETTTCAAGAATGEAARACATCATG TOGARATCAGTAGAAGGEGAGCTCARTGLTATECTAGA
GOAGAATGGAGTTCAACTEACAGTTGTTGTGGEATCTATAARAAACCCCATG TEEAGAGETCOACAAAGATTGLCAG TGECT
GTGANTGAGCTG L CATGECTGEAALGCCTGEEEGANATEGTATTTTGTTAGGG UG GCAAAGACCANCAACAGTTTTETIGT
CEALGETGACACACT e AAGGAATE TCL G T GAGCACAGAGCATEEAATAGTTTTETICTGG AGBATCACGGETTTGEAGTE
TTCCACAC A TG TCTG G T TAAG G TCAGAG AAGAT T AT AT TAGAAT TG ACCCAGLUGTEATAGGAACAGLTATTAAGEE
AAGEGAGGLCEUGCACAGTEATCTGEGLTATTGGATTEAMGTEAABAG AATEALACATEGAGGLTOAAGAGEETLCATET
GATTGAGATGARAACATETGAATEGCCAMAGTCTCACACATTGTEGACAGATGGAG TAGAAGAAAGTGATCTITATCATACLEA
AGTCTTTAGCTGGTCCACTCAGLCACCACAACACCAGAGAGGGTTACAGAACCCAAGTGAAAGGGCCATEGCACAGTGAAGA
BT GAAA TG T T GAGGAATC T CLAGGCACCAAGG TTTALGT G GAGGAGATATECGONALTAGAGGACCATCTCTGAGA
TCAACTACTGCAAGTGGARGGETCATTGAGGMTEETEUTGTARGGAATGCACAATGCLCCCALTATCETTTEGAGLAANAAG
ALGGUTGLTEGTATGGAATGEAGATAAGGLCCAGGARAGAACCAGAGAGCAACTTAGTGAGETCAATGETGALAGLGEGET
CAACCGATCATATEGACCALTTCTCTCTTGGAG TG CTTGIGATTCTACTCATG G TG CAGGAGG GG TIGAAGAAGAGAATGACT
A ARG CAT DA T GAGE A AT AR TG A TG LT B G TAG TOATGATC T TG GG AGG AT T T T AL TEAGTGACCTEGLLAAGET
T TGATCCTGATG GG TR AL TG CAGAALT CAACACTOEAG G AGATETAGETCACTTGGCATTEGTAGCGEUATTTARAG
TCAGACCAGCCTTGCTGGTCTCCTTCATTTTCAGAGCCAATTGGACACCCCETGAGAGCATGCTGCTAGCECTGGETTCGTGTC
TTCTECAAACTGLGATCTL TG L TCTTGAAG T GACTTGATGL TCCTCAT TAATGBATITECTTTGE L TG GTTGGLAATTCGAGE
BATGECCETGCCATE AL TG ACARCATCOETCTACCAATCTTOGL T BT TAACACCACTAGCTCOAGGLACACTGLILGIGGE
LTGGAGAGCEEGCLTGEUIACTIGTGGAGGEATCATECTCCTCTECCTGARAGGGAAAGLTAGTETEAAGARGAACLTGCEA
TG AT GG CCCTGEGATTGACAGCTGTEAGEETAGTAGACCCTATTAATG TR TAGGACTACTGTTACTCACAAGEAGTEE
GAAGLGEAGCTGELCCOCTAGTGRAGTTCTCACAGLCGTIGECCTEATATG TG LA TG CCEGAGEETITGCCARGGCAGAL
ATTEAGATGGCTGOACCCATEGLTGCAG TAGG CTTGCTAATIGTCAGLTATE TG G TCTCRGGAAAGAGTETGEACATGTACAT
TGAMGAGCAGGTEACATCACATGGGANAAGEALGEGGANGTCACTGEARACAGTCLICGGLTIGACGTEECACTEGATEA
GAGTOOTGATTTCTCCT TG TAGAG GAAGATGGTCCACCLATEAGAG AGATEATACTTAAGG TGETCCTGATEGLCATCTGTE
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GCATGAACCCAATAGCTATACCTTITGLTGCAGBAGLG TG TATGTGTATGTGAAGACTGGGARAAGEAGTGGIGLLLTCTE
GHACGTGLCTGLTCCCALAGANG TGAAGAAAGEAGAGACCACAGATGEAG TETACAGAG TGATGACTCGCAGALTGUTAGS
TTCAACACAGGTTGGAGTEEGAGTCATE CAAGAGEGAGTCTTCCACACCATE TG GCACGTTACAMAGGAGCCGLACTGAGG
AGCGGTGAGGGAAGACTTGATCCATACTGGEGEGATGTCAAGCAGGACTTGGTGTCATALTGTGGGLCTIGGAAGTTGGATS
CAGC TG GGATGRACTCAGCGAGG TACAGCTT TG LG TALCTCLLGGAGAGAGGGLCAGARACATTCAGALCCTEOCTEE
ALTATTCAAGACAAAGGALGG GGACATCEGAGCAGTTGETCTGEACTALCCTGEAGEGALCTCAGGATCTOCGATOCTAGAC
AAATGTGEAAGAGTGATAGEALTLTATEGLAATGGE G TTGTGATCAAGAATGGAAGCTATG TYAGTGLTATAACCCAGGGAN
AGAGGGAGEAGGAGACTCOGE TIGAATG TITCGAACCOTCEATG L TGAAGAAGAAGCAGETAACTETCTTEGATETGCATCE
AGGAGCCGEAARAACCAGGAGAGTTCTTCCTGAMTAGTCLETEAAGCCATAAAABAAGAGACTCCGGACAGTEATLTIGGEA
CCAACTAGGEGTTETCECTELTGAGATCGAGGAGGICTIGAGAGEACTTCOGG TG TTACATGACAACAGCAGTLAACETCA
COCATTLTGEEACAGAMATCG TTGATTTGATGTGLCATGLLACTITCACTTCACGC TTACTACAACCCATCAGAGTCLCTAATTA
CAATCTC T ACATCATEE AT GAAG AL TTCACAGALCEL TCAAGTATAGC TG CAAGAGEATATATAT AL AAGBE TTCARAT
GGGCEAGGCEGCTGCCATTTITATGACTGECACACCACCAGGAACCCGTRATGCGTTTCCTGACTCTAACTCACCAATCATGGA
CACAGAAGTGGAAGTLCCAGAGAGAGLLTGGAGLTCAGGLTTTGATIGGGTGACAGACEATTCIGEEAAAACAGTITEETTC
GTTCCAAGCETGAGAAALGGAMATEAAATCE CAGLLTE TCTGACAAAGECTHGAAAGEGGE TCATACAGL TCAGCAGGAAG
ACTTTTGAGACAGAATTTCAGAARACAAAAANTCAAGAGTGGGACTTTGTCATAACAACTGACATCTCAGAGATGGGCGECAR
CTTCAAGG TG ACCGEE TCATAGACTCTAGGAGATECCTAARALCAGTCATACTTGATE G TG AGAGAGTCATCTTGGCTEGEE
CCATGOCTGTCACBCATGCTAG TGC TG UTCAG AG GAGAGGACGTATAGGCAGGAACCCTAACANACCTECAGATGAGTACAT
GTATGGAGETEGE TG TGUAGAGALTGATGAAGELLATELACACTGEUTTEAAGTAAGAATGLTTCTTGACAACATCTALETCE
AGGATOGCCTCATAGLCTCGCTCTATCGGEETGAGECCGATAAGETAGCLGCCATTGAGGEAGAGTTTAAGUTEAGGACAGA
GOAAAGEAAGACCTTCETGGAACTCATEAAGABAGGAGACCTTCCLG TCTEECTAGCCTATCAGETTGCATCTGLLGGAATAA
CTTACACAGACAGAAGATEETECTITEATE GLACAACCAACAACACCATAATGEAAGACAGCOTACCAGCAGAGETETEBAT
AMBGTATGEAGAGAAGAGAG TGLTCAMCCGAGATEGATEGATECTAGGETCTG TTCAGACCATGCGGCCOTGAAGTIGTTC
AAAGAATTCOLUGCTGGARMAAGAGGAGLGGLTTTEGGAGTAATGBAGELLCTHEGAACACTGCCAGGACACATGACAGAG
AGGTTTCAGGAAGCOATTGACAACCTCELCGTEETCATGLGAGE AGAGACTEGAAGCAGGLCTTATAAGGCAGCGGLAGECE
BTG EAGAC T TAGAGACCAT TATEL T T TAGS TTT GL T GGG AR CABTTTCACTG G GEATCTTCTTCGTCTIGATGLEGA
ATAAGGGCATCGGGAAGATGGGCTTTGGAATEGTAACCCTTGGGGLCAGTGCATGGCTCATGTGGLTTTCGGARTTGAACT
AGCCAGAATIGCATGTGTCCTCATIGTTGTGT T T AT TACTE A TGG TECTCATACCUGAGLCAGAGAAGUASNGATCTCECEA
AEATANCCAGATEGCAATTATCAT A TG G TEGEAGTGEGLCTTCTAGG TTTGATAACTECAAMCCAACTTGGATEGLTGEAAA
GAACAAAAAATEACATAGETCATCTAATGGGAAGEAGAGALGAAGGAGLAACCATEEGATTCTCARTGGACATTGATCTGES
GLCABCCTCCGLETGGGCTATCTATGLCGCATTGACAACTCTCATCACCCCAGLTE ICCAACATECEGTAACCACTTCATACAAL
AACTACTCCTTAATGGLGAT GG CONCACANGCTEGAGTGLTETTTEGLATG G GCAAAGGEATGCEATTTIATGLATGGGACCT
TGGAGTCCCRLTGLTAATGATG GG T TGCTATTCACAAT TAACACCCCTSACTCTGATAGTAGCTATCATTCTGETTIGTAGLG A
CTACATETACTTGATCCCAGBE CTACAAGEGGCAGTAGEGLETGLTGCLCAGARAAGGACAGCAGCTGGUATCATGARGAAT
CLCGTTIGTCEATGOAATAGTEE TAACTGACATTGACACAATGACAATAGATCLCCAGGTEEAGAAGAAGATGGEACAAGTET
TR AT AGCAG TAGCE AT I AGTE e TE L T TG LG BACCE L TG G GATE G GGG AGGETGEALLTCTGATCACAGE
AGLGEACCTCCACLTIGTGEGAMGGCTCTOLARACAMATACTEGAACTCCTC TACAGCCACCTCATTG TG CAACATCTTCAGAGSG
AAGUTATCTGECAGEBAGLTTCCCTTATCTATALAGTGACGAGAMACGLTEGLCTRE TTAABAGACGTEEAGETEBHACGEEA
GAGACTCTGGGAGAGANGTE GANGITCETCTOANT CAGATETCGECLLTGGAGTTCTACTCTTATALARAGTCAGS TATCAC
TEAAGTGTGTAGAGAGGAGECTCGLLATGLLCTCAVGEATGEAGTGECCACAGEAGGALATGCCGTATECCEEEGAAGTEE
ARG TG ATEGTI GG T A GAGAGGATAT  GOAGCC T A TG GG ANGET TG TTIGALCTCRGATETEECAGAGGEEGLTE
GAGCTATTATGCEGCCACCATCOGCAMGTGCAGGAGETGAGAGGATACACAAAGGGAGE TCCCGGTCATGAAGAACLCATS
CTGGTGCAANGLTATGEG TG G AACATAGTTLG T T AAG AL TEEAG TEGACETCTTCCALATEGCGGCTEACCCETO TEALA
CTCTGCTGTGTGACATAGGTGAGTCATCATC TAGTCCTGAAGTGEAAGAGACACEAACACTCAGAGTGLTCTCTATOGTEHGE
GACTGGCTTGAANASAGALCABGGGLLTTCTGTATARAGETGCTE TGCCCATACACCAGCACTATEGATGGABALCATGBAGE
GACTGCAACGTAGGUATGGEGGAGGATTAGTCAGAGTGCCATIGTCTCE AACTOCACALATGABATETACTEEETUICTGE
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GGLAAAGNGCAACATCATAARAAG TG TGTCCACCACAAGTLAGETCCTCOTEGGALGCATEGATEGCCCCAGGAGGLLAGTG
AAATATGAGGAGGATGTGAACLTEGGLTCGOETACACGAGLTGTEGCAAGTTETOUTBAGGLTCLTAACATGARAATCATCS
GUAGGCGCATTGAGAGAATCOGEAATGARCATGCAGAAACATGGTTTCTTGATGARAACCATCCATACAGEACATGEGCCTAL
CATGGBAGLTALGAAGECCCCACBCANGEATCAGCETCT IO TCG TEAACEGEGTTGTTAGACTCC TG TCABAGCCTTGEEA
CGTGGTEACTGGAGTTACAGG AT AGCCATGAL TGACACCACAC ATACE G CCAACAMAGAGTCTTCAALGARARAGTEEAL
ACCAGGETGLCAGATCCC L AAGAAG GLACT L CAGE TAATGAACATAGTCTCTTCC TG BETG TG CAAGGAGCTGGEGARAT
GUAAGLBGCCALG LT TG LA AR AGAACAGTT TATCAACAAGE TG LG CAGTAATELAGCACTEGGALCARTATITGAAGA
GGAAAAAGAATGGAAGACGGCTETGGAAGCTGETGAATGATCCAAGGTTTTGGECCCTAGTGGATAGGGAGAGAGAACACTA
CCTOAGAGGAGAGTGETCACAGLTGTGTGTACAACATGATEGEAANAAGAGAABAGANGCAAGGAGAG TTCEEEAARGCAA
AAGGTAGCLGCGLCATCTGGTACATG GG TTGGGAGCCAGATTCTTGGAGTTTGAAGCCCTTEGATTCTTGAACGAGGACCAT
TEGHTGEGAAGAGAAALCTCAGGAGETEGAGTCGAAGGGTTAGGATTGCARAGACTTGGATACATTCTAGAAGAAATGAAT
CGEGCACCAGGAGG AR GATGTALGUAGATGALATTEC IO GCTEE GACACLCGCATTAGTAAG TITCATCTEGAGANTE ARG
CTCTGATTACCAACCARATEGAGGAAGEGCACAGAACTCTGGEGTIGGLCGTGATTAAATACACATACCAAMACARAGTEGTS
BAGGTTCTCAGALCAGE T CARGGAGEARAAALAGTTATGEACATCAT T TCAAGACAAG ACCAGAGAGGGAGTGEACAABTT
GTCACTTATGCTCTCAACACATTCACCAACTTGGTGGTGLAGCTTATCCGGAACATGGAAGCTGAGGAAGTGTTAGAGATGCA
AGACTTATGETIGTIGAGCAAGLIAGAGARAGTGACCAGATEGTTGCAGAGCAATEEATGGBATAGACTCAAACGAATGE
GOTCAGTEGAGATEACTGET TG TG AAGLCAATCGATGATAGE TITGCACATECCCTCAGETICTTGAATGACATEGGANAA
GTTAGGAAAGACACACAGGAGTGGAAACCCTCGACTGGATGEAGCAATTGGGAAGAAGTCCCGTTCTGCTCCCACCACTTCA
ACAAGLCTGTACCTCAAGGATGGGAGATCCATTETEETCLLTTECCGCCACCAAGATGAACTEATIGELCGAGLTCGUETCTCA
CCAGGGGUAGGATGGAGCAT CCGGGAGACTGCCTGTCTTGCAARATCATATGCGCAGATGTGGCAGCTCCTTTATTTCCACAG
AAGAGACCTTCOACT GATG T AATG CEAT T TEC IO G CTGTE LCAG T TG AL TG G G TAC AN TEGGAGAACCALCTGOTEAA
TCCATGEGABAGGEAGAATEGATGACCALTGAGGACATGUTCATGE TG ToGAATAGAGTGTGGATIGAGGAGAACGALTATA
TEGAGGACAAGACTCCTE TAACARAATG GACABACATTCCETAT  TAGGAANAAGGGAGEALTTATEG TG TEEATLCCTTATA
GGGCACAGACCCCGEATCACTTEEGLTGANAACATCAMGATACAGTCAACATGGTGCGCAGGATCATAGGE TEATEAAGAAA
AGTACATGGACTATCTATE AL AN G TC LG ETACTTE GG TGAGGAAG GG TELACACCUGEAGTETTE TAAGCACCANTTITA
GGG T AGG TG TAG TEAG L ACAG TT TEEGGAMAGL TG TECAGC IO TAACLCCECCAGBAGAAGLTEEEANACEAA
GLTCATAGTCAGGCCGAGAACGCCATEGCACGGAAGAAGCCATGCTGCCTETGAGCCCCTCAGAGGACACTGAGTCAARAAA
CCCCACBOGLTTGEAAGEGLAGGATEEGARMAGAAGGTEGLGALCTTCCCCACCLITCAATCTG GG BLCTEAACTGEAGALT
AGCTGTGAATCTCCAGCAGAGEGACTAGTGG TTAGAGGAGACCCCCOGGAARACGLAAMACAGCATATIGACGCTGGGAAA
GALCAGAGACTCCATGAGTTTLCACCACGETEELCBLCAGGLACAGATCOLCGAATAGEGELGECCOETOTEEEGARATICA
TGEGITICT

AY632535.2 NC_012532.1 Zika virus strain MR 7686, Uganda, complete genome (SECLID NO:12)

AGTTGTTGATCTIGTGTGAGTCAGACTECGACAGTTCBAGTCTGAAGLGAGAGCTAACAACAGTATCAACAGGTTTAATTTEEA
TITGGASACGAGAGTTTCTGGTCATGAANAACCCCAAAGALGAAATCCGGAGCATECGGATTETCAATATGUTAAAACGLGE

AGTAGCCOGTGETAAALCCCTTEGRAGGTTTCAAGAGETTELLAGCLGGACTTCTGLTGEGTLATGGACCLATCAGAARTEGTTT
TEGUGATACTAGCCTTTTIGAGATTTACAGCAATCAAGCCATCACTEGECCTTATCAACAGATELGETTCCOTEGGEAARAAA

GAGGLTATGOASATAATAAAGAAGTTCALGAAMGATCTTCCTGOCATGE TTCAGAATAATCANTGCTAGBARAGAGAGEAAGA
GACGTEGCECAGACACCAGCATCGGAATCATTIGGLCTCCTGLTGACTACAGLCATGUCAGLAGABATCACTAGALGLGEGAG
TGCATACTACATGTACTIGGATAGEAGCEATGCCEOGAAGELCATTICGTTTGCTACCACATTEGEAGTGAACAAGTEULALG
TACAGATCATGGACCTCOGELACATGTETEACECCACCATEARTTATGAGTGLCCTATGUTGGATCAGGGAGTGGAMTAGA

