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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 biological agents, such as viruses, which must be propagated on cell
substrates. Such vaccine preparations must be sterile (i.e., 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 compositions.

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. Its use in removing host cell nucleic

acid 1s 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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Disclosed 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 (¢) comprising the infectious virus particles.

In some embodiments, the concentration of protamine sulphate in step (b) is about 1 to 10 mg/ml, 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 mg/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 embodiment, the residual host cell DNA of the virus preparation (c) is less than 10 ng/mL. In
some embodiments, the residual host cell protein 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 pug/mL. In a preferred
embodiment, the residual host cell protein of the virus preparation (c) is less than 100 ng/mL. In some
embodiments, the residual non-infectious virus particles of the final virus preparation (c) is less than 10
ng/mL, especially less than 9, 8, 7, 6, 5, 4, 3 or 2 ug/mL, preferably less than 1 pg/mL. In a preferred
embodiment, the residual non-infectious virus particles of the virus preparation (c) is less than 100

ng/mL.

In some embodiments, the residual protamine 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, more preferably is below the detection
limit of HPLC, in particular below the detection limit in the final drug substance. In some embodiments,

the PS content is tested by HPLC or size exclusion chromatography (SEC). For example, HPLC is
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validated for PS determination in JEV sucrose gradient pool samples as a routine release assay and is very
sensitive (i.e., LOQ 3 pg/mL; LOD 1 ug/mL). In the current invention, PS content in in virus DS samples
was <LOD. In one embodiment, the HPLC assessment of PS content can be performed on a Superdex
Peptide 10/300GL column (GE: 17-5176-01) using 30% Acetonitrile, 0,1% Trifluoroacetic acid as solvent
with a flow rate of 0,6 ml/min at 25°C and detection at 214 nm. A more sensitive method of measurement
for residual protamine in a purified virus preparation is mass spectrometry (MS). In some embodiments,
the residual PS levels in a virus preparation are tested by MS or other such highly sensitive method, e.g.,
nuclear magnetic resonance (NMR). With this method, residual PS, as well as fragments and/or break-
down products of PS, can be detected at trace amounts, such as levels as low as, for example, 10°, 107 or
10® molecules per typical sample load. In some embodiments, the PS levels are tested in the sucrose
gradient pool. In some embodiments, the PS levels are tested in the drug product. In some embodiments,

the PS levels are tested in the drug substance.

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 embodiments, the one or more pre-
purification step(s) 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 less than 0.2 pm.
In a preferred embodiment, the filter has a pore size of 0.2 pm. 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.
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In some embodiments, the virus particle is a live virus, an attenuated live virus, a modified live virus, or a
recombinant live virus. In some embodiments, the virus belongs to a virus family selected from the group
consisting of Paramyxoviridae, Orthomyxoviridae, Flaviviridae, Filoviridae, Arenaviridae,
Rhabdoviridae, and Coronaviridae. In some embodiments, the virus belongs to a virus family selected
from the group consisting of Togaviridae (being live or inactivated), such as alphaviruses, or Flaviviridae
(being live or inactivated). In some embodiments, the virus is a virus of the family Flaviviridae, i.e. a
flavivirus. In other embodiments, the virus is a Zika 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 some 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 um. 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 of 0.2 pm.

In some embodiments, 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, a HeLa cell line, a HeLa-S3 cell line, a 293 cell line, a
PC12 cell line, a CHO cell line, a 3T3 cell line, a PerC6 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 EB66 cell line. In a 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. In a preferred embodiment, the composition is a
vaccine. In one embodiment, the composition or vaccine is directed against Chikungunya virus. In one

embodiment, the composition or vaccine is directed against a flavivirus. In one embodiment, the
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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.

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 1s denived from the LR2006-OPY 1 ChikV infectious
clone (La Reunion isolate). In some embodiments, the attenuated form of ChikV is the A5nsP3 mutant as
described by Hallengérd 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 ASnsP3 ChikV mutant is herein defined as having at least 80%
sequence identity to the nucleotide sequence of the A5SnsP3 mutant sequence as provided by SEQ ID NO:
77, especially at least 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88% 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98% or at least 99% sequence identity to SEQ ID NO: 77.

In some embodiments, the Zika virus is derived from the Asian 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 or 78, 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 nucleotide sequence
of the sequences described in any of sequences SEQ ID Nos 2 to 69 or 78, especially at least 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88% 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or at least
99% sequence identity.

In some embodiments, the process of the invention results in an enrichment of infectious virus particles
from the crude harvest comprising 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 90%, at least 95%, preferably at least 80%, especially 85% relative to the

total virus particle content of the crude harvest (a) comprising the virus particles and impurities.



WO 2017/109224 PCT/EP2016/082663

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 — HPLC).

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 pm. In some embodiments,
the filter has a pore size equal to or greater than 0.2 pm. In a preferred embodiment, the filter has a pore

size of about 0.2 um, such as 0.22 um.

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-oHis cell line, a HeLa cell line, a HeLa-S3
cell ine, a 293 cell line, a PC12 cell line, a CHO cell line, a 3T3 cell line, a PerC6 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 EB66 cell line. In a 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 virus, 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.

The herein disclosed in vivo data regarding immunogenicity of the inactivated Zika virus vaccine of the
current invention indicates that the virus is surprisingly potently immunogenic and also highly cross-
protective (very similar immunogenicity in African and Asian strains). Data indicate that immunogenicity
was unexpectedly higher than the recently reported inactivated Zika virus vaccine candidate (Larocca, et.
al, 2016, Nature doi:10.1038/nature18952.). Inactivated viruses are among the safest vaccines and
especially preferred for delivery to populations where safety is especially concerning, such as pregnant
women, children and immunocompromised individuals, which makes the herein disclosed inactivated
Zika virus particularly suitable. Obtaining a high titer of inactivated virus is a challenge in the field. The
herein disclosed process for purifying inactivated Zika virus results in not only a high yield, but also a

very pure drug substance.
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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 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, alignments were performed with the multi alignment package Jalview
(Waterhouse et al., 2009, Bioinformatics 25 (9) 1189-1191). In the drawings:
Figure 1: Average distance tree (by % identity, nt), complete genomes.
Figure 2: Neighbor joining tree (by % identity, nt), complete genomes.
Figure 3: Pairwise alignment-Jalview (% identity, nt), complete genomes.
Figure 4: Average distance tree (by % identity, aa), E-protein.
Figure 5: Neighbor joining tree (by % identity. aa), E-protein.
Figure 6: Pairwise alignment-Jalview (% identity, aa), E-protein.
Figure 7: Alignment (shading: % identity, aa), E-protein.
Figure 8: An example of virus particle maturation in the host cell. As observed in flaviviruses, full
maturation of the particles requires proteolytic cleavage of the precursor membrane glycoprotein (prM)
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 9: CHIKV schematic genome, including non-structural and structural proteins (labeled “CHIKV™)

as well as a schematic representation of the ASnsP3 attenuated Chikungunya virus used to exemplify the
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purification process of the current invention (labeled “ASnsP3”). The black triangle indicates the
approximate location of the deletion in the nsP3 coding region. (Figure adapted from Hallengérd et al.
2014, supra.)

Figure 10: Flow-chart showing an exemplary downstream ASnsP3 CHIK virus purification process from
the crude harvest to formulation of the (vaccine) drug substance, a preferred embodiment of the process

of the invention.

Figure 11: Absorbance at 214 nm, 260 nm and 280 nm of individual sucrose gradient centrifugation
(SGC) 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 attenuated ASnsP3 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 12: SEC arca (mAU*min; right axis) and TCIDjs, results (log TCID50/mL; left axis) of attenuated
A5nsP3 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 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 impuritics (B).

Figure 13: Electron micrographs of attenuated ASnsP3 ChikV harvest before and after PS treatment.

Figure 14: Preparation of the sucrose gradient.

Figure 15: Comparison of four different sucrose gradient centrifugation experiments performed to
empirically determine the optimal combination of sucrose layers for CHIKV purification. The CHIKV
content in the gradient fractions was determined by SEC. The sucrose content in the gradient fractions
was determined by refractometry (comparing the value of the refractive index of the sucrose solution to
that of sucrose standard curve the concentration of sucrose solution can be determined with good
accuracy, this is also referred to as "Brix" scale that 1s calibrated to give the percentage (w/w) of sucrose
dissolved in water, i.e. “°Bx”). Protamine sulphate (PS) was determined by SEC. PS is separated within

the sucrose gradient alongside host cell derived residual contaminants and was therefore used to assess

8
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the quality of CHIKV separation from residual contaminants in the tested gradients. A: CHIKV load
material containing 10 % sucrose was loaded on top of one 50 % (w/w) sucrose layer. Determination of
sucrose content in the fractions showed the formation of a linear gradient. SEC showed concentration of
CHIKYV within a sucrose concentration range from 40 -30 % (w/w) sucrose. PS SEC showed insufficient
separation of PS from CHIKV. B: CHIKYV load material containing 10 % sucrose was loaded on top of a
two layer system consisting of a 50 % (w/w) sucrose bottom layer and a second 35 % (w/w) sucrose layer.
Determination of sucrose content in the fractions showed the formation of a linear gradient. SEC showed
concentration of CHIKV within a sucrose concentration range from 40 -30 % (w/w) sucrose. PS SEC
showed acceptable separation of PS from CHIKYV, however a slight overlap is still present. C: CHIKV
load material containing 10 % sucrose was loaded on top of a two layer system consisting of a 50 %
(w/w) sucrose bottom layer and a second 25 % (w/w) sucrose layer. Determination of sucrose content in
the fractions showed the formation of a linear gradient. SEC showed concentration of CHIKV within a
sucrose concentration range from 40 -30 % (w/w) sucrose. PS SEC showed a good separation of PS from
CHIKYV. D: CHIKV load material containing 10 % sucrose was loaded on top of a three layer system
consisting of a 50 % (w/w) sucrose bottom layer as well as a 35 % and a 15 % (w/w) sucrose layer.
Determination of sucrose content in the fractions showed the formation of a linear gradient and SEC
showed concentration of CHIKV within a sucrose concentration range from 40 -30 %(w/w) sucrose. PS
SEC showed a very good separation of PS and residual contaminants from CHIKV. Of the four tested
sucrose layer systems the combination of 3 layers (shown in Figure 16D) showed the best separation of

the virus particles from residual contaminants and was therefore used for further DSP development.

Figure 16: Relative amounts of attenuated ASnsP3 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 concentrated harvest; PS treated material; CC700-treated

material and SGC purified pool.

Figure 17: An exemplary downstream virus purification process from the crude harvest to formulation of
the drug substance (vaccine), a preferred embodiment of the process of the invention (A). A flow-chart of

an exemplary virus inactivation process is shown in (B).

Figure 18: PS treatment results in selective removal of Zika virus aggregates and Vero HCP and LMW

impurities (SEC-HPLC of 30x concentrated Zika Virus harvest day 5).
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Figure 19: SEC-HPLC of individual 30x concentrated Zika harvest prior PS treatment at different time

points.

Figure 20: SEC-HPLC of individual 30x concentrated Zika harvest post PS treatment at different time

points.

Figure 21: Representative SDS-PAGE from the sucrose gradient harvest of a Zika purification is shown.

Figure 22: Correlation between JEV Antigen content in NIV analysed by ELISA and SEC-HPLC

(Dionex Ultimate 3000, Superose 6 column).

Figure 23: Comparison of JEV and ZikaV harvest schedules/yields.

Figure 24: SEC-HPLC clution profile of ZikaV NIV. Data were processed on Dionex Ultimate 3000 /
Superose 6 Increase column. Both panels are from the same chromatogram. The upper graph is the

complete elution profile; the lower graph is an enlargement of the ZIKAYV elution peak.

Figure 25: SEC-MALLS analysis of inactivated ZikaV.

Figure 26: Cumulative particle size distribution of Zika NIV.

Figure 27: Graphical representation of the neutralization of the Zika virus H/PF/2013 with pooled mouse
sera. The number of plaques without serum was set to 100%. The EC50 was calculated with the 3-

parameter method.

Figure 28: Graphical representation of the neutralization of the Zika virus MR766 with pooled mouse
sera. The number of plaques without serum was set to 100%. The EC50 was calculated with the 3-

parameter method.
Figure 29: Change in SEC profile of Yellow fever virus peak after PS addition according to the invention

showing a complete removal of large size aggregates and LMW impurities.

DETAILED DESCRIPTION OF THE INVENTION

10
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Disclosed herein are processes for the purification of infectious virus particles, i.e., mature, functional
virus particles, e.g. flavivirus particles (Yellow Fever, Zika Virus, Japanese Encephalitis virus, Dengue
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. During the course of the
invention, it was observed that protamine sulphate (PS), 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 or other infectious
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 <https:/en.wikipedia.org/wiki/
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 arginine. The average molecular mass is in the range of 4250 Da for the following
sequence: PRRRRSSSRP VRRRRRPRVS RRRRRRGGRR RR (SEQ ID NO: 1). Herein, protaming is

also referred to as protamine salt, or preferably protamine sulphate.

11
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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 non-infectious virus particles and aggregates. As seen in Fig. 8 using flaviviruses as an
example, virus production in the host cell can result in the release of virus products which are not mature,
and non-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 mixture of virus particles and other viral products in various stages of maturation.

The use of protamine sulphate can follow crude cell lysis or any further step after cell lysis (e.g. including
after a pre-purification with filtration, chromatography etc) 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 ID 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 acids, 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 arginine residues. Further, other protamine sulphate-like compounds or variants
thereof may be used. Therefore, the use of the term “protamine salt” herein shall serve to encompass

natural variations on SEQ ID NO: 1, preferably, but not limited to, the protamine sulphate forms.

The process according to the current invention may also comprise the use of a sucrose gradient,
preferably an optimized sucrose gradient. The sucrose gradient is preferably optimized for the removal of
protamine sulfate, also for the removal of immature viral particles or other viral particles which are non-
infectious or host cell proteins or nucleic acids (DNA, RNA, mRNA, etc) or other host cell debris. In the
current invention the optimized sucrose gradient comprises at least two, at least three, at least four layers
of sucrose solutions with different densities. In one embodiment, the virus preparation to be purified is
provided in a sucrose solution which has a density of about 8%, about 9%, about 10%, about 11%, about
12% sucrose (w/w), preferably about 10%. In one embodiment, one sucrose solution in the gradient has a
density of about 45%, about 46%, about 47%, about 48%, about 49%, about 50%, about 51%, about 52%,
about 53%, about 54%, about 55% sucrose (w/w), preferably about 50%. In one embodiment, one sucrose

solution in the gradient has a density of about 30%, about 31%, about 32%, about 33%, about 34%, about
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35%, about 36%, about 37%, about 38%, about 39%, about 40% sucrose (w/w), preferably about 35%. In
one embodiment, one sucrose solution in the gradient has a density of about 10%, about 11%, about 12%,
about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 19%, about 20% sucrose
(w/w), preferably about 15% sucrose. In a preferred embodiment, the sucrose gradient comprises three
layers of sucrose solutions of about 50%, about 35% and about 15% (w/w) sucrose and the virus
composition to be purified is contained in about 10% (w/w) sucrose. Because the invention provided for
means to not only test for host cell DNA but also immature viral particles, the skilled person in the art is
able to more precisely optimize the sucrose gradient for most efficient purification and include additional

tools such as PRNT assay to monitor purification success.

The process comprising the use of protamine sulphate of the invention can be applied to purification of
any virus for use in pharmaceutical compositions, 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.

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 lineage). In some other
embodiments, the produced Zika virus is a Zika virus as described in the Sequence section of this

application (SEQ ID NO: 2 to 69 or 78).

In another preferred embodiment, the live attenuated Chikungunya virus is the protective ChikV-ICRES1-
A5nsP3 described by Hallengdrd er al. (Novel Attenuated Chikungunya Vaccine Candidates Elicit
Protective Immunity in C57BL/6 mice (2014) J. Virology, 88(5):2858-2866). 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 El),
respectively (see Fig. 9, top construct). The attenuated virus ASnsP3, based on the La Reunion ChikV
strain LR2006-OPY 1, 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. 9, bottom construct). The A5nsP3 ChikV mutant was shown to be infectious, highly
immunogenic and protective against challenge with wild type ChikV (Hallengédrd, et al., supra and

Hallengird, et al., Prime-Boost Immunization Strategies against Chikungunya Virus (2014) J. Virology,
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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 10 (Chikungunya

virus) and Figure 17A (Zika virus).

Table 1. Overview of process buffers and stock solutions

Buffer Composition Final pH Fmal[flfsn/(ilrl;]t ity
A 0.5 M NaOH n.a.
B 0.1 M NaOH n.a.
C 25 mM Tris, 150 mM NaCl 7.4+0.2 16.5
D 1 M Tris 7.4£0.2 n.a.
E 4.5 M NaCl n.a. n.a.
F 1 M NaCl n.a. n.a.
G 1 % SDS n.a. n.a.
H 50 % (w/w) Sucrose in 25 mM Tris, 150 mM NacCl 7.4+0.2 n.a.
I 35 % (w/w) Sucrose in 25 mM Tris, 150 mM NacCl 7.4+0.2 n.a.
J 15 % (w/w) Sucrose in 25 mM Tris, 150 mM NaCl 7.4+0.2 n.a.
K 10 x PBS 7.4+0.2 n.a.
L 50 mg/mL Protamine sulphate 7.4+0.2 n.a.

Drug substance formulation buffer (10mM
M Tris(hydroxymethyl)-aminomethan, 5 % Sucrose, 1% 7.4+0.2 1.3
(10 mg/mL) rHSA)
Table 2. Abbreviations
°Bx Degrees Brix = sugar content (w/w) of an aqueous
solution

BSA Bovine serum albumin

CC700 Capto™ Core 700

ChikV Chikungunya virus

CPE Cytopathic effect

EtOH Ethanol

EU Endotoxin units

DS Drug Substance

DP Drug Product

DSP Downstream Process

HCP Host cell protein

hcDNA Host cell DNA

hpi Hours post infection

HPLC High Performance Liquid Chromatography

J1D) Inner diameter

JEV Japanese Encephalitis virus

LAL Limulus amebocyte lysate

LDS buffer Lithium dodecyl sulfate sample loading buffer

LOD Limit of detection

LOQ Limit of quantitation

MALLS Multiangle light scattering

mAU Milli absorbance units
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MS Mass spectroscopy
NIV Neutralized inactivated virus
PBS Phosphate buftered saline
PD Process development
PFU Plaque forming units
p.i. Post-infection
PS Protamine sulphate or protamine sulfate
rcf Relative centrifugal force
rHSA Recombinant human serum albumin
Rms radius Root mean square radius
rMSB Research master seed bank
RSD Relative standard deviation
SEC Size exclusion chromatography
SGC Sucrose gradient centrifugation
SGP Sucrose gradient purified
SDS Sodium dodecyl sulphate
TBS Tris buffered saline
TFF Tangential flow filtration
TCID50 Tissue culture infectious dose 50%
UF/DF Ultrafiltration/diafiltration
WEFI Water for injection
ZikaV Zika virus

Brix:

Degrees Brix (°Bx) is the sugar content of an aqueous solution. One degree Brix is 1 gram of sucrose in

100 grams of solution and represents the strength of the solution as percentage by mass. °Bx corresponds

to the sucrose content in % (w/w), eg. 45 °Bx equals 45 % (w/w) sucrose.

Table A. Primers for Zika virus sequencing: lower case letters indicate bases not included in ZIKA but
containing restriction sites for later cloning when needed (therefore, two Tms provided).

™m
Primer ) Primer sequence (5'-3') Tm (entire | Amplicon
. Oligoname L ) (gene- A )
Pair restriction sites (lower case) . primer) size [bp]
specific)
SEQ ID NO: 80
1 9320_Zika_PF_1F 69.9 74.6 707
ttaggatccGTTGTTGATCTGTGTGAAT
SEQ ID NO: 81
9321_Zika_PF_1R 69.3 75.6
taactcgagCGTACACAACCCAAGTT
SEQ ID NO: 82
2 9322_Zika_PF_2F 70 739 704
ttaggatccTCACTAGACGTGGGAGTG
9323_zika_PF_2R | SEQID NO: 83 69.8 73.7
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™m
Primer ) Primer sequence (5-3') Tm (entire | Amplicon
. Oligoname L ) (gene- A )
Pair restriction sites (lower case) . primer) size [bp]
specific)
taactcgagAAGCCATGTCYGATATTGAT
SEQID NO: 84
3 9324_Zika_PF_3F 72.3 74.5 712
ttaggatccGCATACAGCATCAGGTG
SEQ ID NO: 85
9325_Zika_PF_3R 72 76.4
taactcgagTGTGGAGTTCCGGTGTCT
SEQ ID NO: 86
4 9326_Zika_PF_4F 70.9 74 712
ttaggatccGAATAGAGCGAARGTTGAGATA
SEQ ID NO: 87
9327 zZika_PF_4R 70.5 73.7
taactcgAGTGGTGGGTGATCTTCTTCT
SEQ ID NO: 88
5 9328 7ika_PF_SF 70.3 75 704
ttaggatcCAGTCACAGTGGAGGTACAGTAC
SEQ ID NO: 89
9329 7ika_PF_5R 71.5 77.3
taactcgagCRCAGATACCATCTTCCC
SEQ ID NO: 90
6 9330_Zika_PF_6F 70.7 72.7 698
ttaggatCCCTTATGTGCTTGGCCTTAG
SEQ ID NO: 91
9331_Zika_PF_6R 70.4 76.9
taactcgagTCTTCAGCCTCCATGTG
SEQ ID NO: 92
7 9332_7ika_PF_7F 71.9 75 716
ttaggatccAATGCCCACTCAAACATAGA
SEQ ID NO: 93
9333_Zika_PF_7R 71 74
taactcgagTCATTCTCTTCTTCAGCCCTT
SEQ ID NO: 94
8 9334_Zika_PF_8F 70.9 75.2 703
ttaggatccAAGGGTGATCGAGGAAT
SEQ ID NO: 95
9335_Zika_PF_8R 71.9 734
taactcgag TTCCCTTCAGAGAGAGGAGC
SEQ ID NO: 96
9 9336_Zika_PF_9F 71.9 75 699
ttaggatccTCTTTTGCAAACTGCGATC
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™m
Primer ) Primer sequence (5-3') Tm (entire | Amplicon
. Oligoname L ) (gene- A )
Pair restriction sites (lower case) . primer) size [bp]
specific)
SEQ ID NO: 97
9337_Zika_PF_9R 71 749
taactcgagTCCAGCTGCAAAGGGTAT
SEQ ID NO: 98
10 9338_zika_PF_10F 71.4 75.8 706
ttaggatccGTGTGGACATGTACATTGA
SEQ ID NO: 99
9339_zika_PF_10R 70.4 75.8
taactcgagCCCATTGCCATAAAGTC
SEQ ID NO: 100
11 9340_zika_PF_11F 71.6 781 692
ttaggatccTCATACTGTGGTCCATGGA
SEQ ID NO: 101
9341_zika_PF_11R 74 78
taactcgagGCCCATCTCAACCCTTG
SEQ ID NO: 102
12 9342_zika_PF_12F 70.9 74 707
ttaggatccTAGAGGGCTTCCAGTGC
SEQ ID NO: 103
9343_zika_PF_12R 70.2 72.2
taactcgAGATACTCATCTCCAGGTTTGTTG
SEQ ID NO: 104
13 9344_7ika_PF_13F 70.6 75.4 726
ttaggatccGAAAACAAAACATCAAGAGTG
SEQ ID NO: 105
9345_zika_PF_13R 71.9 75.6
taactcgag GAATCTCTCTGTCATGTGTCCT
SEQ ID NO: 106
14 9346_zika_PF_14F 73.1 75.6 715
ttaggatccTTGATGGCACGACCAAC
SEQ ID NO: 107
9347_zika_PF_14R 70.8 779
ttaggatccGTTGTTGATCTGTGTGAAT
SEQ ID NO: 108
15 9348_zika_PF_15F 71.9 75.4 719
taactcgagCAGGTCAATGTCCATTG
SEQ ID NO: 109
9349_zika_PF_15R 73.9 77.2
ttaggatccTGTTGTGTTCCTATTGCTGGT
16 9350_zika_PF_16F | SEQID NO: 110 72.3 75.4 703
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™m
Primer ) Primer sequence (5-3') Tm (entire | Amplicon
. Oligoname L ) (gene- A )
Pair restriction sites (lower case) . primer) size [bp]
specific)
taactcgaGTGATCAGRGCCCCAGC
SEQID NO: 111
9351_zika_PF_16R 72 76.3
ttaggatccTGCTGCCCAGAAGAGAA
SEQ ID NO: 112
17 9352_zika_PF_17F 73.6 76 705
taactcgaGCACCAACAYGGGTTCTT
SEQID NO: 113
9353 zika_PF_17R 72 75.5
ttaggatcCTCAAGGACGGTGTGGC
SEQ ID NO: 114
18 9354_7ika_PF_18F 71.7 75.8 699
taactcgagCAATGATCTTCATGTTGGG
SEQ ID NO: 115
9355_zika_PF_18R 71 741
ttaggatccTATGGGGGAGGACTGGT
SEQ ID NO: 116
19 9356_zika_PF_19F 73.3 75.5 711
taactcGAGCCCAGAACCTTGGATC
SEQID NO: 117
9357_zika_PF_19R 71.3 76.9
ttaggatcCAGACCCCCAAGAAGGC
SEQ ID NO: 118
20 9358_zika_PF_20F 71.7 75 706
taactcgagCCCCTTTGGTCTTGTCT
SEQ ID NO: 119
9359_zika_PF_20R 71.9 739
ttaggatccAGGAAGGATGTATGCAGATG
SEQ ID NO: 120
21 9360_zika_PF_21F 70.4 75.7 709
taactcgagACATTTGCGCATATGATTTTG
SEQID NO: 121
9361_zika_PF_21R 71.8 75
ttaggatccAGGAAGGACACACAAGAGT
SEQ ID NO: 122
22 9362_zZika_PF_22F 70 79.1 581
taactcgagACAGGCTGCACAGCTTT
SEQID NO: 123
9363_zika_PF_22R 74.8 81.1
ttaggatccTCTCTCATAGGGCACAGAC
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SEQUENCES

SEQID NO: 1
A typical form of protamine
PRRRRSSSRP VRRRRRPRVS RRRRRRGGRR RR

Provided below are examples of nucleic acid sequences of the genomes of Zika viruses that may be used

in the methods, compositions, and/or vaccines described herein.

SEQID NO: 2

KU321639.1 Zika virus strain ZikaSPH2015, Brazil, complete genome (SEQ ID NO: 2)
GTTGTTACTGTTGCTGACTCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACAGGTTTTATTTGGATT
TGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCGGATTGTCAATATGCTAAAACGCGGAG
TAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTG
GCAATTCTAGCCTTTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAAAAGA
GGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAATGCTAGGAAGGAGAAGAAGAG
ACGGGGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGACCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGT
GCATACTATATGTACTTGGACAGAAACGATGCTGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATAT
ACAGATCATGGATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAACCAGAT
GACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCACAAAAAAGGTGAAGCACGGAGAT
CTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCTGCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATAC
ACAAAGCACTTGATTAGAGTCGAAAATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTG
GGAAGCTCAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGTGCATAGGAGT
CAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATATTGTCTTGGAACATGGAGGTTGTGTCACCGTA
ATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCT
ATGAGGCATCAATATCAGACATGGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACT
CAATATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGGAGTCTGGTGACAT
GCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGGATAATGCTGTCAGT
TCATGGCTCCCAGCACAGTGGGATGATCGTTAATGACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACG
CCCAATTCACCAAGAGCCGAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTT
TTCAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGACATTCCATTACCTTGGCAC
GCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATGCCAAAAGGCAA
ACTGTCGTGGTTCTAGGGAGTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAA
AGGGAAGGCTGTCCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTGTGT
ACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGAGGTACAGTACGCAGGGACAG
ATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCC
GTAATCACTGAAAGCACTGAGAACTCTAAGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTC
GGGGAGAAGAAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGGTGCC
AAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTCTCAACTCATTGGGCAAGGGCATCC
ATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGGAATGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTG
GTTGGGTCTGAACACAAAGAATGGATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGT
CTCTGCTGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCTATAACGACGTT
GAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCAGCAGCAGTCAAGCAAGCCTGGGAAGATG
GTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAAAACATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAA
GAGAATGGAGTTCAACTGACGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTG
TGAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGCACTTCGTCAGAGCAGCAAAGACAAATAACAGCTTTGTCGT
GGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACAGCTTTCTTGTGGAGGATCATGGGTTCGGGGTA
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TTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAGATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGA
AAGGAGGCTGTACACAGTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTG
ATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGAGTGATCTGATCATACCCA
AGTCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACAGGACCCAAATGAAAGGGCCATGGCACAGTGAAGA
GCTTGAAATTCGGTTTGAGGAATGCCCAGGCACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGA
TCAACCACTGCAAGCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTAAAG
ATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAGGTCAATGGTGACTGCAGGATC
AACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATTCTGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCA
CAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTT
GCAATTTTGATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGCATTCAAAGT
CAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAGCATGCTGCTGGCCTTGGCCTCGTGTCT
TTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGATGGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGC
GATGGTTGTTCCACGCACTGATAACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGC
GTGGAGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAAGAAGAACTTACCA
TTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGGTGGGGCTGCTGTTGCTCACAAGGAGTGG
GAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGAT
ATAGAGATGGCTGGGCCCATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACA
TTGAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCGATGTGGCGCTAGATGA
GAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAGATCATACTCAAGGTGGTCCTGATGACCATCTGTG
GCATGAACCCAATAGCCATACCCTTTGCAGCTGGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATG
GGATGTGCCTGCTCCCAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTAGG
TTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCACAAAAGGATCCGCGCTGAGA
AGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATG
CCGCCTGGGACGGGCACAGCGAGGTGCAGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCG
GAATATTTAAGACAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATCCTAGA
CAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTTATGTTAGTGCCATCACCCAAGGG
AGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGATGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATC
CTGGAGCTGGGAAAACCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCT
CCAACCAGGGTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTCAATGTCAC
CCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTACTACAGCCAATCAGAGTCCCCAACTAT
AATCTGTATATTATGGATGAGGCCCACTTCACAGATCCCTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGAT
GGGCGAGGCGGCTGCCATCTTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGG
ACACCGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATTATTCTGGAAAAACAGTTTGGTT
TGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCAGAAAG
ACTTTTGAGACAGAGTTCCAGAAAACAAAACATCAAGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAA
CTTTAAAGCTGACCGTGTCATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGAC
CCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAACCTGGAGATGAGTATCT
GTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCTTGAAGCAAGAATGCTCCTTGACAATATTTACCTCC
AAGATGGCCTCATAGCCTCGCTCTATCGACCTGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGA
GCAAAGGAAGACCTTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGAATAA
CCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGAC
CAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGACGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTC
AAGGAGTTTGCCGCTGGGAAAAGAGGAGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAG
AGATTCCAGGAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGGCLCC
AATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTTTTCGTCTTGATGAGG
AACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTTGGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGC
CAGCCAGAATTGCATGTGTCCTCATTGTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCC
AGGACAACCAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGATGGTTGGAG
AGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCATGGGATTCTCAATGGACATTGACCTG
CGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAACTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACA
ACAACTACTCCTTAATGGCGATGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGAC
TTTGGAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACGCCCCTGACCCTAATAGTGGCCATCATTTTGCTCGTGGCG
CACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGAAGA
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ACCCTGTTGTGGATGGAATAGTGGTGACTGACATTGACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGT
GCTACTCATGGCAGTAGCCGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACA
GCCGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCACTGTGTAACATTTTTAGG
GGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACGCTGGCTTGGTCAAGAGACGTGGGGGTGGAACAG
GAGAGACCCTGGGAGAGAAATGGAAGGCCCGCTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCAT
CACCGAGGTGTGCAGAGAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAG
TGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTTGGATGTGGCAGAGGGGG
CTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGGATACACAAAAGGAGGCCCTGGTCATGAAGAACCC
GTGTTGGTGCAAAGCTATGGGTGGAACATAGTCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTG
ACACGTTGCTGTGTGACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTG
GGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCAGCACTATGATGGAAACCCTGGA
GCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCACTCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCT
GGAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCTAGGAGGCCA
GTGAAATATGAGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGAAGATCA
TTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAGAACCACCCATATAGGACATGGGC
TTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTCCTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCT
GGGATGTGGTGACTGGAGTCACAGGAATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGT
GGACACTAGGGTGCCAGACCCCCAAGAAGGTACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAGAGCTAGGC
AAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGCAATGCAGCATTAGGGGCAATATTTGA
AGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGAACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCA
CCACCTGAGAGGAGAGTGCCAGAGTTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGC
CAAGGGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTCTTGAACGAGGATC
ACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACAAAGACTCGGATATGTCCTAGAAGAGATGA
GTCGCATACCAGGAGGAAGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGA
AGCTCTAATCACCAACCAAATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTG
GTAAAGGTCCTTAGACCAGCTGAAAAAGGGAAAACAGTTATGGACATTATTTCGAGACAAGACCAAAGGGGGAGCGGACAA
GTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTCGGAATATGGAGGCTGAGGAAGTCCTAGAGATG
CAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAAGTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATG
GCAGTCAGTGGAGATGATTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAA
AGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCGTTTTGCTCCCACCACTTCA
ACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCT
CCAGGGGCGGGATGGAGCATCCGGGAGACTGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAG
AAGGGACCTCCGACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTGGTCAAT
CCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGTGGATTGAGGAGAACGACCACAT
GGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTATTTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATA
GGGCACAGACCGCGCACCACCTGGGCTGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAA
AGTACATGGACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCACCAATCTTA
ATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCCCCCCAGGAGAAGCTGGGAAACCAA
GCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAA
CCCCACGCGCTTGGAGGCGCAGGATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATC
AGCTGTGGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGA

SEQID NO: 3

KU497555.1 Zika virus isolate Brazil-ZKV2015, Brazil, complete genome
CCAATCTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACAGGTTTTATTTTGGATTTGGA
AACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGC
CCGTGTGAGCCCCTTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCG
ATTCTAGCCTTTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAAAAGAGGC
TATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAATGCCAGGAAGGAGAAGAAGAGACG
AGGCGCAGATACTAGTGTCGGAATCGTTGGCCTCCTGCTGACCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCA
TACTATATGTACTTGGACAGAAACGATGCTGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATATACA
GATCATGGATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAACCAGATGAC
GTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCACAAAAAAGGTGAAGCACGGAGATCTA
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GAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCTGCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACA
AAGCACTTGATTAGAGTCGAAAATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGG
AAGCTCAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGTGCATAGGAGTCA
GCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCTTGGAACATGGGGGTTGTGTCACCGTAAT
GGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTAT
GAGGCATCAATATCAGACATGGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCA
ATATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGGAGCCTGGTGACATGC
GCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGGATAATGCTGTCAGTTC
ATGGCTCCCAGCACAGTGGGATGATCGTTAATGACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCC
CAATTCACCAAGAGCCGAAGCCACCCTGGGGGGTTTTGGAAGCTTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTTT
CAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGACATTCCATTACCTTGGCACG
CTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAA
CTGTCGTGGTTCTAGGGACTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAA
GGGAAGGCTGTCCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTGTGTA
CCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGAGGTACAGTACGCAGGGACAGA
TGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCG
TAATCACTGAAAGCACTGAGAACTCTAAGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCG
GGGAGAAGAAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGGTGCCA
AGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTCTCAACTCATTGGGCAAGGGCATCCA
TCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGGAATGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTGG
TTGGGTCTGAACACAAAGAATGGATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTC
TCTGCTGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGTGGTACAGGGGTGTTCGTCTATAACGACGTTG
AAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCTCCCCGTAGATTGGCAGCAGCAGTCAAGCAAGCCTGGGAAGATGG
TATCTGCGGGATCTCCTCTGTTTCAAGAATGGAAAACATCATGTGGAGATCAGTAGAAGGGGAGCTTAACGCAATCCTGGAAG
AGAATGGAGTTCAACTGACGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGT
GAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAAATAACAGCTTTGTCGTG
GATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACAGCTTTCTTGTGGAGGATCATGGGTTCGGGGTAT
TTCACACTAGTGTCTGGCTCAAGGTTAGAGAAGATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGA
AAGGAGGCTGTACACAGTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTG
ATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGAGTGATCTGATCATACCCA
AGTCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACAGGACCCAAATGAAAGGGCCATGGCACAGTGAAGA
GCTTGAAATTCGGTTTGAGGAATGCCCAGGCACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGA
TCAACCACTGCAAGCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTAAAG
ATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAGGTCAATGGTGACTGCAGGATC
AACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATTCTGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCA
CAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTT
GCAATTTTGATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGCATTCAAAGT
CAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAGCATGCTGCTGGCCTTGGCCTCGTGTTT
TTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGATGGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGC
GATGGTTGTTCCACGCACTGACAACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGC
GTGGAGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAAGAAGAACTTACCA
TTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGGTGGGACTGCTGTTGCTCACAAGGAGTGG
GAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGAT
ATAGAGATGGCTGGGCCCATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACA
TTGAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCGATGTGGCGCTAGATGA
GAGTGGTGACTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAGATCATACTCAAGGTGGTCCTGATGACCATCTGTG
GCATGAACCCAATAGCCATACCCTTTGCAGCTGGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATG
GGATGTGCCTGCTCCCAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTAGG
TTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCACAAAAGGATCCGCGCTGAGA
AGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATG
CCGCCTGGGACGGGCACAGCGAGGTGCAGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCG
GAATATTTAAGACAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATCCTAGA
CAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATAAAAAATGGGAGTTATGTTAGTGCCATCACCCAAGGG
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AGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGATGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATC
CTGGAGCTGGGAAAACCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCT
CCAACCAGGGTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTCAATGTCAC
CCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTACTACAGCCAATCAGAGTCCCCAACTAT
AATCTGTATATTATGGATGAGGCCCACTTCACAGATCCCTCAAGCATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGAT
GGGCGAGGCGGCTGCCATCTTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGG
ACACCGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGGAAAAACAGTTTGGTT
TGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCAGAAAG
ACTTTTGAGACAGAGTTCCAGAAAACAAAACATCAAGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAA
CTTTAAAGCTGACCGTGTCATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGAC
CCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAACCTGGAGATGAGTACCT
GTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCTTGAAGCAAGAATGCTCCTTGACAATATTTACCTCC
AAGATGGCCTCATAGCCTCGCTCTATCGACCTGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGA
GCAAAGGAAGACCTTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGAATAA
CCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGAC
CAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGACGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTC
AAGGAGTTTGCCGCTGGGAAAAGAGGAGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAG
AGATTCCAGGAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGGCLCC
AATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTTTTCGTCTTGATGAGG
AACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTTGGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGC
CAGCCAGAATTGCATGTGTCCTCATTGTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCC
AGGACAACCAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGATGGTTGGAG
AGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCATAGGATTCTCAATGGACATTGACCTG
CGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAACTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACA
ACAACTACTCCTTAATGGCGATGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGAC
TTTGGAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTGGCCATCATTTTGCTCGTGGCGC
ACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGAAGAA
CCCTGTTGTGGATGGAATAGTGGTGACTGACATTGACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTG
CTACTCATAGCAGTAGCCGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACAG
CCGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCACTGTGTAACATTTTTAGGG
GAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACGCTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGG
AGAGACCCTGGGAGAGAAATGGAAGGCCCGCTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATC
ACCGAGGTGTGCAGAGAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAGT
GCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTTGGATGTGGCAGAGGGGGC
TGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGGATACACAAAAGGAGGCCCTGGTCATGAAGAACCCG
TGTTGGTGCAAAGCTATGGGTGGAACATAGTCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGA
CACGTTGCTGTGTGACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTGG
GGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGCATAAAAGTGTTGTGCCCATACACCAGCACTATGATGGAAACCCTGGAG
CGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCACTCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTG
GAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCTAGGAGGCCAGT
GAAATATGAGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGAAGATCATT
GGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAAAACCACCCATATAGGACATGGGCTT
ACCATGGAAGCTATGTGGCCCCCACACAAGGGTCAGCGTCCTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGG
GATGTGGTGACTGGAGTCACAGGAATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGG
ACACTAGGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAGAGCTAGGCAA
ACACAAACGACCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGCAATGCAGCATTAGGGGCAATATTTGAAG
AGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGAACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACC
ACCTGAGAGGAGAGTGCCAGAGTTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCA
AGGGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTCTTGAACGAGGATCAC
TGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACAAAGACTCGGATATGTCCTAGAAGAGATGAGT
CGCATACCAGGAGGAAGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGAAG
CTCTAATCACCAACCAAATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGTA
AAGGTCCTTAGACCAGCTGAAAAAGGGAAAACAGTTATGGACATTATTTCGAGACAAGACCAAAGGGGGAGCGGACAAGTT

23



WO 2017/109224 PCT/EP2016/082663

GTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTCGGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAA
GACTTGTGGCTGCTGCGGAGGTCAGAGAAAGTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCA
GTCAGTGGAGATGATTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAAAGT
TAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCGTTTTGCTCCCACCACTTCAACA
AGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCA
GGGGCGGGATGGAGCATCCGGGAGACTGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAA
GGGACCTCCGACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTGGTCAATCC
ATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGTGGATTGAGGAGAACGACCACATGG
AAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTATTTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGG
GCACAGACCGCGCACCACCTGGGCTGAGAACATTAAAAATACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAG
TACATGGACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTGAGCACCAATCTTAATG
TTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCCCTCCAGGAGAAGCTGGGTAACCAAGCCT
ATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCC
ACGCGCTTGGAGGCGCAGGATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCT
GTGGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTGACGCTGGGAAAGACC
AGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGAATAGCGGCGGCCGGTGTGGGGAAATCCA

SEQID NO: 4

KU501215.1 Zika virus strain PRVABC59, Puerto Rico, complete genome
GTTGTTGATCTGTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACAGGTTTTATTTTGGAT
TTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCGGATTGTCAATATGCTAAAACGCGGA
GTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTT
GGCGATTCTAGCCTTTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAAAAG
AGGCTATGGAAACAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAATGCTAGGAAGGAGAAGAAGA
GACGAGGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGACCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAG
TGCATACTATATGTACTTGGACAGAAACGATGCTGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATAT
ACAGATCATGGATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAACCAGAT
GACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCACAAAAAAGGTGAAGCACGGAGAT
CTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACCAGGAAGCTGCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATAC
ACAAAGCACTTGATTAGAGTCGAAAATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTG
GGAAGCTCAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGTGCATAGGAGT
CAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCTTGGAACATGGAGGTTGTGTCACCGTA
ATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCT
ATGAGGCATCAATATCAGACATGGCTTCTGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACT
CAATATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGGAGCCTGGTGACAT
GCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGGATAATGCTGTCAGT
TCATGGCTCCCAGCACAGTGGGATGATCGTTAATGACACAGGACATGAAACTGATGAGAATAGAGCGAAAGTTGAGATAACG
CCCAATTCACCGAGAGCCGAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTT
TTCAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGACATTCCATTACCTTGGCAC
GCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATGCCAAAAGGCAA
ACTGTCGTGGTTCTAGGGAGTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAA
AGGGAAGGCTGTCCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTGTGT
ACTGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGAGGTACAGTACGCAGGGACAG
ATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCC
GTAATCACTGAAAGCACTGAGAACTCTAAGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTC
GGGGAGAAGAAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGGTGCC
AAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTCTCAACTCATTGGGCAAGGGCATCC
ATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGGAATGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTG
GTTGGGTCTGAACACAAAGAATGGATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGT
CTCTGCTGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCTATAACGACGTT
GAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCAGCAGCAGTCAAGCAAGCCTGGGAAGATG
GTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAAAACATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAA
GAGAATGGAGTTCAACTGACGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTG
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TGAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTATTTCGTCAGAGCAGCAAAGACAAATAACAGCTTTGTCGT
GGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACAGCTTTCTTGTGGAGGATCATGGGTTCGGGGTA
TTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAGATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGA
AAGGAGGCTGTACACAGTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTG
ATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGAGTGATCTGATCATACCCA
AGTCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACAGGACCCAAATGAAAGGGCCATGGCACAGTGAAGA
GCTTGAAATTCGGTTTGAGGAATGCCCAGGCACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGA
TCAACCACTGCAAGCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTAAAG
ATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAGGTCAATGGTGACTGCAGGATC
AACTGATCACATGGACCACTTCTCCCTTGGAGTGCTTGTGATCCTGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCA
CAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTT
GCAATTTTGATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGCATTCAAAGT
CAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAGCATGCTGCTGGCCTTGGCCTCGTGTCT
TTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGATGGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGC
GATGGTTGTTCCACGCACTGATAACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGC
GTGGAGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAAGAAGAACTTACCA
TTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGGTGGGACTGCTGTTGCTCACAAGGAGTGG
GAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGAT
ATAGAGATGGCTGGGCCCATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACA
TTGAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCGATGTGGCGCTAGATGA
GAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAGATCATACTCAAGGTGGTCCTGATGACCATCTGTG
GCATGAACCCAATAGCCATACCCTTTGCAGCTGGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATG
GGATGTGCCTGCTCCCAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTAGG
TTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCACAAAAGGATCCGCGCTGAGA
AGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATG
CCGCCTGGGATGGGCACAGCGAGGTGCAGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCG
GAATATTTAAGACAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATCCTAGA
CAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAACGGGAGTTATGTTAGTGCCATCACCCAAGGG
AGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCCTCGATGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATC
CTGGAGCTGGGAAAACCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCT
CCAACCAGGGTTGTCGCTGCTGAAATGGAGGAGGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTCAATGTCAC
CCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTACTACAGCCAATCAGAGTCCCCAACTAT
AATCTGTATATTATGGATGAGGCCCACTTCACAGATCCCTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGAT
GGGCGAGGCGGCTGCCATCTTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGG
ACACCGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGGAAAAACAGTTTGGTT
TGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCAGAAAG
ACTTTTGAGACAGAGTTCCAGAAAACAAAACATCAAGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAA
CTTTAAAGCTGACCGTGTCATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGAC
CCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAACCTGGAGATGAGTATCT
GTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCTTGAAGCAAGAATGCTCCTTGACAATATTTACCTCC
AAGATGGCCTCATAGCCTCGCTCTATCGACCTGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGA
GCAAAGGAAGACCTTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGAATAA
CCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGAC
CAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGACGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTC
AAGGAGTTTGCCGCTGGGAAAAGAGGAGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAG
AGATTCCAGGAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGGCLCC
AATTGCCGGAGACCCTAGAGACCATAATGCTTTITGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTCTTCGTCTTGATGAGG
AACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTTGGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGC
CAGCCAGAATTGCATGTGTCCTCATTGTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCC
AGGACAACCAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGATGGTTGGAG
AGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCATAGGATTCTCAATGGACATTGACCTG
CGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAACTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACCTCATACA
ACAACTACTCCTTAATGGCGATGGCCACGCAAGCTGGAGTGTTGTTTGGCATGGGCAAAGGGATGCCATTCTACGCATGGGAC
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TTTGGAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTGGCCATCATTTTGCTCGTGGCGC
ACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGAAGAA
CCCTGTTGTGGATGGAATAGTGGTGACTGACATTGACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTG
CTACTCATAGCAGTAGCCGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCTCTGATCACAG
CCGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCACTGTGTAACATTTTTAGGG
GAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACGCTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGG
AGAGACCCTGGGAGAGAAATGGAAGGCCCGCTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATC
ACCGAGGTGTGCAGAGAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAGT
GCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTTGGATGTGGCAGAGGGGGC
TGGAGTTACTACGTCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGGATACACAAAAGGAGGCCCTGGTCATGAAGAACCCG
TGTTGGTGCAAAGCTATGGGTGGAACATAGTCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGA
CACGTTGCTGTGTGACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTGG
GGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCAGCACTATGATGGAAACCCTGGAG
CGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCACTCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTG
GAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCTAGGAGGCCAGT
GAAATATGAGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGAAGATCATT
GGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAGAACCACCCATATAGGACATGGGCTT
ACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTCCTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGG
GATGTGGTGACTGGAGTCACAGGAATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGG
ACACTAGGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAGAGCTAGGCAA
ACACAAACGGCCACGAGTCTGCACCAAAGAAGAGTTCATCAACAAGGTTCGTAGCAATGCAGCATTAGGGGCAATATTTGAA
GAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGAACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCAC
CACCTGAGAGGAGAGTGCCAGAGCTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCC
AAGGGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTCTTGAACGAGGATCA
CTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACAAAGACTCGGATATGTCCTAGAAGAGATGAG
TCGTATACCAGGAGGAAGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATTAGCAGGTTTGATCTGGAGAATGAA
GCTCTAATCACCAACCAAATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGT
AAAGGTCCTTAGACCAGCTGAAAAAGGGAAAACAGTTATGGACATTATTTCGAGACAAGACCAAAGGGGGAGCGGACAAGTT
GTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTCGGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAA
GACTTGTGGCTGCTGCGGAGGTCAGAGAAAGTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCA
GTCAGTGGAGATGATTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAAAGT
TAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCGTTTTGCTCCCACCACTTCAACA
AGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCA
GGGGCGGGATGGAGCATCCGGGAGACTGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAA
GGGACCTCCGACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTGGTCAATCC
ATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGTGGATTGAGGAGAACGACCACATGG
AAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTATTTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGG
GCACAGACCGCGCACCACCTGGGCTGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAG
TACATGGACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCACCAATCTTAATG
TTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCCCCCCAGGAGAAGCTGGGAAACCAAGCC
TATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCC
CACGCGCTTGGAGGCGCAGGATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGC
TGTGGATCTCCAGAAGAGGGACTAGTGGTTAGAGGA

SEQID NO: 5

KU509998.1 Zika virus strain Haiti/1225/2014, Haiti, complete genome
GTTGTTACTGTTGCTGACTCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACAGGTTTTATTTGGATT
TGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCGGATTGTCAATATGCTAAAACGCGGAG
TAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTG
GCAATTCTAGCCTTTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAAAAGA
GGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAATGCTAGGAAGGAGAAGAAGAG
ACGAGGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGACCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGT
GCATACTATATGTACTTGGACAGAAACGATGCTGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATAT
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ACAGATCATGGATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAACCAGAT
GACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCACAAAAAAGGTGAAGCACGGAGAT
CTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCTGCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATAC
ACAAAGCACTTGATTAGAGTCGAAAATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTG
GGAAGCTCAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGTGCATAGGAGT
CAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCTTGGAACATGGAGGTTGTGTCACCGTA
ATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCT
ATGAGGCATCAATATCAGACATGGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACT
CAATATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGGAGTCTGGTGACAT
GCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGGATAATGCTGTCAGT
TCATGGCTCCCAGCACAGTGGGATGATCGTTAATGACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACG
CCCAATTCACCAAGAGCCGAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTT
TTCAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGACATTCCATTACCTTGGCAC
GCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATGCCAAAAGGCAA
ACTGTCGTGGTTCTAGGGAGTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAA
AGGGAAGGCTGTCCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTGTGT
ACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGAGGTACAGTACGCAGGGACAG
ATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCC
GTAATCACTGAAAGCACTGAGAACTCTAAGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTC
GGGGAGAAGAAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGGTGCC
AAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTCTCAACTCATTGGGCAAGGGCATCC
ATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGGAATGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTG
GTTGGGTCTGAACACAAAGAATGGATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGT
CTCTGCTGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCTATAACGACGTT
GAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCAGCAGCAGTCAAGCAAGCCTGGGAAGATG
GTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAAAACATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAA
GAGAATGGAGTTCAACTGACGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTG
TGAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGCACTTCGTCAGAGCAGCAAAGACAAATAACAGCTTTGTCGT
GGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACAGCTTTCTTGTGGAGGATCATGGGTTCGGGGTA
TTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAGATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGA
AAGGAGGCTGTACACAGTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTG
ATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGAGTGATCTGATCATACCCA
AGTCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACAGGACCCAAATGAAAGGGCCATGGCACAGTGAAGA
GCTTGAAATTCGGTTTGAGGAATGCCCAGGCACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGA
TCAACCACTGCAAGCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTAAAG
ATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAGGTCAATGGTGACTGCAGGATC
AACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATTCTGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCA
CAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTT
GCAATTTTGATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGCATTCAAAGT
CAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAGCATGCTGCTGGCCTTGGCCTCGTGTCT
TTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGATGGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGC
GATGGTTGTTCCACGCACTGATAACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGC
GTGGAGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAAGAAGAACTTACCA
TTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGGTGGGGCTGCTGTTGCTCACAAGGAGTGG
GAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGAT
ATAGAGATGGCTGGGCCCATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACA
TTGAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCGATGTGGCGCTAGATGA
GAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAGATCATACTCAAGGTGGTCCTGATGACCATCTGTG
GCATGAACCCAATAGCCATACCCTTTGCAGCTGGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATG
GGATGTGCCTGCTCCCAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTAGG
TTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCACAAAAGGATCCGCGCTGAGA
AGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATG
CCGCCTGGGACGGGCACAGCGAGGTGCAGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCG
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GAATATTTAAGACAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATCCTAGA
CAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTTATGTTAGTGCCATCACCCAAGGG
AGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGATGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATC
CTGGAGCTGGGAAAACCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCT
CCAACCAGGGTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTCAATGTCAC
CCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTACTACAGCCAATCAGAGTCCCCAACTAT
AATCTGTATATTATGGATGAGGCCCACTTCACAGATCCCTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGAT
GGGCGAGGCGGCTGCCATCTTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGG
ACACCGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATTATTCTGGAAAAACAGTTTGGTT
TGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCAGAAAG
ACTTTTGAGACAGAGTTCCAGAAAACAAAACATCAAGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAA
CTTTAAAGCTGACCGTGTCATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGAC
CCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAACCTGGAGATGAGTATCT
GTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCTTGAAGCAAGAATGCTCCTTGACAATATTTACCTCC
AAGATGGCCTCATAGCCTCGCTCTATCGACCTGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGA
GCAAAGGAAGACCTTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGAATAA
CCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGAC
CAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGACGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTC
AAGGAGTTTGCCGCTGGGAAAAGAGGAGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAG
AGATTCCAGGAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGGCLCC
AATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTTTTCGTCTTGATGAGG
AACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTTGGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGC
CAGCCAGAATTGCATGTGTCCTCATTGTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCC
AGGACAACCAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGATGGTTGGAG
AGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCATGGGATTCTCAATGGACATTGACCTG
CGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAACTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACA
ACAACTACTCCTTAATGGCGATGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGAC
TTTGGAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACGCCCCTGACCCTAATAGTGGCCATCATTTTGCTCGTGGCG
CACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGAAGA
ACCCTGTTGTGGATGGAATAGTGGTGACTGACATTGACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGT
GCTACTCATGGCAGTAGCCGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACA
GCCGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCACTGTGTAACATTTTTAGG
GGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACGCTGGCTTGGTCAAGAGACGTGGGGGTGGAACAG
GAGAGACCCTGGGAGAGAAATGGAAGGCCCGCTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCAT
CACCGAGGTGTGCAGAGAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAG
TGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTTGGATGTGGCAGAGGGGG
CTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGGATACACAAAAGGAGGCCCTGGTCATGAAGAACCC
GTGTTGGTGCAAAGCTATGGGTGGAACATAGTCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTG
ACACGTTGCTGTGTGACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTG
GGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCAGCACTATGATGGAAACCCTGGA
GCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCACTCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCT
GGAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCTAGGAGGCCA
GTGAAATATGAGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGAAGATCA
TTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAGAACCACCCATATAGGACATGGGC
TTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTCCTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCT
GGGATGTGGTGACTGGAGTCACAGGAATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGT
GGACACTAGGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAGAGCTAGGC
AAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGCAATGCAGCATTAGGGGCAATATTTGA
AGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGAACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCA
CCACCTGAGAGGAGAGTGCCAGAGTTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGC
CAAGGGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTCTTGAACGAGGATC
ACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACAAAGACTCGGATATGTCCTAGAAGAGATGA
GTCGCATACCAGGAGGAAGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGA
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AGCTCTAATCACCAACCAAATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTG
GTAAAGGTCCTTAGACCAGCTGAAAAAGGGAAGACAGTTATGGACATTATTTCGAGACAAGACCAAAGGGGGAGCGGACAA
GTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTCGGAATATGGAGGCTGAGGAAGTTCTAGAGATG
CAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAAGTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATG
GCAGTCAGTGGAGATGATTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAA
AGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCGTTTTGCTCCCACCACTTCA
ACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCT
CCAGGGGCGGGATGGAGCATCCGGGAGACTGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAG
AAGGGACCTCCGACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTGGTCAAT
CCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGTGGATTGAGGAGAACGACCACAT
GGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTATTTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATA
GGGCACAGACCGCGCACCACCTGGGCTGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAA
AGTACATGGACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCACCAATCTTA
ATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCCCCCCAGGAGAAGCTGGGAAACCAA
GCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAA
CCCCACGCGCTTGGAGGCGCAGGATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATC
AGCTGTGGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGA

SEQID NO: 6

KU527068.1 Zika virus strain Natal RGN, Brazil: Rio Grande do Norte, Natal, complete genome
AGTTGTTGATCTGTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACAGGTTTTATTTITGG
ATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCGGATTGTCAATATGCTAAAACGCGG
AGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTC
TTGGCAATTCTAGCCTTTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAAA
AGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAATGCTAGGAAGGAGAAGAA
GAGACGAGGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGACCACAGCTATGGCAGCGGAGGTCACTAGACGTGGG
AGTGCATACTATATGTACTTGGACAGAAACGATGCTGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTA
TATACAGATCATGGATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAACCAG
ATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCACAAAAAAGGTGAAGCACGGAG
ATCTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCTGCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAAT
ACACAAAGCACTTGATTAGAGTCGAAAATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTT
TGGGAAGCTCAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGTGCATAGGA
GTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCTTGGAACATGGAGGTTGTGTCACCG
TAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTG
CTATGAGGCATCAATATCAGACATGGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACA
CTCAATATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGGAGCCTGGTGAC
ATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGGATAATGCTGTCA
GTTCATGGCTCCCAGCACAGTGGGATGATCGTTAATGACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAA
CGCCCAATTCACCAAGAGCCGAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGA
CTTTTCAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTCCACAAGGAGTGGTTCCACGACATTCCATTACCTTGG
CACGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATGCCAAAAGG
CAAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTG
CAAAGGGAAGGCTGTCCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTG
TGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGAGGTACAGTACGCAGGGA
CAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAAC
CCCGTAATCACTGAAAGCACTGAGAACTCTAAGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGA
GTCGGGGAGAAGAAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGGT
GCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTCTCAACTCATTGGGCAAGGGCA
TCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGGAATGTCCTGGTTCTCACAAATCCTCATTGGAACGTTGCTGAT
GTGGTTGGGTCTGAACACAAAGAATGGATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGC
CGTCTCTGCTGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCTATAACGAC
GTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCAGCAGCAGTCAAGCAAGCCTGGGAAG
ATGGTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAGAACATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCTTG
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GAAGAGAATGGAGTTCAACTGACGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGC
CTGTGAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAAATAACAGCTTTGT
CGTGGATGGTGACACACTGAAGGAATGCCCACTCGAACATAGAGCATGGAACAGCTTTCTTGTGGAGGATCATGGGTTCGGG
GTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAGATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAG
GGGAAGGAGGCTGTACACAGTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCAT
CTAATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGGCAGATGGAATAGAAGAGAGTGATCTGATCATTCC
CAAGTCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACAGGACCCAAATGAAAGGGCCATGGCACAGTGAA
GAGCTTGAAATTCGGTTTGAGGAATGCCCGGGCACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGA
GATCAACCACTGCAAGCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTAA
AGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAGGTCAGTGGTGACTGCAGG
ATCAACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATTCTGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGA
CCACAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAG
CTTGCAATTTTGATGGGCGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGCATTCAA
AGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAGCATGCTGCTGGCCTTGGCCTCGTG
TCTTTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGATGGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACG
AGCGATGGTTGTTCCACGCACTGATAACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGT
GGCGTGGAGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAAGAAGAACTTA
CCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGGTGGGACTGCTGTTGCTCACAAGGAG
TGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCA
GATATAGAGATGGCTGGGCCCATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGT
ACATTGAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCGATGTGGCGCTAGA
TGAGAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAGATCATACTCAAGGTGGTCCTGATGACCATCT
GTGGCATGAACCCAATAGCCATACCCTTTGCAGCTGGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCT
ATGGGATGTGCCTGCTCCCAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTA
GGTTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCACAAAAGGATCCGCGCTGA
GAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGTGGTCCATGGAAGCTAGA
TGCCGCCTGGGACGGGCACAGCGAGGTGCAGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCC
GGAATATTTAAGACAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATCCTAG
ACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTTATGTTAGTGCCATCACCCAAGG
GAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGATGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCAT
CCTGGAGCTGGGAAAACCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGC
TCCAACCAGGGTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTCAATGTCA
CCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTACTACAGCCAATCAGAGTCCCCAACTA
TAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCCTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGA
TGGGCGAGGCGGCTGCCATCTTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATG
GACACCGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGGAAAAACAGTTTGGT
TTGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCAGAAA
GACTTTTGAGACAGAGTTCCAGAAAACAAAACATCAAGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCA
ACTTTAAAGCTGACCGTGTCATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTTTGGCTGGA
CCCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAACCTGGAGATGAGTATC
TGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCTTGAAGCAAGAATGCTCCTTGACAATATTTACCTC
CAAGATGGCCTCATAGCCTCGCTCTATCGACCTGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGG
AGCAAAGGAAGACCTTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGAATA
ACCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGA
CCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGACGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATT
CAAGGAGTTTGCCGCTGGGAAAAGAGGAGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGA
GAGATTCCAGGAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGGCC
CAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTTTTCGTCTTGATGAGG
AACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTTGGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGC
CAGCCAGAATTGCATGTGTCCTCATTGTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCC
AGGACAACCAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGATGGTTGGAG
AGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGAGCAACCATAGGATTCTCAATGGACATTGACCTG
CGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAACTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACA
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ACAACTACTCCTTAATGGCGATGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGAC
TTTGGAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTGGCCATCATTTTGCTCGTGGCGC
ACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGAAGAA
CCCTGTTGTGGATGGAATAGTGGTGACTGACATTGACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTG
CTACTCATAGCAGTAGCAGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACAG
CCGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCACTGTGTAACATTTTTAGGG
GAAGTTACTTGGCTGGAGCTTCTCTAATCTACATAGTAACAAGAAACGCTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGG
AGAGACCCTGGGAGAGAAATGGAAGGCCCGCTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATC
ACCGAGGTGTGCAGAGAAGAGGCCCGCCGCGCCCTCAAGGATGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAGT
GCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTTGGATGTGGCAGAGGGGGC
TGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGGATACACAAAAGGAGGCCCTGGTCATGAAGAACCCG
TGTTGGTGCAAAGCTATGGGTGGAACATAGTCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGA
CACGTTGCTGTGTGACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTGG
GGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCAGCACTATGATGGAAACCCTGGAG
CGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCACTCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTG
GAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCTAGGAGGCCAGT
GAAATATGAGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGAAGATCATT
GGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAGAACCACCCATATAGGACATGGGCTT
ACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTCCTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGG
GATGTGGTGACTGGAGTCACAGGAATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGG
ACACTAGGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAGAGCTAGGCAA
ACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGCAATGCAGCATTAGGGGCAATATTTGAA
GAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGAACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCAC
CACCTGAGAGGAGAGTGCCAGAGTTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCC
AAGGGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTCTTGAACGAGGATCA
CTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACAAAGACTCGGATATGTCCTAGAAGAGATGAG
TCGCATACCAGGAGGAAGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATCAGCAGGTTCGATCTGGAGAATGAA
GCTCTAATCACCAACCAAATGGAGAAAGGGCATAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGT
AAAGGTCCTTAGACCAGCTGAAAAAGGGAAAACAGTTATGGACATTATTTCGAGACAAGACCAAAGGGGGAGCGGACAAGTT
GTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTCGGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAA
GACTTGTGGCTGCTGCGGAGGTCAGAGAAAGTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCA
GTCAGTGGAGATGATTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAAAGT
TAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCGTTTTGCTCCCACCACTTCAACA
AGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCA
GGGGCGGGATGGAGCATCCGGGAGACTGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAA
GGGACCTCCGACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTGGTCAATCC
ATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGTGGATTGAGGAGAACGACCACATGG
AAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTATTTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGG
GCACAGACCGCGCACCACCTGGGCTGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAG
TACATGGACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCACCAATCTTAATG
TTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCCCCCCAGGAGAAGCTGGGAAACCAAGCC
TATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCC
CATGCGCTTGGAGGCGCAGGATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGC
TGTGGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTGACGCTGGGAAAGAC
CAGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGAATAGCGGCGGCCGGTGTGGGGAAATCCATGG
GTCTT

SEQID NO: 7

KU681081.3 Zika virus isolate Zika virus/H.sapiens-tc/THA/2014/SV0127- 14, Thailand, complete genome
AGTTGTTGATCTGTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACAGGTTTTATTTITGG
ATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCGGATTGTCAATATGCTAAAACGCGG
AGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTC
TTGGCGATTCTAGCCTTTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGAAAAAA
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AGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAATGCTAGGAAGGAGAAGAA
GAGACGAGGCACAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGACCACAGCTATGGCAGCGGAGGTCACTAGACGTGGG
AGTGCATACTATATGTACTTGGACAGAAGCGATGCTGGGGAGGCCATATCTTTTCCAACCACACTGGGGATGAATAAGTGTTA
TATACAGATCATGGATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTAGAACCAG
ATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCACAAAAAAGGTGAAGCACGGAG
ATCCAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCTGCAAACGCGGTCGCAGACCTGGTTGGAATCAAGAGAAT
ACACAAAGCACTTGATTAGAGTCGAAAATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTT
TGGGAAGCTCAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGTGCATAGGA
GTCAGTAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCTTGGAACATGGAGGTTGTGTCACCGT
AATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGC
TATGAGGCATCAATATCGGACATGGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACAC
TCAATATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGGAGCCTGGTGACA
TGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGGATAATGCTGTCAG
TTCATGGCTCCCAGCACAGTGGGATGATCGTTAATGACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAAC
GCCCAATTCACCAAGAGCCGAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGAC
TTTTCAGATTTGTATTACTTGACTATGAACAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGACATTCCATTACCTTGGC
ACACTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATGCCAAAAGGC
AAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGC
AAAGGGAAGGCTGTCCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTGT
GTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGAGGTACAGTACGCAGGGAC
AGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACC
CCGTAATCACTGAAGGCACTGAGAACTCTAAGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGA
GTCGGGGAGAAGAAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGGT
GCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGTTCTTAACTCATTGGGCAAGGGCA
TCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGGAATGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGAT
GTGGTTGGGTCTGAATACAAAGAATGGATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGC
CGTCTCCGCTGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAAACGAGATGCGGTACAGGGGTGTTCGTCTATAACGAC
GTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCTCGTAGATTGGCAGCAGTAGTCAAGCAAGCCTGGGAAG
ATGGTATCTGTGGGATCTCCTCTGTTTCAAGAATGGAAAACATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTG
GAAGAGAATGGAGTTCAACTGACGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGC
CTGTGAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAAATAACAGCTTTGT
CGTGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACAGCTTTCTTGTGGAGGATCATGGGTTCGGG
GTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAGATTATTCACTAGAGTGTGATCCAGCCGTCATTGGAACAGCTGTTAAG
GGAAAGGAGGCTGTACACAGTGATCTAGGCTACTGGATTGAGAGTGAGAAGAACGACACATGGAGGCTGAGGAGGGCCCAC
CTGATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGAGTGATCTGATCATAC
CCAAGTCTTTAGCTGGGCCACTCAGCCATCACAACACCAGAGAGGGCTACAGGACCCAAATGAAAGGGCCATGGCACAGTGA
AGAGCTTGAAATTCGGTTTGAGGAATGCCCAGGCACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTG
AGATCAACCACTGCAAGCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTA
AAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGTAACTTAGTAAGGTCAATGGTGACTGCAG
GATCAACTGATCACATGGATCACTTTTCCCTTGGAGTGCTTGTGATTCTGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATG
ACCACAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGATCTGGCTAA
GCTTGCAATTTTGATGGGTGCCACCTTTGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGGTAGCGGCATTCA
AAGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAGCATGCTGCTGGCCTTGGCCTCGT
GTCTTTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGATGGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATAC
GAGCGATGGTTGTTCCACGCACTGACAATATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTG
TGGCGTGGAGAGCAGGCCTTGCTACTTGCGGGGGGTTCATGCTCCTCTCTCTGAAGGGGAAAGGCAGTGTGAAGAAGAACTT
ACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGGTGGGACTGCTGTTGCTCACAAGGA
GTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGC
AGATATAGAGATGGCTGGGCCCATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATG
TACATTGAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTTACTGGAAACAGTCCCCGGCTCGATGTGGCACTAG
ATGAGAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAGATCATACTCAAAGTGGTCCTGATGACCATC
TGTGGCATGAACCCAATAGCCATACCCTTTGCAGCTGGAGCGTGGTACGTATACGTGAAAACTGGAAAAAGGAGTGGTGCTCT
ATGGGATGTGCCTGCTCCCAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTA
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GGTTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCATGTCACAAAAGGATCCGCGCTGA
GAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGTGGTCCATGGAAGCTAGA
TGCCGCCTGGGACGGGCACAGCGAGGTGCAGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCC
GGAATATTTAAGACAAAGGATGGGGACATTGGAGCGGTTGCGCTGGACTATCCAGCAGGAACTTCAGGATCTCCAATCCTAG
ACAAGTGTGGGAGAGTGATAGGACTCTATGGCAATGGGGTCGTGATCAAGAATGGGAGTTATGTCAGTGCCATCACCCAAGG
GAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGATGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCAT
CCTGGAGCTGGGAAAACCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCCATAAAAACGAGACTCCGTACTGTGATCTTAGC
TCCAACCAGGGTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTCAATGTCA
CCCATTCTGGGACAGAAATCGTTGACTTAATGTGCCATGCCACCTTCACTTCACGTCTACTACAGCCAATCAGAGTCCCCAACTA
TAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCCTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGA
TGGGCGAGGCAGCTGCCATCTTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTCCCGGACTCCAACTCACCAATTATG
GACACCGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGGAAAAACAGTTTGGT
TTGTCCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCAGAAA
GACTTTTGAGACAGAGTTCCAGAAAACAAAACATCAAGAGTGGGACTTCGTCGTGACAACTGACATTTCAGAGATGGGCGCCA
ACTTTAAAGCTGACCGTGTCATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGA
CCCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAACCTGGAGATGAGTATC
TGTATGGAGGTGGGTGCGCAGAGACTGATGAAGACCATGCACACTGGCTTGAAGCAAGAATGCTCCTTGACAATATTTACCTC
CAAGATGGCCTCATAGCCTCGCTCTATCGACCTGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGG
AGCAAAGGAAGACCTTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGAATA
ACCTACACAGATAGAAGATGGTGCTTTGATGGCATGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGA
CCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGACGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATT
CAAGGAGTTTGCCGCTGGGAAAAGAGGAGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACGGA
GAGATTCCAGGAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGGCC
CAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTTTTCGTCTTGATGCGG
AACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTTGGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGC
CAGCCAGAATTGCATGCGTCCTCATTGTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCCCCCC
AGGACAACCAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGATGGTTGGAG
AGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCATAGGATTCTCAATGGACATTGACCTG
CGGCCAGCCTCGGCCTGGGCCATCTATGCTGCCCTGACAACTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATAC
AACAACTACTCCTTAATGGCGATGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGA
CTTTGGAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTGGCTATCATTTTGCTCGTGGCG
CACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGAAGA
ACCCTGTTGTGGATGGAATAGTGGTGACTGACATTGACACAATGACTATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGT
GCTACTCATAGCAGTAGCCGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAAGCTGGGGCCCTGATCACA
GCTGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCACTGTGCAACATTTTTAGG
GGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACGCTGGCTTGGTCAAGAGACGTGGGGGTGGAACAG
GAGAGACCCTGGGAGAGAAATGGAAGGCCCGCTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCAT
CACCGAGGTGTGCAGAGAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAG
TGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTTGGATGTGGCAGAGGGGG
CTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGGATACACAAAAGGAGGCCCTGGTCATGAAGAACCC
ATGTTGGTGCAAAGCTATGGGTGGAACATAGTCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTG
ACACGTTGCTGTGTGACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTG
GGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTGTAAAAGTGTTGTGCCCATACACCAGCACTATGATGGAAACCCTGGA
GCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCACTCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCT
GGAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCCAGGAGGCCA
GTGAAATATGAGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGAAGATCA
TTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAGAACCACCCATATAGGACATGGGC
TTACCATGGAAGCTATGAGGCCCCTACACAAGGGTCAGCGTCCTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCT
GGGATGTGGTGACTGGAGTCACAGGAATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGT
GGACACCAGGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAGAGCTAGGC
AAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGCAATGCAGCATTAGGGGCAATATTTGA
AGAGGAAAAAGAGTGGAAGACCGCAGTGGAAGCTGTGAACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGC
ACCACCTGAGAGGAGAGTGCCAGAGCTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAG
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GCCAAGGGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTCTTAAATGAGGA
TCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACAAAGACTCGGATATGTCCTAGAAGAGAT
GAGTCGCATACCAGGAGGAAGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAAT
GAAGCTTTAATCACCAACCAAATGGAGAAAGGGCACAGGGCCTTAGCATTGGCCATAATCAAGTACACATACCAAAACAAAGT
GGTAAAGGTCCTTAGACCAGCTGAAAAAGGGAAGACAGTTATGGACATTATTTCAAGACAAGACCAAAGGGGGAGCGGACA
AGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTCGGAATATGGAGGCTGAGGAAGTTCTAGAGAT
GCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAAGTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAAT
GGCAGTCAGTGGAGATGATTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAA
AAGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCGTTTTGTTCCCACCACTTC
AACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGGGCCCGTGTCTC
TCCAGGGGCGGGATGGAGCATCCGGGAGACTGCTTGCCTAGCAAAGTCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACA
GAAGGGACCTCCGACTGATGGCCAATGCCATCTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTGGTCA
ATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGTGGATTGAGGAGAACGACCAC
ATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTATCTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCA
TAGGGCACAGACCGCGCACCACCTGGGCTGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGA
AAAGTACATGGACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTATAAGCACCAATCTT
AGTGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCCCCCCAGGAGAGGCTGGGAAACCA
AGCCCATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAA
ACCCCACGCGCTTGGAGGCGCAGGATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGAT
CAGCTGTGGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTGACGCTGGGAA
AGACCAGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGAATAGCGGCGGCCGGTGTGGGGAAATCC
ATGGGTCT

SEQID NO: 8

KU681082.3 Zika virus isolate Zika virus/H.sapiens-tc/PHL/2012/CPC-0740, Philippines, complete genome
AGTTGTTGATCTGTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACAGGTTTTATTTITGG
ATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCGGATTGTCAATATGCTAAAACGCGG
AGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTCTGCTGGGCCATGGGCCCATCAGGATGGTC
TTGGCGATACTAGCCTTTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAAA
AGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAATGCTAGGAAGGAGAAGAA
GAGACGAGGCGCAGATACTAGCGTCGGAATTGTTGGCCTCCTCCTGACCACAGCCATGGCAGTAGAGGTCACTAGACGTGGG
AGTGCATACTATATGTACTTGGACAGAAGCGATGCTGGGGAGGCCATATCTTTTCCAACCACACTGGGGATGAATAAGTGTTA
CATACAAATCATGGATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGTTGGATGAGGGGGTAGAACCAG
ATGACGTCGATTGCTGGTGCAACACGACATCAACTTGGGTTGTGTATGGAACCTGCCACCACAAAAAAGGTGAAGCACGGAG
ATCTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCTGCAAACGCGGTCGCAGACCTGGTTGGAATCAAGAGAAT
ACACAAAGCACCTGATTAGAGTTGAAAATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGTCATCGCTTGGCTTT
TGGGAAGTTCAACGAGCCAAAAAGTCATATATCTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGTGCATAGGA
GTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCTTGGAACATGGAGGTTGTGTTACCGT
AATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGC
TATGAGGCATCAATATCGGATATGGCTTCGGACAGCCGCTGCCCAACACAAGGTGAGGCCTACCTTGACAAGCAGTCAGACAC
TCAATATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGGAGCCTGGTGACA
TGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGGATAATGCTGTCAG
TTCATGGCTCCCAGCACAGTGGGATGATCGTTAATGACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAAC
GCCCAATTCACCAAGAGCCGAAGCCACCCTGGGGGGTTTITGGGAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGAC
TTTTCAGATTTGTATTACCTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGACATTCCATTACCTTGGC
ATGCTGGGGCAGACACTGGAACTCCACATTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATGCAAAAAGGCA
AACTGTCGTGGTTCTAGGGAGTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGAGCC
AAGGGAAGGCTGTCCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTGTG
CACTGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGAGGTACAGTACGCAGGGACA
GATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGATATGCAAACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCC
TGTAATCACTGAAAGCACCGAGAACTCTAAGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGT
CGGGGAGAAGAAGATCACCCATCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGGTGC
CAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGGGGTGCTCTCAACTCATTGGGCAAGGGCATC
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CATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTCGGAGGAATGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGGTGT
GGTTGGGTCTGAATACAAAGAATGGATCTATTTCCCTTACGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCG
TTTCTGCTGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAAACGAGATGCGGTACAGGGGTGTTCGTCTATAACGACGTT
GAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCTCGTAGATTGGCAGCAGCAGTCAAGCAAGCCTGGGAAGATG
GGATCTGTGGGATCTCCTCTGTCTCAAGAATGGAAAACATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGA
AGAGAATGGAGTTCAACTGACGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCT
GTGAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAAATAACAGCTTTGTCG
TGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACAGCTTTCTTGTGGAGGATCATGGGTTTGGGGT
ATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAGATTATTCATTAGAGTGTGATCCAGCCGTCATTGGAACAGCTGCTAAGG
GAAAGGAGGCTGTGCACAGCGATCTAGGCTACTGGATTGAGAGTGAGAAGAACGACACATGGAGGCTGAAGAGGGCCCACC
TGATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAGTAGAAGAAAGTGATCTGATCATACC
CAAGTCTTTAGCTGGGCCACTCAGCCATCACAACACCAGAGAGGGCTACAGGACTCAAATGAAAGGGCCATGGCACAGTGAA
GAGCTTGAAATTCGGTTTGAGGAATGCCCAGGCACTAAGGTCCACGTGGAGGAAACATGTGGGACAAGAGGACCATCCCTGA
GATCAACCACTGCAAGCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAATGCACAATGCCCCCACTGTCGTTCCGAGCTAA
AGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGTAACTTAGTAAGGTCAATGGTGACTGCAGG
ATCAACTGATCACATGGATCACTTCTCTCTTGGAGTGCTTGTGATTTTGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGA
CCACAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCCATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAG
CTTGCAATTTTGATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATTTGGCGCTGATAGCGGCATTCAA
AGTCAGACCTGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAGAGCATGCTGCTGGCCTTGGCCTCGTG
TCTTCTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGATGGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACG
AGCGATGGTTGTTCCACGCACTGACAACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGT
GGCGTGGAGAGCAGGCCTTGCTACTTGCGGGGGGTTCATGCTCCTCTCTCTGAAGGGGAAAGGCAGTGTGAAGAAGAACCTA
CCATTTGTCATGGCCTTGGGACTAACTGCTGTGAGGCTGGTCGACCCCATCAACGTGGTGGGACTGCTGTTGCTCACAAGGAG
TGGGAAGCGGAGCTGGCCCCCTAGTGAAGTACTCACAGCTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCG
GATATAGAGATGGCTGGGCCCATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGT
ACATTGAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAATCACTGGAAACAGTCCCCGGCTCGATGTGGCACTAGA
TGAGAGTGGTGATTTCTCCCTAGTGGAGGATGATGGTCCACCCATGAGAGAGATCATACTCAAAGTGGTCCTGATGACCATCT
GCGGCATGAACCCAATAGCCATACCCTTTGCAGCTGGAGCGTGGTACGTGTATGTGAAGACTGGAAAAAGGAGTGGTGCTCT
ATGGGATGTGCCTGCTCCCAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTT
GGTTCAACACAAGTTGGAGTGGGAGTCATGCAAGAGGGGGTCTTCCACACTATGTGGCACGTCACAAAAGGATCCGCGCTGA
GAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGTGGTCCGTGGAAGCTAGA
CGCCGCCTGGGACGGGCACAGCGAGGTGCAGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCC
CGGAACATTTAAGACAAAGGATGGGGACATTGGAGCAGTTGCGCTGGACTACCCAGCAGGAACTTCAGGATCTCCAATCCTA
GACAAGTGTGGGAGAGTGATAGGACTCTATGGTAATGGGGTCGTGATAAAAAATGGGAGTTATGTTAGTGCCATCACCCAAG
GGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGATGCTGAAGAAGAAGCAGCTAACTGTCTTAGACCTGCA
TCCTGGAGCCGGGAAAACCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAG
CTCCAACCAGGGTCGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTTCGTTATATGACAACAGCAGTCAATGTC
ACCCATTCTGGGACAGAAATCGTTGACTTAATGTGCCATGCTACCTTCACTTCACGCCTACTACAACCAATCAGAGTCCCCAACT
ATAATTTGTATATTATGGATGAGGCCCACTTCACAGATCCCTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAG
ATGGGCGAGGCGGCTGCCATCTTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTCCCGGACTCCAACTCACCAATTAT
GGACACCGAGGTGGAAGTCCCAGAGAGAGCCTGGAGCACAGGCTTTGATTGGGTGACGGATCATTCTGGGAAAACAGTCTG
GTTTGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCAGA
AAGACTTTTGAGACAGAGTTCCAGAAAACGAAAAATCAAGAGTGGGACTTCGTCGTGACAACCGACATTTCAGAGATGGGCG
CCAACTTTAAAGCTGACCGTGTCATAGATTCCAGGAGATGCTTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTTTGGCT
GGACCCATGCCTGTCACACATGCCAGCGCTGCTCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAACCTGGAGATGAGT
ATCTGTATGGAGGTGGGTGCGCAGAGACTGATGAAGATCACGCACACTGGCTTGAAGCAAGAATGCTTCTTGACAACATTTAC
CTCCAAGATGGCCTCATAGCTTCGCTCTATCGACCTGAGGCCGACAAAGTAGCAGCTATTGAGGGAGAGTTCAAGCTTAGGAC
GGAGCAAAGGAAGACCTTTGTGGAACTCATGAAAAGAGGAGATCTTCCGGTTTGGTTGGCCTATCAGGTTGCATCTGCCGGA
ATAACCTACACAGATAGAAGATGGTGCTTTGATGGCATGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGT
GGACCAGATACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGACGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGT
CATTCAAAGAGTTTGCCGCTGGGAAAAGAGGAGCGGCCTTTGGAGTGATAGAAGCCCTGGGAACACTGCCAGGACACATGAC
AGAGAGATTCCAGGAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCG
GCCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTTTTCGTCTTGATG
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CGGAACAAGGGCATGGGGAAGATGGGCTTTGGAATGGTGACTCTTGGGGCCAGCGCATGGCTTATGTGGCTCTCGGAAATTG
AGCCAGCCAGAATTGCATGTGTCCTCATTGTCGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTC
CTCAGGACAACCAAATGGCAATCATCATCATGGTAGCAGTGGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGATGGTTG
GAGAGAACAAAAAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCACAGGATTCTCAATGGACATTGAC
CTGCGGCCAGCCTCAGCTTGGGCTATCTATGCTGCTCTGACAACTTTCATCACCCCAGCCGTCCAACATGCGGTGACCACTTCAT
ACAACAACTACTCCTTAATGGCGATGGCCACGCAAGCTGGGGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGG
GACTTTGGAGTCCCGCTGCTAATGATGGGTTGCTACTCACAATTAACACCTCTGACCCTAATAGTGGCCATCATTTTGCTCGTG
GCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGGGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGA
AGAACCCTGTTGTGGATGGAATAGTGGTGACTGACATTGACACAATGACAATTGACCCCCAAGTGGAAAAAAAGATGGGGCA
GGTGCTACTCATAGCAGTAGCCGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATC
ACAGCTGCAACTTCCACCTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCCACAGCCACTTCACTGTGTAACATTTTTA
GGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACGCTGGCTTGGTCAAGAGACGTGGGGGTGGAAC
GGGAGAGACCCTGGGAGAGAAATGGAAGGCCCGCCTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGC
ATCACCGAGGTGTGCAGAGAAGAGGCCCGCCGTGCCCTCAAGGACGGTGTGGCAACAGGAGGCCATGCTGTGTCCCGAGGA
AGTGCAAAGCTTAGATGGCTGGTGGAGAGAGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTTGGATGTGGCAGAGGG
GGCTGGAGTTACTATGCCGCCACCATCCGCAAAGTTCAGGAAGTGAAAGGATACACAAAAGGAGGCCCTGGTCATGAAGAAC
CCATGTTGGTGCAAAGCTATGGGTGGAACATAGTCCGTCTTAAGAGTGGGGTGGACGTCTTTCACATGGCGGCTGAGCCGTG
TGACACTTTGCTGTGTGATATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGG
TGGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCAGCACTATGATGGAAACCCTG
GAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGGGTGCCACTCTCCCGCAACTCTACACATGAGATGTACTGGGTCT
CTGGAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCCAGGAGGCC
AGTGAAATATGAGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGAAGATC
ATTGGTAACCGCATTGAGAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAGAACCACCCATATAGGACATGGG
CTTACCATGGAAGCTATGAGGCCCCTACACAAGGGTCAGCGTCCTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCT
GGGATGTGGTGACTGGAGTCACAGGAATAGCCATGACTGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGT
GGACACTAGGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTATGGAAGGAGCTAGGC
AAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGCAATGCAGCATTAGGGGCAATATTTGA
AGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGAATGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCA
TCACCTGAGAGGAGAGTGTCAGAGCTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGC
CAAGGGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTCCTAGAGTTCGAAGCCCTTGGATTCTTGAATGAGGATC
ATTGGATGGGGAGAGAGAATTCAGGAGGTGGTGTTGAAGGACTGGGATTACAAAGACTCGGATATGTCCTAGAAGAGATGA
GTCGCATACCAGGAGGAAGGATGTATGCAGATGATACTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGA
AGCTCTAATCACCAACCAAATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTG
GTAAAGGTCCTTAGACCAGCTGAAAAAGGGAAGACAGTTATGGACATTATTTCAAGACAAGACCAAAGGGGGAGCGGACAA
GTTGTCACTTACGCTCTTAATACATTCACCAACCTGGTGGTGCAGCTCATTCGGAATATGGAGGCTGAGGAAGTTCTAGAGATG
CAAGACTTGTGGCTGCTGCGGAGGCCAGAGAAAGTGACCAACTGGTTGCAAAGCAACGGATGGGATAGGCTCAAAAGAATG
GCAGTCAGTGGAGATGATTGCGTTGTGAAACCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAA
AGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCGTTTTGCTCCCACCACTTCA
ACAAACTCCATCTTAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGAGCCCGCGTATCA
CCAGGGGCGGGATGGAGCATCCGGGAGACTGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAG
AAGGGACCTCCGACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGATTGGGTTCCAACTGGGAGAACTACCTGGTCAAT
CCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTATGGAACAGAGTGTGGATTGAGGAAAACGACCACAT
GGAAGACAAGACCCCAGTTACAAAATGGACAGACATTCCCTATTTGGGAAAAAGAGAAGACTTGTGGTGTGGATCTCTCATAG
GGCACAGACCGCGTACTACCTGGGCTGAGAACATCAAAAATACAGTCAACATGATGCGCAGGATCATAGGTGATGAAGAAAA
GTACATGGACTACCTATCCACCCAGGTTCGCTACTTGGGTGAAGAAGGGTCCACACCTGGAGTGCTGTAAGCACCAATCTTAG
TGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCCCCCCAGGAGAAGCTGGGAAACCAAG
CCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAAC
CCCACGCGCTTGGAGGCGCAGGATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCA
GCTGTGGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTGACGCTGGGAAAG
ACCAGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGAATAGCGGCGGCCGGTGTGGGGAAATCCAT
GGGTCT