TGATGTCGATTGCTGGTGLAACACGACATCAACTTIGEETTG TG TACGGAACCTETCATTACAAMAGAGETOAGGUALGELGAT
CTAGAAGAGLCGTEACGLTCLCTTCTCALTCTALAAGGAAGTTECAAACGCGHTCELAGALLTGGTTAGAATCAAGAGARTAL
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ACGAAGLACTTGATCAAGETTGAAAACTEGATATTCAGGAACCCCOGETTIGCGUTAGTGGCCGTTGLCATIGLLTGGLTTTT
GGEGARGCTCGACGAGLCARARAGTCATATACTIGGTCATEATACTGCTGATTGCCCCEGLATACAGTATCAGGTGCATTGEAG
TCAGLAATAGAGALTTUGTEGAGGGCATGTCAGGTGGGACLTGGGTIGATETTGTCTTGEAACATEGAGGLTGLGTTACEET
GATGGLACAGGACAAGCCAACAGTCGACATAGAGTTGETCACGACGALGGTTAGTAACATEGCLGAGETAAGATCCTATIGE
TACGAGGCATEGATATCGGACATGG LT T BGACAGTCGTIGLCCAACACAAGGTEARGLCTALCTITCACAAGCAATCAGACAC
TCAATATGTCTGCAMMAGAACATTAGTGOACAGAGGTTGOOGAAACEGTTGTGGACTTITTIGG LAMAGGRAGLTTGETGALA
TETGCCAAGTTTACG TG T CTAAGAAGATGACCE GG AACAGLATTCAACCOGAAARTCTGRAGTATCGGATAATGCTATCAGT
GEATGGCTCCCAGCATAGLGGGATGATTGEATATGALMACTGALGAAGATAGAGLGAALGTCGAGGTTACGCLTAATTCACCA
AGAGLEGAAGCAACLTTGLBAGGCTTTGGAAGCTIAGGACTTGACTG TGAACCAAGEACAGGCCTTGACTTTTCAGATETETA
TTACCTGACCATGAACAATAAGCATTGL TTEGTGLACAAAGAGTGGTTTCATGACATCCLATIGLCTIGGUATGLTGBGGCAG
ACACCGGAACTCCACACTGEAACAACAAAGAGGLATTGETAGAATTCAAGGATGCCCALGLCAABAGGLAAACCOTLETCET
TETEGGEAGUCAGGARGGAGLUGTTCACACGELTCT L BLTGEAGCTCTAGAGGLTGAGATGGATGGTGLAAAGGGAAGGLT
GTTCTCTGGECATTTGAAATOCCGLCTAAMAATOEACAAGCTTAGATTGAAGG GG TG TCATATTCCTIG TG CACTELGBLATT
CACATTCACCAAGGTCCCAGCTGAMCACTGLATEGLAACAGTCACAGTGGAGGTGCAGTATGLAGGGACAGATEGACCLTEE
AAGATCCCAGTCCAGATGLLGOTEEACATG CABACCCTGACCLCAGTTG BAAGELTGATAACCGLLAALCCLGTGATTACTGA
AAGCACTGAGAACTCAAAGATGATGTTGGAGCTTGACCCACCATTTGERGATTCTTACATTGTCATAGCAGTTGGOGACAAGA
AAATCACCCACCACTGGCATAGGAGTGGTAGCACCATCEBAAMGEUATTTGAGGUCAL TG TGAGAGGLGCCALGAGAATEEE
AGTCLTGE GG EATACAGCCTGEGALTICGGATCAGTOGGEEETGTGTTCAACTCACTGOGTAAGGGLATTCACCAGATIITG
GAGLAGCCTTCAAATCACTET T TGGAGGAATGICCTGGTTUT CACAGATUCTCATAGGCACGCTGLTAGTGTGETTAGETITGA
ACACAMAGAATEGATCTATCTCCCTCACATGLTTOGLCCTGRGGGGAGTGATGATCITCLICTCCACGGLTETTTCTGLIBALG
TEGGEETECTCAGTGRALTTETCALSAAAAGGAAACGACATETGGLALGGEGRETATTCATCTATAATGATGTTGAAGCCTGEAG
GGACCGETACAAGTACCATLCTGACTCLLLCLGCAGATTGGCAGCAGCAGTCAAGLAGGLCTGRE AAGAGLCGGATCTETGEE
ATCTCATCOGTTTCAAGAATGEARAACATCATGTGGAAATCAGTAGAAGGBEAGCTCAATECTATCLTAGAGGAGAATEGAG
TTCAACTGACAGTIC TG TGEGATC TG TAAMAAACCCCATGTGEAGAGGTCCACAMAGATTGCCAGTECLTGTEAATGAGLTG
CCOCATEGECTEGANGCCTEGEEEAMMTIGTATITIGTTAGGGLGGUAMMGACCARCAACAGTTTIGTTGTCGACGL TGACAL
ACTGARGGAATGTCLGLT TEAGCACAGAGCATGEAATABTITTCTTG TEGAGGATCACGGGTTTGEAGTCTTCCACACCAGTG
TCTGGLTTAAGG T AGAGARAGATTACTCATTAGAATGTGACCLAGCLGTCATAGGAACAGCTETTAAGGGAAGGGAGHILEE
GLACAGTGATCTGEGCTATIGGATTGALNAGTCAAAAGAATEACACATCGAGECTCAAGAGGGLCCACCTGATTGAGATEHARA
ACATGTGAATGGLLAAAGTCTCACACATTGTGBACAGATG GAG TAGALGAAAGTGATCT TATCATACCCAAGTCT TTAGLTGE
TCCACTCAGCCACCACAALCACCAGAGAGGGTTACAGAALCCAAGTGAAAGGGCCATR GCACAGTGARGAGCTTEAAATCLGE
TTTGAGGAATGTCCAGGUACCAAGLTTTACGTGEAGGAGACATGLCGAACTAGAGGACCATCTCTGAGATCARCTALTEEAA
GIGGAAGGGTCATTGAGGANTGETGETGTAGEGAATGUACAATGLCCLCALTATCETTTCOAGCAAAAGACGGCTGLIGGTA
TEOAATGLAGATANGG CCCAGGAAAGAACCAGAGAGLALRCTTAGTGAGG TCAATEGTGACAGCGGGETCAACCGATIATAT
GEACCACTTICTCTCTIGGAGTGCT TG TRATTICTACTCATEGTECAGGAGGE G T TG AAGAAGAGAATGACCACAAAGATCATCA
TEAGCACATCAATGEUAGTGUTGETAGTCATGATCTTGEGAGGATTITICAATGAGTGACCTGGCCAAGLTTETGATCCIGATE
GETELTACT T TCGLAGARAT GAACALTGEAGGAGATGTAGLTCACTTEGUATTGGTAGLGGCATITAAAG TCAGACCAGECTT
GCTGGTCTCCTTCATITTCAGAGCCAATTGGACALCLCGTGAGAGCATGCTOCTAGCECTOGCTTCGTGTCTTCTGUAAALTGL
GATCTCTGCTCTIGAAGGTEACTTBATEETCCTCATTARTGRAT TTGLTT TEGECTGET TERCARTICGAGLARTGGLOGTGED
ACGCALTGACAACATCECTCTACCAATCTTEGCTGC T TAACACCALTAGLTLGAGGCACACTGCTCG TG GCATBEAGAGLGE
GLCTGECTACTTETGCAGGGATCATGETLETCTCCCTGAAAGGGALAGGTAGTGTGANGAAGAACCTGLCATTTGTEATEGLC
CTRGGATTGACAGLTGTGAGGGTAGTAGACCCTATTAATG TGETAGGALTACTGTTACTCACARGEAGTEGEAAGLEGAGLT
GGCCCCCTAGTOAAGTIETCACAGLOGTIGGLCTGATATGTGCACTGGLCBGAGGETTTGLCAAGGCAGACATTGAGATGGLT
GOACCCATGGOTELAGTAGGUTTGCTAATIGTCAGUTATE TEGTCTCGLGALNAGAGTGTGEACATGTACATTGAALGAGEAG
GTGACATCACATEEGAAAMAGEACGUEEAAGTCACTGGAANCAGTCCTCEBCTTGACGTGGLACTGOATGAGAGTEETEALTT
CICCTTOGTAGAGEAANGATGETCCACCUATEAGAGAGATCATAL TCAAGE TG G TCCTGATEGLCATCTGTGBLATGARLCEAA
TAGLTATACCTITTGLTGLAGGAGLGTGATATGTOTATG TGAAGALTEGOARAAGEAGTGGLGLCLTICTEGHALGTELLTEE
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TCCCAMAGAAGTEAAGALAGGAGAGACCACAGATGGAGTETACAGAGTGATOACTCGCAGACTGLTAGGTTCAACACAGETT
GGAGTGGGAGTCATGCAAGAGGGAGTETTCCACACCATGTGECACGTTACAAAAGGAGCCGCACTGAGGAGCGGTEAGGGEA
AGACTTGATCCATACTOE GGG GATETCAAGCAGGACTIGGTGTCATACTGTGGECCTTGGAAGTIGGATGCAGCTTGERATG
GACTCAGCGAGGTACAGCTTTTGGCCETACCTCLCGGAGAGAGGLLCAGRAACATTCAGACCETGCCTGGAATATTCALGACA
AAGGACGGGGACATCGGAGCAGTIGETL TG GALTACCCTGCAGGGACCTCAGGATCTCOGATCCTAGACAAATETCGAAGAG
TGATAGGACTCTATGGCAATGGGGTTETGATCAAGAATGGAAGETATETTAGTGLTATAALCCAGGGAAMGAGEGAGGAGE
AGACTCCEETTGAATETTICGAALCCTCEATGLTGAAGAAGAAGCAGUTAALTGTCTTGGATCTGCATCCAGGAGCCGTGARAN
ACCAGGAGAGTTCTTCCTGAMATAGTCCGTEAAGCCATARAAAAGAGALTCCGEACAGTEATCTTBGECACCAACTAGGGTTGT
CELTECTEAGATEGAGGAGELCTTGAGAGGACTTCOGETGLGT TACATGACAACAGLAGTEAACGTCACCCATTCTGEGALA
GAAATCGTTGATTTGATGTGLCATGCCALT I TCACTTCACGLTTALTACAACCCATCAGAGTCCCTAATTACAATCTCAACATCAT
GGATGAAGCCOACTTCACAGACCCCTCAAGTATAGCTGCAAGAGGATACATATCAACAAGGETTGAAATGGGUGAGELEGEET
GUCATTTTTATGACTGLCACACCACCAGGAALLCGTGATOLGTTTCCTGACTCTARCTCACCAATCATGGACACAGAAGTREGAA
GTCCCAGAGAGAGLLTGGAGCTCAGGUTTTGATIC GG TGACAGACCATICTEGGAAMACAGTTTGGTTCGTTCCAAGLETGA
GAMUGGAAATGAMATCGLAGLCTETLTGACAAAGELTGGAAAGCGEGTCATACAGLTCAGLAGGAAGACTITIGAGACAGA
ATTTCAGAAAACAARAAATCAAGAGTGEGACTTTGTCATAACAACTCACATCTCAGAGATGGGCGCCARCTTCAAGGLTEALC
GEGTCATAGACTCTAGGAGATGLCTAANACCAGTCATAC TTGATE G TEAGAGAGTCATETTG BLTGGGCCCATGCCTETONCG
CATGCTAGTGCTOLTCAGAGGAGAGOALGTATAGGCAGGAACCCTAACAAALCTEGAGATGAGTACATGTATGEAGGTEGE
TOTGCAGAGACTOATGAAGGCCATECACACTOOCTTGAAGCAAGAATEETTCT TEGACAACATCTACCTCCAGBATEGLCTCAT
AGCCTCGCTETATLGGCCTEAGGLCGATAAGRTAGCCOCCATIGAGGLAGAGTTTAAGLTGAGGACAGAGCAAAGGAAGAL
CTTCGTGGAACTCATGAAGAGAGGAGACCTTCCCOTOTGGUTAGCCTATCAGETTGCATCTGCCGGAATAACTTACACAGALA
GAAGATGGTGUTTTOATGGCACAACCAACAACACCATAATGGAAGACAGTETACCAGCAGAGGTTTGGACALAGTATGRAGA
GAAGAGAGTGLTCAMACCGAGATGBATGEATECTAGGGTCTBTTCAGACCATOUGECCCTGAAGTLGTTCAAAGAATTEECC
GETGGARABMAGAGCAGCGGLTTTOGEAGTAATGGAGELCLTEGEGAALACTGUCAGGACACATGACAGAGAGGTTTCAGG AR
GLCATTGACAACCTCGLCGTGCTCATGIGAGLAGAGALTGGAAGLAGGCCTTATAAGGLAGLCGGLAGCLCAALTGLLGGAGA
COCTAGAGACCATTATGLTCTTAGGTTTGL IGGEAACAGTTTCACTGRGGATCTITCTICGTCT TR ATGUGGAATAAGGRCATLS
GGAAGATGEGCTTTGEAATEETAMCCCTTE GG GLCAGTGLATEELTCATE TEECTTITLOGAAATTGAALCAGCCAGAATTGE
ATGTETCCTCATTGTTGTGTT TTTATTACTGGTGGTGCTCATACCCGAGCCAGAGAAGUAAAGATCTCCCCAAGATAACCAGAT
GGCAATTATCATCATGGTGELAGTGGGECTTCTAGGTITRATAACTEUARACGAALTTGEATEGCTGGAARGAACAAMAAAT
GACATAGUTCATCTAATOGGAAGGAGAGAAGAAGBAGCAACCATGGGATICTCAATGEATATTGATE TGCGGRLIAGLLTLLG
CCTGOGCTATCTATGECGUATTGACAACTCTCATCACCCCAGETG TCLANCATECGGTAACCACTTCATACAACAACTALTCCTT
ARTGGCEATEGLCACACAAGLTEBAGTECIGTTTECATGEGLAAGEGATGLCATITATGCATGG GGACCTTGRAGTCLLE
TG T AATGATC GG T TG TATTEACAATTAACACCCLTOACTCTGATAGTAGCTATCATTCTGLTTSTGG LG CACTACATETACT
TGATCCCAGGLLTACAAGLERCAGLAGCGLGTECTGLUCAGARAAGGACAGCAGCTEELATCATCANGAATCCIGTIGIGEA
TGGAATAGTGETAACTGACATTGACACAATGACAATAGACCCCCAGGTERARAAGAAGATGEGACARGTGTTACTCATAGEA
GTAGCCATETCCAGTCCTGTGLTGUTGLGGACCOCCTOEEGATGEERGGAGGUTGGAGCTUTGATCACAGCAGEGALLTLCA
CCTTIGTOGEAAGECTCTCCARACAAATACTGEAACTECTLTACAGLCACLTCACTGTRCAACATCITCAGAGGAAGLTATCIGE
CAGGAGCTTCCCTTATCTATACAGTOALGAGAAACGLTGGLCTGGTTAAGAGALGTEGAGGTEGEACCGGAGABACTITGE
GAGAGAAGTEGAAAGCTUGTCTGAATCAGATETCEELCCTGEAGTTCTACTCITATARARAGTCAGGTATCACTGAAGTETET
AGAGAGGAGECTCCCCOTOCCCICAAGRATCGAGTEGLCACAGGAGGACATGLCGTATCCCGEEGAAGTGCALAGATLAGA
TEGTTEEAGBAGAGABGATATCTELAGCCL TATEGGAAG G TTGTTEACCTCEGATE TG CAGAGEGGHCTEGAGETATTAT
GUCGCCACCATCOGCAMAGTGCABBAGETCAGAGGATACACAAAGGGAGETCLCGGTCATGAAGAALLCATGCTGETGLAL
AGCTATGGETGEAALATAGTTCETCTCARGAGTGGAGTEGACGTCTITCCACATGGLCGUTOAGLEGTGTEACACTCTGCTGTE
TGACATAGGTGAG TCATCATCTAGTCLTGAAGTEGAAGAGACALGAACACTCAGAGTGCTITETATEGTGGELGALTGELTY
GAAAAARAGACCAGGEGLCTTCTOTATAAAGETELTGTGCCCATACACCAGCACTATGATGEAAACCATEBAGLGACTGLAAC
GTAGGLATGLGGGAGGATTAGTCAGAGTGCCATTG TGO TG CANCTCCACACATEAGAT G TALTE GG TCTETCEGGLARAGAG
CAACATCATAAAAAGTETGTCCACCACAARGTCAGLTCCTCOTGGGACGUATGEATEECCLCAGGABGUCAGTGAAATATGAG
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GAGGATGTGARCCTCGELICERETACACCAGCTGTGGCAAGCTGTGLTGAGGLTCCTAACATGAAAATCATCGGLAGGLGEA
TTGAGAGAATCCGCAATGAACATGCAGAAACATEGETTICTTGATGAAAATCACCCATACAGGACATGGGCCTACCATGGEAGE
TACGAAGLLLCCALGCAAGGATCAGCETLTTCCCTLG TEAACGGGGTTGTTAGACTCCTG TCAAAGCCTTGEGACETGLTEAL
TEGAGTTACAGGAATAGLCATGACTGACACCACALCATALGGCCAACAAAGAGTCTTCAAAGAAANAGTEGACACCAGEGTS
CCAGATCLLCAAGAAGGCACTCGUCAGG TAATG AACATAGTCTCTTCCTGGUTG TG EAAGGAGCTEE G GANALGCANGCEGE
CACGLETCTOLACCAAAGAAGAGTTTATCAALAAGGTGLBCAGCAATGCAGCACTGGGAGCAATATTTGAAGAGGAKAAAGA
ATGGAAGACGGETATGGAAGCTETGAATGATCCAAGETITIGHGECCTAGTGOATAGGGAGAGAGAACACCACCTGAGAGE
AGAGTGTCACAGCTGTGTETACAACATGATGGGARALAGAGAMMAGAAGCAAGGAGAGTTICOGGAAAGCAARAGRTAGCE
GUGLCATCIGETACATE TG GTTGGGAGCCAGATTCTTEGAGTT TGAAGCCCTTGRATTCTTGAACGAGGACCATTGGATGGGA
AGAGARAALTCAGGAGGTGEAGTLBAAGGGTTAGGATTGCAAAGALTTEGATACATTCTAGAAGARATGAATCGGGCALCA
GEAGGAMAGATETACGCAGATGACACTGCTGGUTGE GACACCCECATTAGTAAGTTTGATCTGGAGAATGAAGETCTGATTA
CCAACCAARTGEAGGAAGGGUACAGAACTCTOECETTEELUGTEATTAAATACACAT ACCAAMACAANAGTGE TGARGGTTET
CAGACCAGCTGAAGEAGGAAAAACAGTTATGGACATCATTTCAAGACAAGACCAGAGAGGEAGTEGACAAGT TG TCACTIAT
GETCTCAACACATTOACCAALTTGETGGIGCAGLT TATCCGEAACATEGAAGLTGAGGAAGTGTTAGAGATGCARGACTTATS
GTTETTGAGGAAGCCAGAGALAGTGACCAGATGGTTGCAGAGUAATGEATGGGATAGACTCAAACGAATSGUEGETCAGTEG
AGATGACTGCETTGTGAAGCCAATCGATGATAGETTTGCACATGCCCTEAGGTTCTTGAATGACATGCGAAAAGTTAGGASAG
ACACKACAGGAGTGGAAACCCTCEALTGGATOBAG CANTTGEGAAGAAGTCCCGTTCTECTCCCACCACTTCAACAAGCTGTAL
CTCAAGGATEGOAGATCCATTETEETCLCTTGCCGCCACCARGATGAACTGATTEGCCGAGCTCGLGTICTCACCAGGGGLAG
GATCGAGCATCOEGGAGALTGLLTGTCTTGCAAMATEATATE CELAGATETGECAGCTCCTTTATTTCCACAGAAGAGACETT
COACTEATGGCTAATGCCATT TECTCEELTETGLCAGT TEACTGEGTACCAACTGEGAGAACCACCTGGTCAATCLATGGAAA
GEGAGAATGGATGACCACTGAGGACATOLTCATEGTGTGGAATAGAG TG TEEATTGAGGAGAACGATCATATGGAGEACAA
GACTCCTOTAACAAMATGGACAGACATTCCCTAT TAGGARAAAGGEAGGACTTATGG TG TGGATCLCTTATAGG GCACAGAL
COCGUACCACTIGGGUTGAAAACATCAAAGACACAGTCAACATGLTGCOCAGEATCATAGGTEATGAAGAAMAGTACATGEA
CTATCTATCCACCCANGTCCBLTALTI GGG TEAGBAAGGE TCCACACCCEGAGTGTTGTAAGCACCAATTTTAGTGTIGTCAGE
CCTRLTAGTCAGCCACAGSTITGGEGAANGLTCTELAGCCTGTAACLCLCCCAGGAGAAGCTGGRALMACCAAGTTCATAGTCA
GGLLGAGAACGLCATEGCACGEAAGAAGCCATGLTGLLTGTEAGCCCOTCAGAGGACACTGAGTCAANAMACCCCATGLGLT
TGEAAGCOCAGOATEGLAAAAGAAGGTGGCEACCTTCCCOACCLTTCAATCTEGGGLCTGAALTEGAGACTAGLTGTGAATE
TECAGCAGAGGEALTAGTGGT TAGAGGAGACCCCLOGEARMALGCAARACAGCATATTGACETGGGAAAGATCAGAGALTC
CATGAGTITLCACCALGL TGO ELCAGECACAGATEGLCGAALTICGELERLIGETETEGEEARATCCATGGTTTET

sChimeric Asian ZIKV Sequence H/PF/2013 polyprotein flanked with consenisus sequence from
other strains (SEQIDNO:13)