SEQID NO: 9
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KU707826.1 Zika virus isolate SSABR1, Brazil, complete genome
GACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACAGGTTTTATTTGGATTTGGAAACGAGAGTTTCTGGTCATGAA
AAACCCAAAAAAGAAATCCGGAGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGC
TTGAAGAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCGATTCTAGCCTTTTTGAGATTCAC
GGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAAAAGAGGCTATGGAAATAATAAAGAAGTTC
AAGAAAGATCTGGCTGCCATGCTGAGAATAATCAATGCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGA
ATTGTTGGCCTCCTGCTGACCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAA
CGATGCTGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATGGATCTTGGACACATGT
GTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAACCAGATGACGTCGATTGTTGGTGCAACACGAC
GTCAACTTGGGTTGTGTACGGAACCTGCCATCACAAAAAAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCCTCCC
ATTCCACTAGGAAGCTGCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAAAAT
TGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGCTCAACGAGCCAAAAAGTCAT
ATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGTGCATAGGAGTCAGCAATAGGGACTTTGTGGAAGGTA
TGTCAGGTGGGACCTGGGTTGATGTTGTCTTGGAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGA
CATAGAGCTGGTTACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACATGGCTT
CGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAATATGTCTGCAAAAGAACGTTAGTG
GACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGGAGCCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAA
TGACCGGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGAT
TGTTAATGACACAGGACATGAAACTGATGAGAATAGAGCGAAAGTTGAGATAACGCCCAATTCACCAAGAGCCGAAGCCACC
CTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTTTCAGATTTGTATTACTTGACTATGAAT
AACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGACATTCCATTACCTTGGCACGCTGGGGCAGACACCGGAACTCCACA
CTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAA
GGAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTCCTCTGGCCACTTGA
AATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTGTGTACTGCAGCGTTCACATTCACCAAGATCC
CGGCTGAAACACTGCACGGGACAGTCACAGTGGAGGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGAT
GGCGGTGGACATGCAAACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTA
AGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCGGGGAGAAGAAGATCACCCACCACTGG
CACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGGTGCCAAGAGAATGGCAGTCTTGGGAGACACA
GCCTGGGACTTTGGATCAGTTGGAGGCGCTCTCAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGCTTTCAAATCA
TTGTTTGGAGGAATGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAATGGATCT
ATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTCTCTGCTGATGTGGGGTGCTCGGTGGAC
TTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCTATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACC
ATCCTGACTCCCCCCGTAGATTGGCAGCAGCAGTCAAGCAAGCCTGGGAAGATGGTATCTGCGGGATCTCCTCTGTTTCAAGA
ATGGAAAACATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGACGGTCGTTG
TGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTGAACGAGCTGCCCCACGGCTGGAAGGC
TTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAAATAACAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCA
CTCAAACATAGAGCATGGAACAGCTTTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAG
AGAAGATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACAGTGATCTAGGCT
ACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTGATCGAGATGAAAACATGTGAATGGCCAA
AGTCCCACACATTGTGGACAGATGGAATAGAAGAGAGTGATCTGATCATACCCAAGTCTTTAGCTGGGCCACTCAGCCATCAC
AATACCAGAGAGGGCTACAGGACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTTGAGGAATGCCCA
GGCACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAAGCGGAAGGGTGATC
GAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTAAAGATGGCTGTTGGTATGGAATGGAGATAA
GGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAGGTCAATGGTGACTGCAGGATCAACTGATCACATGGACCACTTCTCCCTT
GGAGTGCTTGTGATTCTGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATGG
CAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTTGATGGGTGCCACCTTCGCG
GAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGCATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCAT
CTTCAGAGCTAATTGGACACCCCGTGAAAGCATGCTGCTGGCCTTGGCCTCGTGTCTTTTGCAAACTGCGATCTCCGCCTTGGA
AGGCGACCTGATGGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGATAACAT
CACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGGAGAGCAGGCCTTGCTACTTGCG
GGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAAGAAGAACTTACCATTTGTCATGGCCCTGGGACTAACCGCT
GTGAGGCTGGTCGACCCCATCAACGTGGTGGGACTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAA
GTACTCACAGCTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCCATGGCCG
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CGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACATTGAAAGAGCAGGTGACATCACATG
GGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCGATGTGGCGCTAGATGAGAGTGGTGATTTCTCCCTGGTGGAG
GATGACGGTCCCCCCATGAGAGAGATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTT
GCAGCTGGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCCCAAGGAAGTAA
AAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTAGGTTCAACACAAGTTGGAGTGGGAGTTA
TGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCACAAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATA
CTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGACGGGCACAGCGAGGT
GCAGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAGACAAAGGATGGGGAC
ATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATCCTAGACAAGTGTGGGAGAGTGATAGGACTTTA
TGGCAATGGGGTCGTGATCAAAAATGGGAGTTATGTTAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGA
GTGCTTCGAGCCTTCGATGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTTC
TTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAGGGTTGTCGCTGCTGAAATGG
AGGAGGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTCAATGTCACCCACTCTGGAACAGAAATCGTCGACTTA
ATGTGCCATGCCACCTTCACTTCACGTCTACTACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCACT
TCACAGATCCCTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCTTCATGACC
GCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACACCGAAGTGGAAGTCCCAGAGAGAGC
CTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGGAAAAACAGTTTGGTTTGTTCCAAGCGTGAGGAACGGCAATGAG
ATCGCAGCTTGTCTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAA
AACATCAAGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGTGTCATAGATTCC
AGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGACCCATGCCTGTCACACATGCCAGCGCTGC
CCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAACCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGA
CGAAGACCATGCACACTGGCTTGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCG
ACCTGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACCTTTGTGGAACTCATG
AAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGAATAACCTACACAGATAGAAGATGGTGCTTTGA
TGGCACGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAA
ACCGAGGTGGATGGACGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGAGGA
GCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAGGAAGCCATTGACAACCTCG
CTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGGCCCAATTGCCGGAGACCCTAGAGACCATTAT
GCTTTTGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTCTTCGTCTTGATGAGGAACAAGGGCATAGGGAAGATGGGCTTT
GGAATGGTGACTCTTGGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATTGT
TGTGTTTCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCCAGGACAACCAAATGGCAATCATCATCAT
GGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGATGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTA
ATGGGAAGGAGAGAGGAGGGGGCAACCATAGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATG
CTGCCTTGACAACTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCGATGGCCAC
GCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTGGAGTCCCGCTGCTAATGATAGGTT
GCTACTCACAATTAACACCCCTGACCCTAATAGTGGCCATCATTTTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCA
GGCAGCAGCTGCGCGTGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACT
GACATTGACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTGCTACTCATAGCAGTAGCCGTCTCCAGCG
CCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACAGCCGCAACTTCCACTTTGTGGGAAGGCTC
TCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCACTGTGTAACATTTTITAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATC
TACACAGTAACAAGAAACGCTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGC
CCGCTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAGAGAAGAGGCCCGC
CGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAGTGCAAAGCTGAGATGGTTGGTGGAGCGG
GGATACCTGCAGCCCTATGGAAAGGTCATTGATCTTGGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGCA
AAGTTCAAGAAGTGAAAGGATACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTTGGTGCAAAGCTATGGGTGGAACAT
AGTCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGTGACATAGGTGAGTCAT
CATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTGGGGGATTGGCTTGAAAAAAGACCAGGAGC
CTTTTGTATAAAGGTGTTGTGCCCATACACCAGCACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGA
CTGGTCAGAGTGCCACTCTCCCGCAACTCTACACATGAGATGTATTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGTGT
GTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCTAGGAGGCCAGTGAAATATGAGGAGGATGTGAATCTCGGC
TCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGAAGATCATTGGTAACCGCATTGAAAGGATCCGCAGTG
AGCACGCGGAAACGTGGTTCTTTGACGAGAACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCCACACAA
GGGTCAGCGTCCTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGGAATAGC
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CATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACTAGGGTGCCAGACCCCCAAGAAGGC
ACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAGAGCTAGGCAAACACAAACGGCCACGAGTCTGTACCAAAGA
AGAGTTCATCAACAAGGTTCGTAGCAATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGA
AGCTGTGAACGATCCAAGGTTCTGGGCTCTAGTGGATAAGGAAAGAGAGCACCACCTGAGAGGAGAGTGCCAGAGTTGTGT
GTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAGGGCAGCCGCGCCATCTGGTATATGTG
GCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTCTTGAACGAGGATCACTGGATGGGGAGAGAGAACTCAGGAGGT
GGTGTTGAAGGGCTGGGATTACAAAGACTCGGATATGTCCTAGAAGAGATGAGTCGTATACCAGGAGGAAGGATGTATGCA
GATGACACTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAAATGGAAAAAG
GGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGTAAAGGTCCTTAGACCAGCTGAAAAAGG
GAAAACAGTTATGGACATTATTTCGAGACAAGACCAAAGGGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCA
ACCTAGTGGTGCAACTCATTCGGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGA
GAAAGTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGATTGCGTTGTGAA
GCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAAAGTTAGGAAGGACACACAAGAGTGGAAA
CCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCGTTTTGCTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTC
CATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGGGCGGGATGGAGCATCCGGGAG
ACTGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCCGACTGATGGCCAATGCC
ATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTGGTCAATCCATGGAAAGGGAGAATGGATGACCAC
TGAAGACATGCTTGTGGTGTGGAACAGAGTGTGGATTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATG
GACAGACATCCCCTATTTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGCT
GAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGGACTACCTATCCACCCAAG
TTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCACCAGTCTTAATGTTGTCAGGCCTGCTAGTCAGCCAC
AGCTTGGGGAAAGCTGTGCAGCCTGTGACCCCCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATG
GCACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAGGATG
GGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGTGGATCTCCAGAAGAGGGACT
AGTGGTTAGAGGAG

SEQID NO: 10

KU744693.1 Zika virus isolate VE_Ganxian, China, complete genome
GTTGTTACTGTTGCTGACTCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACAGGTTTTATTTGGATT
TGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCGGATTGTCAATATGCTAAAACGCGGAG
TAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTG
GCAATTCTAGCCTTTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAAAAGA
TGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAATGCTAGGAAGGAGAAGAAGAGA
CGAGGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGACCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTG
CATACTATATGTACTTGGACAGAAACGATGCTGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATATAC
AGATCATGGATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAACCAGATGA
CGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCACAAAAAAGGTGAAGCACGGAGATCTA
GAAGAGCTGTGACGCTCCCTTCCCATTCCACTAGGAAGCTGCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACA
AAGCACTTGATTAGAGTCGAAAATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGG
AAGCTCAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGTGCATAGGAGTCA
GCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCTTGGAACATGGAGGTTGTGTCACCGCAAT
GGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTAT
GAGGCATCAATATCAGACATGGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCA
ATATGTTTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGGAGTCTGGTGACATGC
GCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGGATAATGCTGTCAGTTC
ATGGCTCCCAGCACAGTGGGATGCTCGTTAATGACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCC
CAATTCACCAAGAGCCGAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTTT
CAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGCTCACAAGGAGTGGTTCCACGACATTCCATTACCTTGGCACG
CTGGGGCAGCCACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAAC
TGTCGTGGTTCTAGGGAGTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAG
GGAAGGCTGTCCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTGTGTAC
CGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACAGTGGACGGGACAGTCACAGTGGAGGGACAGTACGGAGGGACAGA
TGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAGACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCG
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TAATCACTGAAAGCACTGAGAACTCTAAGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCG
GGGAGAAGAAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGGTGCCA
AGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTCTCAACTCATTGGGCAAGGGCATCCA
TCAAATTATTGGAGCAGCTTTCAAATCATTGTTTGGAGGAATGTCCTGGTTCTCACAAATTCTCATTGGGACGTTGCTGATGTG
GTTGGGTCTGAACACAAAGAATGGATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGT
CTCAGGTGGTGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCTATAACGATGTT
GAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCAGCAGCAGTCAAGCAAGCCTGGGAAGATG
GTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAAAACATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAA
GAGAATGGAGTTCAACTGACGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTG
TGAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAAATAACAGCTTTGTCGT
GGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACAGCTTTCTTGTGGAGGATCATGGGTTCGGGGTA
TTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAGACTATTGGTTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGG
AAAGGAGGCTGTACACAGTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGTGGCTGAAGAGGGCCCATCT
GATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGAGTGATCTGATCATACCC
AAGTCTTTAGCTGGGCCACTCAGCCATCACAATGCCAGAGAGGGCTACAGGACCCAAATGAAAGGGCCATGGCACAGTGAAG
AGCTTGAAATTCGGTTTGAGGAATGCCCAGGCACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAG
ATCAACCACTGCAAGCGGAAGGGTGATCGAGGAATGGTGCTCCAGGGAGTGCACAATGCCCCCACTGTCCTTCCAGGCTAAA
GATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAGGTCAATGGTGACTGCAGGA
TCAACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATTCTGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGAC
CACAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGC
TTGCAATTTTGATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGCATTCAAA
GTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAGCATGCTGCTGGCCTTGGCCTCGTGT
CTTTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGATGGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGA
GCGATGGTTGTTCCACGCACTGATAACATCACCTTAGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTG
GCGTGGAGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAAGAAGAACTTAC
CATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGGTGGGACTGCTGTTGCTCACAAGGAGT
GGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAG
ATATAGAGATGGCTGGGCCCATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTA
CATTGAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCGATGTGGCGCTAGAT
GAGAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAGATCATACTCAAGGTGGTCCTGATGACCATCTG
TGGCATGAACCCAATAGCCATACCCTTTGCAGCTGGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTAT
GGGATGTGCCTGCTCCCAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGCAGACTGCTAG
GTTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCACAAAAGGATCCGCGCTGAG
AAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGTGGTCCATGGAAGCTAGAT
GCCGCCTGGGACGGGCACAGCGAGGTGCAGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCC
GGAATATTTAAGACAAAGGATGGGGACATTGGAGCGGTTGCACTGGATTACCCAGCAGGAACTTCAGGATCTCCAATCCTAG
ACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTTATGTTAGTGCCATCACCCAAGG
GAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGATGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCAT
CCTGGAGCTGGGAAAACCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTGGC
TCCAACCAGGGTTGTCGCTGCTGAAATGGAGGAGGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTCAATGTCA
CCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTACTACAGCCAATTAGAGTCCCCAACTA
TAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCCTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGA
TGGGCGAGGCGGCTGCCATCTTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATG
GACACCGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGAGTATTCTGGAAAAACAGTTTGGT
TTGTTCCACGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCAGAAA
GACTTTTGAGACAGAGTTCCAGAAAACAAAACATCAAGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCA
ACTTTAAAGCTGACCGTGTCATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGGTGGCGAGAGAGTCATTCTGGCTGGA
CCCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAACCTGGAGATGAGTATC
TGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCTTGAAGCAAGAATGCTCCTTGACAATATTTACCTC
CAAGATGGCCTCATAGCCTCGCTCTATCGACCTGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGG
AGCAAAGGAAGACCTTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGAATA
ACCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGA
CCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGACGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATT
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CAAGGAGTTTGCCGCTGGGAAAAGAGGAGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGA
GAGATTCCAGGAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGGCC
CAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTTTTCGTCTTGATGAGG
AACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTTGGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGC
CAGCCAGAATTGCATGTGTCCTCATTGTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCC
AGGACAACCAAATGGCCATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGATGGTTGGAG
AGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCATGGGATTCTCAATGGACATTGACCTG
CGGCCAGCCTCAGCTTGGGCCATCTATCCTGCCTTGACATCTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACA
ACAACTACTCCTTAATGGCGATGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGAC
TTTGGAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACGCCCCTGACCCTAATAGTGGCCATCATTTTGCTCGTGGCG
CACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGAAGA
ACCCTGTTGTGGAGGGAATAGTGGTGACTGACATTGACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGT
GCTACTCATGGCAGTAGCCGTCTCCAGCGCCATACTGTCGAGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACA
GCCGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACCTCACTGTGTAACATTTTTAGG
GGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACGCTGGCTTGGTCAAGAGACGTGGGGGTGGAACAG
GAGAGACCCTGGGAGAGAAATGGAAGGCCCGCTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCAT
CACCGAGGTGTGCAGAGAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAG
TGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTTGGATGTGGCAGAGGGGG
CTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGGATACACAAAAGGAGGCCCTGGTCATGAAGAACCC
GTGTTGGTGCAAAGCTATGGGTGGAACATAGTCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTG
ACACGTTGCTGTGTGACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTG
GGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCAGCACTATGATGGAAACCCTGGA
GCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCACTCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCT
GGAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCTAGGAGGCCA
GTGAAATATGAGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGAAGATCA
TTGGTAACCGCATTGAAAGGATCCGCGCTGAGAAAGCGGAAACGTGGTTCTTTGACGAGAACCACCCATATAGGACATGGGC
TTACCATGGAAGCTATGATGCCGCCACACAAGGGTCAGCGTCCTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCT
GGGATGTGGTGACTGGAGTCACAGGAATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGT
GGACACTAGGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAGAGCTAGGC
AAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGCAATGCAGCATTAGGGGCAATATTTGA
AGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGAACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCA
CCACCTGAGAGGAGAGTGCCAGAGTTGTGTGTACATCACAATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGC
CAAGGGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTCTTGAACGAGGATC
ACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACAAAGACTCGGATATGTCCTAGAAGAGATGA
GTCGCATACCAGGAGGAAGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGA
AGCTCTAATCACCAACCAAATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTG
GTAAAGGTCCTTAGACCAGCTGAAAAAGGGAAGACAGTTATGGACATTATTTCGAGACAAGACCAAAGGGGGAGCGGACAA
GTTGTCACTTACGCTCTCAACACATTTACCAACCTAGTGGTGCAACTCATTCGGAATATGGAGGCTGAGGAAGTTCTAGAGATG
CAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAAGTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATG
GCGGTCAGTGGAGATGATTGCGTTGTGAAACCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAA
AGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCCTTCTGCTCCCACCACTTCA
ACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCT
CCAGGGGCGGGATGGAGCATCCGGGAGACTGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAG
AAGGGACCTCCGACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTGGTCAAT
CCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGCGTGGAACAGAGTGTGGATTGAGGAGAACGACCACAT
GGAAGACAAGACCCCAGTCACGAAATGGACAGACATTCCCTATTTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATA
GGGCACAGACCGCGCACCACCTGGGCTGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAA
AGTACATGGACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCACCAATCTTA
ATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCCCCCCAGGAGAAGCTGGGAAACCAA
GCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAA
CCCCACGCGCTTGGAGGCGCAGGATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATC
AGCTGTGGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGA
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SEQID NO: 11