GTTGTTGATCTGTETGAATCAGACTGCGACAGTTCGAGTTTGAMGCGARAGCTAGCAACAGTATCAACAGGTTTTATTTTGGAT
TTGGARACGAGAGTTTCTGETCATGARNARCCCAABARAGAAATCCEBAGGATTCLGBATTIGTCAATATGLTARRALGLGGA
GTAGCLOGTETGAGCCCCTTTEGUGGLTTOAAGAGGUTGLCAGCCEEACTTCTGCTE GETCATGGGLCCATCAGGATGGTLTY
GGUGATTETAGCCTITITCAGATTCACGGIAATEAAGCCATCALTE GG TCTCATCAATAGATGEGETTCAGTGEGEAARAAAG
AGGCTATGEAAATARTAAAGARGTTCAAGAAAGATUTGGLTGLCATOLTCGAGANTAATCAATGLTAGGAAG GAGAAGAAGA
GACGAGGCGECAGATACTAGTGTCEGAATTGTTEGLCTCCTGUTGACCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAG
TECATACTATATGTACTTGGACAGAANCGACGLTEEEEAGE CCATATCTTTTLCAACCACATTG GEGATGAATAAGTGTTATAT
ACAGATCATGGATCTTGGACACATGTOTCATGLCACCATGAGLTATGAATGLCCTATGCTOOATGAGGGEGTOUAACTAGAT
GACGTEGATTGTTGGTGCAACACGACGTCAACTTEGETTO TETACGGAMCETBCCATCACAAANAAGGTGAAGCACGERGAT
CTAGAAGAGUTETGACGCTCCCCTCCCATTCLACTAGGALGLTGCARACGCOGTCECAAALCTEOTIGGAATCARGASARTAL
ACAAAGCACTIGATTAGAGTCGAAAATIEGATATTCAGCAACCCTGEUTTCGCGTTAGCAGLAGUIGCCATCGUITGGLITITG
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GOAAGCTCAACGAGLCARAAAGTCATATACTTGETCATGATACTGCTGATTGLCCUBGLATACAGCATCAGOTGCATAGGAGT
CAGCAATAGGGACT TG TGGAAGETATGTCAGGTGEEALT TG TIGATGTTGTC T TGGAACATGGAGGTTGTGTCACIGTA
ATGGCACAGGACAAACCGACTGTCOALATAGAGUTGATTACAACAACAGTCAGCAACATEGLGEAGGTAAGATCCTACTGET
ATGAGGUATCAATATCEGACATERCTTUGRACAGLLGLTGULCAACACAAGETGAAGLCTACCTTGACAAGCARTCAGACALT
CAATATGTCTGCARLAGALCGTTAGTEGACAGAGGLTE GG GAAATGOATGTGGACTT T TGGCARAGGGAGCCTGETGACAT
GLGCTAAGTTIGCATGCTCCAAGAAPATGALCGEGAAGAGLATCCAGCCAGAGAATCTOGAGTACCGGATAATGCTGTLAGT
TCATGGCTCCCABCACAG TEGGATEATCG TTAATGACACAGGACATGARALTG ATGAGAATAGAGLEAAGE TTGAGATAALG
CCCAATTCACCAAGAGLCEAAGCCALCCTGE GGG T TIGGAAGCCTAGGACTTGATTIGTGAACCGAGGACAGGCLTTGACTT
TTCAGATT TG TATTALTTGACTATGAATAACAAGLACTEE TIGGT TCALAAGGAGTEG TTCLACGACATTCCATTACCTTGRRAL
GLTGEGECAGACACCGGAACTCCACACTGEAACAACAAAGARGCACTGETAGAGTTCAAGGACGCACATECCAAAAGGLAA
ACTETCETGE T TETAGEGAGTEAAGAAGGAGCAGTTCACACGEECCTTECTGGAGLTCTGGAGGETGAGATGEATEETGTAA
AGGGAAGGCTIGTCCTCIGGCCACTIGARATG TG LU TEAAAATEGATALACT TAGATTGAAGGGUGTGTCATACTCCTIGTIGT
ACCGCAGLGTICACATTCACCAAGATCCCGOUTGAAACACTECACGGGACAGTCACAGTGEAGGTACAGTACGCAGGGALAG
ATGGACCTTGLAAGGTTCCAGCTCAGATGGUGG TEGACATEUAAACTCTEGACECCAGTTGGGAGGTTEATAACCGLTAACCED
GTAATCACTEALAGCACTGAGAALTCTAAGATCATGCTGEAACTTGATCCACCATTTGGEEACTCTTACATIGTCATAGGAGTL
GGEGEAGAAGAAGATCACCCACCALTEBCALAGGAGTEELAGCACCATIG GAABAGCATTTCGAAGCCACTGTGAGAGGTGLL
ANGAGAATEGEAGTCT TGGGAGACACAGLCTGGGACTTTGGATCAGTTGGAGGLGLTCTCAACTCATIGEGLANGGGLATCC
ATCAAATTTTTGGACCAGCTITCARATCATIGTTTGGAGGAATETCCTEETTCTCACAAATICTCATTGGAACGTIGCTGATGTG
GTIGGETCTGAACACAAAGAATGEAT TATTTCCCTTATG TELT T GG L TTAGGGGGAGTGTTGATCTTLTTATCCACAGCTET
CTCTGCTGATETEGOGETOCTCOETEBACTTCTCAAAGAAGGAGACGAGATGLGETACAGGGOTCTTICGTCTATAALGALGTT
GAAGLCTGGAGGGACAGOTACAAGTALCATOCTGACTCECLCCGTAGATTGECAGCAGCAGTCAAGCAAGLLTEGRAABATE
GTATC TG TREGATCTCCIC TG TT T AAGAATOE AAAACATCATGTGGAGATCAGTAGAAG GG GAGLTCAACGCAATLCTGGAR
GAGRATGGAGTTCAACTGALGGTIGTTG TGEGATCTGTAARAAACCCCATOTGEAGAGGTCCACAGAGATTGUCCETGLUTG
TGAACGAGCTGLOCCACGGLTGGAAGGCTICGGGRAAMTCETACTICOTCAGAGCAGLAMAGACAAATAACAGLTTIGTCGT
GGATGGTGACACACTGAAGGAATGCCCACTCAAMACATAGAGCATGEAACAGCTTICTTETGGAGGATCATEGGTTCGGEETA
TTTCACACTAGTETCTGGLTCARGG T TAGAGANGATTATTCATTAGAGTETGATCCAGCLOTTATTEEAACAGLTGTTAAGGEA
AAGGAGGCTETACACAGTGATCTAGGLTACTGGATTGAGAGTGAGAAGAATGACACATEGAGGLTGAAGAGGGLCLATCTG
ATCGAGATOGAAAACATETCAATGGCCAAAGTCCCACACATIGTGGALAGATGGAATAGAAGAGAG TGATCTGATCATALLEA
AGTCTTTAGLTGGELCACTCAGCCATCACAATALCCAGAGAGGECTACAGEACCCAAATGANAGEGCCATGGELACAGTGANGA
GETTEAAATTCEGTTIGAGGAATGCCCAGELALCTAAGGTCCACGTGEAGEAAACATGTEGAACAAGAGGACCATLTCTGAGA
TCAALCACTGLAAGLGE ARG GG TEATCEAGGAATEETGCTGUAGGGAGTECACAATELCCCCACTGTLGTTCCGGGLTARAG
ATGECTGTTGETATGEAATGGAGATAAGGCCCAGBAAAGAACCAGAAAGTAACTTAGTANGGTCAATGGTGACTGCAGRATC
AT ATCRCATG AT LT T T T GG AG TELT TG TE AT TC TG CTCATE CTECAG G AL EGITEAAGARGAGAATEACCA
CAAAGATCATCATARGCACATCGATEGCAGTGLTGGTAGUTATGATLCIGGEAGGATTT TCARTGAGTEACCTGECTAAGLTT
GLAATTTTIGATGGGTGLCACCTTOGLGGAMATGARLALTGEAGGAGATGTAGCTCATCTGLEGCTGATAGCGGCATTCALAGT
CAGACCAGLGTTGCTGGTATCTTICATCI TEAGAGLTAATTGBACACTLCETGAMAGCATELTGCTLGECTTEGCLTCETETE
TTTECAAALTGLEATCTCCGCETTGGAAGGLEACCTOATGETTCTCATCARTAETITIGCTTTIGECLTGGTITEGRLAATALGAGE
GATEGTTGT T ACGUACT GATAACATUACCTI GG CAATCLTEG CTGUTLTGACACCAL TG GCCCRBUGCACACTECTTATE G
GTGGAGAGLAGGCLCTIGCTACTIGLGEEEGET ITATCCTCUICTCTCT GAAGG GAALAGGCAGTETGAAGAAGAACTTACCA
TTTGTCATGECLCTEEEALTAACCGETETGAGECTEGTCGACCCCATCAACGTGGTGGGALTECTG TTGCTCACAAGGAGTGE
GAAGCEGAGLTGG LU TAGCEAAGTACTCACAGL IO TTBGCLTGATATGLGLATTEGCTGEAGEGTTCELLAAGGCAGAT
ATAGAGATGGLTGGGCCCATEGOCELGGTIGETCTGCTAATTGTCAGTTACGTEGTUTCAGGAMGAGTGTGGACATGTALA
TTGANAGAGLAGGTBACATCACAT GGGAMBAGATL LG G AAGTLACTGEARACAGTCCCOGEUTEGATGOTEGIGCTAGATGA
GAGTGETEATTICTCCCT GG TOGAGEATGACGETCCCCCCATGAGAGABATCATACTCAAGGTGOTCCTGATGACCATETGTG
GUATGAACCLAATAGCCATACCCTTTGLAGLTGLAGCOTELTALCTATACGTCAAGACTGEAALAAGEAGTEGTGLTCTIATG
GEATGTGCCTECTCCCAAGEAAGTABAAAMGGEGEAGACCACAGATEEAGTGTACAGAGTAATEACTCGTAGACTRLTAGG
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TTCAACACAAGTTORAGTGGGAGTTATGCAAGAGGGEGETCTITCACACTATGTEGLACGTCACAAAAGGATCCGLGLTGAGA
AGCGETGAAGGGAGACTTGATCCATACTEGGEAGATG TCAAGCAGGATCTGGTGTCATACTGTGETCCATGGAAGLTAGATS
LLGCLTEGEACGEECACAGLGAGGTGLAGCTCTTGGLLGTELCICLCEGEAGAGAGAGLGAGGAALATLCAGALTCTRECES
GAATATTTAAGACARAGGATCGGRACATIGEAGCEGTTGCELTGGATTACCCAGCAGGAALTTCAGGATCTCCAATCCTAGA
CAAGTGTLGEAGAGTOATAGGACTITATGGUAATGGEETCGTGATCAAADATEGEGAGTTATGT TAGTGLCATCALCOAAGEE
AGGAGGGAGGAAGAGACTCCTETTGAGTGUT TCGAGLCT TCRATECTOAAGAAGAAGUAGCTAALTGTCTTAGALTTGCATE
CTGGAGUTOGGARAACCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCCATARMAACAAGACTCCGTAUTGTGATCTTAGET
COAACCAGGETTGTCGLTGLTGARATGCAGGAAGLCCTTAGAGLGUT TCCAGTGUGTTATATGACAACAGCAGTCAATGTEAC
COACTUTGEARCAGARATCGTLGACTTAATGTGCCATOUCACCTTCACTTCACGTETACTACAGCCAATCAGAGTCCCCAACTAT
AATCTGTATAT TATEGATGAG G CCCACTTCACAGATCCCTCAAGTATAGCAGCARGAGGATACATTTCAACAAGEGTIGAGAT
GEGLGAGGCEGLTGLCATCTTCATGACCOLCACGLCACCAGGAALLCCGTRACGCATTTCCGGACTCCAACTCACCAATTIATEE
ACACCGAAGTGEAAGTCCLAGAGAGAGCCTGRAGLTCAGGLTTTGATTGEE TEACGEATCATTCTGGARAAACAGTTIGGTT
TGTTCCAAGLETGAGGAALGGUAATGAGATCGLAGETTGTCTGACAAAGGLTEGANAALGGETCATACAGLTCAGLAGARAG
ACTITTGAGACAGAGTTCCAGRARACANAACATCAAGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGEGEGECAA
CTTTAAAGCTEACCGTGTCATAGAT TCCAGGAGATG LU TAAAGLCGETCATACTTGATGGCGAGAGAGTCATTCTEGLTGGAL
CCATGLCTETCACACATGUCAGCCCTGCCCAGAGGAGGEELLGUATAGGUAGGAATCCCAACAAACCTGGAGATGAGTATLT
GTATGGAGGTEGGTGLGIAGAGALTGACGAAGACCATGCACALTGGLITGAAGCAAGAATGLTCCTTGACAATATITACCTEC
AAGATGGCCTCATAGCCTCGETCTATCGACCTEAGGLCGACAAAGTAGCAGCCATTGAGGGAGAL TTCAAGCTTAGGACGGA
GCAAAGGAAGACCTTTGTGGAACTCATGAARAAGAGGAGATCTTCOTGTTTGELTGACCTATCAGGTTGCATCTGCCGGAATAA
CLTACACAGATAGARGATOETGUTTIGATE G CACGACCAACAACACCATAATGGAAGACAGTGTGLCGGCAGAGETGIGRAL
CAGALACGGAGAGAARAGAGTGLTCARACLGAGGTGOATGGALGLLAGAGTTIGTTCAGATCATGCGGLUCTGAAGTCATTC
ABGGAGTTIGCCGCTEEGAAAAGAGGAGCOGLTTITEGAGTOATGGAAGLCCTEGGAACACTECCAGGACACATEACAGAL
AGATTCEAGGAAGCCATTGACAACCTCGLTGTGLTCATECGEGUAGAGACTGGAAGUAGGCCTTACAMAGCCGEGGLOBLLT
AATTGUCGGAGACCCTAGAGACCATTATGLTT TG EGGTIGCTCGGAACAGTCTCGLTEGGAATLTTITICETCTTGATGAGS
AACAAGGGCATAGGGAAGATEGGLTTTGGAATGETEACTCTTEGEGCCAGCGUATGRLTCATGTGELTCTCGBAAATTIGALT
CAGCCAGAATTRLATGTETCCTCATTGTTGTG TTCCTATTGCTGETGE TGCTCATACCTGAGCCAGAAANGCARAGATCTCCCE
AGGACAACCARATGGCAATCATCATCATGGTAGCAGTAGGTLTTCTGGGCTTGATTACLGLOAATGAALTIGGATEOTTGEAG
AGAACAANGAGTEACCTAAGECATCTAATGEGAAGGAGAGACGAGGEEEEAACCATAGEGATTCTCAATGGACATTEACCTG
CEGLLAGLLTCAGCTTGGGCCATCTATECTGCETTEACAACTTTCATTACCCCAGCLGTCLARCATECAGTGACCACTTCATACA
ACAARCTACTCCTTAATGGCEATGGUCACGLAAGCTGOAGTETTETITGGTATGOGCAAAGGEATRCUATICTACGCATGGEAL
TITGGAG TCCCGETGCTAATGATAGE TIGLTACTCACART TAACACLCETGALCCTAATAGTEGCCATCATTITIGETLGTGGEGE
ACTACATGTACTTBATCCCAGGGUTHCAGGCAGCAGCTELGLGTG CTGLLLAGAAGAGAALGGLAGLTEGLATCATGAAGAA
COCTGTTGTGGATGGAATAGTGGTGALTGACATTGACACAATEACAATTGACCCCLAAGTO GAGAAAAAGATEEGACAGGTG
CTACTEATAGCAGTAGLLGTUTLLAGLGECATACTETCGLGEACLGLLTEGEEGTGEEGEEAGELTGELGECLCTGATCACAR
CEGCARCTTCCACTTITGTGOEAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCACTGTGTAACATTTTIAGGE
GAAGTTACTTIGGLTEGAGCTTCTETANTCTACACAG TAACARGAMCGCTGEL T TG TCAAGAGACGTGGGOG TG GAALAGE
AGAGALCCTEEGAGAGABATEGRAAGECCCGLTTEAACCAGATETCEELCCTOEAGTTCTACTCLTACARAAAGTCAGGLATC
ALCRAGGTGTGLAGAGAAGAGGLLEGLIGUGLCCTUAAGGACGETOTEOLANCGEGAGGLCATEGUTGTGTCCCGAGGAAGT
GCAAAGLTGAGATGGTTGOTGEAGLGLGEATACCTGCAGLCCTATGGAAMGGTCATTIGATCTTGGATGTGGLAGAGGEGEL
TEGAGTTACTACGLEGUCACCATCCOCAAAGTTCANGAAGTGAAAGEATACACAAAGGAGGCICTGETCATGAAGAACCCA
TGTIGGTGCAAAGLTATOGG TGGAACATAGTCLGTCTTAAGAGTGGEGTEGALGTCT TICATATCGUGGLTRAGLLGTGTEA
CACGTTECTGTGTEACATAGGTGAGTCATCATCTAGTCCTEAAGTGGAAGAAGLACGGACGUTCAGABTCLTCTCCATOGTGE
GOGATTGELTTEAAAAAAGALCAGEAGCCTTTTETATAAAAGTETTGTGLCCATACACCAGEACTATEATEGAALCCTTGGAG
CEACTECAGCRTACGTATECGEGAGEACTEATCAGAGTGLCACTCTICCLGUAACTCTACALATGAGATGTACTGGGTLTCTS
GAGLGAAAAGCAACACCATAAAAAGTEGTGTCCACCACGAGCOAGCTCLTCTTEE GG UATEEACGGELLCAGGAGGLCAGT
GAMATATGAGGAGGATGTGAATCTCGGLTUTGE CACGUGBGLTGTEO TAAGUTGCGUTGAAGLTCCCAACATGARGATCATT
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GETAALCGEATTGAAAGGEATCCGCAGTEAGLALGCGGAAACETEGTTCTI TG ACGAGAALCACCCATATAGEACATGGGETT
ACCATGGAAGETATGAGGLCCCCATACAAGGRTCAGLGTCUTCTCTAATAAACEGGGTIG TCAGGCTCCTE TCARAALCLIGE
GATGTGGTGACTGEAGTEACAGGAATAGLCATGALLGACALCACACCGTATE G TCAGCAAMGAGTTTTCAAGGAAAAAGTEG
ACACTAGGGTGCCAGATLLCCAAGAAGGUACTCGTCAGG T TATGAGCATGETCTCTICCTGG I TETEOAMAGAGCTAGEEAA
ACALAAAL GG UCACEAGTCTGTATCANAGARGAGTTCATCAAL AAGGTTCC TAGCAATGCAGCATTAGGGGCAATATITGAA
GAGGANAMAGAGTEEAAGACTGLAGTEGAAGL TG TGAACGATCCARGGTTCTGGECTCTAGTEEACAAGEANAGAGAGEAC
CACCTGAGAGGAGAGTGCCAGAGTTGTETGTACAACATCATEGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGETC
AAGGGCAGCCECECCATOTG G TATATGTEGCTAGBGGLTAGATT I TAGAG TTCGALG CCCTTGOATICTTGAALGAGGATCA
CTGGATGGGEAGAGAGAACTCAGGAGGTGETETTGAAGGELTGEGATTACAAAGACTCRGATATGTCCTAGAAGAGATEAS
TCECATACCAGGAGGARGGATG TATGEAGATEACALTGLTBELTGLGACACCCELATCAGCAGG TTIGATCTERAGAATGAA
GLTCTAATCACCAATCARATEGAGAAAG GG CALAGGGLCTTEGUATIGGCCATAATCAAGTACACATACCAARACAKAGTGET
AAAGGTCCTTAGACCAGCTGAAAAAGGEAAGACAGTTATGGACAT TATTTCGAGACAAGACCAAAGGGGEAGCGGACAAGT
TGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTCGGAATATGGAGGLTGAGGAAGTTCTAGAGATGCA
AGACTTETEGCTGCIGCGGAGGTCAGAGAAAGTGACCAACTGGTTGCAGAGCAACGBATGGRATAGGCTCAAACGAATGGE
AGTCAGTGGAGATEATTGLGTTGTGAAGLLAATTGATGATAGG TTTECACATGLCCTCAGE TTCTTGAATGATATGGBAALAG
TTAGGAAGGACALACAAGAG TG AAACCCTCAACTGGATEEGACAACTEEGAAGRAGTICCE TIT TG CTCCCALCACTTEAAL
AAGCTCCATCTCAAGGACEGGAGGTCCATTETEGTTCCITELCGLCACCAAGATG AALTGATIGGCCGGECCCGLaTUTOTCL
AEGEGECEGEATGEAGCATCCGGGAGALTGLTTGLCTAGLAAAATCATATGLGUARATETGGUAGLTCCTTIATITCCACAGAA
GEGALCTCCGACTOATGGECARTGCCATT TG TTCATCTGTGCCAGTIGACTGGGTTCCAACTGGBAGAACTACCTGRTCAATED
ATGGARAGEGAGANTGEATEALCACTGAAGACATGLTTETEL TG TGEACAGAGTETGGATTEAGGAGAALGACCACATGE
AAGACANGACCCCAGTTACGAARTEGACAGATATTCCETATTTC GGAMAAGEGAAGACTTGTEGTGTOGATCTCTCATAGS
GUACAGACCEEETACCACCTORGUTEAGRACATTANMAACACAGTCAACATE G TGLGCAGGATCATAG G TGATEAAGAAAAG
TACATGGACTACCTATCCA AT G TAC T GE G T AAGAAGE S TETACACCTGGAG TGO TG TAAGCACCAATCTTAGTG
TG AGG TG T A TCAG CCACAGLTT GGG GANAGE TG TE CAG TG TG AL CECEC AL BAGAAGE TEGEANATTAAGTC
TATAGTCAGGCCGAGAACGLCATEGCACGGAAGAAGLCATGLTGLLTETBAGLLCCTCAGAGG ACACTGAGTCANARAACCE
CACGLGCTTGRAGGLGUAGGATEEGAAAAGAAGGTEGEGACCTTCLCEACCCTICAATCTGGEGLCTGAACTGGAGATCAGT
TETGOATCTCCAGAAGAGEGALTAGTEGT TAGAGGAGACCLLOCGHAAAALGLAAMACAGLATATIGACGLTGGEARAGAL
CAGAGACTCCATGAGTTTECACCACGUTEGLCGLIAGECACAGATCGCCGAATAGLGGLGGLIBETETEEEGAMATCC

Insome embodiments, the Zika virus has a RNA genome corresponding to the DNA sequence provided
by the nucleic acid sequence of any one of SEQ ID NOs: 2-13. Insome embodiments, the Zika virus has a
variant genome that is at least 80%, 81%, 82%, 83%, 84%, 85%, B6%, 87%, 88%, 89%, 90%, 91%, 929,
93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.6%, 99.7%, 99.8% or 99.9% identical to any one of SEQ
D NOs: 2-13.

Provided below are aming acid sequences of the E-proteins of Zika strains that may be used in

the methods, compositions, and/or vaccines described herein.
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50l-ARB15076.AHFA9784.1.Central_African_Republic/291:-788 Flavivirus envelope glycoprotein £ (SEQID
NO: 14)

IRCIGVSNROFVEGMSGGTWVBVVLEHGGCYTVMACDKPTYDIELYTTTVSNMAEVRSYCYEASISDMASDSRCPTOGEAYLDRQ
SOTOYVCKRTLYDREGWENGUGLFGKGSLYTCAKFTCSKKM TERSIOPENLEYRIMLSVHGSQHSGMIVNDENRAKVEVTPNSPRA
EATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHREWFHINPLPWHAGADTGTPHWNNKEALVEFKDAHAKROTYWYLGS
QEGAVHTALAGALEAEMDGAKGRLFSGHLK CRLEXMDKLALKGVSYSLETAAFTETKVPAE TLHG TVIVEVOYAG TDGPLRVPAGM
AVOMOTLTPVGRLITANPYITESTENSKMMLELDPPFGDSYIVIGVE DRI THHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWDE
GEVGEVENSLGKGIHLIFGAAFKSLEGGMSWISOILIGTLLVWLGLNTKNGSISLTCLALGGVNIFLSTAVSA

isal-thH._30656.4EN75265. 1.Nigeria/291-788 Flavivirus envelope glycoprotein B (SEQUIDNG: 15)

IRCIGVSNRDFVEGMSGE TWYDVWWLEHGGCV TVMAQDRP TVDIELVTTTVSNMAEVRSYCYEASISDMIASDSRCPTOGEAYLDKO
SETOYVCKRTLVDRGWGNGCGLFGRGELYTCAKFTCSKEM TGRS CPENLE Y RIMLSVHESOHSGMIVNDENRAKVEVTPNSPHRA
EATLGGFGSLGLDCEPRTOGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHSGARTETPHWNNKEALVEFKDAHAKROTVVVLGS

QEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLXMDKLRLKGYSYSLCTAAFTFTIVPAETLHG TVTVEVOYAGRDGPCKVPAOM
AVDMOTLTPVGRLITANPVITESTENSKMMLELDPRFGDSYIVIGVGDKKI THHWHRSGSHGKAFEATVRGAKRMAVLGDTAWDE

GSVEGVFNSLGKGIHO FGAARKSLEGGMEWESQILIGTLLVWLGLNTKNGSISLTCLALGGVIMIFLSTAVSA

ArB1362.AHL43500.1.+/291-794 Flavivirus envelope glycopratein £, (SEQU D NO: 16)

IRCIGVSNRDFVEGMSGG TWVDVVEEHG GCVTVMAGDKP TV DIELYT T TVSNM A VRS YCYEASIS DM ASDSRCPTOGEAYLDK O
SOTOYVCKRTIVD RGWGNGLGLFGKGSLYTCAKFTCSKKMTOKSIOPENLEYRIMLSVHGSOHSGMIVNDXICOOMNRAEVEYT
PNSPRAEATLGGFGSUGLDCEPRTGLDFSDUYYLTMNNKHWLVHKEWFHDIPLPWHAG AD TG TRHWNNKEALVEFKDAHAKRAT
VWWLGSOEGAVHTALAGALEAENMDGAKGRLFSGHLKCREKMDKLRIKGYSYSLCTAAFTFTRVPAETLHG TVIVEVOYAG TDGPCK
VRACMAYDMOTLTPVYGRUTANPYITESTENSKMMLELD PP DSYIVIBVE DK THHWHRSGSTIGKAFEATVRBAKRMIAVLE
DTAWDEGSVEGEVENSLGKGIHOI FGAAFKSLFG EMSWESQILIGTLLVAWLGLNTENGSISLTCLALGGVMIFLETAVSA

ArD128000.AHLA3502.1.-/291-754 Flavivirus envelope glveopratein B {SEQ 1D NO: 17}

IRCIGVSNROFVEGMSGETWYVDWLEHGGEVTVMAQDKP TVDIELVTTTVSNMAEVRSYCYEASISDIVIASDSRCPTOIGEAYLDKG
SDTOYYCKRTLVDRGWGNGLGLFGKGSLVTCAKFTCSKEM TG KSIOPENLEY RIMLSVHG SOHS GIMIXXKKXGHETOENRARVEVT
FNSPFRACATLOGFGSLGLDCEPRTELDFSDLYYLTMNNKHRIVRKEWEHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKROT
VVWLGSOEGAVHTALAGALEAEMDGAKGRLESGHIKCRLKMDELELKGVSYSLCTAAF TETKVPAETLHE TV TVEVQYAG TRGECK
VEAOMAVDMOTLTPVGRUITANPYITESTENSKMMLELDPPFGDSYIVIGVE DR KITHHWLKKGSSIGKAFEATYRGAKRMAVLGD
TAWDFESVGLEYRNSLGKGVHE FGAAFKSLFGEMSWRSQILIGTLLVWLG LN TKNGSISLTCLALGGYMIFLSTAVSA

ArD158095 AHLAZ505.1.-/291-794 Flavivirus ervelope glyeoprotein £. (SEQLID NO: 18}

IRCIGVSNRBDEVEGMISGETWVDVVLEMGECOVTVMAGDKP TVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTOGEAYLDKG
SDTAYVCKRTLYDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSOHSGMIVNDIGHETDENRAKVEVT
PNSPRAEATLGGFGSLGLDCEPRTGLOFSDLYYLTMNNKHWIVH EWFHDIPLPWHAGAD TG TRHWNNKEALVEFKDAHAKROT
VWVLGSOEGAVHTALAGALEAEMODGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAATTFTKVPAETLHG TV TVEVQYAGTDGPCK
VEAOMAVDMOTLTPYGRUTANPVITESTENSKMMLELDPRPFGDSYIVIGVEDKKITHHWHRSGSTIGKAREATVRGAKRIMAVLE
DTAWDFGESVEGVENSLGKGIHGQIFGAAFKELIGEMSWESDILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

ArD158084.AH143504.1.-/291-794 Flavivirus efivelope glycoprotein £, (SEQID NG 19)
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IRCHEYSNRDFVEG MGG TWVDVVLEHGGOVTVMAQDKPTYDIELVTTTVSNMAEYRSYCYEASISDMASDSRCPTOGEAVLDKA
SDTOYVCEKRTIVDRGWENGCGLEGRGSLVTCAKFTCSKKMTGKSICIPENLEYRIMLSVHGSOHSGMIVNDIGHETDENRAKVEVT
PNSPRAEATLGGFGSLGLDCEPRTGLOFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGAD TG TP H WNNKEALVEFKDAHAKROT
YWVLGSOEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTETKVPAETLHE TV IVEVOYAGTUGPCK
VPAOMAVDMUTLTPVG RUTANPVITES TENSKMMLELDPPFGDSYIVIGVG DKKITHHWHRSGSTIGKAFEATVRGAKRMAVLE
DTAWDFGSVGGVRNSLGKGIHQIFGAARKSLFGEMSWESQIUGTLLVWLGLNTKNGSISLTCLALGGVIMIFLSTAVSA

isol-ARB13565.AHF49783.1.Central_African_Republic/291-794 Flavivirus envelope glycoprotein E. (SEQID
NO: 20)

[RCIGYSNRDFVEGMSGETWYDVVLEHGELVTYMATIDKP TVDIELVTTTVENMAEVRSYCYEASISDMASDSRCPTUGEAYLOKE
SDTQYVCERTIVDRGWGNGLGLFGKGEIVTCAKFTCSKKMTGKSIOPENLEYRIMLSVHGSOHSGMIVNDIGHETDENRAKVEVT
PNSPRAEATLGGFGSLGLDCEPRTGLOFSDLYYLTMNNKHWLYHKEWFHDIPLPWHAGAD TG TPHWNNKEALVEFKDAHAKRQT
VWVLGSOEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMUKERLKGVSYSLCTAAFTETRVPAETLHGTVIVEVQYAG TDGRLK
VPAQMAVDMOTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVG DKIITHHWHRSGSTIGK AFEATVRGARAMAVLG
DTAWDFGEEVEOVENSLGREVHIIFGAARKSLFGEMSWRSCULIGTLLVWLGLNTKNGSISLTCLALGGYMIFLSTAYSA

isol-ARBT701.8HFA3785. 1.Contral_African_Republic/291-794 Flavivirus envelope glycoprotein £, (SEQID
MOz 21}

IRCIGVSNRDFVEGMSGETWVDVVLEHGGLVTYMAQDKPTVDIELVITTVSNMAEVRSYCYEASISDMASDSRCP TQGEAYLDKG
SOTAYVCKRTLVDRGWGNGCGLFGKGSLYTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDIGHETDENRAKVEVT
PNSPRAEATLGGRGSLGLDCEPRTGLOFSDLYYETMNNIEHWLVHKEWFHDIFLPWHAGAD TGO TRPHWINNKEALVERK DAHAKROT
VWWLGSGEGAVHTALAGALEAEMDGAKGRLESGHLKCREKMDKLRLKGY SYSLCTAAFTFTRVPAETLHG TVTVEVQYAGTDGPCK
VPAOMAVDMOTLTPVERUTANPVITESTENSKMMLELDPPFGDSYIVIGYGDRKITHHWHRSGSTIGKAFEATVRGAKRMAYLG
DTAWDFGSVEGVFNSLEGRGVHQI FGAARKSLFGEMEWERSTILIGTLIVWLGLNTENGSISLTCLALGGVMIFLSTAVSA

isol-ArD. 41519 AENT5266.1.5enepal/291-794 Flaviviius envelope glycoprotein E. (SEQID NOQ: 22)

IRCIGVSNRDOFVEGMSGETWYDVYVL EHE GCVTVMACDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTOGEAYLDKD
SDTGYVCKRTIVDRGWGNGUGLFGRGSLYTCARFTUSKKM TGRS QP ENLEYRIMLSVHGSOHSGMIVNDTGHETDENRAKVEVT
PHSPRAEATLGGFGSLGLDCEPATOLOFSDLYYLTMNNEHWLYHKEWFH DI PLPWHAGAD TG TPHWINNKEALVERKDARAKROT
VWVLGSQEGAVHTALAGALEAEMDGAKGRIFSGHLKCRIKMDKLRLKGVSYSLCTAAFTETKVPAETLHGTVIVEVOYAGTOGRCK
VPAQMAVDMOTLTPYGRLITANPYITESTENSKMMLELDPPFGOSYIVIGVGDKKITHHWHRSGSTIGKAFEATVREAKRIMAVLG
DTAWDFGSVEGVENSLGKGIHCQUFGAARKSLFGEMSWESCIHLIG TLLVWLGLNTKNGSISLTCLALGGYIMIFLSTAVSA

MR7E6-NID.BAPATALL.1. Uganda/291-794 Flavivirus envélope glycopratein E. (SEQID NO: 23)

IRCIGVSNRDFVEGMSGGTWYDVVLEHGGOVTVMAGDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTOGEAYLDKT
SOTOYVCKRTIVDROGWGNGCGLFGKGSLVTCARFTCSKKIMTGKSIGPENLEYRIMLAVHGSOHSGMTVNDIGYETDENHARVEVT

PNSPRAEATLEGRGSLGLDTEPRTGLDFSELYYLTMNNKHWLVHKEWFHDIPLPWHAGADTETPHWNNKEALVEFKDAHAKRAOT
VVVLGSQEGAVHTALAGALEAEMDGAKGKLFSGHLKCRLKMDKLRLKGYSYSLETAAFTETRVPAETLHG TV TVEVOYAGTOGPCK

VAN AVDMOTLTPVGRLITANPVITES TENSKMMLELDPREGDSY IVIG VG DRKI THHWHRSGS TIGKAFEATVRB AKRMAVLED

TAWOFGSVEGVFNSLEKGIHOIFGAAFKSLEC GMSWRSCILIGTLLYWLGLN TENGSISLTCLALG G VMIFLSTAVSA
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LCO02520.1/326-829 Zika virus genomic RNA, strain: MR766-NUD, Uganda, Flavivicus envelope glicoprotein
E{SEGQID WO: 24)

IRCIGVSNRDFYEGMSGGTWYDVVLEHGG OV TVMAGDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKG
SOTOYVCKRTLVDRGWENGCGLEGKGSLVTCAKETCSKKMTGKSIQPENLEYRIM LSVHGSOHSEGMTYNDIGYETDENRAKVEVT

PNSPRAEATLGGFGSLGLDCEPRTGLOFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTG TPHWNNK EALVEFKDAHAKRQT
VVVLGSOEGAVHTALAGALEAEMDGAKGKLFSGHLKCRLKMDKLRLKGY SYSLCTAAFTETEVPAETLHG TV IVEVOYAGTOGRCK
IPVOMAYDMOTLTPVGRLITANPYITESTENSKMMLELDP P FGDSYIVIGYGDRKI THHWHRSGSTIGKAFEATVRGAKRMAVLGD

TAWDFGSVEGEVFNSLEKGIHOIFGAAFKSLFGGMSWESCILIGTLLY WLELN TKNGSISLTCLALGGYMIFLSTAVSA

isol-MR_766 AENT5263:1.Uganda/291-7594 Flavivirus envelope glycopratein £, [SECLID NOv 25)

REIGVSNRDFVEGMSGETWYDVWVLEHG GOV TVIMACTIKPTYDIELVTTTVSNMALYRSY CYEASISOMASDSRCPTAGEAYLDKG
SOTOYVCKRTLY DRGWENGCGLEGKGSLY TCAKFTCS KM TGRS QP ENLEYRIMLEVHGSOHSGMIVN D TGYETDENRAKVEVT
PNSPRAEATLGGFGSLGLDCERPRTGLOFSILYYLTMNNEHWIVHKEWFHDIPLPWHAGAD TG TPHWN NKEALVEFKDAHAKROT
VOVLGSOEGAVHTALAGALEAENMDGAKGKIFSGHLKCRLKMIDKLRLKGYSYSLCTAAFTFTKVPAE TLHGTVIVEVOYAGTOGRCK
IPVOMAVDMATL TPV ERLITANPYI TESTENSKMMLELDP PFGDSYIVIGY G DK THHWHRSGSTIGKAFEATYRGAKRMAVLGD
TAWDFGSVEEVFNSLEKGIHOIFGAARKSLFGEMSWFSQILIGTLLYWLGLN TKNGSISLTCLALGEY MIFLSTAVSA

ArD7117, AHLA3501.1,+/291-794 Flavivirus envelope glveoprotein E, {SEQUID NO: 26)

IRCIGVSNRDFVEGMSGETWVDVWLEHGGOVTVMATDKP TVDIELVTTTYSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDRO
SOTOYVCKRTLVDRGWGENGCE FEKGSLYTCAKFTCSKKMTGKSIOPENLEYRIMLAVHESTHSGMIVNDIGHETDENRAKVEVT
PNSPRAEATLGGFGSLGLDCEPRTGLOFSDLYYLTMNNKHWLVHKEWEHDIPLPWHAGADTGTPH WNNKEALVEFKDAHAKRQT
VWALGSOEGAVHTALAGALEAEMDGAKGRLESGHLKCRIKMDKLRLKGVSYSLCTAVCTAAKVPAETLHE TVIVEVOYAGTDGPC
KUPAOMAVDMAOTLTPVGRUITANPVITESTENSKMMLELDPPFGDSYIVIGVE DRKITHHWHRSGSTIGKAFEATVRGAKRMAVL
GDTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGM SWFSQILIGTLLYVWLGLNTINGSISLTCLALGEVMIFLSTAVSA

AY632535.2/326-825 NC_D12532.1 Zika virus strain MR 766, Uganda, Flavivirus envelope glycoprotein .
(SEQID NO: 27)

IRCIGVSNRDFVEGMSGGTWVYDVVLEHGGCVTVMAQDKPTYDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SOTOYVCKRTLVDRGWGNGUELFGRGSLY TCAKFTCSKKM TGKSIOPENLEYRIMLSVHGSOHSEMIGYETDEDRAKVEVIPNSPR
NEATLGGFGSLGLDCEPRTGLDFSDLY YLTMNNKHWLYHKEWFHDIPLPWHAGAD TG TPHWNNKEALVEFKDAHAKROTYWVL
GSOFGAVHTALAGALEAEMDGAKGRLESGHLKERLKMDKLRLXG Y SYSLETAAFTF TRVPAETLHG TV TVEVOYAGTOGPCHPVO,
MAVDMOTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDRKITHHWHRSGSTIGKAFEATVRGAKRMAVLADTAW
DFGSVGGVINSLGRGIHQIFGAAFKSLFGEGMSWESQILIGTLLYWLGLNTENGSISLTCLALGGYMIFLSTAVSA

MR_766.AAV34151.1.Uganda/291-790 Flavivirus envelope glycoprotein E. | Q322E1]Q327E1_9FL {SEQUID
NO:28)