LC002520.1 Zika virus genomic RNA, strain: MR766-NIID, Uganda, complete genome
AGTTGTTGATCTGTGTGAGTCAGACTGCGACAGTTCGAGTCTGAAGCGAGAGCTAACAACAGTATCAACAGGTTTAATTTGGA
TTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAGAAGAAATCCGGAGGATTCCGGATTGTCAATATGCTAAAACGCGG
AGTAGCCCGTGTAAACCCCTTGGGAGGTTTGAAGAGGTTGCCAGCCGGACTTCTGCTGGGTCATGGACCCATCAGAATGGTTT
TGGCGATACTAGCCTTTTTGAGATTTACAGCAATCAAGCCATCACTGGGCCTTATCAACAGATGGGGTTCCGTGGGGAAAAAA
GAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTTGCTGCCATGTTGAGAATAATCAATGCTAGGAAAGAGAGGAAGA
GACGTGGCGCAGACACCAGCATCGGAATCATTGGCCTCCTGCTGACTACAGCCATGGCAGCAGAGATCACTAGACGCGGGAG
TGCATACTACATGTACTTGGATAGGAGCGATGCCGGGAAGGCCATTTCGTTTGCTACCACATTGGGAGTGAACAAGTGCCACG
TACAGATCATGGACCTCGGGCACATGTGTGACGCCACCATGAGTTATGAGTGCCCTATGCTGGATGAGGGAGTGGAACCAGA
TGATGTCGATTGCTGGTGCAACACGACATCAACTTGGGTTGTGTACGGAACCTGTCATCACAAAAAAGGTGAGGCACGGCGAT
CTAGAAGAGCCGTGACGCTCCCTTCTCACTCTACAAGGAAGTTGCAAACGCGGTCGCAGACCTGGTTAGAATCAAGAGAATAC
ACGAAGCACTTGATCAAGGTTGAAAACTGGATATTCAGGAACCCCGGGTTTGCGCTAGTGGCCGTTGCCATTGCCTGGCTTTT
GGGAAGCTCGACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGTATCAGGTGCATTGGAG
TCAGCAATAGAGACTTCGTGGAGGGCATGTCAGGTGGGACCTGGGTTGATGTTGTCTTGGAACATGGAGGCTGCGTTACCGT
GATGGCACAGGACAAGCCAACAGTTGACATAGAGTTGGTCACGACGACGGTTAGTAACATGGCCGAGGTAAGATCCTATTGC
TACGAGGCATCGATATCGGACATGGCTTCGGACAGTCGTTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACAC
TCAATATGTCTGCAAAAGAACATTAGTGGACAGAGGTTGGGGAAACGGTTGTGGACTTTTTGGCAAAGGGAGCTTGGTGACA
TGTGCCAAGTTTACGTGTTCTAAGAAGATGACCGGGAAGAGCATTCAACCGGAAAATCTGGAGTATCGGATAATGCTATCAGT
GCATGGCTCCCAGCATAGCGGGATGACTGTCAATGATATAGGATATGAAACTGACGAAAATAGAGCGAAAGTCGAGGTTACG
CCTAATTCACCAAGAGCGGAAGCAACCTTGGGAGGCTTTGGAAGCTTAGGACTTGACTGTGAACCAAGGACAGGCCTTGACTT
TTCAGATCTGTATTACCTGACCATGAACAATAAGCATTGGTTGGTGCACAAAGAGTGGTTTCATGACATCCCATTGCCTTGGCA
TGCTGGGGCAGACACTGGAACTCCACACTGGAACAACAAAGAGGCATTGGTAGAATTCAAGGATGCCCACGCCAAGAGGCAA
ACCGTCGTCGTTCTGGGGAGCCAGGAAGGAGCCGTTCACACGGCTCTCGCTGGAGCTCTAGAGGCTGAGATGGATGGTGCAA
AGGGAAAGCTGTTCTCTGGCCATTTGAAATGCCGCCTAAAAATGGACAAGCTTAGATTGAAGGGCGTGTCATATTCCTTGTGC
ACTGCGGCATTCACATTCACCAAGGTCCCAGCTGAAACACTGCATGGAACAGTCACAGTGGAGGTGCAGTATGCAGGGACAG
ATGGACCCTGCAAGATCCCAGTCCAGATGGCGGTGGACATGCAGACCCTGACCCCAGTTGGAAGGCTGATAACCGCCAACCC
CGTGATTACTGAAAGCACTGAGAACTCAAAGATGATGTTGGAGCTTGACCCACCATTTGGGGATTCTTACATTGTCATAGGAG
TTGGGGACAAGAAAATCACCCACCACTGGCATAGGAGTGGTAGCACCATCGGAAAGGCATTTGAGGCCACTGTGAGAGGCGC
CAAGAGAATGGCAGTCCTGGGGGATACAGCCTGGGACTTCGGATCAGTCGGGGGTGTGTTCAACTCACTGGGTAAGGGCATT
CACCAGATTTTTGGAGCAGCCTTCAAATCACTGTTTGGAGGAATGTCCTGGTTCTCACAGATCCTCATAGGCACGCTGCTAGTG
TGGTTAGGTTTGAACACAAAGAATGGATCTATCTCCCTCACATGCTTGGCCCTGGGGGGAGTGATGATCTTCCTCTCCACGGCT
GTTTCTGCTGACGTGGGGTGCTCAGTGGACTTCTCAAAAAAGGAAACGAGATGTGGCACGGGGGTATTCATCTATAATGATGT
TGAAGCCTGGAGGGACCGGTACAAGTACCATCCTGACTCCCCCCGCAGATTGGCAGCAGCAGTCAAGCAGGCCTGGGAAGAG
GGGATCTGTGGGATCTCATCCGTTTCAAGAATGGAAAACATCATGTGGAAATCAGTAGAAGGGGAGCTCAATGCTATCCTAGA
GGAGAATGGAGTTCAACTGACAGTTGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAAAGATTGCCAGTGCCT
GTGAATGAGCTGCCCCATGGCTGGAAAGCCTGGGGGAAATCGTATTTTGTTAGGGCGGCAAAGACCAACAACAGTTTITGTTGT
CGACGGTGACACACTGAAGGAATGTCCGCTTGAGCACAGAGCATGGAATAGTTTTCTTGTGGAGGATCACGGGTTTGGAGTC
TTCCACACCAGTGTCTGGCTTAAGGTCAGAGAAGATTACTCATTAGAATGTGACCCAGCCGTCATAGGAACAGCTGTTAAGGG
AAGGGAGGCCGCGCACAGTGATCTGGGCTATTGGATTGAAAGTGAAAAGAATGACACATGGAGGCTGAAGAGGGCCCACCT
GATTGAGATGAAAACATGTGAATGGCCAAAGTCTCACACATTGTGGACAGATGGAGTAGAAGAAAGTGATCTTATCATACCCA
AGTCTTTAGCTGGTCCACTCAGCCACCACAACACCAGAGAGGGTTACAGAACCCAAGTGAAAGGGCCATGGCACAGTGAAGA
GCTTGAAATCCGGTTTGAGGAATGTCCAGGCACCAAGGTTTACGTGGAGGAGACATGCGGAACTAGAGGACCATCTCTGAGA
TCAACTACTGCAAGTGGAAGGGTCATTGAGGAATGGTGCTGTAGGGAATGCACAATGCCCCCACTATCGTTTCGAGCAAAAG
ACGGCTGCTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAGAGCAACTTAGTGAGGTCAATGGTGACAGCGGGGT
CAACCGATCATATGGACCACTTCTCTCTTGGAGTGCTTGTGATTCTACTCATGGTGCAGGAGGGGTTGAAGAAGAGAATGACC
ACAAAGATCATCATGAGCACATCAATGGCAGTGCTGGTAGTCATGATCTTGGGAGGATTTTCAATGAGTGACCTGGCCAAGCT
TGTGATCCTGATGGGTGCTACTTTCGCAGAAATGAACACTGGAGGAGATGTAGCTCACTTGGCATTGGTAGCGGCATTTAAAG
TCAGACCAGCCTTGCTGGTCTCCTTCATTTTCAGAGCCAATTGGACACCCCGTGAGAGCATGCTGCTAGCCCTGGCTTCGTGTC
TTCTGCAAACTGCGATCTCTGCTCTTGAAGGTGACTTGATGGTCCTCATTAATGGATTTGCTTTGGCCTGGTTGGCAATTCGAGC
AATGGCCGTGCCACGCACTGACAACATCGCTCTACCAATCTTGGCTGCTCTAACACCACTAGCTCGAGGCACACTGCTCGTGGC
ATGGAGAGCGGGCCTGGCTACTTGTGGAGGGATCATGCTCCTCTCCCTGAAAGGGAAAGGTAGTGTGAAGAAGAACCTGCCA
TTTGTCATGGCCCTGGGATTGACAGCTGTGAGGGTAGTAGACCCTATTAATGTGGTAGGACTACTGTTACTCACAAGGAGTGG
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GAAGCGGAGCTGGCCCCCTAGTGAAGTTCTCACAGCCGTTGGCCTGATATGTGCACTGGCCGGAGGGTTTGCCAAGGCAGAC
ATTGAGATGGCTGGACCCATGGCTGCAGTAGGCTTGCTAATTGTCAGCTATGTGGTCTCGGGAAAGAGTGTGGACATGTACAT
TGAAAGAGCAGGTGACATCACATGGGAAAAGGACGCGGAAGTCACTGGAAACAGTCCTCGGCTTGACGTGGCACTGGATGA
GAGTGGTGATTTCTCCTTGGTAGAGGAAGATGGTCCACCCATGAGAGAGATCATACTTAAGGTGGTCCTGATGGCCATCTGTG
GCATGAACCCAATAGCTATACCTTTTGCTGCAGGAGCGTGGTATGTGTATGTGAAGACTGGGAAAAGGAGTGGCGCCCTCTG
GGACGTGCCTGCTCCCAAAGAAGTGAAGAAAGGAGAGACCACAGATGGAGTGTACAGAGTGATGACTCGCAGACTGCTAGG
TTCAACACAGGTTGGAGTGGGAGTCATGCAAGAGGGAGTCTTCCACACCATGTGGCACGTTACAAAAGGAGCCGCACTGAGG
AGCGGTGAGGGAAGACTTGATCCATACTGGGGGGATGTCAAGCAGGACTTGGTGTCATACTGTGGGCCTTGGAAGTTGGATG
CAGCTTGGGATGGACTCAGCGAGGTACAGCTTTTGGCCGTACCTCCCGGAGAGAGGGCCAGAAACATTCAGACCCTGCCTGG
AATATTCAAGACAAAGGACGGGGACATCGGAGCAGTTGCTCTGGACTACCCTGCAGGGACCTCAGGATCTCCGATCCTAGAC
AAATGTGGAAGAGTGATAGGACTCTATGGCAATGGGGTTGTGATCAAGAATGGAAGCTATGTTAGTGCTATAACCCAGGGAA
AGAGGGAGGAGGAGACTCCGGTTGAATGTTTCGAACCCTCGATGCTGAAGAAGAAGCAGCTAACTGTCTTGGATCTGCATCC
AGGAGCCGGAAAAACCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCCATAAAAAAGAGACTCCGGACAGTGATCTTGGCA
CCAACTAGGGTTGTCGCTGCTGAGATGGAGGAGGCCTTGAGAGGACTTCCGGTGCGTTACATGACAACAGCAGTCAACGTCA
CCCATTCTGGGACAGAAATCGTTGATTTGATGTGCCATGCCACTTTCACTTCACGCTTACTACAACCCATCAGAGTCCCTAATTA
CAATCTCTACATCATGGATGAAGCCCACTTCACAGACCCCTCAAGTATAGCTGCAAGAGGATATATATCAACAAGGGTTGAAAT
GGGCGAGGCGGCTGCCATTTTTATGACTGCCACACCACCAGGAACCCGTGATGCGTTTCCTGACTCTAACTCACCAATCATGGA
CACAGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACAGACCATTCTGGGAAAACAGTTTGGTTC
GTTCCAAGCGTGAGAAACGGAAATGAAATCGCAGCCTGTCTGACAAAGGCTGGAAAGCGGGTCATACAGCTCAGCAGGAAG
ACTTTTGAGACAGAATTTCAGAAAACAAAAAATCAAGAGTGGGACTTTGTCATAACAACTGACATCTCAGAGATGGGCGCCAA
CTTCAAGGCTGACCGGGTCATAGACTCTAGGAGATGCCTAAAACCAGTCATACTTGATGGTGAGAGAGTCATCTTGGCTGGGC
CCATGCCTGTCACGCATGCTAGTGCTGCTCAGAGGAGAGGACGTATAGGCAGGAACCCTAACAAACCTGGAGATGAGTACAT
GTATGGAGGTGGGTGTGCAGAGACTGATGAAGGCCATGCACACTGGCTTGAAGCAAGAATGCTTCTTGACAACATCTACCTCC
AGGATGGCCTCATAGCCTCGCTCTATCGGCCTGAGGCCGATAAGGTAGCCGCCATTGAGGGAGAGTTTAAGCTGAGGACAGA
GCAAAGGAAGACCTTCGTGGAACTCATGAAGAGAGGAGACCTTCCCGTCTGGCTAGCCTATCAGGTTGCATCTGCCGGAATAA
CTTACACAGACAGAAGATGGTGCTTTGATGGCACAACCAACAACACCATAATGGAAGACAGCGTACCAGCAGAGGTGTGGAC
AAAGTATGGAGAGAAGAGAGTGCTCAAACCGAGATGGATGGATGCTAGGGTCTGTTCAGACCATGCGGCCCTGAAGTCGTTC
AAAGAATTCGCCGCTGGAAAAAGAGGAGCGGCTTTGGGAGTAATGGAGGCCCTGGGAACACTGCCAGGACACATGACAGAG
AGGTTTCAGGAAGCCATTGACAACCTCGCCGTGCTCATGCGAGCAGAGACTGGAAGCAGGCCTTATAAGGCAGCGGCAGCCC
AACTGCCGGAGACCCTAGAGACCATTATGCTCTTAGGTTTGCTGGGAACAGTTTCACTGGGGATCTTCTTCGTCTTGATGCGGA
ATAAGGGCATCGGGAAGATGGGCTTTGGAATGGTAACCCTTGGGGCCAGTGCATGGCTCATGTGGCTTTCGGAAATTGAACC
AGCCAGAATTGCATGTGTCCTCATTGTTGTGTTTTTATTACTGGTGGTGCTCATACCCGAGCCAGAGAAGCAAAGATCTCCCCA
AGATAACCAGATGGCAATTATCATCATGGTGGCAGTGGGCCTTCTAGGTTTGATAACTGCAAACGAACTTGGATGGCTGGAAA
GAACAAAAAATGACATAGCTCATCTAATGGGAAGGAGAGAAGAAGGAGCAACCATGGGATTCTCAATGGACATTGATCTGCG
GCCAGCCTCCGCCTGGGCTATCTATGCCGCATTGACAACTCTCATCACCCCAGCTGTCCAACATGCGGTAACCACTTCATACAAC
AACTACTCCTTAATGGCGATGGCCACACAAGCTGGAGTGCTGTTTGGCATGGGCAAAGGGATGCCATTTTATGCATGGGACCT
TGGAGTCCCGCTGCTAATGATGGGTTGCTATTCACAATTAACACCCCTGACTCTGATAGTAGCTATCATTCTGCTTGTGGCGCA
CTACATGTACTTGATCCCAGGCCTACAAGCGGCAGCAGCGCGTGCTGCCCAGAAAAGGACAGCAGCTGGCATCATGAAGAAT
CCCGTTGTGGATGGAATAGTGGTAACTGACATTGACACAATGACAATAGACCCCCAGGTGGAGAAGAAGATGGGACAAGTGT
TACTCATAGCAGTAGCCATCTCCAGTGCTGTGCTGCTGCGGACCGCCTGGGGATGGGGGGAGGCTGGAGCTCTGATCACAGC
AGCGACCTCCACCTTGTGGGAAGGCTCTCCAAACAAATACTGGAACTCCTCTACAGCCACCTCACTGTGCAACATCTTCAGAGG
AAGCTATCTGGCAGGAGCTTCCCTTATCTATACAGTGACGAGAAACGCTGGCCTGGTTAAGAGACGTGGAGGTGGGACGGGA
GAGACTCTGGGAGAGAAGTGGAAAGCTCGTCTGAATCAGATGTCGGCCCTGGAGTTCTACTCTTATAAAAAGTCAGGTATCAC
TGAAGTGTGTAGAGAGGAGGCTCGCCGTGCCCTCAAGGATGGAGTGGCCACAGGAGGACATGCCGTATCCCGGGGAAGTGC
AAAGCTCAGATGGTTGGTGGAGAGAGGATATCTGCAGCCCTATGGGAAGGTTGTTGACCTCGGATGTGGCAGAGGGGGCTG
GAGCTATTATGCCGCCACCATCCGCAAAGTGCAGGAGGTGAGAGGATACACAAAGGGAGGTCCCGGTCATGAAGAACCCATG
CTGGTGCAAAGCTATGGGTGGAACATAGTTCGTCTCAAGAGTGGAGTGGACGTCTTCCACATGGCGGCTGAGCCGTGTGACA
CTCTGCTGTGTGACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAGACACGAACACTCAGAGTGCTCTCTATGGTGGGG
GACTGGCTTGAAAAAAGACCAGGGGCCTTCTGTATAAAGGTGCTGTGCCCATACACCAGCACTATGATGGAAACCATGGAGC
GACTGCAACGTAGGCATGGGGGAGGATTAGTCAGAGTGCCATTGTCTCGCAACTCCACACATGAGATGTACTGGGTCTCTGG
GGCAAAGAGCAACATCATAAAAAGTGTGTCCACCACAAGTCAGCTCCTCCTGGGACGCATGGATGGCCCCAGGAGGCCAGTG
AAATATGAGGAGGATGTGAACCTCGGCTCGGGTACACGAGCTGTGGCAAGCTGTGCTGAGGCTCCTAACATGAAAATCATCG
GCAGGCGCATTGAGAGAATCCGCAATGAACATGCAGAAACATGGTTTCTTGATGAAAACCACCCATACAGGACATGGGCCTAC
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CATGGGAGCTACGAAGCCCCCACGCAAGGATCAGCGTCTTCCCTCGTGAACGGGGTTGTTAGACTCCTGTCAAAGCCTTGGGA
CGTGGTGACTGGAGTTACAGGAATAGCCATGACTGACACCACACCATACGGCCAACAAAGAGTCTTCAAAGAAAAAGTGGAC
ACCAGGGTGCCAGATCCCCAAGAAGGCACTCGCCAGGTAATGAACATAGTCTCTTCCTGGCTGTGGAAGGAGCTGGGGAAAC
GCAAGCGGCCACGCGTCTGCACCAAAGAAGAGTTTATCAACAAGGTGCGCAGCAATGCAGCACTGGGAGCAATATTTGAAGA
GGAAAAAGAATGGAAGACGGCTGTGGAAGCTGTGAATGATCCAAGGTTTTGGGCCCTAGTGGATAGGGAGAGAGAACACCA
CCTGAGAGGAGAGTGTCACAGCTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAGCAAGGAGAGTTCGGGAAAGCAA
AAGGTAGCCGCGCCATCTGGTACATGTGGTTGGGAGCCAGATTCTTGGAGTTTGAAGCCCTTGGATTCTTGAACGAGGACCAT
TGGATGGGAAGAGAAAACTCAGGAGGTGGAGTCGAAGGGTTAGGATTGCAAAGACTTGGATACATTCTAGAAGAAATGAAT
CGGGCACCAGGAGGAAAGATGTACGCAGATGACACTGCTGGCTGGGACACCCGCATTAGTAAGTTTGATCTGGAGAATGAAG
CTCTGATTACCAACCAAATGGAGGAAGGGCACAGAACTCTGGCGTTGGCCGTGATTAAATACACATACCAAAACAAAGTGGTG
AAGGTTCTCAGACCAGCTGAAGGAGGAAAAACAGTTATGGACATCATTTCAAGACAAGACCAGAGAGGGAGTGGACAAGTT
GTCACTTATGCTCTCAACACATTCACCAACTTGGTGGTGCAGCTTATCCGGAACATGGAAGCTGAGGAAGTGTTAGAGATGCA
AGACTTATGGTTGTTGAGGAAGCCAGAGAAAGTGACCAGATGGTTGCAGAGCAATGGATGGGATAGACTCAAACGAATGGC
GGTCAGTGGAGATGACTGCGTTGTGAAGCCAATCGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGACATGGGAAAA
GTTAGGAAAGACACACAGGAGTGGAAACCCTCGACTGGATGGAGCAATTGGGAAGAAGTCCCGTTCTGCTCCCACCACTTCA
ACAAGCTGTACCTCAAGGATGGGAGATCCATTGTGGTCCCTTGCCGCCACCAAGATGAACTGATTGGCCGAGCTCGCGTCTCA
CCAGGGGCAGGATGGAGCATCCGGGAGACTGCCTGTCTTGCAAAATCATATGCGCAGATGTGGCAGCTCCTTTATTTCCACAG
AAGAGACCTTCGACTGATGGCTAATGCCATTTGCTCGGCTGTGCCAGTTGACTGGGTACCAACTGGGAGAACCACCTGGTCAA
TCCATGGAAAGGGAGAATGGATGACCACTGAGGACATGCTCATGGTGTGGAATAGAGTGTGGATTGAGGAGAACGACCATA
TGGAGGACAAGACTCCTGTAACAAAATGGACAGACATTCCCTATCTAGGAAAAAGGGAGGACTTATGGTGTGGATCCCTTATA
GGGCACAGACCCCGCACCACTTGGGCTGAAAACATCAAAGACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAA
AGTACATGGACTATCTATCCACCCAAGTCCGCTACTTGGGTGAGGAAGGGTCCACACCCGGAGTGTTGTAAGCACCAATTTTA
GTGTTGTCAGGCCTGCTAGTCAGCCACAGTTTGGGGAAAGCTGTGCAGCCTGTAACCCCCCCAGGAGAAGCTGGGAAACCAA
GCTCATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAA
CCCCACGCGCTTGGAAGCGCAGGATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGACT
AGCTGTGAATCTCCAGCAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTGACGCTGGGAAA
GACCAGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGAACAGCGGCGGCCGGTGTGGGGAAATCCA
TGGTTTCT

SEQID NO: 12

AY632535.2 NC_012532.1 Zika virus strain MR 766, Uganda, complete genome
AGTTGTTGATCTGTGTGAGTCAGACTGCGACAGTTCGAGTCTGAAGCGAGAGCTAACAACAGTATCAACAGGTTTAATTTGGA
TTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCCAAAGAAGAAATCCGGAGGATCCGGATTGTCAATATGCTAAAACGCGG
AGTAGCCCGTGTAAACCCCTTGGGAGGTTTGAAGAGGTTGCCAGCCGGACTTCTGCTGGGTCATGGACCCATCAGAATGGTTT
TGGCGATACTAGCCTTTTTGAGATTTACAGCAATCAAGCCATCACTGGGCCTTATCAACAGATGGGGTTCCGTGGGGAAAAAA
GAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTTGCTGCCATGTTGAGAATAATCAATGCTAGGAAAGAGAGGAAGA
GACGTGGCGCAGACACCAGCATCGGAATCATTGGCCTCCTGCTGACTACAGCCATGGCAGCAGAGATCACTAGACGCGGGAG
TGCATACTACATGTACTTGGATAGGAGCGATGCCGGGAAGGCCATTTCGTTTGCTACCACATTGGGAGTGAACAAGTGCCACG
TACAGATCATGGACCTCGGGCACATGTGTGACGCCACCATGAGTTATGAGTGCCCTATGCTGGATGAGGGAGTGGAACCAGA
TGATGTCGATTGCTGGTGCAACACGACATCAACTTGGGTTGTGTACGGAACCTGTCATCACAAAAAAGGTGAGGCACGGCGAT
CTAGAAGAGCCGTGACGCTCCCTTCTCACTCTACAAGGAAGTTGCAAACGCGGTCGCAGACCTGGTTAGAATCAAGAGAATAC
ACGAAGCACTTGATCAAGGTTGAAAACTGGATATTCAGGAACCCCGGGTTTGCGCTAGTGGCCGTTGCCATTGCCTGGCTTTT
GGGAAGCTCGACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGTATCAGGTGCATTGGAG
TCAGCAATAGAGACTTCGTGGAGGGCATGTCAGGTGGGACCTGGGTTGATGTTGTCTTGGAACATGGAGGCTGCGTTACCGT
GATGGCACAGGACAAGCCAACAGTCGACATAGAGTTGGTCACGACGACGGTTAGTAACATGGCCGAGGTAAGATCCTATTGC
TACGAGGCATCGATATCGGACATGGCTTCGGACAGTCGTTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACAC
TCAATATGTCTGCAAAAGAACATTAGTGGACAGAGGTTGGGGAAACGGTTGTGGACTTTTTGGCAAAGGGAGCTTGGTGACA
TGTGCCAAGTTTACGTGTTCTAAGAAGATGACCGGGAAGAGCATTCAACCGGAAAATCTGGAGTATCGGATAATGCTATCAGT
GCATGGCTCCCAGCATAGCGGGATGATTGGATATGAAACTGACGAAGATAGAGCGAAAGTCGAGGTTACGCCTAATTCACCA
AGAGCGGAAGCAACCTTGGGAGGCTTTGGAAGCTTAGGACTTGACTGTGAACCAAGGACAGGCCTTGACTTTTCAGATCTGTA
TTACCTGACCATGAACAATAAGCATTGGTTGGTGCACAAAGAGTGGTTTCATGACATCCCATTGCCTTGGCATGCTGGGGCAG
ACACCGGAACTCCACACTGGAACAACAAAGAGGCATTGGTAGAATTCAAGGATGCCCACGCCAAGAGGCAAACCGTCGTCGT
TCTGGGGAGCCAGGAAGGAGCCGTTCACACGGCTCTCGCTGGAGCTCTAGAGGCTGAGATGGATGGTGCAAAGGGAAGGCT
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GTTCTCTGGCCATTTGAAATGCCGCCTAAAAATGGACAAGCTTAGATTGAAGGGCGTGTCATATTCCTTGTGCACTGCGGCATT
CACATTCACCAAGGTCCCAGCTGAAACACTGCATGGAACAGTCACAGTGGAGGTGCAGTATGCAGGGACAGATGGACCCTGC
AAGATCCCAGTCCAGATGGCGGTGGACATGCAGACCCTGACCCCAGTTGGAAGGCTGATAACCGCCAACCCCGTGATTACTGA
AAGCACTGAGAACTCAAAGATGATGTTGGAGCTTGACCCACCATTTGGGGATTCTTACATTGTCATAGGAGTTGGGGACAAGA
AAATCACCCACCACTGGCATAGGAGTGGTAGCACCATCGGAAAGGCATTTGAGGCCACTGTGAGAGGCGCCAAGAGAATGGC
AGTCCTGGGGGATACAGCCTGGGACTTCGGATCAGTCGGGGGTGTGTTCAACTCACTGGGTAAGGGCATTCACCAGATTTTTG
GAGCAGCCTTCAAATCACTGTTTGGAGGAATGTCCTGGTTCTCACAGATCCTCATAGGCACGCTGCTAGTGTGGTTAGGTTTGA
ACACAAAGAATGGATCTATCTCCCTCACATGCTTGGCCCTGGGGGGAGTGATGATCTTCCTCTCCACGGCTGTTTCTGCTGACG
TGGGGTGCTCAGTGGACTTCTCAAAAAAGGAAACGAGATGTGGCACGGGGGTATTCATCTATAATGATGTTGAAGCCTGGAG
GGACCGGTACAAGTACCATCCTGACTCCCCCCGCAGATTGGCAGCAGCAGTCAAGCAGGCCTGGGAAGAGGGGATCTGTGGG
ATCTCATCCGTTTCAAGAATGGAAAACATCATGTGGAAATCAGTAGAAGGGGAGCTCAATGCTATCCTAGAGGAGAATGGAG
TTCAACTGACAGTTGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAAAGATTGCCAGTGCCTGTGAATGAGCTG
CCCCATGGCTGGAAAGCCTGGGGGAAATCGTATTTTGTTAGGGCGGCAAAGACCAACAACAGTTTTGTTGTCGACGGTGACAC
ACTGAAGGAATGTCCGCTTGAGCACAGAGCATGGAATAGTTTTCTTGTGGAGGATCACGGGTTTGGAGTCTTCCACACCAGTG
TCTGGCTTAAGGTCAGAGAAGATTACTCATTAGAATGTGACCCAGCCGTCATAGGAACAGCTGTTAAGGGAAGGGAGGCCGC
GCACAGTGATCTGGGCTATTGGATTGAAAGTGAAAAGAATGACACATGGAGGCTGAAGAGGGCCCACCTGATTGAGATGAAA
ACATGTGAATGGCCAAAGTCTCACACATTGTGGACAGATGGAGTAGAAGAAAGTGATCTTATCATACCCAAGTCTTTAGCTGG
TCCACTCAGCCACCACAACACCAGAGAGGGTTACAGAACCCAAGTGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATCCGG
TTTGAGGAATGTCCAGGCACCAAGGTTTACGTGGAGGAGACATGCGGAACTAGAGGACCATCTCTGAGATCAACTACTGCAA
GTGGAAGGGTCATTGAGGAATGGTGCTGTAGGGAATGCACAATGCCCCCACTATCGTTTCGAGCAAAAGACGGCTGCTGGTA
TGGAATGGAGATAAGGCCCAGGAAAGAACCAGAGAGCAACTTAGTGAGGTCAATGGTGACAGCGGGGTCAACCGATCATAT
GGACCACTTCTCTCTTGGAGTGCTTGTGATTCTACTCATGGTGCAGGAGGGGTTGAAGAAGAGAATGACCACAAAGATCATCA
TGAGCACATCAATGGCAGTGCTGGTAGTCATGATCTTGGGAGGATTTTCAATGAGTGACCTGGCCAAGCTTGTGATCCTGATG
GGTGCTACTTTCGCAGAAATGAACACTGGAGGAGATGTAGCTCACTTGGCATTGGTAGCGGCATTTAAAGTCAGACCAGCCTT
GCTGGTCTCCTTCATTTTCAGAGCCAATTGGACACCCCGTGAGAGCATGCTGCTAGCCCTGGCTTCGTGTCTTCTGCAAACTGC
GATCTCTGCTCTTGAAGGTGACTTGATGGTCCTCATTAATGGATTTGCTTTGGCCTGGTTGGCAATTCGAGCAATGGCCGTGCC
ACGCACTGACAACATCGCTCTACCAATCTTGGCTGCTCTAACACCACTAGCTCGAGGCACACTGCTCGTGGCATGGAGAGCGG
GCCTGGCTACTTGTGGAGGGATCATGCTCCTCTCCCTGAAAGGGAAAGGTAGTGTGAAGAAGAACCTGCCATTTGTCATGGCC
CTGGGATTGACAGCTGTGAGGGTAGTAGACCCTATTAATGTGGTAGGACTACTGTTACTCACAAGGAGTGGGAAGCGGAGCT
GGCCCCCTAGTGAAGTTCTCACAGCCGTTGGCCTGATATGTGCACTGGCCGGAGGGTTTGCCAAGGCAGACATTGAGATGGCT
GGACCCATGGCTGCAGTAGGCTTGCTAATTGTCAGCTATGTGGTCTCGGGAAAGAGTGTGGACATGTACATTGAAAGAGCAG
GTGACATCACATGGGAAAAGGACGCGGAAGTCACTGGAAACAGTCCTCGGCTTGACGTGGCACTGGATGAGAGTGGTGACTT
CTCCTTGGTAGAGGAAGATGGTCCACCCATGAGAGAGATCATACTCAAGGTGGTCCTGATGGCCATCTGTGGCATGAACCCAA
TAGCTATACCTTTTGCTGCAGGAGCGTGGTATGTGTATGTGAAGACTGGGAAAAGGAGTGGCGCCCTCTGGGACGTGCCTGC
TCCCAAAGAAGTGAAGAAAGGAGAGACCACAGATGGAGTGTACAGAGTGATGACTCGCAGACTGCTAGGTTCAACACAGGTT
GGAGTGGGAGTCATGCAAGAGGGAGTCTTCCACACCATGTGGCACGTTACAAAAGGAGCCGCACTGAGGAGCGGTGAGGGA
AGACTTGATCCATACTGGGGGGATGTCAAGCAGGACTTGGTGTCATACTGTGGGCCTTGGAAGTTGGATGCAGCTTGGGATG
GACTCAGCGAGGTACAGCTTTTGGCCGTACCTCCCGGAGAGAGGGCCAGAAACATTCAGACCCTGCCTGGAATATTCAAGACA
AAGGACGGGGACATCGGAGCAGTTGCTCTGGACTACCCTGCAGGGACCTCAGGATCTCCGATCCTAGACAAATGTGGAAGAG
TGATAGGACTCTATGGCAATGGGGTTGTGATCAAGAATGGAAGCTATGTTAGTGCTATAACCCAGGGAAAGAGGGAGGAGG
AGACTCCGGTTGAATGTTTCGAACCCTCGATGCTGAAGAAGAAGCAGCTAACTGTCTTGGATCTGCATCCAGGAGCCGGAAAA
ACCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCCATAAAAAAGAGACTCCGGACAGTGATCTTGGCACCAACTAGGGTTGT
CGCTGCTGAGATGGAGGAGGCCTTGAGAGGACTTCCGGTGCGTTACATGACAACAGCAGTCAACGTCACCCATTCTGGGACA
GAAATCGTTGATTTGATGTGCCATGCCACTTTCACTTCACGCTTACTACAACCCATCAGAGTCCCTAATTACAATCTCAACATCAT
GGATGAAGCCCACTTCACAGACCCCTCAAGTATAGCTGCAAGAGGATACATATCAACAAGGGTTGAAATGGGCGAGGCGGCT
GCCATTTTTATGACTGCCACACCACCAGGAACCCGTGATGCGTTTCCTGACTCTAACTCACCAATCATGGACACAGAAGTGGAA
GTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACAGACCATTCTGGGAAAACAGTTTGGTTCGTTCCAAGCGTGA
GAAACGGAAATGAAATCGCAGCCTGTCTGACAAAGGCTGGAAAGCGGGTCATACAGCTCAGCAGGAAGACTTTTGAGACAGA
ATTTCAGAAAACAAAAAATCAAGAGTGGGACTTTGTCATAACAACTGACATCTCAGAGATGGGCGCCAACTTCAAGGCTGACC
GGGTCATAGACTCTAGGAGATGCCTAAAACCAGTCATACTTGATGGTGAGAGAGTCATCTTGGCTGGGCCCATGCCTGTCACG
CATGCTAGTGCTGCTCAGAGGAGAGGACGTATAGGCAGGAACCCTAACAAACCTGGAGATGAGTACATGTATGGAGGTGGG
TGTGCAGAGACTGATGAAGGCCATGCACACTGGCTTGAAGCAAGAATGCTTCTTGACAACATCTACCTCCAGGATGGCCTCAT
AGCCTCGCTCTATCGGCCTGAGGCCGATAAGGTAGCCGCCATTGAGGGAGAGTTTAAGCTGAGGACAGAGCAAAGGAAGAC
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CTTCGTGGAACTCATGAAGAGAGGAGACCTTCCCGTCTGGCTAGCCTATCAGGTTGCATCTGCCGGAATAACTTACACAGACA
GAAGATGGTGCTTTGATGGCACAACCAACAACACCATAATGGAAGACAGTGTACCAGCAGAGGTTTGGACAAAGTATGGAGA
GAAGAGAGTGCTCAAACCGAGATGGATGGATGCTAGGGTCTGTTCAGACCATGCGGCCCTGAAGTCGTTCAAAGAATTCGCC
GCTGGAAAAAGAGGAGCGGCTTTGGGAGTAATGGAGGCCCTGGGAACACTGCCAGGACACATGACAGAGAGGTTTCAGGAA
GCCATTGACAACCTCGCCGTGCTCATGCGAGCAGAGACTGGAAGCAGGCCTTATAAGGCAGCGGCAGCCCAACTGCCGGAGA
CCCTAGAGACCATTATGCTCTTAGGTTTGCTGGGAACAGTTTCACTGGGGATCTTCTTCGTCTTGATGCGGAATAAGGGCATCG
GGAAGATGGGCTTTGGAATGGTAACCCTTGGGGCCAGTGCATGGCTCATGTGGCTTTCGGAAATTGAACCAGCCAGAATTGC
ATGTGTCCTCATTGTTGTGTTTTTATTACTGGTGGTGCTCATACCCGAGCCAGAGAAGCAAAGATCTCCCCAAGATAACCAGAT
GGCAATTATCATCATGGTGGCAGTGGGCCTTCTAGGTTTGATAACTGCAAACGAACTTGGATGGCTGGAAAGAACAAAAAAT
GACATAGCTCATCTAATGGGAAGGAGAGAAGAAGGAGCAACCATGGGATTCTCAATGGACATTGATCTGCGGCCAGCCTCCG
CCTGGGCTATCTATGCCGCATTGACAACTCTCATCACCCCAGCTGTCCAACATGCGGTAACCACTTCATACAACAACTACTCCTT
AATGGCGATGGCCACACAAGCTGGAGTGCTGTTTGGCATGGGCAAAGGGATGCCATTTATGCATGGGGACCTTGGAGTCCCG
CTGCTAATGATGGGTTGCTATTCACAATTAACACCCCTGACTCTGATAGTAGCTATCATTCTGCTTGTGGCGCACTACATGTACT
TGATCCCAGGCCTACAAGCGGCAGCAGCGCGTGCTGCCCAGAAAAGGACAGCAGCTGGCATCATGAAGAATCCCGTTGTGGA
TGGAATAGTGGTAACTGACATTGACACAATGACAATAGACCCCCAGGTGGAGAAGAAGATGGGACAAGTGTTACTCATAGCA
GTAGCCATCTCCAGTGCTGTGCTGCTGCGGACCGCCTGGGGATGGGGGGAGGCTGGAGCTCTGATCACAGCAGCGACCTCCA
CCTTGTGGGAAGGCTCTCCAAACAAATACTGGAACTCCTCTACAGCCACCTCACTGTGCAACATCTTCAGAGGAAGCTATCTGG
CAGGAGCTTCCCTTATCTATACAGTGACGAGAAACGCTGGCCTGGTTAAGAGACGTGGAGGTGGGACGGGAGAGACTCTGG
GAGAGAAGTGGAAAGCTCGTCTGAATCAGATGTCGGCCCTGGAGTTCTACTCTTATAAAAAGTCAGGTATCACTGAAGTGTGT
AGAGAGGAGGCTCGCCGTGCCCTCAAGGATGGAGTGGCCACAGGAGGACATGCCGTATCCCGGGGAAGTGCAAAGATCAGA
TGGTTGGAGGAGAGAGGATATCTGCAGCCCTATGGGAAGGTTGTTGACCTCGGATGTGGCAGAGGGGGCTGGAGCTATTAT
GCCGCCACCATCCGCAAAGTGCAGGAGGTGAGAGGATACACAAAGGGAGGTCCCGGTCATGAAGAACCCATGCTGGTGCAA
AGCTATGGGTGGAACATAGTTCGTCTCAAGAGTGGAGTGGACGTCTTCCACATGGCGGCTGAGCCGTGTGACACTCTGCTGTG
TGACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAGACACGAACACTCAGAGTGCTCTCTATGGTGGGGGACTGGCTT
GAAAAAAGACCAGGGGCCTTCTGTATAAAGGTGCTGTGCCCATACACCAGCACTATGATGGAAACCATGGAGCGACTGCAAC
GTAGGCATGGGGGAGGATTAGTCAGAGTGCCATTGTGTCGCAACTCCACACATGAGATGTACTGGGTCTCTGGGGCAAAGAG
CAACATCATAAAAAGTGTGTCCACCACAAGTCAGCTCCTCCTGGGACGCATGGATGGCCCCAGGAGGCCAGTGAAATATGAG
GAGGATGTGAACCTCGGCTCGGGTACACGAGCTGTGGCAAGCTGTGCTGAGGCTCCTAACATGAAAATCATCGGCAGGCGCA
TTGAGAGAATCCGCAATGAACATGCAGAAACATGGTTTCTTGATGAAAACCACCCATACAGGACATGGGCCTACCATGGGAGC
TACGAAGCCCCCACGCAAGGATCAGCGTCTTCCCTCGTGAACGGGGTTGTTAGACTCCTGTCAAAGCCTTGGGACGTGGTGAC
TGGAGTTACAGGAATAGCCATGACTGACACCACACCATACGGCCAACAAAGAGTCTTCAAAGAAAAAGTGGACACCAGGGTG
CCAGATCCCCAAGAAGGCACTCGCCAGGTAATGAACATAGTCTCTTCCTGGCTGTGGAAGGAGCTGGGGAAACGCAAGCGGC
CACGCGTCTGCACCAAAGAAGAGTTTATCAACAAGGTGCGCAGCAATGCAGCACTGGGAGCAATATTTGAAGAGGAAAAAGA
ATGGAAGACGGCTGTGGAAGCTGTGAATGATCCAAGGTTTTGGGCCCTAGTGGATAGGGAGAGAGAACACCACCTGAGAGG
AGAGTGTCACAGCTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAGCAAGGAGAGTTCGGGAAAGCAAAAGGTAGCC
GCGCCATCTGGTACATGTGGTTGGGAGCCAGATTCTTGGAGTTTGAAGCCCTTGGATTCTTGAACGAGGACCATTGGATGGGA
AGAGAAAACTCAGGAGGTGGAGTCGAAGGGTTAGGATTGCAAAGACTTGGATACATTCTAGAAGAAATGAATCGGGCACCA
GGAGGAAAGATGTACGCAGATGACACTGCTGGCTGGGACACCCGCATTAGTAAGTTTGATCTGGAGAATGAAGCTCTGATTA
CCAACCAAATGGAGGAAGGGCACAGAACTCTGGCGTTGGCCGTGATTAAATACACATACCAAAACAAAGTGGTGAAGGTTCT
CAGACCAGCTGAAGGAGGAAAAACAGTTATGGACATCATTTCAAGACAAGACCAGAGAGGGAGTGGACAAGTTGTCACTTAT
GCTCTCAACACATTCACCAACTTGGTGGTGCAGCTTATCCGGAACATGGAAGCTGAGGAAGTGTTAGAGATGCAAGACTTATG
GTTGTTGAGGAAGCCAGAGAAAGTGACCAGATGGTTGCAGAGCAATGGATGGGATAGACTCAAACGAATGGCGGTCAGTGG
AGATGACTGCGTTGTGAAGCCAATCGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGACATGGGAAAAGTTAGGAAAG
ACACACAGGAGTGGAAACCCTCGACTGGATGGAGCAATTGGGAAGAAGTCCCGTTCTGCTCCCACCACTTCAACAAGCTGTAC
CTCAAGGATGGGAGATCCATTGTGGTCCCTTGCCGCCACCAAGATGAACTGATTGGCCGAGCTCGCGTCTCACCAGGGGCAG
GATGGAGCATCCGGGAGACTGCCTGTCTTGCAAAATCATATGCGCAGATGTGGCAGCTCCTTTATTTCCACAGAAGAGACCTT
CGACTGATGGCTAATGCCATTTGCTCGGCTGTGCCAGTTGACTGGGTACCAACTGGGAGAACCACCTGGTCAATCCATGGAAA
GGGAGAATGGATGACCACTGAGGACATGCTCATGGTGTGGAATAGAGTGTGGATTGAGGAGAACGACCATATGGAGGACAA
GACTCCTGTAACAAAATGGACAGACATTCCCTATCTAGGAAAAAGGGAGGACTTATGGTGTGGATCCCTTATAGGGCACAGAC
CCCGCACCACTTGGGCTGAAAACATCAAAGACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGGA
CTATCTATCCACCCAAGTCCGCTACTTGGGTGAGGAAGGGTCCACACCCGGAGTGTTGTAAGCACCAATTTTAGTGTTGTCAGG
CCTGCTAGTCAGCCACAGTTTGGGGAAAGCTGTGCAGCCTGTAACCCCCCCAGGAGAAGCTGGGAAACCAAGCTCATAGTCA
GGCCGAGAACGCCATGGCACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCT
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TGGAAGCGCAGGATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGACTAGCTGTGAATC
TCCAGCAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTGACGTGGGAAAGACCAGAGACTC
CATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGAACTTCGGCGGCCGGTGTGGGGAAATCCATGGTTTCT

SEQID NO: 13

KJ776791.1, Zika virus strain H/PF/2013 polyprotein gene, complete cds
AGTATCAACAGGTTTTATTTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCGG
ATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTCTGCTGG
GTCATGGGCCCATCAGGATGGTCTTGGCGATTCTAGCCTTTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATA
GATGGGGTTCAGTGGGGAAAAAAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAA
TCAATGCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGACCACAGCTATGGC
AGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACGACGCTGGGGAGGCCATATCTTTTCCAACC
ACATTGGGGATGAATAAGTGTTATATACAGATCATGGATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTAT
GCTGGATGAGGGGGTGGAACCAGATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCAT
CACAAAAAAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCTGCAAACGCGGETCGC
AAACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAAAATTGGATATTCAGGAACCCTGGCTTCGCGTTA
GCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGCTCAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCG
GCATACAGCATCAGGTGCATAGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCT
TGGAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAGTCAGCAA
CATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCGGACATGGCTTCGGACAGCCGCTGCCCAACACAAGGTGAA
GCCTACCTTGACAAGCAATCAGACACTCAATATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGAC
TTTTTGGCAAAGGGAGCCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGAGAA
TCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGATCGTTAATGACACAGGACATGAAACTGATG
AGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAGCCGAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGA
TTGTGAACCGAGGACAGGCCTTGACTTTTCAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTG
GTTCCACGACATTCCATTACCTTGGCACGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTAGAGT
TCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGAGC
TCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTCCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGA
TTGAAGGGCGTGTCATACTCCTTGTGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCAC
AGTGGAGGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAACTCTGACCCCA
GTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTAAGATGATGCTGGAACTTGATCCACCATT
TGGGGACTCTTACATTGTCATAGGAGTCGGGGAGAAGAAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAA
GCATTTGAAGCCACTGTGAGAGGTGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCG
CTCTCAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGGAATGTCCTGGTTCTCACA
AATTCTCATTGGAACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAATGGATCTATTTCCCTTATGTGCTTGGCCTTAGGGGG
AGTGTTGATCTTCTTATCCACAGCTGTCTCTGCTGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTA
CAGGGGTGTTCGTCTATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCAGCA
GCAGTCAAGCAAGCCTGGGAAGATGGTATCTGTGGGATCTCCTCTGTTTCAAGAATGGAAAACATCATGTGGAGATCAGTAG
AAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGACGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAG
AGGTCCACAGAGATTGCCCGTGCCTGTGAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCA
GCAAAGACAAATAACAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACAGCTTTCT
TGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAGATTATTCATTAGAGTGTGATCCAG
CCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACAGTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACAC
ATGGAGGCTGAAGAGGGCCCATCTGATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATA
GAAGAGAGTGATCTGATCATACCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACAGGACCCAAAT
GAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTTGAGGAATGCCCAGGCACTAAGGTCCACGTGGAGGAAACATG
TGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAAGCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAAT
GCCCCCACTGTCGTTCCGGGCTAAAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGTAACTTA
GTAAGGTCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATTCTGCTCATGGTGCAG
GAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCGATGGCAGTGCTGGTAGCTATGATCCTGGGAGGAT
TTTCAATGAGTGACCTGGCTAAGCTTGCAATTTTGATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCAT
CTGGCGCTGATAGCGGCATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAGC
ATGCTGCTGGCCTTGGCCTCGTGTCTTTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGATGGTTCTCATCAATGGTTTT
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GCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGATAACATCACCTTGGCAATCCTGGCTGCTCTGACACCA
CTGGCCCGGGGCACACTGCTTGTGGCGTGGAGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAA
AAGGCAGTGTGAAGAAGAACTTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGGTG
GGACTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCTGTTGGCCTGATATGCGCAT
TGGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCCATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGT
CTCAGGAAAGAGTGTGGACATGTACATTGAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAG
TCCCCGGCTCGATGTGGCGCTAGATGAGAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAGATCATAC
TCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCTGGAGCGTGGTACGTATACGTGAAG
ACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCCCAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTAC
AGAGTAATGACTCGTAGACTGCTAGGTTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGC
ACGTCACAAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGT
CATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGACGGGCACAGCGAGGTGCAGCTCTTGGCCGTGCCCCCCGGAGAGAG
AGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAGACAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCA
GGAACTTCAGGATCTCCAATCCTAGACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGA
GTTATGTTAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGATGCTGAAGAAGAA
GCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCCATAAAAA
CAAGACTCCGTACTGTGATCTTAGCTCCAACCAGGGTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGT
TATATGACAACAGCAGTCAATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTAC
TACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCCTCAAGTATAGCAGCAAGAG
GATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCTTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTT
CCGGACTCCAACTCACCAATTATGGACACCGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGG
ATCATTCTGGAAAAACAGTTTGGTTTGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCTGGAAAA
CGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCAAGAGTGGGACTTTGTCGTGACAA
CTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGTGTCATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGAT
GGCGAGAGAGTCATTCTGGCTGGACCCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAAT
CCCAACAAACCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCTTGAAGCAA
GAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACCTGAGGCCGACAAAGTAGCAGCCATTG
AGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACCTTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGC
CTATCAGGTTGCATCTGCCGGAATAACCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAG
ACAGTGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGACGCCAGAGTTTGTT
CAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGAGGAGCGGCTTTTGGAGTGATGGAAGCCCTGGG
AACACTGCCAGGACACATGACAGAGAGATTCCAGGAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGC
AGGCCTTACAAAGCCGCGGCGGCCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCT
GGGAATCTTTTTCGTCTTGATGAGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTTGGGGCCAGCGCATGG
CTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATTGTTGTGTTCCTATTGCTGGTGGTGCTCATACCTG
AGCCAGAAAAGCAAAGATCTCCCCAGGACAACCAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACC
GCCAATGAACTCGGATGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCATA
GGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAACTTTCATTACCCCAGCCGTCC
AACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCGATGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAA
GGGATGCCATTCTACGCATGGGACTTTGGAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATA
GTGGCCATCATTTTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAGAAGAG
AACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACATTGACACAATGACAATTGACCCCCAA
GTGGAGAAAAAGATGGGACAGGTGCTACTCATAGCAGTAGCCGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGG
GGGGAGGCTGGGGCCCTGATCACAGCGGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGC
CACTTCACTGTGTAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACGCTGGCTTGGT
CAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCGCTTGAACCAGATGTCGGCCCTGGAGT
TCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAGAGAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGG
AGGCCATGCTGTGTCCCGAGGAAGTGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATT
GATCTTGGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGGATACACAAAAG
GAGGCCCTGGTCATGAAGAACCCATGTTGGTGCAAAGCTATGGGTGGAACATAGTCCGTCTTAAGAGTGGGGTGGACGTCTT
TCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGTGACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGG
ACGCTCAGAGTCCTCTCCATGGTGGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACAC
CAGCACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCACTCTCCCGCAACTCT
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ACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTTGGGGC
GCATGGACGGGCCCAGGAGGCCAGTGAAATATGAGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCG
CTGAAGCTCCCAACATGAAGATCATTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGA
GAACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTCCTCTCTAATAAACGGGG
TTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGGAATAGCCATGACCGACACCACACCGTATGGTCAG
CAAAGAGTTTTCAAGGAAAAAGTGGACACTAGGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTC
CTGGTTGTGGAAAGAGCTAGGCAAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGCAAT
GCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGAACGATCCAAGGTTCTGGGCT
CTAGTGGACAAGGAAAGAGAGCACCACCTGAGAGGAGAGTGCCAGAGTTGTGTGTACAACATGATGGGAAAAAGAGAAAAG
AAACAAGGGGAATTTGGAAAGGCCAAGGGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAG
CCCTTGGATTCTTGAACGAGGATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACAAAGAC
TCGGATATGTCCTAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCAT
CAGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAAATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATC
AAGTACACATACCAAAACAAAGTGGTAAAGGTCCTTAGACCAGCTGAAAAAGGGAAGACAGTTATGGACATTATTTCGAGAC
AAGACCAAAGGGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTCGGAATATG
GAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAAGTGACCAACTGGTTGCAGAGCAAC
GGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGATTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCC
TCAGGTTCTTGAATGATATGGGAAAAGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAG
AAGTTCCGTTTTGCTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATG
AACTGATTGGCCGGGCCCGCGTCTCTCCAGGGGCGGGATGGAGCATCCGGGAGACTGCTTGCCTAGCAAAATCATATGCGCA
AATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCCGACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGT
TCCAACTGGGAGAACTACCTGGTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGA
GTGTGGATTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTATTTGGGAAAAAGGG
AAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGCTGAGAACATTAAAAACACAGTCAACATGGT
GCGCAGGATCATAGGTGATGAAGAAAAGTACATGGACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACA
CCTGGAGTGCTGTAAGCACCAATCTTAGTGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGAC
CCCCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGCCATGCTGCCTGTGAGC
CCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAGGATGGGAAAAGAAGGTGGCGACCTTCCCCACCCT
TCAATCTGGGGCCTGAACTGGAGATCAGCTGTGGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAG

In some 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 or 73. In some embodiments, the Zika
virus has a variant genome that is at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%. 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.6%, 99.7%, 99.8% or 99.9% identical to
any one of SEQ ID NOs: 2-13 or 78.

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

methods, compositions, and/or vaccines described herein.

SEQID NO: 14

isol-ARB15076.AHF49784.1.Central_African_Republic/291-788 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDENRAKVEVTPNSPRA
EATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGS
QEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCKVPAQM
AVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWDF
GSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA
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SEQID NO: 15

isol-IbH_30656.AEN75265.1.Nigeria/291-788 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDENRAKVEVTPNSPRA
EATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHSGADTETPHWNNKEALVEFKDAHAKRQTVVVLGS
QEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGRDGPCKVPAQM
AVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSIIGKAFEATVRGAKRMAVLGDTAWDF
GSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

SEQID NO: 16

ArB1362.AHL43500.1.-/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDXXXXXXXNRAEVEVT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVLG
DTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

SEQID NO: 17

ArD128000.AHL43502.1.-/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMXXXXXGHETDENRAKVEVT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHRLVRKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWLKKGSSIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGVFNSLGKGVHQIFGAAFKSLFGGMSWEFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

SEQID NO: 18

ArD158095.AHL43505.1.-/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDIGHETDENRAKVEVT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVLG
DTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

SEQID NO: 19

ArD158084.AHL43504.1.-/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDIGHETDENRAKVEVT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVLG
DTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

SEQ ID NO: 20

isol-ARB13565.AHF49783.1.Central_African_Republic/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDIGHETDENRAKVEVT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVLG
DTAWDFGSVGGVFNSLGKGVHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA
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SEQID NO: 21

isol-ARB7701.AHF49785.1.Central_African_Republic/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDIGHETDENRAKVEVT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVLG
DTAWDFGSVGGVFNSLGKGVHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

SEQID NO: 22

isol-ArD_41519.AEN75266.1.Senegal/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEVT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVLG
DTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

SEQID NO: 23

MR766-NIID.BAP47441.1.Uganda/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMTVNDIGYETDENRAKVEVT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGKLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCK
IPYQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

SEQID NO: 24

LC002520.1/326-829 Zika virus genomic RNA, strain: MR766-NIID, Uganda, Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMTVNDIGYETDENRAKVEVT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGKLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCK
IPYQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

SEQID NO: 25

isol-MR_766.AEN75263.1.Uganda/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGYETDENRAKVEVT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGKLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCK
IPYQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

SEQID NO: 26

ArD7117.AHL43501.1.-/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDIGHETDENRAKVEVT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAVCTAAKVPAETLHGTVTVEVQYAGTDGPC
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KVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVL
GDTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLYVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

SEQID NO: 27

AY632535.2/326-825 NC_012532.1 Zika virus strain MR 766, Uganda, Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIGYETDEDRAKVEVTPNSPR
AEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVL
GSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCKIPVQ
MAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAW
DFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

SEQID NO: 28

MR_766.AAV34151.1.Uganda/291-790 Flavivirus envelope glycoprotein E. |Q32ZE1|Q32ZE1_9FL
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIGYETDEDRAKVEVTPNSPR
AEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVL
GSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCKIPVQ
MAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAW
DFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

SEQ ID NO: 29

MR_766.YP_009227198.1.Uganda/1-500 envelope protein E [Zika virus]
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIGYETDEDRAKVEVTPNSPR
AEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVL
GSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCKIPVQ
MAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAW
DFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

SEQ ID NO: 30

KU681081.3/308-811 Zika virus isolate Zika virus/H.sapiens-tc/THA/2014/5V0127- 14, Thailand, Flavivirus envelope
glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ,
SDTQYVCKRTLYDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHTGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMAQTLTPVGRLITANPVITEGTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLG
DTAWDFGSVGGVLNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQID NO: 31

isol-Zika_virus%H.sapiens-tc%THA%2014%SV0127-_14.AMD61710.1.Thailand/291-794 Flavivirus envelope
glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHTGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITEGTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLG
DTAWDFGSVGGVLNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQID NO: 32
CK-ISL_2014.AIC06934.1.Cook_Islands/1-504 Flavivirus envelope glycoprotein E. (Fragment) OS=Zika virus GN=E
PE=4 SV=1
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IRCIGVSNRDFVEGMSGGTWVYDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSYHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQID NO: 33

Natal_RGN.AMB18850.1.Brazil:_Rio_Grande_do_Norte, Natal/291-794 Flavivirus envelope glycoprotein E.]
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQID NO: 34

isol-Si323.AMC37200.1.Colombia/1-504 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQID NO: 35

KU707826.1/317-820 Zika virus isolate SSABR1, Brazil, Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQ ID NO: 36

KU509998.1/326-829 Zika virus strain Haiti/1225/2014, Haiti, Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ,
SDTQYVCKRTLYDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMAQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQID NO: 37

isol-GDZ16001.AML82110.1.China/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQID NO: 38
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BeH819015.AMA12085.1.Brazil/291-794 Flavivirus envelope glycoprotein E.]
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQID NO: 39

MRS_OPY_Martinique_PaRi_2015.AMC33116.1.Martinique/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ,
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSYHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQID NO: 40

KU501215.1/308-811 Zika virus strain PRVABC59, Puerto Rico, Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQID NO: 41

Haiti%1225%2014.AMB37295.1.Haiti/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQ ID NO: 42

KU527068.1/308-811 Zika virus strain Natal RGN, Brazil: Rio Grande do Norte, Natal, Flavivirus envelope
glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ,
SDTQYVCKRTLYDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMAQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQID NO: 43

isol-Z1106027.ALX35662.1.Suriname/5-508 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA
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SEQID NO: 44

isol-FLR.AMM39804.1.Colombia:_Barranquilla/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQ ID NO: 45

PLCal_ZV_isol-From_Vero_E6_cells.AHL37808.1.Canada/254-757 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQID NO: 46

BeH818995.AMA12084.1.Brazil/291-794 Flavivirus envelope glycoprotein E. [Zika virus].
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQID NO: 47

H/PF/2013.AHZ13508.1.French_Polynesia/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQ ID NO: 48

PRVABC59.AMC13911.1.Puerto_Rico/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQ ID NO: 49

KU321639.1/326-829 Zika virus strain ZikaSPH2015, Brazil, Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDIVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
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VPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQ ID NO: 50

ZikaSPH2015.ALU33341.1.Brazil/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDIVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQID NO: 51

103344.AMC13912.1.Guatemala/291-794 polyprotein [Zika virus]. 103344.AMC13912.1.Guatemala Flavivirus
envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEIRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQ ID NO: 52

isol-Brazil-ZKV2015.AMD16557.1.Brazil /291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGTQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQID NO: 53

KU497555.1/308-811 Zika virus isolate Brazil-ZKV2015, Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGTQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQID NO: 54

isol-ZJ03.AMM39806.1.China/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGARRMAVLG
DTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQ ID NO: 55

isol-FS$13025.AFD30972.1.Cambodia/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
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PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQ ID NO: 56

isol-Z1106032.ALX35660.1.Suriname/291-794 Flavivirus envelope glycoprotein E. [Zika virus]
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNAKNGSISLMCLALGGVLIFLSTAVSA

SEQID NO: 57

isol-Z1106033.ALX35659.1.Suriname/291-794 Flavivirus envelope glycoprotein E. [Zika virus]
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNAKNGSISLMCLALGGVLIFLSTAVSA

SEQ ID NO: 58

isol-BeH828305.AMK49165.1.Brazil/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDTQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQ ID NO: 59

isol-GD01.AMK79468.1.China/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNGTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQ ID NO: 60

isol-Z1106031.ALX35661.1.Suriname/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VLAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQID NO: 61
ACD75819.1.Micronesia/291-794 Flavivirus envelope glycoprotein E.
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IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPAVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSYHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLYWLGLNTKNGSISLTCLALGGVLIFLSTAVSA

SEQ ID NO: 62

KU681082.3/308-811 Zika virus isolate Zika virus/H.sapiens-tc/PHL/2012/CPC-0740, Philippines, Flavivirus
envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ,
SDTQYVCKRTLYDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMAQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVLIFLSTAVSA

SEQID NO: 63

isol-Zika_virus%H.sapiens-tc%PHL%2012%CPC-0740.AMD61711.1.Philippines/291-794 Flavivirus envelope
glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVLIFLSTAVSA

SEQID NO: 64

isol-BeH823339.AMK49164.2.Brazil/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVSTTVSNMAEVRSYCYEATISDIASDSRCPTQGEAYLDKQS
DTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITP
NSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
AVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

SEQ ID NO: 65

isol-P6-740.AEN75264.1.Malaysia/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDXGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWXRSGSTIGKAFEATVRGAKRMAVLG
DTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVLIFLSTAVSA

SEQ ID NO: 66

KU744693.1/326-829 Zika virus isolate VE_Ganxian, China, Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTAMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMLYNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLAHKEWFHDIPLPWHAGAATGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETVDGTVTVEGQYGGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIIGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSG
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SEQ ID NO: 67

isol-VE_Ganxian.AMK79469.1.China/291-794 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTAMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMLYNDTGHETDENRAKVEIT
PNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLAHKEWFHDIPLPWHAGAATGTPHWNNKEALVEFKDAHAKRQT
VVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETVDGTVTVEGQYGGTDGPCK
VPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGD
TAWDFGSVGGALNSLGKGIHQIIGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSG

SEQ ID NO: 68

ArD157995.AHL43503.1.-/291-794 Flavivirus envelope glycoprotein E.
ISCIGVSNRDLVEGMSGGTWVDVVLEHGGCVTEMAQDKPTVDIELVTMTVSNMAEVRSYCYEASLSDMASASRCPTQGEPSLDK
QSDTQSVCKRTLGDRGWGNGCGIFGKGSLVTCSKFTCCKKMPGKSIQPENLEYRIMLPVHGSQHSGMIVNDIGHETDENRAKVEV
TPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQ
TVVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQSAGTDGPC
KVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVL
GDTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

SEQ ID NO: 69

MR_766.ABI54475.1.Uganda/291-788 Flavivirus envelope glycoprotein E.
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQ
SDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDENRAKVEVTPNSPRA
EATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGS
QEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCKVPAQM
AVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWDF
GSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

SEQ.ID NO: 70
5'-(dIdC)15-3’
dIdC dIdC dIdC dIdC didC dIdC dIdC dIdC didC dIdC dIdC didC didC

SEQID NO: 71
KLK peptide
KLKLLLLLKLK

Provided below are examples of nucleic acid sequences of the genomes of Chikungunya, Japanese
Encephalitis and yellow fever viruses that may be used in the methods, compositions, and/or vaccines

described herein.