IRCIGVENRDFVEGMSGGTWYDWLEHGGCVTVIMAQDKPTVDIELVT TIVANMAEVRSYCYEASISDMASDSREPTOGEAYLDKD:
SOTOYVCKRTIVDRGWGNGCELFGKGSLVICAKFTCSKKM TG KSIOPENLEYRIVLSVHGSQHSGMIGYETDEDRARVEVTPNSPR
AEATLEGFGSLGLDCEPRTGLOFSDLYYLTMANNKHWLVHREWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKROTVVVL
GEOEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLETAAFTETRVPAETLHG TVIVEVOYAGTDGRCKIPVG
MAVDMOTLTPVGRLITANPYITESTENSKMMLELDPPEGDSYIVIGVGDERITHHWHRSGSTIGKAFEATVRGAKR MAVLGDTAW
DFGSVGGVENSLGRGIHOIFGAAFKSLEGGMSWESQILIGTLLVWLGLNTKNGSISLTCLALGGVIMIFLETAVSA
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MR_766.YP_009227198.1. Uganda/1-500 envelope protein E [Zika virus] (SEQID NO: 29)

IRCIGVSNRDFVEGMSGETWVDVVLEHGEGCVTVMADDKPTVDIELYTT TVSNMAEVRSYCYEASISDMASDSRCPTOGEAYLDKG
SDTOYWCKRTLVDRGWENGCGLFGKGSLVTCAKFTCSKKMTGKSIOPEN LEYRIMLSVHGSOHSGMIGYETDEDRAKVEVTPNSER
AEATLGGFGSLGLDCEPRTGLOFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKROTVVVL
GSOEGAVHTALAGALEAEMDGBAKGRLFSGH LKCRLKMIDKLRLKGYSYSLCTAAFTFTRVPAETLHGTY TVEVOY AG TDGRCKIPYQ
MAVDMOTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVE DRKI THHWHRSGSTIGKAFEATVRGAKBENMAVLEDTAW
DFGSVGGVINSLGRGIHOIFGAARKSLEGGM SWESQILIGTLLVWLGLNTKNGSISLTCLALGGYMIFLSTAVSA

KUBS1081.3/308-811 Zika virus isolate Zika virus/H saplens-tc/THA/2014/5V0127- 14, Thailand, Flavivieus
envelope glycoprotein £.{5EQ D NO: 30)

IRCIGVENRDFVEGMEGETWNY DVWLEHGGOVTVMAGDKFTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTOGEAYLDKE,
SDTQYVCKRTLYORGWENGCGLRPGKGSLY TCAKFACSKKMTGRSIOPENLEYRIMLEVHESOHSEMIVND TGHETDENRARVEIT
PHSPRAEATLGGFGSLGLDCEPRTELDFSULYYLTMNNKHWLVHKEWFHDIFLPWHTGADTGTPHWNNKEALVEFKDAHAKRQAT
VWVLGSOEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLEMDKLRLKGY SYSLCTAAFTFTRIPAETLHG TV TVEVQYAGTDGPCK
VEAOMAVDMOTLTPVGRUTANPYITEGTENSKMMLELDPPFGDSYIVIGVGEKKI THHWHRSGSTIGKAFEATVRGAKRMAVLG
DTAWDFGSVEGVLNSLGKGIHOIFGAAFKSLFGEMSWESQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

isol-Zika_virus%H saplens-tc THAB2014%SV0127-_14.AMDGE1710.1. Thalland/291-794 Flavivieus gnvalope
glycoprotein €. (SEQ 1D NO: 31)

IREIGVSNRDFVEGMSGETWVDVVLEHG GOV TYMAGDKPTY DIELVTTTVANMAEVREYCYEASIS DM ASDSRCPTOGEAYLDKD
SOTOYVCKRTIVD RGWGNGCELEGKESLVTCAKFACSKEM TGRS ICPENLEYRIMISYHGSOHSGMIVNO TG HETDENRARVET
PHSPRAEATLGGEGSLGLDCEPRTGLD FSDLYYLTM NNKHWLVHEEWEHDIPLPWHTGADTGTPHWNNKEALVEFKDAHAKROT
WVLGSOEGAVHTALAGALEAEMDGAKGRLSSGHLECRLKMDKLALRGYSYSLCTAAETFTRIPAETLHG TVTVEVOYAGTDGPEK
VEAQNMAVDMOTLTPYGRLI TANPVITEGTENSKMMLELDPR FGDSYIVIGVEEKKI THHWHRSGS TIGKAFEATVRGAKRMAVLG
DTAWDFESVE GVLNSLEKGIHO FGAAEKSLEGGMSWESDILIGTLLMWLGLNTRNGSISLMCLALGGYLIFISTAVSA

CK-ISL_2014.A1C06934.1.Cook._Islands/1-504 Flavivirus envelope glycoprotein E. {Fragment) 05=Zika virus
GN=E PE=4 Sv=1 (SEQID ND: 32)

IRCIGYSNRDRVEGMSGETWYDVYLEHGGCY TVMACQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTOGEAYLDKO
SUTQYVEKRTLVDRGWENGCELFGRESLVTCARFACSKEM TG SIOPENLEYRIMLSVHGSQHSGMIVND TG HETDENRARVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLOFSDLYYLTMNNKHWLVHKEW EHDIPLPWHAGAD TETPHWNNKEALVERKDAHAKROT
VWVLESOEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGYSYSLCTAAFTFTKIPAETLHG TVTVEVOYAGTDGPCK
VEAOMAVOMOQTLTPVGRUTANPVITES TENSKMMLELDPPEGDSYIVIGY GEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVEGALNSLGKGINQIFGAAFKSLFGEMSWESQILIGTLLMWLGLNTKNGSISLMCLALGBVLIFLSTAVSA

Natal RGN.AMBIRBS0.1.Brazil: Rig_Grande do_Norte, Natal/291-794 Flavivitus envelope glycoprotein ]
(SEQ ID NO: 33)

[RCIGVSNROFVEGMSGGTWY DVVLEHGGIVTVMAODKPTVDIELVTTTVENMAEVREYCYEASISDMASDSRCPTOGEAYLDKD,
SDTOYVEKRTIVDRGWGNGEGLEGKGSLYTCARFACSKEMTGKSIOQPENLEYRIMLSVHGSOQHSGMIVNDTGHETDENRAKVEIT
PNSPRACATLGEFGSLCGLDCEPRTGLDFSDEYYLTMNNKHWLVHKEWFHDIFLPWHAGAD TE TPHWNNKEALVEFKDAHAKRAT
VUVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMBKLRLKGV SYSLCTAAFTFTKIPAETLHG TV TVEVQYAGTDGPLK
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VPACMAVOMOTLTPYGRUTANPVITESTENSKMMLELDPPEGDSYIVIGY GEKKI THHWHRSGSTIOKAREATYRGAKRMAVLGD
TAWDFGSVGEEALNSLGKGIHOIFGAAFKSLFGGMSWESQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

isol-Si323.AMC37200.1.Colombia/1-504 Flavivirus envelope glycoprotein k. (SEQ 1D NO; 34)

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGOVTVMAQDKP TVDIELVTTTVANMAEVRSYCYEASISDMASDSRCPTOGEAYLDKO.
SOTQYVCKRTLVORGWGNGLGLFGKGSLY TCAKFACSKIKM TGKSIORENLEYRIMLUSVHGSOHSGMIVND TGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY YLTMINNKHWLVHKEWEHDIPLPWHAGADTGTEHWNNKEALVEFKDAHAKROT
VWVLGSOEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGY SYSLCTAAFTFTRIPAETLHG TV TVEVQYAGTDGPCK
VPAONMAVDMOTLTAVGRLTANPVITESTENSKMMLELDPPEGDSYIVIGVGEKK I THHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVEGALNSLGKGIHOIFGAARKSLPGGMSWESQILIGTLEAMWLGENTRNGSISLMCLALGGVLIFLSTAVSA

KUT07826.1/317-820 Zika virus isolate SSABRL, Brazil, Flsvivirus envelope glycopratein €, (SEQ 1D NO: 35)

IRCIGVSNRDFVEGMSGGTWYDVVLEHGGCYTVMAQDKPTYDIELVTT TVSNMAEVRSYCYEASISDMASDSRCPTOGEAYLDKO
SDTQYVCKRRTIVDRGWENGCELFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETOENRAKVE(T
PNSPRAEATLGGFGSLGLDCEPRTELOFSULY YL TMNNRKHWLYHKEWFHDIPLPWHAGADTETPHWNMNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTETKIPAETLHGTVTVEVQYAGTDGPCK
VPAOMAVONMOTLTPVGRUTANPYITESTENSKMMLELDPPFG DSYIVIGVGEKKI THHWHRSGS TIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWESCI LIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

KUS09998,1/326-829 Zka virus strain Haitl/2225/2014, Halti, Flavivirus envelbpe slycoprotein £ (SEQ ID
NG 36)

IRCIGVSNRDFVEGMSGGTWYDVVLEHGGEVTVMAGDRPTVDI ELVTTTVSNMAEVRSYCYEASISDMASDSRCPTOGEAYLDNG,
SDTOQYVCKRTLVDRGWGNGCGLFEKGSLVTCAKFACSKKM TEKSIQPENLEYRIMLSVHGSQHSGMIVND TGHETRENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLOFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTRHWNNKEALVEFKDAHAKROT
VYWVLGSOEGAVHTALAGALEAEMDGAKGRLSSGHLKERLEMOKLRLKGVSYSLCTAAFTRTRIP AETLHG TYTVEVOYAGTDGPCK
VPACKAVDMOTLTPVGRUTANPYITESTENSKVIMLELD PPEGUSYIVIGVGEKKI THHWHRSGS TIGKAFEATVRGAKRMAVLGD
TAWDFGSVEGALNSLGKGIHQIFGAAFKSLEGGMSWFSOILIGTLLMWLGLNTKNGSISEMCLALGGVLIFESTAVSA

sol-GDZ16001, AMLE2110,1.China/291-794 Flavivirus shvelope glycoprotein £, (SEQID NO: 37)

IRCIGVSHRDFVEGNISGETWYDYVLEHG GOV TVIMAGDKP TV DI BN T T TVSNMAE VRS YCYEASISDMASDSRCPTOGEAYLDRD
SOTOYVCKRTIVDREWGNGCGLIGKGSLVTCARF ACSKEM TEKSIOP ENLEYRIMLSYHBSOHSGMIVND TGRETRENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDESDIVYLTMNNKHWLVHEEWEHDIFLPWHAGAD TE TP HWNNKEALVEFKDAHAKROT
YUVLGSOEGAVHTALAGAL EAEMDG AKGRLSSGHLKCRIKMDKLRLKGYSYSLCTAAFTFTKIPAFTLHE TV TVEVAYAGTDGPCK
VEAOMAVDMQILTAVGRUTANPVITESTENSKMMLELDPPFGDSYIVIGV GERKI THHWHRSGS TIGKAREATYRGAKRMAVLGD
TAWDEGSVGGEALNSLGKGHOIFGAAFKSLEGGMSWESDILIGTLLMWLGINTKNGSISLMILALGEVLIFLSTAVSA

BeHB819015.AMA12085.1.Brazil/291-794 Flavivirus envelope glycoprotein £.] (SEQID NO: 38)

IRCIGVSNADEVEGMSGETWVDYVLEHGGEVTVMACDEPTVRIELVTTTVSRMAEVRSYCYEASISOMASDSRCPTOGEAYLDRO
SDTOYVCKRTIVORGWGNGIGLEGKGSLVTCAKFALSKKMTEKSIQPENLEYRIMLSVHGSGHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLOGIGSLGLOCEPRTGLD ESDUYYL TMNNKHWIVHKEWRHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKROT
VVVIGSQEGAVHTALAGALEAEMDGAKGRLESGHLKCRIKMDELRLKGVSY SLCTAAFTFTRIPAETLHGTVIVEVOYAGTDGPCK
YPAQMAYDMOTLTPYGRUTANPYITESTENSKMMLELDPRFGDSYIWIGVGEKKITHHWHRSGESTIGKAFEATVRGAKRMAVLED
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWESCILIGTLLMWLGLNTIKNGSISLMCLALGGVLIFLSTAVSA
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MRS_OPY_Martinigue_PaRi_2015AMC33116.1.Martinique/291-794 Favivirus envelope glycoprotein £,
{SEQ 1D ND: 39)

RCIGVSNROFVEGMSGETWYDVVLEHG GOV TVMAQDKPTVDIELVTTTVENMAEVRSYCYEASISDMASDSRCPTOGEAVLDXT
SDTQYVCKRTLVDRGWGENGCGLFGKGSLYTCAKFACSKKMTGKSIOPENLEYRIMLSVHGSOHSGMIVNDTGHETRENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGAD TG TPHWNNKEALVEFKDAHAKRQT
VVVLGEOEGAVHTALAGALEAEMDGAKGRLESGHLKCRLKMDELRLKGVSYSLCTAAFTFTK IPARTLHG TV TVEVOYAGTDGPCK
VPAOMAVDMOTLTPVGRLITANPVITES TENSKMMLELDEPFGDSYIVIGYGEKKI THHWHRSGSTIGRAFEATVRGAKRMAVLGD
TAWDFGSVEGALNSLGKGIHUIFGAAFKSLFGEMSWRSQULIGTLLNMWLGINTENGSISLMCLALGGVLIFLSTAVSA

KUS501215.1/308-811 Zika virus strain PRVABCS9, Puerto Rico, Flavivirus envelope glycoprotein £, {SEQID
NO: 40)

IRCIGVSNADFVEGMSGGTWYDVVLERGG LV TV ACDKPTVDIELVTT TVSNMAEVRSYCYEASISUMASDSREPTOSEAVIDRD
SOTOYVCKRTLYDREWGNGCGLFGKGSLYTCAKFACSKKMTGKSIOPENLEYRIMESYHGSOHSGMIVNDTGHETDENRAKVELT
PN SPRAEATLGGFGSLGLDCEPRTGLOFSDLYYLTMNNKHWILVHKEWEHDIPLPWHAGAD TG TPH WNNKEALVEFKDAHAKROT
VYVLGSOEGAVHTALAGALEAENMDGAKGRLSSGHLECRLEMDKLRLEGVSYSLCTAAFTETKIPAETLHG TV IVEVOVAGTDGRCY
VEACMAVDRMOTLTPVERUTANPYITES TENSKVIMLELD D PEGDSYIVIGVGEKK I THHWHRSGATIGKAFEATVRGAKRMAVLGD
TAWDFGSVEGALNSLEKGIHAIFGAAFKSLFGEMSWESQILIGTELMWLGLNTKNGSISEMCLALGGVLIFLSTAVSA

Haiti%1225%2014. AMB37295.1. Haiti/251-794 Flavivirus envelope glycoproteln B (SEQID NO: 41)

IRCIGVSNRDFVEGMSGGTWYDVVLEHGGLVIVMAQDKPTYDIELVTTTVENMAEVRSYCYEASISDMASDSREPTOGEAYIDKG
SOTQYVCKRTLVDRGWENGCGLFGKGSLVTCAKFACSKKM TR SIOPENLEYRIMLSVHGSOHSGMIVNDTGHETDENRAKVET
PNSPRAEATLGGFGELGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWPHDIPLPWHAGAD TG TPHWNNKEALVEFKDAHAKROY
VVVLGSOEGAVHTALAGALEAEMDGAKGRLESGHLKCRLKMDKLRLKGVSYSLETAAFTF TKIPAETLHGTVIVEVOQYAGTDERLK
YPAQMAVDMQTLTPYGRUTANPYITESTENSKMMLELDPPFGDSYIVIGVGEKKI THHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVEGALNSLGKGIHGIFGAAFKSLEGGMSWESQILIGTLLIMWLGUNTKNGSISLMCLALGGVLIFLS TAVSA

KU527068.1/308-811 Zika virus strain Natal RGN, Brazll: Rio Grande do Norte, Natal, Flavivirus envelope
glycopratein E{SEQID NO: 42)

IRCIGVSNROFVEGMSGGTWYDWWLEHBGOVIVMACDKPTYDIELVTT TVSNMAEVRSYCYEASISDMASDSREPTOGEAYLDKD
SDTOYVCRRTLVDREWOENGCELFERGSLVICAKFACSKEM TEKSIGPENLEYRIMLSVHGSCHSGMIVND TGHETOENRAKVEIT
PNSPRAEATLGGFGELGLDCEPRTGLOFSDLYVLTMNNKHWLVHKEWFHDIPLPWHAGAD TG TPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRIKGYSYSLCTAAFTR TKIPAE TLRG TY TVEVQYAGTDGPCK
YRPAQMAVDMOTLTPYGRU TANPVITESTENSKMMLELDPRFGDSYIVIGVGEKKITHHWHRSGETIGKAFEATVRGAKRMAVLGD
TAWDFGSVGEALNSLGKGIHOIFGAAFKSLFGEMSWISGILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

isol-Z1106027 ALX35662.1.5uriname/5-508 Flavivirus envelope glycoprotein E. (SEQID NO: 43)

IRCIGYSNRDFVEGMSGETWYDNVYLEHGGOVTYMAQDKPTVOIELYTTTVSNMAEVRSYCYEASISDMIASDSRCPTOGEAYIDKD
SOTOYWCKRTLVDRGWENGUGLFGRESLVTCAKFACSKKM TGRSIOPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAXVEIT
PMSPRAEATLGGFESLELDCEPRTGLOFSDLY YL TMNNKHWLVHKEWFHDIPLPWHAGADTE TPHWNNKEALVEFKDAHAKRDT
YUVLGSUEGAVHTALAGALEAEMDGAKGRLSSGHIKCRLEMDKLRLKGVSY SLUTAAFTF TR IPAETLHG TVIVEYOYAGTDEPCK
YPAQMAVDMOTLTPVGRUTANPVITESTENSKMMLELDPPFGESYIVIGVGEKKI THHWHRSGSTIGKAFEATYRGAKRMAVLGD
TAWDFGSVEGALNSLGKGIHAIFGAAFKSLFGGIMSWFSCILIGTLLMWLGLNTENGSISLMCLALGGYLIFLSTAVSA
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isol-FLR.AMM39804.1.Colombia:_Barranguilla/291-794 Flavivirus envelope glycoprotein E. {(SEQID NO: 44)

IRCIGVENRDRVEGMSGGETWVDVVLEHGGOV TV MAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTOGEAYLDRD
SDTOYVCKRTLYDRGWGNGCGLEGKGSLYTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGAD TG TPHWNNKEALVEEKDAHAKROT
VWVLGSOEGAVHTALAGALEAEMDGAKGRLSSGHLK CRLEMDKLRLKGVSYSLCTAARTFTHIPAETLHG TVTVEVOYAGTOGPLK
YPAOMAVDMOTLUIPYGRUTANPVITESTENSKMMLELDPPFGDSYIVIGY GEKKI THHWHRSGS TIGKAFEATVRGAKRMAVLED
TAWDFGSVGGALNSLGRGIHQIFGAAFKSLFGGMAWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

PLCal 2V _isol-From Vero E6 cells AHI37808.1.Canada/254-757 Havivirus envelope glytoprotein £ (SEQ
1D NO:45)

IRCIGVSNRDFVEGMSGETWVOVVLEHGELVTVMAGDKPTVDIELVTTTVENMAEVRSYCYEASISDMASDSREPTQGEAYLDKO
SDTQYVEKRTLVDRGWGNGCGLFGKGSLVTCAKPACSKKMTGKSIOPENLEYRIMLSVHGSOHSGMIVNDTGHETDENRAKVE
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWILVHKEWFHDIPLPWHAGAD TG TRHWNNREALVEFKDAHAKROT
VWVLGSOEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLETAAFTETKIPAETLHGTYTVEVOYAGTDGPEK
VPAOMAVDMOTUTPVGRUTANPYITESTENSKMMLELDPPFGDSY IVIGVGEKKI THHWHRSGS TIGKAFEATVRGAKRMAVLGD
TAWDFGEVGGALNSLGKGIHO FGAAFKSLFGGMSWRSOILIGTLLMWLGINTKNGSISLMCLALGGVLIELSTAVSA

BeHR18995.AMA12084.1.Brazil/291-794 Flavivirus enveloge glycoprotein £, [Zika vieas)

IRCIGVSNRDFVEGM SGETWYDVYLEHGGCVIVMAQDKPTVIIELVTTTYSNMAEVRSYCYEASISDMASDSRCPTAGEAYLDKO
SDTOYVCKRTLVDRGWENGUGLFGKGSLVTCARFACSKKMTGRSICPENLEYRIMLEVHGSCHSGMIVNDTGHETDENRARVET
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKRWLVHKEWFHDIPLPWHAGAD TG TPHWNNKEALVEFKDAHAKRQOT
VWVLGSOEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLXMDKLRLKG YV SYSLCTAAF TETKIPAETLHGTVIVEVOYAGTDGPCK
VPAOMAVDMOTLTPVERLITANPYITESTENSKMMLELDPRFGDSYIVIGVGERKITHHWHRSGS TIGKAFEATVAGAKRMAVLED
TAWDFGSYGGALNSLGRGIHOIFGAAFKSLEGEMS W FSTILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAYSA

H/PF/2013.AHZ13508. 1.French_Polynesia/291-794 Flavivirus envelope glycoprotein £ (SEQLID NO: 47)

IRCIGVSNRDEVEGMSGETWVDVYVLEHGGUVTYMAQDKPTY BIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTUGEAYLDKO
SDTOYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKM TGKSIOPENLEYRIMLSVHGSQHSGMIVNDTGHETOENRAKVEIT
PNSPRAEATLGGFGSLELDCEPRTGLDFSDLYYLTMINNKHWLVHKEWFHDIPLPWHAGAD TG TRHWNNKEALVEFKDAMAKR T
VVVLGSQEGAVHTALAGALEAEMD GAKGRLSSCGHLKCRLKMDKL REKGYSYSLCTAATTETRIPAETLHGTVIVEVOYAGTRGPCK
VPAQMAVDMOTLTPVERUTANPYITESTENSKIMMLELDPEFGDSYIVIGY GEKKITHHWHRSGSTIGKATEATVRGAKRMAYLED
TAWDFGSYEGALNSLGKGIHOI FGAAFKSLEGEMSWFSCILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

PRVABCSS.AMC13911.1.Puerto. Rico/291-794 Flavivirus envelope glycoprateln B, {SEQL D NO: 48)

IRCIGVSNROIVEGVSGETWYDVWLEHGGECY TYMAQUKPTVDIELVTTTVENMAEVRSYCYEASISUMASDSRCPTOGEAYLDKO
SUTAYVCKRTLVDRGWGNGUGLEGKGSLYTCAKEACSKKMTGKSIOPENLEYRIMESYHGSOHSEGMIVND TGHETDENRAKVEIT
PHSPRAEATLEGFGSLGIDCEPRTELDFSDUYYLTMNNIKHWLVHKEWEHDIPLPWHAGAD TG TPHWNNKEALVEFKDAHAKROT
VWVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRUCMDKLRLKGVEYSLCTAARTETKIPAETLHGTVIVEVOYAGTDGRCK
VPAOMAYDMQTLTPVGRLITANPYITESTENSKMMLELDPPEGDSYIVIGVGEKKI THHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGEGALNSLGKGIHOIFGAAFKSLEGGMSWRSQILIGTILMWLGINTRNGSISLMCLALGGVLIFLSTAVSA

KU321639.1/326-820 Zika virus stéain ZikaSPHID15, Brazil, Flavivirus envelope glycoprotein £, (SECLTD MO
49)
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IRCIGVSNRDFVEGMSGE TWVDIVIEHGGCVTVMAGDEPTVDIELVTTIVSNMAEVASYCYEASISDMASDSREPTAGEAYLDKG
SOTQYVCKRTLYDRGWGENGCGLFGKGSLYTCAKFACSKRMTGKSIQPENLEYRIMLSVHGSOHSGMIVNDTGHETDENRARVED
PNSPRACATLGGFGSLGLOCEPRTGLDFSOLY YLTMINNKHWLVHKEWFHDIPLPWHAGAD TG TPHWNNKEALVEFRDAHAKRAT
VWVLGSOEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTRIPAETLHGTVIVEVOYAGTDGPTK
VEAQMAVOMOTLTPVGRLTANPYITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSYBEEALNSLGKGIHOIFGAAFKSLFGEMSWESTILIGTLLMWLGLN TRNGSISLMELALGBYLIFLSTAVSA

ZikaSPH2015.ALU33341.1.Brazil/291-794 Flavivirus envelope glycoprotein E. (SEQ 1D NO: 50)

IRCIGVSNRDFVEGMSGEGETWVDIVIEHGGCVTVMACDKPTYDIELVTTIVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLD KD,
SBTOYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGISIGPENLEYRIMLSVHG SOHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLOFSDLYYLTMNNKHWLYHKEWFHDIPLPWHAGADTG TPHWNNKEALVEFKDAHAKROT
VVYWLGSOEGAVHTALAGALEAEMDGAKGRLSSGHLKCRIKMDKLRLRGVSYSLCTAAFTFTRIPAETLRGTVTVEVOYAGTHGRCK
VEAOMAVDM QTLTPYGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKI THHWH RSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVEEALNSLGKGIHOIFGAAFKSLFGEMSWESCILIGTLLMWLGLNTENGSISLMCLALG GVLIFLETAVSA

103344 AMC13912.1. Guatemalaf291-794 polyprotein {Zikavirus]. 103344, AMIC13912.1. Guatemala
Flavivirus envelope glveoprotein £ {SEQLIDNG: 51)

IRCIGVSNRDFVEGMSG G TWYDVYLEHG GOV TVMA G DKP TV DI ELY T TVSNMAEIRSYCYEASISDVIASDSRCPTOGEAYLDKD
SDTQYVOKRTLVORGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIGPENLEYRIMLSVHGSOHSGMIVNO TGHETDENRARVEIT
PNSPRAEATLGGFGSLGLDCEPRTELOFSOLY Y TMINNKHWILVHKEW FHDIPLEWHAG ADTC TP HWNNKEALVERKDAHAK R
VWG SOEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKM DK LRLKGVSYSLCTAAFTETKIPAETLHGTVTVEVQYAGTOG LY
VPAGMAVEMOTUTPVGRLITANPYITES TENSKMMLELDPEFG DS YIVIGVGEXKI THHWHRSGSTIGKAFEATVRGAKRMAVLED
TAWDFGSVGGALNSLGKGIHO FEANFKSLFGONSWESQILIGTLLMWLGLN TRNGSISLMCLALGGVLIFLSTAVSA

isol-Brazil-ZKV2 015 AMD1I6557. 1. Brazil/291-794 Flavivirus envelope glycoprotein £, [SEQLID NO» 82)

IRCIGVSNROFY EGMSGETWVDVVLEHG GOV TVMATDEPTVDIELVT TTVSNIMAE VRS YCYEASISDMASDSRCPTOGEAYLOKG,
SOTOYVCKRTLVDREGWGNGOGLFGRES IV TEAKEACSKKMTGRSIOPENLEYRIMLSVHGSOHSGMIVND TEHETDENRAKVET
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY YL TMNNKHWEVHKEWFHDIPLPWHAGAD TG TPH WNNKEALVEFKDARAKROT
VLG TOEGAVHTALAGALEAEMDG AKGRISSGHLECRUKMDELR LK GVSY SLCTAAFTETIKIRAETLHG TV TVEVOYAGTOGPCK
VPAQMAYDMOTLTPVGRUTANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKI THHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVEGALNSLGKGIHOFGARFKSLEGGMSWESQILIGTLLMWLGLNTRNGSISLMCLALGGVLIFLSTAVSA

KU4597555.1/308-811 Zika virus isolate Brazil-ZKV2015, Flavivirus envelope glycoprotein E. (SEQUID NO: 53)

IRCIGVSNROFVEGMS GG TWVDVWLEHGGCVTVMANDKPTYDIELVTTTVSNMAEVRSYCYEASISDMASDSRCP TOGEAYLOKD
SOTOYVCKATLVORGWGNGCGLFGKGSLYTCAKEACSKIKMTGHSIOP ENLEYRIMLEVHGSOHSGMIVNDTGHETOENRAKVET
PNSPRAEATLOGFGSLGLDCEPRTGLD FSOLYYLTMNNKHWLVHKEWFHDIPLPWHAGAD TG TPHWNNKEALVEFKDAHAKRET
VWYLGTOEGAVHTALAGALEAEMDGAKGRLSSGHLKCREKMDKLRLKGYSYSLCTAAFTFTKIPAE TLHGTVIVEVOYAGTDGPIK
YRAOMAVDMOTLTPYGRLITANPVITESTEN SKMMLELDPPFEDSYIVIGVGERRITHHWHRSGSTICKAFEATVRGAKRMAYVLED
TAWDFGSVEEALNSLGKGIHOIFGAAFKSLFGGMEWFSCULIGTLIMWLGLNTRNGSISLMCLALGGVLIFLSTAVSA

isol-2103. AMM39806.1. China/291-794 Flavivirus envelope glyeoprotein £ (SEQ 1D NO: 54)

IRCIGVSNRDFVEGMSGETWVDVVLEHGGOVTYMAQURKPTVDIELVTT TVSNMAEVRSYCYEASISDMIASDSREPTOGEAYLDKE,
SOTOYWCKRTIVDREWENGUGLFGKGSLYTCAKFACSKRMTGRSIOPENLEYRIMLSVHGSOHSGMIVNDTGRETDENRARVET
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PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGAD TG TPHWNNKEALVEFKDAHAKROT
YWWLGSOEGAVHTALAGALEAEMDGAKGRLSSGHLKCREKMDKLRLKGYSYSLCTAAFTFTRIPAETLHG TVIVEVQYAGTDGPEK
VPAGMAVDMOTLTPYGRLITANPYITESTENSKMMLELDPPEGDSYIVIGVGEKKI THHWHRSGS TIGKAFEATVRGARRMAVLG
DTAWDFGSVEGALNSLGKGIHOUFGAARKELFGEMSWESQILIGTLLMWLGLNTKNGSISLMCUALGGVLIFLS TAVSA

isol-FSS13025.AFD30972.1.Cambodia/291-794 Flavivirus envelope glycoprotein E. {SEQ 1D NO: 55)

HRCIGYSNRDFVEGMSGG TWVDVVLEH GG CYTVMAGDKP TVIIELY TTTVENMAEVASYCYEASISDMASDSRCPTOGEAYLDRG
SOTOYVCKRTLVDRGW GNGCGLFGKGSLY TCAREATSKKM TG SIOPENLEYRIMLSVHG SCHSGMIVNDTGHET DENRARVEIT
PNSPRACATLGGRGSLGLDCEPRTGLOFSDLYYLTMNMEHWLVHKEWEH DIPLPWHAG AD TG TPHWNNKEALVERKDAHAKRAT
YUVLGSOEGAVHTALAGALEAEMDGAKGRISSGHLK CRLKMOKLELKGVSYSLCTAAFTETKI PAETLHGTVTVEVOYAGTDEPCK

VPAQMAYDMOTLTPVGRLITANPYITESTEN SKMMLELDPPRGDSYIVIGVGEKKI THHWHRSGSTIGKAFEATVRGAKRMAVLG D
TAWDFGSVGGALNSLGKGIHIFGAARKSLFGEMSWESOILIGTLLVWLGLN TKNGSISLMCLALGGVLIFLSTAVSA

isol-Z21106032.ALX35660.1.5uriname/291-794 Flavivinus envelope glvoopratein £ [Zika virus] (SEQID NO:
56}

IRCHGY SNRDFVEGMSGG TWVDVVLEHG GCVIVMAQDKPTVDIELV TTTVSNMAEVRSYCYEASISDMASDSRCPTOGEAYLDKQ,
SDTOYVCKRTLYDRGWGNGCGLFGKRGSLVTCAKFACSKKMTGKSIOP ENLEYRIMLSYHGSOHSGMIVNDTGHETDENRAKVET
PHNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHREWFHDIPLPWHAGAD TG TPHWNNKEALVEFKDAHAKROT
YYVLESQEGAVHTALAGALEAENMDGAKGRLSSGHLKCRIKMDKERLKGYSYSLCTAAFTFTKIPAETLHG TV TVEVOYAGTDGPLK
WRAGOMAVOMOTLTPVGRUTANPVITESTEN SKMMLELDPPRGDSYIVIGVGEXKITHHWHRSGSTIGRAFEATYREAKRMAVLED
TAWDFGSYGEGALNSLGK GIHQIFGAARKSLFGEMSWESQILIGTLLMWLGLNAKNGSISLMCLALGGVLIFLSTAVSA

isol-21106033.ALX35659.1.Suriname/291-794 Flavivirus envelope glycaprotein E. [Zika virus] (SEQ 1D NO:
57]

IRCIGVSNRDFVEGMSGGTWYDVVLEHGGCVTVMAQDKPTYDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTAGEAYLDKG
SDTQYVCRRTLVDRGWGNGCOLFGKGSLVTCAKFACSKKM TGRSIOPENLEYRIMLSVHGSOHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCERPRTELDFSDLYYETMNNKHWLYHKEWFHDIPLPWHAGADTE TPHWNNKEALVEFKDAHAKRQT
YVVLGSQEGAVHTALAGALEAEMDGAKGRISSGHLKCRIKMDKLRIKGVSYSLCTAAFTF TKIPAETLHGTV TVEVUYAGTDGRCK
VPAGMAVOMGTLTPVGRUTANPVITESTENSKMMLELDPPEGISYIVIGYGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSYGOALNSLEKGIH O FGAATKSLFGEMSWRSQILIGTLLMWILGLNAKNGSISLMCLALGGVLIFLSTAVSA

isol-BeHB28305.AMKA9165.1.Brazil/291-794 Flavivirus envelope glycoprotein E. (SEQ 1D NO: 58}

IRCIGVSNROPVEGMSGETWYDWLEHG GOVTYMAGDKP TVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCP TQGEAYLDKD
SDTOYVCKRTLVDRGWENGCELFGRGSIVTCAKFACSKRMTGRSIQRPENLEYRIMLSVHGSOHSGMIVND TG HETDENRAKVEST
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNMKHWELVHKEWEHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKROT
VWVLGSOFGAVHTALAGALEAEMDGAKGRLSSGHLKCRLK MDKLRLKGYSYSLCTAAFTFTKIPAE TLHG TVIVEVOYAGTREPLK
YPAQMAVDTOTLTPVGRLITANPYITESTENSKMMUELDPPEGDSYIVIGVGEKKI THHWHRSGSTIGKAFEATVRGAKEMAVLGD
TAWDFGSVGGALNSL GRGIHGIFGAAFRSLFGGMSWESQILIGTLLMWLG LN TRKNGSISLMCUALGGVLIFLSTAVSA

isol-GD01.AMK79468.1.China/291-794 rlavivirus envelope glycoprotein E. [SEQ 1D NO: 59)
IRCIGYVENRDFVEGMSGGTWYDVVLEHGGOVTIVMAQDKPTVDIELVITIVENMALVRSYCYEASISDM ASDSREPTOGEAYLDEG

SOTQYVIKRTLVDRGWGNGCELFGRGELY TCAKFACSKKIMTGGSIOPENLEYRINMLSYHGSCHSGMIVNG TG HE TDENRAKVEIT
PNSPRAEATLGGRGSLGLDCEPRTELDESOLYYLTMNNKRWLVHKEWFHDIPLPWHAGAD TG TPHWNNKEALVERKDAHARROT
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VWVLGSOEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMOKLRLRGY SYSLCTAAFTFTKIPAETLHGTVIVEVOYAGTDGRCK
VEACOMAVDMOTLTPVGRUTANPYITESTENSKMMLELDPPEGDSYIVIGVGEXRI THHWHRSGSTIGKAFEATVRGAKRMAYLGD
TAWDFGSVGGALNSLGKGIROQIFGAAFKSLFGGMSWESQILIGTLLMWEGLNTKNGSISLMCLALGGVLIFLSTAVSA

is0l-Z1106031.ALX35661.1 Suriname/291-794 Flavivirus enveiope glycoprotein E. [SEQ 1D NO: 60)

IRCIGVSNRDFVEGMSGETWYDVVLEHGGCYTVMACQDKPTY DIELVT TTVSNMAEVRSYCYEASISDMASDSRCPTOQGEAYLDKD
SDTQYWCKRTLYDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSOHSGMIVND TGHE TOENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYL TMNNKHWAVHKEWFHDIPLPWHAGADTGTRHWNNEEALVEFLDAHAKRQOT
VWVLGSOEGAVHTALAGALEAEMDGAKGRLESEHLKCRLKMODKLRLKGYSYSLETAAFTETKIPAE TLHE TVTVEVOYAGTDEPCE
VIAGMAVDMOTLTPVGRLITANPYITESTENSKMMLELDPPFGDSYIVIGY GERKI THHWHRSGSTIGKAFEATVRGAKRMAVLED
TAWDFGSVGEGALNSLGKGIHOIFGAAFIKSLFGEMSWFSOILIGTLLM WLELNTENGSISEMILALGGVLIFLSTAVSA

ACD75819.1. Micronesia/291-794 Flavivitus envelope glveoprotein E. [SEQLID NO: 61)

IRCIGVSNROFVEGMSGETWYDVVIEHGEOY TVMALDKP AVDIELVTTTVANMAEVRSY CYEASISDMASDSRCPTAGEAYLEKO
SDTQYVEKRTLVORGWENGCGLFGKGSLYTCAKFACSKKMTGKSIGPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGG FGSLGLOCEPRTGLDESDLYYLTMNNKHWLYHKEWFHDIPLPWHAGADTG TRHWNNKEALVEFKDAHAKRQOT
VVVLGESOEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAARTRTRIPAETLHE TVIVEVOYAGTDGRCK
VPAGQMAVOMOTLTPVGRLITANPVITESTENSKMMLELD PPFEDSYIVIGVGEKKI THRWHRSES TIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHOIFEAARKSLFGGMSWFSOILGTLEVWLGLNTENGSISLTCLALGGVLIFLSTAVEA

KUE31082.3/308-811 Zika virus isolate Zika virus/H.sapiens-tc/PHL/2012/CPC-0740, Philippines, Flavivirus
envelope glycoprotein B {SEQ 1D NO: 62)

IRCIGYSNRDFVEGMSGETWYDVVLEHGGEY TVMAQDKP TVDIELVT TTVSNMAEVREYCYEASISDMASDSREPTQGEAYLDRO
SDTQYVCKRTLVORGWGNGCGLFGKGSLY TCAKFACSKKM TEKSIQPENLEYRIMLSVHGSOHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLOFSDLYYLTMNNKHWIVHKEWFHDIPLPWHAGADTG TPHWNNKEALVEFKDAHARROTY
VVVLGSQEGAVHTALAGALEAEMDGAKGRLESGHLKCRLKMDKLRLKGVSYSLCTAAFTE TKIPAETLHG TV TVEVQYAGTDGP CK
YPAGMAVDMOTLTPVGRUTANPVITESTENSKMMLELDPPFGDEVIVIGVGERKI THHWHRSGSTIGKAFEATYRGAKRMAVLGD
TAWDFESVEGALNSLGRGIHOIFGAAFKSLFGEMSWRSOILIGTLLYWLGLNTKNGSISLTCLALGGVLIFLSTAVSA

isol-Zika. virusIeH sapiens e B PHLH201 2% CPC-OT40. AMBPE1 7111 Phillppines/291-794 Flavivirus envelope
glycoprotein £ [SEQUID NO: 63)

[RCIGVSNRDEVEGMSGETWVDVYLEHGGCV TV MACDEPTYIIELVTTTVENMAEVRSYCYEASISDVIASDSRCPTOGREAYLDKG
SOTOYVCKRTLVDRGWGNGCGLFGRGSLVTCAKFACSKEMTGKSIOPENLEYRIMLSVHGSCHSGMIVNDTGHETDENRAKVET
PNSPRAEATLGGRGSLGLDCEPRTGLDESDLYYLTMNNKHWLVHKEWFHDIPLPWHAGAD TG TPHWNNKEALVERKDAHAKROT
VWWILGSOEGAVHTALAGALEAEMDGAKGRESSGHLKCRUKVIDKLRLKGY SYSLCTAARTETKIPAETLHGTVIVEVOYAGTDERCK
YPAOMAVDMOTLTPVGRUTANPYITES TENSKMMLELDPPFGOSYIVIGVEEKKI THHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWBFGSVGGALNSLGRGIHOIFGAARKSLFGEMSWESQILIGTELVWLGLNTENGSISLTCLALGGVLIFLETAVEA

isolBeHB23339. AMKA9164.2 Brazil/291-794 Flavivirus envelape glycoprotein E. {SEQLID NO; 64)