SEQID NO: 72

Chikungunya virus strain LR2006_OPY1, complete genome ACCESSION: DQ443544
ATGGCTGCGTGAGACACACGTAGCCTACCAGTTTCTTACTGCTCTACTCTGCAAAGCAAGAGATTAATAACCCATCATGGATC
CTGTGTACGTGGACATAGACGCTGACAGCGCCTTTTTGAAGGCCCTGCAACGTGCGTACCCCATGTTITGAGGTGGAACCAA
GGCAGGTCACACCGAATGACCATGCTAATGCTAGAGCGTTCTCGCATCTAGCTATAAAACTAATAGAGCAGGAAATTGACCC
CGACTCAACCATCCTGGATATCGGCAGTGCGCCAGCAAGGAGGATGATGTCGGACAGGAAGTACCACTGCGTCTGCCCGAT
GCGCAGTGCGGAAGATCCCGAGAGACTCGCCAATTATGCGAGAAAGCTAGCATCTGCCGCAGGAAAAGTCCTGGACAGAA
ACATCTCTGGAAAGATCGGGGACTTACAAGCAGTAATGGCCGTGCCAGACACGGAGACGCCAACATTCTGCTTACACACAG
ACGTCTCATGTAGACAGAGAGCAGACGTCGCTATATACCAAGACGTCTATGCTGTACACGCACCCACGTCGCTATACCACCA
GGCGATTAAAGGGGTCCGAGTGGCGTACTGGGTTGGGTTCGACACAACCCCGTTCATGTACAATGCCATGGCGGGTGCCTA
CCCCTCATACTCGACAAACTGGGCAGATGAGCAGGTACTGAAGGCTAAGAACATAGGATTATGTTCAACAGACCTGACGGA
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AGGTAGACGAGGCAAGTTGTCTATTATGAGAGGGAAAAAGCTAAAACCGTGCGACCGTGTGCTGTTCTCAGTAGGGTCAAC
GCTCTACCCGGAAAGCCGCAAGCTACTTAAGAGCTGGCACCTGCCATCGGTGTTCCATTTAAAGGGCAAACTCAGCTTCACA
TGCCGCTGTGATACAGTGGTTTCGTGTGAGGGCTACGTCGTTAAGAGAATAACGATGAGCCCAGGCCTTTATGGAAAAACC
ACAGGGTATGCGGTAACCCACCACGCAGACGGATTCCTGATGTGCAAGACTACCGACACGGTTGACGGCGAAAGARTGTCA
TTCTCGGTGTGCACATACGTGCCGGCGACCATTTGTGATCAAATGACCGGCATCCTTGCTACAGAAGTCACGCCGGAGGATG
CACAGAAGCTGTTGGTGGGGCTGAACCAGAGAATAGTGGTTAACGGCAGAACGCAACGGAATACGAACACCATGAAAAAT
TATCTGCTTCCCGTGGTCGCCCAAGCCTTCAGTAAGTGGGCAAAGGAGTGCCGGAAAGACATGGAAGATGAAAAACTCCTG
GGGGTCAGAGAAAGAACACTGACCTGCTGCTGTCTATGGGCATTCAAGAAGCAGAAAACACACACGGTCTACAAGAGGCCT
GATACCCAGTCAATTCAGAAGGTTCAGGCCGAGTTTGACAGCTTTGTGGTACCGAGTCTGTGGTCGTCCGGGTTGTCAATCC
CTTTGAGGACTAGAATCAAATGGTTGTTAAGCAAGGTGCCAAAAACCGACCTGATCCCATACAGCGGAGACGCCCGAGAAG
CCCGGGACGCAGAAAAAGAAGCAGAGGAAGAACGAGAAGCAGAACTGACTCGCGAAGCCCTACCACCTCTACAGGCAGCA
CAGGAAGATGTTCAGGTCGAAATCGACGTGGAACAGCTTGAGGACAGAGCGGGCGCAGGAATAATAGAGACTCCGAGAG
GAGCTATCAAAGTTACTGCCCAACCAACAGACCACGTCGTGGGAGAGTACCTGGTACTCTCCCCGCAGACCGTACTACGTAG
CCAGAAGCTCAGTCTGATTCACGCTTTGGCGGAGCAAGTGAAGACGTGCACGCACAACGGACGAGCAGGGAGGTATGCGG
TCGAAGCGTACGACGGCCGAGTCCTAGTGCCCTCAGGCTATGCAATCTCGCCTGAAGACTTCCAGAGTCTAAGCGAAAGCG
CAACGATGGTGTATAACGAAAGAGAGTTCGTAAACAGAAAGCTACACCATATTGCGATGCACGGACCAGCCCTGAACACCG
ACGAAGAGTCGTATGAGCTGGTGAGGGCAGAGAGGACAGAACACGAGTACGTCTACGACGTGGATCAGAGAAGATGCTG
TAAGAAGGAAGAAGCCGCAGGACTGGTACTGGTGGGCGACTTGACTAATCCGCCCTACCACGAATTCGCATATGAAGGGCT
AAAAATCCGCCCTGCCTGCCCATACAAAATTGCAGTCATAGGAGTCTTCGGAGTACCGGGATCTGGCAAGTCAGCTATTATC
AAGAACCTAGTTACCAGGCAGGACCTGGTGACTAGCGGAAAGAAAGAAAACTGCCAAGAAATCACCACCGACGTGATGAG
ACAGAGAGGTCTAGAGATATCTGCACGTACGGTTGACTCGCTGCTCTTGAATGGATGCAACAGACCAGTCGACGTGTTGTA
CGTAGACGAGGCGTTTGCGTGCCACTCTGGAACGCTACTTGCTTTGATCGCCTTGGTGAGACCAAGGCAGAAAGTTGTACTT
TGTGGTGACCCGAAGCAGTGCGGCTTCTTCAATATGATGCAGATGAAAGTCAACTATAATCACAACATCTGCACCCAAGTGT
ACCACAAAAGTATCTCCAGGCGGTGTACACTGCCTGTGACCGCCATTGTGTCATCGTTGCATTACGAAGGCAAAATGCGCAC
TACGAATGAGTACAACAAGCCGATTGTAGTGGACACTACAGGCTCAACAAAACCTGACCCTGGAGACCTCGTGTTAACGTG
CTTCAGAGGGTGGGTTAAACAACTGCAAATTGACTATCGTGGATACGAGGTCATGACAGCAGCCGCATCCCAAGGGTTAAC
CAGAAAAGGAGTTTACGCAGTTAGACAAAAAGTTAATGAAAACCCGCTCTATGCATCAACGTCAGAGCACGTCAACGTACTC
CTAACGCGTACGGAAGGTAAACTGGTATGGAAGACACTTTCCGGCGACCCGTGGATAAAGACGCTGCAGAACCCACCGAAA
GGAAACTTCAAAGCAACTATTAAGGAGTGGGAGGTGGAGCATGCATCAATAATGGCGGGCATCTGCAGTCACCAAATGAC
CTTCGATACATTCCAAAATAAAGCCAACGTTTGTTGGGCTAAGAGCTTGGTCCCTATCCTCGAAACAGCGGGGATAAAACTA
AATGATAGGCAGTGGTCTCAGATAATTCAAGCCTTCAAAGAAGACAAAGCATACTCACCTGAAGTAGCCCTGAATGAAATAT
GTACGCGCATGTATGGGGTGGATCTAGACAGCGGGCTATTTTCTAAACCGTTGGTGTCTGTGTATTACGCGGATAACCACTG
GGATAATAGGCCTGGAGGGAAAATGTTCGGATTTAACCCCGAGGCAGCATCCATTCTAGAAAGAAAGTATCCATTCACAAA
AGGGAAGTGGAACATCAACAAGCAGATCTGCGTGACTACCAGGAGGATAGAAGACTTTAACCCTACCACCAACATCATACC
GGCCAACAGGAGACTACCACACTCATTAGTGGCCGAACACCGCCCAGTAAAAGGGGAAAGAATGGAATGGCTGGTTAACA
AGATAAACGGCCACCACGTGCTCCTGGTCAGTGGCTATAACCTTGCACTGCCTACTAAGAGAGTCACTTGGGTAGCGCCGTT
AGGTGTCCGCGGAGCGGACTACACATACAACCTAGAGTTGGGTCTGCCAGCAACGCTTGGTAGGTATGACCTAGTGGTCAT
AAACATCCACACACCTTTTCGCATACACCATTACCAACAGTGCGTCGACCACGCAATGAAACTGCAAATGCTCGGGGGTGAC
TCATTGAGACTGCTCAAACCGGGCGGCTCTCTATTGATCAGAGCATATGGTTACGCAGATAGAACCAGTGAACGAGTCATCT
GCGTATTGGGACGCAAGTTTAGATCGTCTAGAGCGTTGAAACCACCATGTGTCACCAGCAACACTGAGATGTTTTTCCTATTC
AGCAACTTTGACAATGGCAGAAGGAATTTCACAACTCATGTCATGAACAATCAACTGAATGCAGCCTTCGTAGGACAGGTCA
CCCGAGCAGGATGTGCACCGTCGTACCGGGTAAAACGCATGGACATCGCGAAGAACGATGAAGAGTGCGTAGTCAACGCC
GCTAACCCTCGCGGGTTACCGGGTGRCGGTGTTTGCAAGGCAGTATACAAAAAATGGCCGGAGTCCTTTAAGAACAGTGCA
ACACCAGTGGGAACCGCAAAAACAGTTATGTGCGGTACGTATCCAGTAATCCACGCTGTTGGACCAAACTTCTCTAATTATT
CGGAGTCTGAAGGGGACCGGGAATTGGCAGCTGCCTATCGAGAAGTCGCAAAGGAAGTAACTAGGCTGGGAGTAAATAGT
GTAGCTATACCTCTCCTCTCCACAGGTGTATACTCAGGAGGGAAAGACAGGCTGACCCAGTCACTGAACCACCTCTTTACAG
CCATGGACTCGACGGATGCAGACGTGGTCATCTACTGCCGCGACAAAGAATGGGAGAAGAAAATATCTGAGGCCATACAG
ATGCGGACCCAAGTAGAGCTGCTGGATGAGCACATCTCCATAGACTGCGATATTGTTCGCGTGCACCCTGACAGCAGCTTG
GCAGGCAGAAAAGGATACAGCACCACGGAAGGCGCACTGTACTCATATCTAGAAGGGACCCGTTTTCATCAGACGGCTGTG
GATATGGCGGAGATACATACTATGTGGCCAAAGCAAACAGAGGCCAATGAGCAAGTCTGCCTATATGCCCTGGGGGAAAG
TATTGAATCGATCAGGCAGAAATGCCCGGTGGATGATGCAGACGCATCATCTCCCCCCAAAACTGTCCCGTGCCTTTGCCGT
TACGCTATGACTCCAGAACGCGTCACCCGGCTTCGCATGAACCACGTCACAAGCATAATTGTGTGTTCTTCGTTTCCCCTCCC
AAAGTACAAAATAGAAGGAGTGCAAAAAGTCAAATGCTCTAAGGTAATGCTATTTGACCACAACGTGCCATCGCGCGTAAG
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TCCAAGGGAATATAKATCTTCCCAGGAGTCTGCACAGGAGGCGAGTACAATCACGTCACTGACGCATAGTCAATTCGACCTA
AGCGTTGATGGCGAGATACTGCCCGTCCCGTCAGACCTGGATGCTGACGCCCCAGCCCTAGAACCAGCACTAGACGACGGG
GCGACACACACGCTGCCATCCACAACCGGAAACCTTGCGGCCGTGTCTGATTGGGTAATGAGCACCGTACCTGTCGCGCCG
CCCAGAAGAAGGCGAGGGAGAAACCTGACTGTGACATGTGACGAGAGAGAAGGGAATATAACACCCATGGCTAGCGTCCG
ATTCTTTAGGGCAGAGCTGTGTCCGGTCGTACAAGAAACAGCGGAGACGCGTGACACAGCAATGTCTCTTCAGGCACCACC
GAGTACCGCCACGGAACCGAATCATCCGCCGATCTCCTTCGGAGCATCAAGCGAGACGTTCCCCATTACATTTGGGGACTTC
AACGAAGGAGAAATCGAAAGCTTGTCTTCTGAGCTACTAACTTTCGGAGACTTCTTACCAGGAGAAGTGGATGACTTGACA
GACAGCGACTGGTCCACGTGCTCAGACACGGACGACGAGTTATGACTAGACAGGGCAGGTGGGTATATATTCTCGTCGGAC
ACCGGTCCAGGTCATTTACAACAGAAGTCAGTACGCCAGTCAGTGCTGCCGGTGAACACCCTGGAGGAAGTCCACGAGGAG
AAGTGTTACCCACCTAAGCTGGATGAAGCAAAGGAGCAACTATTACTTAAGAAACTCCAGGAGAGTGCATCCATGGCCAAC
AGAAGCAGGTATCAGTCGCGCAAAGTAGAAAACATGAAAGCAGCAATCATCCAGAGACTAAAGAGAGGCTGTAGACTATA
CTTAATGTCAGAGACCCCAAAAGTCCCTACTTACCGGACTACATATCCGGCGCCTGTGTACTCGCCTCCGATCAACGTCCGAT
TGTCCAATCCCGAGTCCGCAGTGGCAGCATGCAATGAGTTCTTAGCTAGAAACTATCCAACTGTCTCATCATACCAAATTACC
GACGAGTATGATGCATATCTAGACATGGTGGACGGGTCGGAGAGTTGCCTGGACCGAGCGACATTCAATCCGTCAAAACTC
AGGAGCTACCCGAAACAGCACGCTTACCACGCGCCCTCCATCAGAAGCGCTGTACCGTCCCCATTCCAGAACACACTACAGA
ATGTACTGGCAGCAGCCACGAAAAGAAACTGCAACGTCACACAGATGAGGGAATTACCCACTTTGGACTCAGCAGTATTCA
ACGTGGAGTGTTTCAAAAAATTCGCATGCAACCAAGAATACTGGGAAGAATTTGCTGCCAGCCCTATTAGGATAACAACTGA
GAATTTAGCAACCTATGTTACTAAACTAAAAGGGCCAAAAGCAGCAGCGCTATTCGCAAAAACCCATAATCTACTGCCACTA
CAGGAAGTACCAATGGATAGGTTCACAGTAGATATGAAAAGGGACGTAAAGGTGACTCCTGGTACAAAGCATACAGAGGA
AAGACCTAAGGTGCAGGTTATACAGGCGGCTGAACCCTTGGCGACAGCATACCTATGTGGGATTCACAGAGAGCTGGTTAG
GAGGCTGAACGCCGTCCTCCTACCCAATGTACATACACTATTTGACATGTCTGCCGAGGATTTCGATGCCATCATAGCCGCAC
ACTTTAAGCCAGGAGACACTGTTTTGGAAACGGACATAGCCTCCTTTGATAAGAGCCAAGATGATTCACTTGCGCTTACTGC
TTTGATGCTGTTAGAGGATTTAGGGGTGGATCACTCCCTGCTGGACTTGATAGAGGCTGCTTTCGGAGAGATTTCCAGCTGT
CACCTACCGACAGGTACGCGCTTCAAGTTCGGCGCCATGATGAAATCAGGTATGTTCCTAACTCTGTTCGTCAACACATTGTT
AAACATCACCATCGCCAGCCGAGTGCTGGAAGATCGTCTGACAAAATCCGCGTGCGCGGCCTTCATCGGCGACGACAACAT
AATACATGGAGTCGTCTCCGATGAATTGATGGCAGCCAGATGTGCCACTTGGATGAACATGGAAGTGAAGATCATAGATGC
AGTTGTATCCTTGAAAGCCCCTTACTTTTGTGGAGGGTTTATACTGCACGATACTGTGACAGGAACAGCTTGCAGAGTGGCA
GACCCGCTAAAAAGGCTTTTTAAACTGGGCAAACCGCTAGCGGCAGGTGACGAACAAGATGAAGATAGAAGACGAGCGCT
GGCTGACGAAGTGATCAGATGGCAACGAACAGGGCTAATTGATGAGCTGGAGAAAGCGGTATACTCTAGGTACGAAGTGC
AGGGTATATCAGTTGTGGTAATGTCCATGGCCACCTTTGCAAGCTCCAGATCCAACTTCGAGAAGCTCAGAGGACCCGTCAT
AACTTTGTACGGCGGTCCTAAATAGGTACGCACTACAGCTACCTATTTTGCAGAAGCCGACAGCAAGTATCTAAACACTAAT
CAGCTACAATGGAGTTCATCCCAACCCAAACTTTTTACAATAGGAGGTACCAGCCTCGACCCTGGACTCCGCGCCCTACTATC
CAAGTCATCAGGCCCAGACCGCGCCCTCAGAGGCAAGCTGGGCAACTTGCCCAGCTGATCTCAGCAGTTAATAAACTGACA
ATGCGCGCGGTACCCCAACAGAAGCCACGCAGGAATCGGAAGAATAAGAAGCAAAAGCAAAAACAACAGGCGCCACAAAA
CAACACAAATCAAAAGAAGCAGCCACCTAAAAAGAAACCGGCTCAAAAGAAAAAGAAGCCGGGCCGCAGAGAGAGGATG
TGCATGAAAATCGAAAATGATTGTATTTTCGAAGTCAAGCACGAAGGTAAGGTAACAGGTTACGCGTGCCTGGTGGGGGAC
AAAGTAATGAAACCAGCACACGTAAAGGGGACCATCGATAACGCGGACCTGGCCAAACTGGCCTTTAAGCGGTCATCTAAG
TATGACCTTGAATGCGCGCAGATACCCGTGCACATGAAGTCCGACGCTTCGAAGTTCACCCATGAGAAACCGGAGGGGTAC
TACAACTGGCACCACGGAGCAGTACAGTACTCAGGAGGCCGGTTCACCATCCCTACAGGTGCTGGCAAACCAGGGGACAGC
GGCAGACCGATCTTCGACAACAAGGGACGCGTGGTGGCCATAGTCTTAGGAGGAGCTAATGAAGGAGCCCGTACAGCCCT
CTCGGTGGTGACCTGGAATAAAGACATTGTCACTAAAATCACCCCCGAGGGGGCCGAAGAGTGGAGTCTTGCCATCCCAGT
TATGTGCCTGTTGGCAAACACCACGTTCCCCTGCTCCCAGCCCCCTTGCACGCCCTGCTGCTACGAAAAGGAACCGGAGGAA
ACCCTACGCATGCTTGAGGACAACGTCATGAGACCTGGGTACTATCAGCTGCTACAAGCATCCTTAACATGTTCTCCCCACCG
CCAGCGACGCAGCACCAAGGACAACTTCAATGTCTATAAAGCCACAAGACCATACTTAGCTCACTGTCCCGACTGTGGAGAA
GGGCACTCGTGCCATAGTCCCGTAGCACTAGAACGCATCAGAAATGAAGCGACAGACGGGACGCTGAAAATCCAGGTCTCC
TTGCAAATCGGAATAAAGACGGATGACAGCCACGATTGGACCAAGCTGCGTTATATGGACAACCACATGCCAGCAGACGCA
GAGAGGGCGGGGCTATTTGTAAGAACATCAGCACCGTGTACGATTACTGGAACAATGGGACACTTCATCCTGGCCCGATGT
CCAAAAGGGGAAACTCTGACGGTGGGATTCACTGACAGTAGGAAGATTAGTCACTCATGTACGCACCCATTTCACCACGAC
CCTCCTGTGATAGGTCGGGAAAAATTCCATTCCCGACCGCAGCACGGTAAAGAGCTACCTTGCAGCACGTACGTGCAGAGC
ACCGCCGCAACTACCGAGGAGATAGAGGTACACATGCCCCCAGACACCCCTGATCGCACATTAATGTCACAACAGTCCGGC
AACGTAAAGATCACAGTCAATGGCCAGACGGTGCGGTACAAGTGTAATTGCGGTGGCTCAAATGAAGGACTAACAACTACA
GACAAAGTGATTAATAACTGCAAGGTTGATCAATGTCATGCCGCGGTCACCAATCACAAAAAGTGGCAGTATAACTCCCCTC
TGGTCCCGCGTAATGCTGAACTTGGGGACCGAAAAGGAAAAATTCACATCCCGTTTCCGCTGGCAAATGTAACATGCAGGG

61



WO 2017/109224 PCT/EP2016/082663

TGCCTAAAGCAAGGAACCCCACCGTGACGTACGGGAAAAACCAAGTCATCATGCTACTGTATCCTGACCACCCAACACTCCT
GTCCTACCGGAATATGGGAGAAGAACCAAACTATCAAGAAGAGTGGGTGATGCATAAGAAGGAAGTCGTGCTAACCGTGC
CGACTGAAGGGCTCGAGGTCACGTGGGGCAACAACGAGCCGTATAAGTATTGGCCGCAGTTATCTACAAACGGTACAGCCC
ATGGCCACCCGCATGAGATAATTCTGTATTATTATGAGCTGTACCCCACTATGACTGTAGTAGTTGTGTCAGTGGCCACGTTC
ATACTCCTGTCGATGGTGGGTATGGCAGCGGGGATGTGCATGTGTGCACGACGCAGATGCATCACACCGTATGAACTGACA
CCAGGAGCTACCGTCCCTTTCCTGCTTAGCCTAATATGCTGCATCAGAACAGCTAAAGCGGCCACATACCAAGAGGCTGCGA
TATACCTGTGGAACGAGCAGCAACCTTTGTTTTGGCTACAAGCCCTTATTCCGCTGGCAGCCCTGATTGTTCTATGCAACTGT
CTGAGACTCTTACCATGCTGCTGTAAAACGTTGGCTTTTTTAGCCGTAATGAGCGTCGGTGCCCACACTGTGAGCGCGTACG
AACACGTAACAGTGATCCCGAACACGGTGGGAGTACCGTATAAGACTCTAGTCAATAGACCTGGCTACAGCCCCATGGTATT
GGAGATGGAACTACTGTCAGTCACTTTGGAGCCAACACTATCGCTTGATTACATCACGTGCGAGTACAAAACCGTCATCCCG
TCTCCGTACGTGAAGTGCTGCGGTACAGCAGAGTGCAAGGACAAAAACCTACCTGACTACAGCTGTAAGGTCTTCACCGGC
GTCTACCCATTTATGTGGGGCGGCGCCTACTGCTTCTGCGACGCTGAAAACACGCAGTTGAGCGAAGCACACGTGGAGAAG
TCCGAATCATGCAAAACAGAATTTGCATCAGCATACAGGGCTCATACCGCATCTGCATCAGCTAAGCTCCGCGTCCTTTACCA
AGGAAATAACATCACTGTAACTGCCTATGCAAACGGCGACCATGCCGTCACAGTTAAGGACGCCAAATTCATTGTGGGGCC
AATGTCTTCAGCCTGGACACCTTTCGACAACAAAATTGTGGTGTACAAAGGTGACGTCTATAACATGGACTACCCGCCCTTTG
GCGCAGGAAGACCAGGACAATTTGGCGATATCCAAAGTCGCACACCTGAGAGTAAAGACGTCTATGCTAATACACAACTGG
TACTGCAGAGACCGGCTGTGGGTACGGTACACGTGCCATACTCTCAGGCACCATCTGGCTTTAAGTATTGGCTAAAAGAACG
CGGGGCGTCGCTGCAGCACACAGCACCATTTGGCTGCCAAATAGCAACAAACCCGGTAAGAGCGGTGAACTGCGCCGTAG
GGAACATGCCCATCTCCATCGACATACCGGAAGCGGCCTTCACTAGGGTCGTCGACGCGCCCTCTTTAACGGACATGTCGTG
CGAGGTACCAGCCTGCACCCATTCCTCAGACTTTGGGGGCGTCGCCATTATTAAATATGCAGCCAGCAAGAAAGGCAAGTG
TGCGGTGCATTCGATGACTAACGCCGTCACTATTCGGGAAGCTGAGATAGAAGTTGAAGGGAATTCTCAGCTGCAAATCTCT
TTCTCGACGGCCTTAGCCAGCGCCGAATTCCGCGTACAAGTCTGTTCTACACAAGTACACTGTGCAGCCGAGTGCCACCCCC
CGAAGGACCACATAGTCAACTACCCGGCGTCACATACCACCCTCGGGGTCCAGGACATCTCCGCTACGGCGATGTCATGGG
TGCAGAAGATCACGGGAGGTGTGGGACTGGTTGTTGCTGTTGCCGCACTGATTCTAATCGTGGTGCTATGCGTGTCGTTCA
GCAGGCACTAACTTGACAATTAAGTATGAAGGTATATGTGTCCCCTAAGAGACACACTGTACATAGCAAATAATCTATAGAT
CAAAGGGCTACGCAACCCCTGAATAGTAACAAAATACAAAATCACTAAAAATTATAAAAACAGAAAAATACATAAATAGGT
ATACGTGTCCCCTAAGAGACACATTGTATGTAGGTGATAAGTATAGATCAAAGGGCCGAATAACCCCTGAATAGTAACAAA
ATATGAAAATCAATAAAAATCATAAAATAGAAAAACCATAAACAGAAGTAGTTCAAAGGGCTATAAAACCCCTGAATAGTA
ACAAAACATAAAATTAATAAAAATCAAATGAATACCATAATTGGCAAACGGAAGAGATGTAGGTACTTAAGCTTCCTAAAAG
CAGCCGAACTCACTTTGAGAAGTAGGCATAGCATACCGAACTCTTCCACGATTCTCCGAACCCACAGGGACGTAGGAGATGT
TATTTTGTTTTTAATATTTCAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQID NO: 73