IRCIGYSNRDFVEGMSGETWYDVYLEHGGCVTVMALDRPTVDIELVSTTVSNMAEVRSYCY LATISDIASDSRCPTOGEAYLDKOS
DTOYVCKRTIVERGWGNGCGLFGKGSLY TCAKFACSKKNM TG KSIORENLEYRIMLSVHGSOHSGMIYND TGHETDENRAKVETP
NSPRAFATLGGEGSLGLDCEPRTGLOESDLY YL TN NKHWLVHKEWRHDIPLPWHAGAD TG TPHWHNNKEALVEEKDAHAKROT
AVLESOEGAVHTALAGALEAEMDGAKGRESSGHIKCRIKM DRLRLKGYSYSLCTAAFTETRIPAE TLHB TVIVEVOYAGTRGRCK
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VRAOMAVDMOTLTPVGRLITANPYITESTENSKMMLELD PPFODSYIVIGVGEKKI THHWHRSGSTIGKAFEATVRGAKRMAVLED
TAWDFGSVGGALNSLGKGIHOIEGAAFKSLFGGMEWESQI LIGTLLMWLGLNTENGSISEMCLALGGVLIFLSTAVSA

isol-P6-740.AEN75264.1. Malaysia/291-794 Flavivirus-envelope glycapratein £ {(SEQID ND: 65)

IRCIGVSNRDFVEGMSGETWVDVVLEHGGCYTVMADDKPTVDIELVTTTVSNMAEYRSYCYEASISDMASDSRCPTQOGEAYLDRG
SOTOYVCKRTLVDRGWENGCGLFGKGSLYTCAKFACSKKIM TGKSIGPENLEYRIMLSYHESQHSGMIVNDXGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYETMINNKHWLVHKEWFHIIPLPWHAGADTG TPHWNNKEALVEFKDAHAKROT
VYVLGSOEGAVHTALAGALEAEMDGARGRLSSGHLKCRLKMOKLRLKGVSYSLCTAAFTETRIPAETLHGTV TVEVOVAGTDEPEK
VPAOMAVDMOTLTPYGRUTANPVITESTENSKMMLELDPPEGDSYIVIGVG UK IITHHWXRSGSTIGKAFEATVRGAKAMAVLG
DTAWDFGSVGGALNSLGKGIHQIFGAAFKSLEGGMSWFSQILIGTLLVWLGLNTKNGSISUTCLALGGVLIFLSTAVSA

KU744B93.1/326-829 Zika virus isolate VE_Gamdan, China, Flavivirus esvelope glycoprotein £.{8EQ 1D NG:
66)

IRCIGVSNROFVEGMSGGTWVDVVLERGGUYTAMACDKPTVDIELYTTTVSNMAEVRSYCYEASISDMASDSRCPTOGEAYLDKG
SOTOYVCRRTIVDRGWENGCELFGRGSLYTCARFACSKEM TOKSIOPENLEYRIMLSVHG SOHS GMLVNDTGHETDE NRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYL TMMNKHWILAHKEWFHDIPLPWHAGAATGTPHWNNKEAL VEFKDAHAKROT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMODKLRLKGVSYSLCTAAFTFTKIPAETVDG TVTVEGQYGGTDGRCK
VEAOMAVDMOTLTPVGRLITANPYITESTENSKMMLELDPPEGDSYIVIGYGEKKI THHWHRSGSTIGKAFEATVRGAKRMVAVLGD
TAWDFGSVGGALNSLGKGIHOIGAAFKSLFGEMSWRSQILIGTLENM WLGLNTKNGSISLMCLALGGVLIFLSTAVSG

is0l-VE_Ganxian.AMK79469.1.China/291-794 Flavivirus envelope glycopratein E. (SEQ 1D NO: 67)

IRCIGVSNRDFVEGMSGGETWVDYVLEHG GOV TAMAGDKPTVIIELYTTTVSNMAEVRSYCYEASISDMASDSRCPTOGEAYLDRO
SDTAYVCKRTIVORGWGNGUGLFGKGSLYTCAKFACSKKMTGKSIOPENLEYRIVILSYHGS OHEGMLVND TG HETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLAHKEWFHDIPLPWHAGAATE TPHWNNKEMLVEFKDAHAKROT
WWYLGSOEGAVHTALAGALEAEMUGAKGRLSSGHLKCRLKMUKLRLKGVSYSLCTAAFTETRIPAETVDG TVIVEGOYGG TOGPCK
VPAQMAVDOMOTLTRYGRLITANPYITESTENSKMMLELDPPEGDSYIVIGVEEXKITHHWHRSGSTIGRAFEATVRGAKRMAVLED
TAWDFGEVGGEALNSLGKGIHONIGAAFKSLEGGMSWESQULIG TLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSG

ArD157995.AH143503.1.-/291-794 Flavivicis envelope glycoprateli £, [SEQUID MO 68)

ISCIGVSHADLVEGMSGGTWVDVVLEHGGLVTEMAQDKPTVDIELVTMTVSNMAEVRSYCYEASLSDMASASRCPTOGEPSLDK
QSDTOSVOKRTLGURGWENGLGIFGRGSLV TESKFTCCKKMPGRSIGPENLEYRIMLPVHGSQHSGMIVNDIGHETDENRAKVEY
TPNSPRAEATLOGFGSLGLDCEPRTGLOFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGAD TG TPHWNNKEALVEFKDAHAKRD
TYWVLEGSOEGAVHTALAGALEAENMDCAKGRLESGHLKCRLKMDKLRLKGYSYSLCTAAFTFTRVPAETLHGTYTVEVOSAGTDGEC
KvPAQMAVDRMOTLTPVGRLITANPVITES TENSKMMLELDPREG DSYIVIGVGDKKITHHWHRSGS TIGKAREATVRGAKRMAVL
GOTAWDFGEVGGVENSLGKGIHOIFGAAFKSLFGEVSWFSOILIGTLLYWLGLN TKNGSISUTCLALGEYIMIFLETAYSA

MR_766.ABI54475. 1. Uganda/291-788 Flavivitus envelope glycoprotein B (SEQID NO: 69)
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IRCIGVSNRDFVEGMSGETWYDYWLEHGEIVTVMAGDKP TV DIELVIT TVSNMAEVRSYCYEASISDMASDSRCPTOGEAYLDKD,
SDTOYVCKRTLYDRGWGNGCGLFGEGSIVTLARFTCSKKMTGKSIGPENLEYRIMILSVHGSOHSGMIVNDENRAKVEUTPNSPRA

EATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKROTVWVLES
OEGAVHTALAGALEAEMDGAKGRLFSGHLKCREKMDKLRLKGVSYSLCTAAFTFTRVPAETLHG TV TVEVEYAGTDGPCRVPAGM

AVDMOTLTPYGRUITANPVITESTENSKMMLELOPRFGDSYIVIOVEDIKITHHWHRSGSTIGKAFEATVRGAKEMAVLGD TAWDF
GSYGGVINSLGKGIHOIFGAAFKSLFEGMAWRSQILIGTELVWLGLNTENGSISUTCLALGEYMIFLSTAVSA

In some embodiments, the Zika virus has polyprotein, including an envelope (E) protein, with an
amino acid sequence provided by any one of SEQLID NO: 1470, In some embodiments, the polyprotein
or E protein sequence is at least 80%, 81%, 82%, 83%, 84%, B5%, 86%, 87%, 88%, 89%, 90%, 91%, 92%.
93%, B4%, 95%, 96%, 97%, B8%, 99%, 99.5%, 99.68%, 99.7%, 99.8% or 99.9% identical to any one of SEQ
1D NQOs: 2:69.

The terms "identical” or percent "identity” in'the context of two or more nucleic acids or aming
atid sequences refer 1o TwO b more sequences or subsequences that are the same. Two seguences are
"substantially identical” if two sequences have a specified percentage of amino acid residues or
nucleotides that are thie same [e.g., at least 80%, 85%; 90%, 95%, 96%, 97%, 98%, or 95% identity) overa
specified region or over the entire sequence, when compared and aligned for maximum correspondence
over a comparison window, or designated region as measured using one of the following sequence
comparisen algorithims or by manual alignment anid visusl inspection. Optionally, the identity exists
over a region that is at least about 50 nucleotides {or 10 amino acids) in length, or more preferably over
a region that is 100 to 500 or 1000 or more nucleatides {(or 20, 50, 200 or more amino acids) in length. In

seme embodiments, the identity exists-over the length of a protein, such as the E protein

For sequénce comparison, typically one sequence acts as a reference sequence, towhich test
seguences are compared: Methods of alignment of sefuences for comparison are well kbown inthe ait,
See, e.g., by the local homology algorithm of Smith and Waterman (1970} Adv. Appl. Math. 2:482¢, by
the homology alignmentalgorithm of Meedleman and Wunsch, 1. Mot Biol. 48:443, 1970, by the search
for similarity method of Pearson and Lipman. Proc. Natl. Acad. Sci. USA 85:2444, 1988, by computerized
implementations of these algorithms (GAP, BESTHIT, FASTA, lalview and TFASTA in the Wisconsin
Geneties Soltware Package; Genetits Computer Group. 575 Stience Or,, Madison. W1, by it

sequence alignment implementation using e.g. CLUSTALW (Larkin et al., (2007}, Bioinforimatics, 23,

&0




PATO22-EP-PR

2947-2948.) or MAFET {Katoh & Toh 2008 Briefines in Bioinformatics 9:286-798), or by manual alignment and

visual inspection (see. .y, Brent et al., Curcent Protocols in Molecular Biology, John Wiley & Sans, Inc.
{Ringbou ed., 2003)}). Two examples of algorithms that are suitable for determining percent seguence
identity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described in Altschul
gtal,, Nug, Acidy Res. 25:3388-3402, 1977; and Altschul et al., ). Mol Biol. 215:403:410, 1990,

respectively.

61

64




PATO22-EP-PR

EXAMPLES

Example 1: Development of a purification process for live attenuated Chikungunya virus vaccine

produced in Vero gells

A downstream process was developed for the purification of infectious Chikungunya
virus particles whereby non-infectious virus particles and aggregates are removed by the
addition of protamine sulphate. The unexpected and novel purification properties of protamine
sulphate (PS) were evaluated in purification processes for Chikungunya Virus {ChikV) as follows:

A downstream purification process for the attenusted Chikungunya virus mutant
“05nsP3” {as described by Hallengdrd et al,, 2014, supra) produced under standard cell culture
canditions in Vero cells was developed. Briefly, the downstream process consists of crude
harvest filtration followed by concentration and diafiltration on a tangential flow filtration {TFF)
system, DNA and host cell proteins were reduced by precipitation with protamine sulphate and
by hatch adsorption, respectively. Sucrose density gradient centrifugation was done as 3 final
polishing step. Out of 16 roller bottles 1 x 10° total PFU were purified with an overall DSP
grocess yield of 10 - 15 % (~1 logl0 TCID50 loss). Sucrose gradient pogl samples were
characterized with regard to product-related impurities, such as hcDNA, HCP and endatoxins

and met safety criteria.

Harvest of Vero cell culture medivm containing ChikV 45nsP3

ChikV ASnsP3 was grown on Vero cells in roller battles. A first harvest was performed
after 24 hours post infection [hpi; day 1 harvest) and stored at 2-8°C until further processing.
After-the first harvest, fresh medium was added and the roller bottles were returned to the
incubator. A second harvest was dope after 48 hours post infection (day 2 harvest) and stored

at 2-8°C.

Filtration of crude cell culture harvest
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At both harvest timepoints the crude harvest was immediately filtered using a 0.2 pm
filter capsule {GE ULTA™ CG, 2 inch). The filtered harvest after 48 hpi was pooled together with
the 24 hpi harvest and the pooled filtered harvest material was immediately further processed

by ultrafiltration,

Purification of ChikV A5nsP3 by tangential flow filtration (TFF)

The pooled filtered harvest material was further processed by tangential flow filtration
(TEF) in order to concentrate the harvest, reduce host cell proteins and replace the depleted
cell culture medium with a defined buffer system {buffer exchange). A Millipore TFF system
{Millipore Pellicon I mini membrane holder) equipped with 2 100 kDa cutoff PES membrane
module {Pellicon? Biomax, 1000 c¢m?) was used for concentration and buffer exchange. A
Pellicon2 Biomax membrane module was mounted on the Pellicon Il mini filter holder and the
device was connected to a peristaltic pump. The system was first rinsed with ultra-pure water
and then sanitized by recirculation of 0.1 M NaGOH for 60 min. In case the system was not used
imiiediately, itwas stored in 0.1 M NaQH until use. Prior to use the systerm was rinsed with 1 L

of RO-water followed by buffer A until the permeate pH value was constant at p4 7.4 £ 0.2,

Adjustment of the ChikV ASnsP3 harvest [pH, salt)

The pooled filtered harvest material was adjusted to a final concentration of 25 mM Tris
and 150 mM Natl using stock solutions of both components (see Table 1). This adjustment was
done to increase buffering capacity and to reduce unspecific adsorption to the membrane, The
necessary volumes of stock solUtions D (1 M Tris, pH 7.4 and E (4.5 M NaCl} were calculated as
follows:

Volbme of stotk solution D {3 M Tris, pH 74) added 1o pooled harvest = Volume of pooled
fitered harvest /40

Volume of stock solution E (4.5 M NaCll added to pooled harvest = VYolume of pooled filtered
harvest /30

Example: 4 L harvest obtained from 20 KB {850em®) weuld require:addition of 100 mi stodk
solutiore D{L M Tris, pH 7.4) and 133 mi sfock solution £ (4.5 M Nall).
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The calculated volumes of stock solution D and Buffer E were added to the pooled filtered
harvest under gentle stirring. The adjusted harvest was then stirred using a magnetic stirver for

5 minutes at room temperature,

Concentration and diafiltration of the ChikV A5nsP3 harvest by TFF

In a first step the adjusted harvest material was concentrated approximately 10 fold.
The feed flowrate was approximately 220 ml/min. The transmembrane flux at a
transmembrane pressure of approximately 0.6 bar was in the range of 90 £ 5 mL/min per 1000
c¢cm? membrane. After concentration, the cell culture medium was exchanged against 25 mM
Tris, 150 mM NaCl, pH 7.5 by continuous diafiltration with & volume exchanges. The
diafiltration buffer was supplied to the feed vessel from a measuring cylinder by a second
peristaltic pump set to a flowrate of approximately 90 ml/min. Minor flowrate adjustments of
the second peristaltic pump in the range of *+ 10 mlL/min were done manually to ensure a
constant volume of harvest in the feed vessel, After 6 volume exchanges, diafiltration was
stopped. The lauid remaining in the membrane module was recovered by pumping the module

empty with air.

Sucrose addition to digfiltrated ChikV A5nsP3 maoterial

After diafiltration, sucrose stock solution H (50% (w/w) sucrose solution) was added to
the diafiltrated material to achieve a final sucrose concentration of 10% (w/w). The volume of
buffer H was calculated as follows:

Volume of stock solution H added {mt) = Voluma {ml) of diafiltrated Chikyv material x 0.25
(dilution facter = 1:4) {Le., final sucrose concentration is 10%)

Example: 400ml diafiltrated ChilV solution ‘would require addition of 108mL stock salution H
{50% sucrose).

The calculated volumie of solution Hwas added to the diatiltrated ChikV ASnsP3 material
under gentle stirring and the solution was then stirred using a magnetic stirrer for a further 5
minutes at room temperature. {At this stage of the process the material can be either

immediately further processed or stored frozen (<-65°C, hold step).}
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DNA reduction by protamine sulphate precipitation

A DNA precipitation step using protamine sulphate (PS) was performed to reduce heDNA,
Protamine sulphate stock solution L (50 mg/mL PS in PBS) was added to the diafiltrated ChikV
A5nsP3 material to a final nominal concentration of ~1.6 mg/mL. The necessary volume of stock
solution L was calculated as follows:

Vodutrie of stock solution L {50 mg/mL PS) added = Valume of disfiltrated Chilky A5nsP3 mstersl
i 10% sucrose/ 31

Example: 500 mb diafiltrated ChikV 85nsP3 solution In 10% sucrose would reguire sddition of 16
mb stock solution L450 meg/ml PSin PBS).

The protamine sulphate stock solution was added while stirring the ChikV ASnsP3
material using a magnetic stirrer followed by incubation at 2-8°C for 30 minutes, After
incubation, the DNA precipitate was not removed. The material was immediately further

processed by bateh adsorption with Capto™ Core 700 chromatography media,

Batch adsorption with Capto™ Core 700

To reduce HCPs, a batch adsorption step with Capto™ Core 700 (CC700) chromatography
medium was performed after DNA precipitation. CC700 slurry (50% slurry in huffer A} was
added directly to the protamine sulphate treated material. The reguired slurry volume was
determined based on the volume of ChikV harvest material (d14d2) and was calculated as
follows:

Volumig of CCT00 slutry added to PS-treated concentrated harvest (mb) = Volume of Chikv

?;?‘SPS harvest material {mlx 0.02 {dilution factor'= 1:50) {i.e., final concentration of CC700 s

After slurry addition, the material was incubated at 4°C for 15 minutes under constant
agitation -using a magnetic stirrer. After incubation, the CC700 solid matter was allowed to
settle by gravity for 10 minutes. The ChikV A5nsP3 material was then removed from the top of
the solution in order to avoid blocking of the filter by the CaptoCore particles. The remaining
CaptoCore particles and the DNA precipitate were then removed from the solution by filtration
using a 0.2 pum Mini Kleenpak EKV filter capsule (Pall). The resulting filtrate was further

processed by sucrose density gradient centrifugation.
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Suerose density gradient centrifugation

Sucrose density gradient centrifugation (SGC) was used for final concentration and
polishing of the ChikV ASnsP3 material. The ChikV material was loaded on top of a solution
consisting of three layers of sucrose with different densities. The three sucrose layers were
selected based on a preliminary study which showed the formation of a linear sucrose gradient
and good separation of the virus particles from residual contaminants. The optimal volumes of
the sucrose solutions were determined empirically. The volumes of individual layers for a

centrifugation at' 500 ml scale are shown in Table 3.

Table 3. Sucrose concentrations and volumes (500 mL scale).

Solution Volume (mL)
Harvest with 10% sucrose | 360
15% sucrose 40
A5% sucrose 4D
50% sucrose B0
Totalvolume 500

Preparation of the sucrose gradient

The sucrose gradient bottles (500 mL} were prepared by underlaying the individual
sucrose layers. A 3.5 mm 1D plastic tube was attached to 60 cm of peristaltic pump tubing. The
plastic tube was mounted on a labaratory stand using a clamp and placed into the centrifuge
bottle. The nozzle of the plastic tube was touching the bottom of the bottle. Using a peristaltic
pumip set to a flow rate of 25 mL per minute, the ChikV A5SnsP3 material and the sucrose
solutions were pumped into the cylinder. A measuring cylinder was used as a feed vessel. The
first solution pumped was the ChikV A5nsP3 material as it had the lowest density {10% sucrose
{w/w}). Following the addition of the ChikV ASnsP3 material, the sucrose solutions were
pumped in ascending order starting with the lowest {15%), followed by the 35% sucrose
solution and finishing with the highest density sucrose solution (50%). After all sucrose
solutions were transferred, the plastic tubing was carefully removed in order not to disturb the

layers.

Centrifugation
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Prior to centrifugation a Beckman Avanti JXN-26 centrifuge equipped with rotor
Beckman 10.500 was pre-cooled to 4°C. The prepared 5G hottles were carefully transferred into
the pre-cooled {4°C) rotor so as to not to disturb the sucrose layers. The bottles were
centrifuged at 10,000 rpm (~18,500 ref) at 4°C for 17-20 hours. {In case a different centrifuge
system with a different rotor would be used, the necessary speed and centrifugation times
would need to be calculated based on the k-factor in order to achieve comparable

centrifugation efficiency.)

Sucrose grodient harvest

Harvesting of the sucrose gradient was done manually using a peristaltic pump. A 3.5
mrm |D plastic tube attached to 60 cm of peristaltic pump tubing was used for harvesting the
sucrose gradient. The 500 mL bottle containing the centrifuged gradient was mounted onto a
laboratory stand in a tilted position (¥12%) using a clamp. The plastic tubing was then placed
into the bottle touching the bottom edge of the bottle and was fastened in position using a
clamp. This resulted in a small gap of 1-2 mm between the tubing inlet and the bottom of the
bottle. Using a peristaltic pump set to a flow rate of 60 mL per minute, the gradient was
harvested and manually split into 5 mL fractions. A third of the bottle volume was harvested
and the rest was discarded. The fractions were immediately tested by measuring UV

absorbance in a plate reader as described below.

Analysis of fractions by UV agbsorbance and SEC-HPLC

UV absorbiance measiurement was used as primary method for analysis of the sucrose
gradient fractions. Absorbance at 214, 280 and 260 nm was tested immediately after
fractionation was completed. Briefly, a 100 pl sample of each fraction was transferred into a 96
well plate and absorbance at 214, 260 and 280 nm was measured using a plate reader. The
absorbance values were plotted against the fraction number. A representative profile is shown
in Fig. 4A, The ChikV A5n5P3 cantaining fractions were indicated by a peak in all thrée measured
wavelengths (Fig. 4A, grey shaded area). The presence of Impurities was indicated by an

increase of the UV214 signal after the main peak. The fractions comprising the main peak were
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pocled from the peak start to the valley of the 214 nm curve. This method can be used as single
method for pooling ChikV A5nsP3 fractions.

After identification of the virus containing fractions, the respective fractions were pooled.
Pooling criteria for SGC fractions were based on UV 260 nm data, e.g. start of pooling at ~10%
of peak maximum, end of pooling at ~30% of peak maximum. (Final pooling criteria at a
manufacturing scale may need to be determined empirically.) The sucrose gradient pool was

eitherstored at < <65 "C or immediately further formulated to drug substance (DS}

Size exclusion chromatography

The final pooled SGC fractions containing purified infectious ChikV ASnsP3 virus particles
were analyzed for purity by SEC-HPLC. In brief, SEC was performed as follows: a Superose 6
10/300 Increase column {GE Healthcare) equilibrated with PRS + 250 mM NaCl, pH 7.4 at 1
mi/min and 25°C, was used to detect ChikV particles at 214 nm detection wavelength in the
pooled samples. SEC-HPLC is a semi-guantitative (relative yield) and qualitative (purity} method
that separates intact virus particles from virus aggregates and host cell proteins {HCPs). The
method cannot distinguish between infectious and non-infectious virus particles due to their
identical retention time.

Az shiown in Fig. 4B, there were identified two defined peaks by SEC: the Chikv 45nsP3
peak and a peak corresponding to buffer components. The SGC step yield based on SEC-HPLC
data for pooled fractions F6-F11 was estimated at =70 %.The final purity of the ChikV ASnsP3
SGC pool, based on SEC-HPLC analysis, was estimated at »95%.,

5DS-PAGE and silver stain

SDS-PAGE silver stain was performed in order to qualitatively assess sample purity
throughout the purification process from the first crude harvest through SGC. Briefly, Chikv
process samples analyzed by SDS-PAGE/silver stain were diluted 1:1.33 with LDS buffer and
were heated to 70°C for 5 minutes. The samples were loaded onto 4-12 % Bis-Tris Gels

{NUPAGE}. Silver staining was done using the Silver Express staining kit (Invitrogen).
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A silver-stained gel of @ representative ChikV A5nsP3 purification is shown in Fig. 4C. The
viral proteins E1, E2 and C are marked on the right-hand side of the gel. The final SGC pool
{fraction 7-fraction 11) is shown in lane 12. Note that a defined HCP band migrating between
ChikV protein £2 and C still appears after CaptoCore700 treatment that has been identified as a
single band in SDS-PAGE. This impurity is removed by sucrose gradient centrifugation, but can

still be seen in fractions 13 and 14 (corresponding to lanes 14 and 15 of Fig. 4C).

Enrichment of infectious ChikV 45nsP3 particles by PS treatment

Although generally used as a method of removing contaminating hcDNA, it was
observed in the course of the present invention that PS treatment also removes virus
aggregates and HCPs. Size exclusion chromatography {SEC-HPLC, as described above) was used
to throughout the purification process to determine the purity of the ChikV virus relative to
impurities which also generate UV absorption.

As can be seen in Fig. 5A, treatment with PS reduces not only bost cell proteins and low
molecular weight contaminants of the ChikV ASnsP3 preparation, but also reduces the SEC area
corresponding to virus products, including aggregates as indicated. A surprising finding,
however, was that even a reduction of the total SEC area by 86% {in a representative
expériment shown in Fig. 5B, grey portion of bars) did not result in 2 concomitant reduction in
infectious virus particles as measured by TCIDSO (left axis). Instead, even though a large
percentage of virus particles were removed by PS treatment, the infectious particles were not.
This observation indicates that PS treatment selectively enriches infectious virus particles from
alarger pool of total virus particles present in the crude harvest.

TCIDSO was performed to quantify infectious virus particles during the course of the
purification process and to assign an active virus titer to final drug substance and drug product
samples. Briefly, Vero cells were seeded at 2 x 10° cells per well in 100 ul medium (EMEM with
2 mM L-Glutamine + 5 % FBS (+ 1 % antibiotic/antimycotic) in 96-well TC-treated flat-bottom
plates and incubated overnight at 35°C / 5% CO:. On day two, Vero cell monolayers were
infected by adding 100 L of 1:10 serial dilutions of test samples to each of quintuplicate wells

seeded with Vero cells and incubated at 35°C/ 5% CO;. On day seven, plagues were counted by
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visualization under a microscope. The TCIDS0 was calculated according to the Reed & Minch
endpoint caleulation method (Reed, L.1; Muench, H. (1938] A simple method of estimating fifty
percent endpaints” The American Journal of Hygiene 27: 493-497).

Furthermore, electron microscopy of ChikV samples before and after PS treatment
showed that not only large aggregates but also smaller non-infectious virus-like particles
{basically not fully assembled particles without RNA genome) are effectively removed by PS
{Fig. 6).

Furthermore, this enrichment of infectious virus particles could also be observed when
analyzing day one and day two crude harvests separately. As presented in Table 3, the SEC area
(total virus particles) of the day 1 harvest remains roughly the same after PS treatment;
whereas a large decrease in virus peak area is seen for the day 2 harvest. This observation was
confirmed by MALLS analysis of the virus preparation, wherein it was seen that a higher
percentage of virus particles were of the correct size following PS treatment. Similarly to the
results shown in Fig. 5, day 1 and day 2 harvests showed no reduction in infectious particles as
measured by TCID50 following PS treatment, indicating that mainly non-infectious, immature
and/or aggregated virus particles are removed during the PS treatment and infectious particles

are enriched in the greparstion.

Table 3. Overview of the process of ChikV ASnsP3 purification as described in Example 1. SEC-
MALLS analysis of harvests before and after P§ treatment shows the removal of larger virus

particles {aggregates), an effect that is particularly proncunced for day 2 harvests.

SEC MALLS Infectious particles
Arga Total % correct TCIDs0lag 10
[mALPmin] | perticies/mi size
! (24t nm)
Harvest 1Y) 57 LA7E+11 49% 10.2
Hrvest 1A Ps 53 1.33E4 11 1% 100
| Hapvest 2 [H2) 36 4608108 B 78
HZ+pratming sulphate Z 8.80E+00 59% 78
Comblned Harvests [0 &7 ZE0EwA0 1d% 9.4
% protamine sulphate 24 B00E+1D 2% 101
70
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Finally, an overview of the relative amounts of ChikV particles and other components as
measured by SEC-HPLC at various steps throughout the entire virus purification process from
crude harvest (a} to the final SGC purified pool can be seen in Fig. 7. In sum, not anly are the
vast majority of contaminants and undesired products removed by the process, ChikV particles
are highly purified. As shown by the previously presented data, the final preparation is a highly

enriched preparation of infectious ChikV particles.

Drug Substance {D5) Formulation

The pooled SGC fractions are diluted with DS formulation buffer M (10 mM Tris, 5%
Sucrose {w/w), 1% (10 mg/mL) rHSA, pH 7.4 + 0.2]. The final target volume of DS should be in
the range of approximately 2 L. Based on current data the estimated range of the dilution factor

might be 1:20to 1:50,

Final DS sterile filtrotion
The final DS was filtered under aseptic conditions in a laminar flow hood using a sterility
grade 0.2 um syringe filter {e.g. 0.2 um Mini Kleenpak EKV filter capsule with 220 cm? filter

surface, Pall).

Quantification of host celf DNA {heDNA) host cell protein (HCP) and endotoxin

The residual host cell DNA content of the sucrose gradient pool samples was
determined by using the qPCR based assay. The DNA content in SGC pool was determined to be
£ 0.002 ng/mL.The presence of residual host cell protein (HCP) from Vero cells was determined
by ELISA. Residual host cell proteins present in the sucrose gradient pool samples were
gquantified using the Vero Cell HCP ELISA kit [Cygnus, F500). The residual host cell protein
content in SGC pool was determined to be € 200 ng/mL.

Endotoxin content of the SGC pool and DS was measured by Endosafe -PTS™ system
{Charles River]. The system uses LAL reagents by a kinetic chromogenic methodology to
measure color intensity directly related to the endotoxin content in a sample. Each cartridge

contains precise amounts of a licensed LAL reagent, chromogenic substrate and an endotoxin
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control standard. Samples were diluted 1:100 in WFI. The 5GC Pool F7-F11 was determined to
be < 5.00 EU/mL; likewise, the Drug Substance was also determined to have < 5.00 EU/mL.

The following specifications for impurities in final Drug product were proposed:; hcDNA <
10 ng/dose; Endotoxins < 50 EUfdose; HCP < 200 ng/dose. These residual specifications would
already be met in the highly concentrated SGC pool [~10 log TCIDSO/mL), which provides a high
margin of safely considering the high dilution factor of SGC poslio final DPof » 11000
roduced in

Example 2: Development of a purification process for inactivated Zika virus vaccine

Vero cells

A downstream process was developed for the purification of infectious Zika virus
particles whereby host cell nucleic acids, non-infectious virus particles and aggregates are
removed by the addition of protamine sulphate. On overview of an exemplary Zika vaccine
downstream purification process from the crude harvest to formulation of the drug substance
is shown in Figure 8. The unexpected and novel purification properties of protamine sulphate
(PS) were evaluated in purification processes for Zika Virus (Zika) similarly as found above.
Again non-infectious virus particle aggregates, HCP and other LMW impurities were removed by
PS precipitation as shown by removal of aggregate shoulder in SEC-HPLC and no'loss of
infectious virus titer by PS treatment (Figure 10). Infectious particles were measured in the

plague assay {Table 4).

Effect of PS treatment on virus recovery

Samples of individual 30x concentrated harvests day 2, 3, 5 and 7 were analysed hefore
and after PS treatment by SEC-HPLC and plague assay. SEC-HPLC was used for determination of
relative total ZikaV content {active + inactive) expressed as peak area, whereas the rel. ZikaV
peak purity is given as relative content of virus monomer population to total virus peak. Plague
assay states the content of total active virus particles in each sample. Experimental results are
summarized in Table 4. The virus peak recovery by SEC. HPLC was only between 12 to 36% with
peak purity after PS treatment in the range of >30% (no virus aggregates detected), The

recovery of active virus particles by plague assay was all > 100% (130-700%, range within the
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variability of the assay) showing that no active virus particles were lost during PS treatment.
These results show that during PS treatment only non-infective (immature and/or aggregated

virus) particles were removed,

Table 4: ZikaV Recovery by SEC-HPLC and Plague assay before and after PS treatment.

SEC-HPLC
Peak area
mAl*min
rielovirgs monomer
30x content after PS
Harvestday | conc A0 +PS | SEC Recovery (%) %)
Day 2 101.36 18.63 18 89%
Day 3 14451 1748 12 90%
Day 5 19.97 5.92 30 96%
Day 7 6R.80 2443 36 99%
Plague Assay
PFU/mL
30x Plaque Recovery
Harvestday @ conc 30x +PS (%)
Day 2 3E+08 SE+08 179
Day 3 L 2E+08 4E+08 193
Day 5 1E+08 | 9E+08 700
Day 7 3E+08 4E+08 132

Example 3: Development of a purification process for Yellow Fever virus vaccine produced in

Vero cells
A downstream process was developed for the purification of infectious yellow fever
virus particles whereby host cell nucleic acids, non-infectious virus particles and aggregates are

removed by the addition of protamine sulphate. The unexpected and novel purification
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properties of protamine sulphate (PS) were evaluated in purification processes for yellow fever
(YF) as follows:

As before the treatment of YF-harvest with PS significantly reduces the amount of
aggregates as seen with SEC for two vaccine strains currently in development {Figure 9).

#
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What is ¢laimed is:

CLAIMS

1. Use of protamine, preferably a protamine salt, to separate infectious and non-infectious

virus particles, host cell proteins and/or undefined low molecular weight materials.

2. A process of purification of infectious virus particles, comprising the steps of:

(a)

(b)

providing a crude harvest [a) comprising virus particles and impurities, wherein the
impurities are generated from growing said virus particles on a cell substrate;
reducing impurities from the crude harvest (a) by precipitation with an agent
comprising protamine, preferably a protamine salt, more preferably a protamine
sulphate, evers mare preferably a recombinant protamine sulphate, toobtain a virus
preparation (b), wherein the enrichment of infectious virus particles in the virus
preparation (b} relative to total virus preducts in the crude harvest [a) is Tn the range

from at least 50% to 95%, preferably at least 80%.

3. The use of claim 1 or the process of claim 2, wherein the virus particles are selected from

the group consisting of flaviviruses, e.g. yellow fever virus or Zika virus and alphaviruses,

e.g. Chikungunya.

4. A process of purification of infectious virus particles, comprising the steps of:

(=)

()

providing a crude harvest {a) comprising virus particles and impurities, wherein the
impurities are generated from growing said virus particles on a cell substrate;
reducing impurities from the crude harvest {a) by precipitation with an agent
comprising protamine, preferably a protamine salt, more preferably a protamine
suiphate, even more preferably a recombinant protamiiie sulphate, 1o obtaln a virug
prepatation (b);

further purifying the virus preparation {b) by one or more size exclusion methods
such as (i) a sucrose density gradient centrifugation, (i) a solid-phase matrix packed

in a column comprising a ligand-activated core and an inactive shell comprising pores,
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wherein the molecular weight cut off of the pores excludes the virus particles from
enteting the ligand-activated core, and wherein a molecule smaller than the
molecular weight cutoff of the pores can enter the ligand-activated core and
collecting the virus particles, and/or (iii) size exclusion chromatography to obtain a
virus preparation (¢} comprising the infectious virus particles, wherein the residual
hostcell DNA of the virus preparation (¢} is less than 100 ng/ml and the residual host
cell protein and the residual aggregates of infectious virus particles of the finalvirus

preparation (c) is less than 1 pg/ml.

5. The processof claim 4, wherein the residual host cell DNA of the virus preparation (c) is
less than 10 ng/mL and the residual host cell protein of the final virus preparation (c) is less
than 100 ng/mL.

6. The process of any of claims 2 to 5, wherein the crude harvest (a) comprising virus particles

and impurities is subjected to one or more pre-purification step{s) prior to step (b).

7. The process of claim 6, wherein the one or more pre-purification step(s) comprises
(a) filtration using 2 filter having a pore size equal to or less than 0.2 pm; and/or
(b) digestion of host cell genomic DNA by enzymatic treatment; and/or
{¢) ulwra/diafiltration using a hollow fiber membrane having a pore size equal to or greater

than 300 kDa, preferably.equal to or greater than 100 kDa.

8. The process of any one of claims 2 to 7, wherein the concentration of protamine sulphate
is 0.5 to 3 mg/ml, more preferably 1 to 2 mg/mil, more preferably 1.2 to 1.8 mg/ml, more

preferably 1.4 to 1.6 mg/mi, most preferably 1.6 mg/ml.

9. The process of any one of claims 2 to 8, wherein the enrichment of infectious virus particles
in the virus preparation (c) or any final virus preparation relative to total virus products in

the crude harvest (a) is in the range from at least 50% to 95%, preferably at least 80%.
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10.

11.

12

13.

14,

15.

16.

i7.

The process of any one of claims 6 to 9, wherein the one or more pre-purification step(s)
prior to step {b) of any of claims 6 to 9 is performed using a filter having a pore size equal

to or less than 1 um, preferably 0.2 pm.

The process of any one of claims 2 to 10, wherein the residual impurity of the virus

preparation (¢} is less than 10%.

The process of anyone of claims 2 to 11, wherein the virus is propagated in a cell line
selected from the group consisting of an EB66 cell line, a Vero cell line; a Vero-aHis cell line,
& Helacell line; @ Hela-53 cell line, 8 293 cell line, a PC12 call line, a CHO cell fing, 3 3T3 call
line, a PerCé cell line, a MDSK cell ling, a chicken embryonic fibroblast cell line, a duck cell

line,.and adiploid avian cell line,

The process of claim 12, wherein said cell line is a Vero cell line.

The process of any one of claims 2 to 13, wherein the Zika virusis a live virus, an

attenuated live virus, a chimeric virus, 2 modified live virus, or 8 recombinant live virgs,

The process of any one of claims 2 to 14, wherein the Zika virus is a Zika virus strain of the

Asian lingage or an Immunogenic variant thereof,

The process of any one of claims 2 to 15, wherein said process resulting in final virus
preparation (c) is followed by an inactivation step, wherein the virus is inactivated

preferably by formaldehyde.

Use ofthe process according to any one of claims 1 to 16 for manufacturing a composition

for immunization against a virus infection.
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18. The use according to claim 18, wherein the composition for immunization against a virus
infection is an infection caused by a group of viruses consisting of yellow fever virus,

Chikungunya virus and Zika virus.

19. A composition comprising the virus particles obtainable or obtained by the process of any

one of claims 2 to 16 for treating and/or preventing an infection.
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ABSTRACT

Described herein are processes for purifying infectious virus particles and uses of protamine in

such processes.

74

82




FIGURE 1

WMature Immature-like

J

Cvioplasmic
meribrang

TGN

5.7

Furn cleavage of pHS.7
prid

Lawyr pH immature

lmraature: oH B0

83




CHIKY

£5nsP3

FIGURE 2

subgenomic
promoter

non-structural proteins structural proteins

1 ﬂ
) . - £ E 6 E
Pl nsP2 nsP3 ] nsP4 C ] 3 5 K 5

il nsk2 asPJ nsPqg o Cj

i

84




FIGURE 3

85




oy

e

e

k=

T

FIGURE 4A

B +h

B

Br%
§ o

e B0 P

g i LT o
& el ]
B3

Dy

CHIKV
Impurities (PS, HCP)
"ér T %8 &2 % B ¥ B i‘w\Iﬂn?lﬂali,‘;ﬂ»uWWNNN}’)?IQ

Frasthon an.

e
"

FIGURE 4B

e

ChikV
Buffer poak

N

86




Lane

Y pomo sd on L ds R s

GREERESL
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Sample

Marker Seeblueplhus?

CHIRV 10120150812 WVa201501_Filtered harvest 0.2y 24hpi
CHIKV lot20150812. WVB2015-01 Filtered harvest 0.2 48hpi
20150813 _CHIKV_DSP_UF/DF Load

20150813 CHIKV_DSP_UF/DF cont 10x

20150513 CHIKV_DSP_UF/DE_concBdia 11%

20150813 CHIKV_DSP_PStreatment

20150813 CHIKV_DSP_PS&CC700treatment
20150813 CHIKV DSP SGCFracFS

20150813 CHIKY DSP SGCFracFe

20150813 CHIKV_DSP_SGCPoolF7-F10

20150813 CHIKV_DSP_SGCPool F7-F11 (final pool)
20150813 CHIKV D5SP_SGCPoolF7-F12

20150813 CHIKV DSP_SGCFracF13

20150813 CHIKV_DSP SGCErac F14
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FIGURE 6
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Figure 10
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