Japanese encephalitis virus strain SA14-14-2, complete genome, ACCESSION: KC517497
TTTAAACAGTTTTTTAGAACGGAAGATAACCATGACTAAAAAACCAGGAGGGCCCGGTAAAAACCGGGCTATCAATATGCT
GAAACGCGGCCTACCCCGCGTATTCCCACTAGTGGGAGTGAAGAGGGTAGTAATGAGCTTGTTGGACGGCAGAGGGCCAG
TACGTTTCGTGCTGGCTCTTATCACGTTCTTCAAGTTTACAGCATTAGCCCCGACCAAGGCGCTTTTAGGCCGATGGAAAGCA
GTGGAAAAGAGTGTGGCAATGAAACATCTTACTAGTTTCAAACGAGAACTTGGAACACTCATTGACGCCGTGAACAAGCGG
GGCAGAAAGCAAAACAAAAGAGGAGGAAATGAAGGCTCAATCATGTGGCTCGCGAGCTTGGCAGTTGTCATAGCTTGTGC
AGGAGCCATGAAGTTGTCGAATTTCCAGGGGAAGCTTTTGATGACCATCAACAACACGGACATTGCAGACGTTATCGTGATT
CCCACCTCAAAAGGAGAGAACAGATGCTGGGTCCGGGCAATCGACGTCGGCTACATGTGTGAGGACACTATCACGTACGAA
TGTCCTAAGCTTACCATGGGCAATGATCCAGAGGATGTGGATTGCTGGTGTGACAACCAAGAAGTCTACGTCCAATATGGA
CGGTGCACGCGGACCAGGCATTCCAAGCGAAGCAGGAGATCCGTGTCGGTCCAAACACATGGGGAGAGTTCACTAGTGAA
TAAAAAAGAGGCTTGGCTGGATTCAACGAAAGCCACACGATATCTCATGAAAACTGAGAACTGGATCATAAGGAATCCTGG
CTATGCTTTCCTGGCGGCGGTACTTGGCTGGATGCTTGGCAGTAACAACGGTCAACGCGTGGTATTTACCATCCTCCTGCTGT
TGGTCGCTCCGGCTTACAGTTTTAATTGTCTGGGAATGGGCAATCGTGACTTCATAGAAGGAGCCAGTGGAGCCACTTGGG
TGGACTTGGTGCTAGAAGGAGATAGCTGCTTGACAATCATGGCAAACGACAAACCAACATTGGACGTCCGCATGATTAACA
TCGAAGCTAGCCAACTTGCTGAGGTCAGAAGTTACTGCTATCATGCTTCAGTCACTGACATCTCGACGGTGGCTCGGTGCCC
CACGACTGGAGAAGCCCACAACGAGAAGCGAGCTGATAGTAGCTATGTGTGCAAACAAGGCTTCACTGACCGTGGGTGGG
GCAACGGATGTGGACTTTTCGGGAAGGGAAGCATTGACACATGTGCAAAATTCTCCTGCACCAGTAAAGCGATTGGGAGAA
CAATCCAGCCAGAAAACATCAAATACGAAGTTGGCATTTTTGTGCATGGAACCACCACTTCGGAAAACCATGGGAATTATTC
AGCGCAAGTTGGGGCGTCCCAGGCGGCAAAGTTTACAGTAACACCCAATGCTCCTTCGATAACCCTCAAACTTGGTGACTAC
GGAGAAGTCACACTGGACTGTGAGCCAAGGAGTGGACTGAACACTGAAGCGTTTTACGTCATGACCGTGGGGTCAAAGTC
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ATTTCTGGTCCATAGGGAGTGGTTTCATGACCTCGCTCTCCCCTGGACGTCCCCTTCGAGCACAGCGTGGAGAAACAGAGAA
CTCCTCATGGAATTTGAAGGGGCGCACGCCACAAAACAGTCCGTTGTTGCTCTTGGGTCACAGGAAGGAGGCCTCCATCAG
GCGTTGGCAGGAGCCATCGTGGTGGAGTACTCAAGCTCAGTGAAGTTAACATCAGGCCACCTGAAATGTAGGCTGAAAATG
GACAAACTGGCTCTGAAAGGCACAACCTATGGCATGTGTACAGAAAAATTCTCGTTCGCGAAAAATCCGGCGGACACTGGT
CACGGAACAGTTGTCATTGAACTCTCCTACTCTGGGAGTGATGGCCCCTGCAAAATTCCGATTGTTTCCGTTGCGAGCCTCAA
TGACATGACCCCCGTTGGGCGGCTGGTGACAGTGAACCCCTTCGTCGCGACTTCCAGTGCCAACTCAAAGGTGCTGGTCGA
GATGGAACCCCCCTTCGGAGACTCCTACATCGTAGTTGGAAGGGGAGACAAGCAGATCAACCACCATTGGCACAAAGCTGG
AAGCACGCTGGGCAAGGCCTTTTCAACAACTTTGAAGGGAGCTCAAAGACTGGCAGCGTTGGGCGACACAGCCTGGGACTT
TGGCTCTATTGGAGGGGTCTTCAACTCCATAGGAAAAGCCGTTCACCAAGTGTTTGGTGGTGCCTTCAGAACACTCTTTGGG
GGAATGTCTTGGATCACACAAGGGCTAATGGGTGCCCTACTGCTCTGGATGGGCGTCAACGCACGAGACCGATCAATTGCT
TTGGCCTTCTTAGCCACAGGGGGTGTGCTCGTGTTCTTAGCGACCAATGTGCATGCTGACACTGGATGTGCCATTGACATCA
CAAGAAAAGAGATGAGATGTGGAAGTGGCATCTTCGTGCACAACGACGTGGAAGCCTGGGTGGATAGGTATAAATATTTG
CCAGAAACGCCCAGATCCCTAGCGAAGATCGTCCACAAAGCGCACAAGGAAGGCGTGTGCGGAGTCAGATCTGTCACTAGA
CTGGAGCACCAAATGTGGGAAGCCGTACGGGACGAATTGAACGTCCTGCTCAAAGAGAATGCAGTGGACCTCAGTGTGGT
TGTGAACAAGCCCGTGGGAAGATATCGCTCAGCCCCTAAACGCCTATCCATGACGCAAGAGAAGTTTGAAATGGGCTGGAA
AGCATGGGGAAAAAGCATTCTCTTTGCCCCGGAATTGGCTAACTCCACATTTGTCGTAGATGGACCTGAGACAAAGGAATG
CCCTGATGAGCACAGAGCTTGGAACAGCATGCAAATCGAAGACTTCGGCTTTGGCATCACATCAACCCGTGTGTGGCTGAA
AATTAGAGAGGAGAGCACTGACGAGTGTGATGGAGCGATCATAGGCACGGCTGTCAAAGGACATGTGGCAGTCCATAGTG
ACTTGTCGTACTGGATTGAGAGTCGCTACAACGACACATGGAAACTTGAGAGGGCAGTCTTTGGAGAGGTCAAATCTTGCA
CTTGGCCAGAGACACACACCCTTTGGGGAGATGATGTTGAGGAAAGTGAACTCATCATTCCGCACACCATAGCCGGACCAA
AAAGCAAGCACAATCGGAGGGAAGGGTATAAGACACAAAACCAGGGACCTTGGGATGAGAATGGCATAGTCTTGGACTTT
GATTATTGCCCAGGGACAAAAGTCACCATTACAGAGGATTGTGGCAAGAGAGGCCCTTCGGTCAGAACCACTACTGACAGT
GGAAAGTTGATCACTGACTGGTGCTGTCGCAGTTGCTCCCTTCCGCCCCTACGATTCCGGACAGAAAATGGCTGCTGGTACG
GAATGGAAATCAGACCTGTTAGGCATGATGAAACAACACTCGTCAGATCACAGGTTGATGCTTTCAATGGTGAAATGGTTG
ACCCTTTTCAGCTGGGCCTTCTGGTGATGTTTCTGGCCACCCAGGAGGTCCTTCGCAAGAGGTGGACGGCCAGATTGACCAT
TCCTGCGGTTTTGGGGGCCCTACTTGTGCTGATGCTTGGGGGCATCACTTACACTGATTTGGCGAGGTATGTGGTGCTAGTC
GCTGCTGCTTTCGCAGAGGCCAACAGTGGAGGAGACGTCCTGCACCTTGCTTTGATTGCCGTTTTTAAGATCCAACCAGCAT
TTCTAGTGATGAACATGCTTAGCACGAGATGGACGAACCAAGAAAACGTGGTTCTGGTCCTAGGGGCTGCCTTTTTCCAATT
GGCCTCAGTAGATCTGCAAATAGGAGTCCACGGAATCCTGAATGCCGCCGCTATAGCATGGATGATTGTCCGAGCGATCAC
CTTCCCCACAACCTCCTCCGTCACCATGCCAGTCTTAGCGCTTCTAACTCCGGGGATGAGGGCTCTATACCTAGACACTTACA
GAATCATCCTCCTCGTCATAGGGATTTGCTCCCTGCTGCACGAGAGGAAAAAGACCATGGCAAAAAAGAAAGGAGCTGTAC
TCTTGGGCTTAGCGCTCACATCCACTGGATGGTTCTCGCCCACCACTATAGCTGCCGGACTAATGGTCTGCAACCCAAACAA
GAAGAGAGGGTGGCCAGCTACTGAGTTTTTGTCGGCAGTTGGATTGATGTTTGCCATCGTAGGTGGTTTGGCCGAGTTGGA
TATTGAATCCATGTCAATACCCTTCATGCTGGCAGGTCTCATGGCAGTGTCCTACGTGGTGTCAGGAAAAGCAACAGATATG
TGGCTTGAACGGGCCGCCGACATCAGCTGGGAGATGGATGCTGCAATCACAGGAAGCAGTCGGAGGCTGGATGTGAAACT
GGATGATGACGGAGATTTTCACTTGATTGATGATCCCGGTGTTCCATGGAAGGTCTGGGTCCTGCGCATGTCTTGCATTGGC
TTAGCCGCCCTCACGCCTTGGGCCATCGTTCCCGCCGCTTTCGGTTATTGGCTCACTTTAAAAACAACAAAAAGAGGGGGCG
TGTTTTGGGACACGCCATCCCCAAAACCTTGCTCAAAAGGAGACACCACTACAGGAGTCTACCGAATTATGGCTAGAGGGAT
TCTTGGCACTTACCAGGCCGGCGTCGGAGTCATGTACGAGAATGTTTTCCACACACTATGGCACACAACTAGAGGAGCAGCC
ATTATGAGTGGAGAAGGAAAATTGACGCCATACTGGGGTAGTGTGAGAGAAGACCGCATAGCTTACGGAGGCCCATGGAG
GTTTGACCGAAAATGGAATGGAACAGATGACGTGCAAGTGATCGTGGTAGAACCGGGGAAGGCTGCAGTAAACATCCAGA
CAAAACCAGGAGTGTTTCGGACTCCCTTCGGGGAGGTTGGGGCTGTTAGTCTGGATTACCCGCGAGGAACATCCGGCTCAC
CCATTCTGGATTCCAATGGAGACATTATAGGCCTATACGGCAATGGAGTTGAGCTTGGCGATGGCTCATACGTCAGCGCCAT
CGTGCAGGGTGACCGTCAGGAGGAACCAGTCCCAGAAGCTTACACCCCAAACATGTTGAGAAAGAGACAGATGACTGTGC
TAGATTTGCACCCTGGTTCAGGGAAAACCAGGAAAATTCTGCCACAAATAATTAAGGACGCTATCCAGCAGCGCCTAAGAAC
AGCTGTGTTGGCACCGACGCGGGTGGTAGCAGCAGAAATGGCAGAAGCTTTGAGAGGGCTCCCAGTACGATATCAAACTTC
AGCAGTGCAGAGAGAGCACCAAGGGAATGAAATAGTGGATGTGATGTGCCACGCCACTCTGACCCATAGACTGATGTCACC
GAACAGAGTGCCCAACTACAACCTATTTGTCATGGATGAAGCTCATTTCACCGACCCAGCCAGTATAGCCGCACGAGGATAC
ATTGCTACCAAGGTGGAATTAGGGGAGGCAGCAGCCATCTTTATGACAGCGACCCCGCCTGGAACCACGGATCCTTTTCCTG
ACTCAAATGCCCCAATCCATGATTTGCAAGATGAGATACCAGACAGGGCATGGAGCAGTGGATACGAATGGATCACAGAAT
ATGCGGGTAAAACCGTGTGGTTTGTGGCGAGCGTAAAAATGGGGAATGAGATTGCAATGTGCCTCCAAAGAGCGGGGAAA
AAGGTCATCCAACTCAACCGCAAGTCCTATGACACAGAATACCCAAAATGTAAGAATGGAGACTGGGATTTTGTCATTACCA
CCGACATCTCTGAAATGGGGGCCAACTTCGGTGCGAGCAGGGTCATCGACTGTAGAAAGAGCGTGAAACCCACCATCTTAG
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AAGAGGGAGAAGGCAGAGTCATCCTCGGAAACCCATCTCCCATAACCAGTGCAAGCGCAGCTCAACGGAGGGGCAGAGTA
GGCAGAAACCCCAACCAAGTTGGAGATGAATACCACTATGGGGGGGCTACCAGTGAAGATGACAGTAACCTAGCCCATTG
GACAGAGGCAAAGATCATGTTAGACAACATACACATGCCCAATGGACTGGTGGCCCAGCTCTATGGACCAGAGAGGGAAA
AGGCTTTCACAATGGATGGCGAATACCGTCTCAGAGGTGAAGAAAAGAAAAACTTCTTAGAGCTGCTTAGGACGGCTGACC
TCCCGGTGTGGCTGGCCTACAAGGTGGCGTCCAATGGCATTCAGTACACCGACAGAAAGTGGTGTTTTGATGGGCCGCGTA
CGAATGCCATACTGGAGGACAACACCGAGGTAGAGATAGTCACCCGGATGGGTGAGAGGAAAATCCTCAAGCCGAGATGG
CTTGATGCAAGAGTTTATGCAGATCACCAAGCCCTCAAGTGGTTCAAAGACTTTGCAGCAGGGAAGAGATCAGCCGTTAGC
TTCATAGAGGTGCTCGGTCGCATGCCTGAGCATTTCATGGGAAAGACGCGGGAAGCTTTAGACACCATGTACTTGGTTGCA
ACGGCTGAGAAAGGTGGGAAAGCACACCGAATGGCTCTCGAAGAGCTGCCAGATGCACTGGAAACCATCACACTTATTGTC
GCCATTACTGTGATGACAGGAGGATTCTTCCTACTAATGATGCAGCGAAAGGGTATAGGGAAGATGGGTCTTGGAGCTCTA
GTGCTCACGCTAGCTACCTTCTTCCTGTGGGCGGCAGAGGTTCCTGGAACCAAAATAGCAGGGACCCTGCTGATCGCCCTGC
TGCTGATGGTGGTTCTCATCCCAGAACCGGAAAAACAGAGGTCACAGACAGATAACCAACTGGCGGTGTTTCTCATCTGTGT
CTTGACCGTGGTTGGAGTGGTGGCAGCAAACGAGTACGGGATGCTAGAAAAAACCAAAGCAGATCTCAAGAGCATGTTTG
GCGGAAAGACGCAGGCATCAGGACTGACTGGATTGCCAAGCATGGCACTGGACCTGCGTCCAGCCACAGCCTGGGCACTG
TATGGGGGGAGCACAGTCGTGCTAACCCCTCTTCTGAAGCACCTGATCACGTCGGAATACGTCACCACATCGCTAGCCTCAA
TTAACTCACAAGCTGGCTCATTATTCGTCTTGCCACGAGGCGTGCCTTTTACCGACCTAGACTTGACCGTTGGCCTCGTCTTCC
TTGGCTGTTGGGGTCAAATCACCCTCACAACGTTTCTGACAGCCATGGTTCTGGCGACACTTCACTATGGGTACATGCTCCCT
GGATGGCAAGCAGAAGCACTCAGGGCTGCCCAGAGAAGGACAGCGGCTGGAATAATGAAGAATGCCGTTGTTGACGGAA
TGGTCGCCACTGATGTGCCTGAACTGGAAAGGACTACTCCTCTGATGCAAAAGAAAGTCGGACAGGTGCTCCTCATAGGGG
TAAGCGTGGCAGCGTTCCTCGTCAACCCTAATGTCACCACTGTGAGAGAAGCAGGGGTGTTGGTGACGGCGGCTACGCTTA
CTTTGTGGGACAATGGAGCCAGTGCCGTTTGGAATTCCACCACAGCCACGGGACTCTGCCATGTCATGCGAGGTAGCTACCT
GGCTGGAGGCTCCATTGCTTGGACTCTCATCAAGAACGCTGATAAGCCCTCCTTGAAAAGGGGAAGGCCTGGGGGCAGGA
CGCTAGGGGAGCAGTGGAAGGAAAAACTAAATGCCATGAGCAGAGAAGAGTTTTTTAAATACCGGAGAGAGGCCATAATC
GAGGTGGACCGCACTGAAGCACGCAGGGCCAGACGTGAAAATAACATAGTGGGAGGACATCCGGTTTCGCGAGGCTCAGC
AAAACTCCGTTGGCTCGTGGAGAAAGGATTTGTCTCGCCAATAGGAAAAGTCATTGATCTAGGGTGTGGGCGTGGAGGATG
GAGCTACTACGCAGCAACCCTGAAGAAGGTCCAGGAAGTCAGAGGATACACGAAAGGTGGGGCGGGACATGAAGAACCG
ATGCTCATGCAGAGCTACGGCTGGAACCTGGTCTCCCTGAAGAGTGGAGTGGACGTGTTTTACAAACCTTCAGAGCCCAGT
GACACCCTGTTCTGTGACATAGGGGAATCCTCCCCAAGTCCAGAAGTAGAAGAACAACGCACACTACGCGTCCTAGAGATG
ACATCTGACTGGTTGCACCGAGGACCTAGAGAGTTCTGCATTAAAGTTCTCTGCCCTTACATGCCCAAGGTTATAGAAAAAA
TGGAAGTTCTGCAGCGCCGCTTCGGAGGTGGGCTAGTGCGTCTCCCCCTGTCCCGAAACTCCAATCACGAGATGTATTGGGT
TAGTGGAGCCGCTGGCAATGTGGTGCACGCTGTGAACATGACCAGCCAGGTACTACTGGGGCGAATGGATCGCACAGTGT
GGAGAGGGCCAAAGTATGAGGAAGATGTCAACCTAGGGAGCGGAACAAGAGCCGTGGGAAAGGGAGAAGTCCATAGCA
ATCAGGAGAAAATCAAGAAGAGAATCCAGAAGCTTAAAGAAGAATTCGCCACAACGTGGCACAAAGACCCTGAGCATCCAT
ACCGCACTTGGACATACCACGGAAGCTATGAAGTGAAGGCTACTGGCTCAGCCAGCTCTCTCGTCAACGGAGTGGTGAAGC
TCATGAGCAAACCTTGGGACGCCATTGCCAACGTCACCACCATGGCCATGACTGACACCACCCCTTTTGGACAGCAAAGAGT
TTTCAAGGAGAAAGTTGACACGAAGGCTCCTGAGCCACCAGCTGGAGCCAAGGAAGTGCTCAACGAGACCACCAACTGGCT
GTGGGCCCACTTGTCACGGGAAAAAAGACCCCGCTTGTGCACCAAGGAAGAATTCATAAAGAAAGTCAACAGCAACGCGG
CTCTTGGAGCAGTGTTCGCTGAACAGAATCAATGGAGCACGGCGCGTGAGGCTGTGGATGACCCGCGGTTTTGGGAGATG
GTTGATGAAGAGAGGGAAAACCATCTGCGAGGAGAGTGTCACACATGTATCTACAACATGATGGGAAAAAGAGAGAAGAA
GCCTGGAGAGTTTGGAAAAGCTAAAGGAAGCAGGGCCATTTGGTTCATGTGGCTTGGAGCACGGTATCTAGAGTTTGAAGC
TTTGGGGTTCCTGAATGAAGACCATTGGCTGAGCCGAGAGAATTCAGGAGGTGGAGTGGAAGGCTCAGGCGTCCAAAAGC
TGGGATACATCCTCCGTGACATAGCAGGAAAGCAAGGAGGGAAAATGTACGCTGATGATACCGCCGGGTGGGACACTAGA
ATTACCAGAACTGATTTAGAAAATGAAGCTAAGGTACTGGAGCTCCTAGACGGTGAACACCGCATGCTCGCCCGAGCCATA
ATTGAACTGACTTACAGGCACAAAGTGGTCAAGGTCATGAGACCTGCAGCAGAAGGAAAGACCGTGATGGACGTGATATC
AAGAGAAGATCAAAGGGGGAGTGGACAGGTGGTCACTTATGCTCTTAACACTTTCACGAACATCGCTGTCCAGCTCGTCAG
GCTGATGGAGGCTGAGGGGGTCATTGGACCACAACACTTGGAACAGCTACCTAGGAAAAACAAGATAGCTGTCAGGACCT
GGCTCTTTGAGAATGGAGAGGAGAGAGTGACCAGGATGGCGATCAGCGGAGACGACTGTGTCGTCAAGCCGCTGGACGA
CAGATTCGCCACAGCCCTCCACTTCCTCAACGCAATGTCAAAGGTCAGAAAAGACATCCAGGAATGGAAGCCTTCGCATGGC
TGGCACGATTGGCAGCAAGTTCCCTTCTGCTCTAACCATTTTCAGGAGATTGTGATGAAAGATGGAAGGAGTATAGTTGTCC
CGTGCAGAGGACAGGATGAGCTGATAGGCAGGGCTCGCATCTCTCCAGGAGCTGGATGGAATGTGAAGGACACAGCTTGC
CTGGCCAAAGCATATGCACAGATGTGGCTACTCCTATACTTCCATCGCAGGGACTTGCGTCTCATGGCAAATGCGATTTGCTC
AGCAGTGCCAGTGGATTGGGTGCCCACAGGCAGGACATCCTGGTCAATACACTCGAAAGGAGAGTGGATGACCACGGAAG
ACATGCTGCAGGTCTGGAACAGAGTCTGGATTGAAGAAAATGAATGGATGATGGACAAGACTCCAATCACAAGCTGGACA
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GACGTTCCGTATGTGGGAAAGCGTGAGGACATCTGGTGTGGCAGCCTCATCGGAACGCGATCCAGAGCAACCTGGGCTGA
GAACATCTATGCGGCGATAAACCAGGTTAGAGCTGTCATTGGGAAAGAAAATTATGTTGACTACATGACCTCACTCAGGAG
ATACGAAGACGTCTTGATCCAGGAAGACAGGGTCATCTAGTGTGATTTAAGGTAGAAAAGTAGACTATGTAAATAATGTAA
ATGAGAAAATGCATGCATATGGAGTCAGGCCAGCAAAAGCTGCCACCGGATACTGGGTAGACGGTGCTGCCTGCGTCTCAG
TCCCAGGAGGACTGGGTTAACAAATCTGACAACAGAAAGTGAGAAAGCCCTCAGAACCGTCTCGGAAGTAGGTCCCTGCTC
ACTGGAAGTTGAAAGACCAACGTCAGGCCACAAATTTGTGCCACTCCGCTAGGGAGTGCGGCCTGCGCAGCCCCAGGAGG
ACTGGGTTACCAAAGCCGTTGAGGCCCCCACGGCCCAAGCCTCGTCTAGGATGCAATAGACGAGGTGTAAGGACTAGAGGT
TAGAGGAGACCCCGTGGAAACAACAACATGCGGCCCAAGCCCCCTCGAAGCTGTAGAGGAGGTGGAAGGACTAGAGGTTA
GAGGAGACCCCGCATTTGCATCAAACAGCATATTGACACCTGGGAATAGACTGGGAGATCTTCTGCTCTATCTCAACATCAG
CTACTAG

SEQID NO: 74

Japanese encephalitis virus strain SA14-14-2, complete genome, ACCESSION: JN604986
AGAAGTTTATCTGTGTGAACTTCTTGGCTTAGTATCGTAGAGAAGAATCGAGAGATTAGTGCAGTTTAAACAGTTITTTAGA
ACGGAAGATAACCATGACTAAAAAACCAGGAGGGCCCGGTAAAAACCGGGCTATCAATATGCTGAAACGCGGCCTACCCC
GCGTATTCCCACTAGTGGGAGTGAAGAGGGTAGTAATGAGCTTGTTGGACGGCAGAGGGCCAGTACGTTTCGTGCTGGCTC
TTATCACGTTCTTCAAGTTTACAGCATTAGCCCCGACCAAGGCGCTTTCAGGCCGATGGAAAGCAGTGGAAAAGAGTGTGG
CAATGAAACATCTTACTAGTTTCAAACGAGAACTTGGAACACTCATTGACGCCGTGAACAAGCGGGGCAGAAAGCAAAACA
AAAGAGGAGGAAATGAAGGCTCAATCATGTGGCTCGCGAGCTTGGCAGTTGTCATAGCTTGTGCAGGAGCCATGAAGTTGT
CGAATTTCCAGGGGAAGCTTTTGATGACCATCAACAACACGGACATTGCAGACGTTATCGTGATTCCCACCTCAAAAGGAGA
GAACAGATGCTGGGTCCGGGCAATCGACGTCGGCTACATGTGTGAGGACACTATCACGTACGAATGTCCTAAGCTTACCAT
GGGCAATGATCCAGAGGATGTGGATTGCTGGTGTGACAACCAAGAAGTCTACGTCCAATATGGACGGTGCACGCGGACCA
GGCATTCCAAGCGAAGCAGGAGATCCGTGTCGGTCCAAACACATGGGGAGAGTTCACTAGTGAATAAAAAAGAGGCTTGG
CTGGATTCAACGAAAGCCACACGATATCTCATGAAAACTGAGAACTGGATCATAAGGAATCCTGGCTATGCTTTCCTGGCGG
CGGTACTTGGCTGGATGCTTGGCAGTAACAACGGTCAACGCGTGGTATTTACCATCCTCCTGCTGTTGGTCGCTCCGGCTTA
CAGTTTTAATTGTCTGGGAATGGGCAATCGTGACTTCATAGAAGGAGCCAGTGGAGCCACTTGGGTGGACTTGGTGCTAGA
AGGAGACAGCTGCTTGACAATCATGGCAAACGACAAACCAACATTGGACGTCCGCATGATTAACATCGAAGCTAGCCAACT
TGCTGAGGTCAGAAGTTACTGCTATCATGCTTCAGTCACTGACATCTCGACGGTGGCTCGGTGCCCCACGACTGGAGAAGCC
CACAACGAGAAGCGAGCTGATAGTAGCTATGTGTGCAAACAAGGCTTCACTGACCGTGGGTGGGGCAACGGATGTGGATT
TTITCGGGAAGGGAAGCATTGACACATGTGCAAAATTCTCCTGCACCAGTAAAGCGATTGGGAGAACAATCCAGCCAGAAAA
CATCAAATACAAAGTTGGCATTTTTGTGCATGGAACCACCACTTCGGAAAACCATGGGAATTATTCAGCGCAAGTTGGGGCG
TCCCAGGCGGCAAAGTTTACAGTAACACCCAATGCTCCTTCGGTAGCCCTCAAACTTGGTGACTACGGAGAAGTCACACTGG
ACTGTGAGCCAAGGAGTGGACTGAACACTGAAGCGTTTTACGTCATGACCGTGGGGTCAAAGTCATTTCTGGTCCATAGGG
AGTGGTTTCATGACCTCGCTCTCCCCTGGACGTCCCCTTCGAGCACAGCGTGGAGAAACAGAGAACTCCTCATGGAATTTGA
AGGGGCGCACGCCACAAAACAGTCCGTTGTTGCTCTTGGGTCACAGGAAGGAGGCCTCCATCATGCGTTGGCAGGAGCCAT
CGTGGTGGAGTACTCAAGCTCAGTGATGTTAACATCAGGCCACCTGAAATGTAGGCTGAAAATGGACAAACTGGCTCTGAA
AGGCACAACCTATGGCATGTGTACAGAAAAATTCTCGTTCGCGAAAAATCCGGTGGACACTGGTCACGGAACAGTTGTCATT
GAACTCTCCTACTCTGGGAGTGATGGCCCCTGCAAAATTCCGATTGTTTCCGTTGCGAGCCTCAATGACATGACCCCCGTTGG
GCGGCTGGTGACAGTGAACCCCTTCGTCGCGACTTCCAGTGCCAACTCAAAGGTGCTGGTCGAGATGGAACCCCCCTTCGG
AGACTCCTACATCGTAGTTGGAAGGGGAGACAAGCAGATCAACCACCATTGGCACAAAGCTGGAAGCACGCTGGGCAAGG
CCTTTTCAACAACTTTGAAGGGAGCTCAAAGACTGGCAGCGTTGGGCGACACAGCCTGGGACTTTGGCTCTATTGGAGGGG
TCTTCAACTCCATAGGAAGAGCCGTTCACCAAGTGTTTGGTGGTGCCTTCAGAACACTCTTTGGGGGAATGTCTTGGATCAC
ACAAGGGCTAATGGGTGCCCTACTGCTCTGGATGGGCGTCAACGCACGAGACCGATCAATTGCTTTGGCCTTCTTAGCCACA
GGAGGTGTGCTCGTGTTCTTAGCGACCAATGTGCATGCTGACACTGGATGTGCCATTGACATCACAAGAAAAGAGATGAGA
TGTGGAAGTGGCATCTTCGTGCACAACGACGTGGAAGCCTGGGTGGATAGGTATAAATATTTGCCAGAAACGCCCAGATCC
CTAGCGAAGATCGTCCACAAAGCGCACAAGGAAGGCGTGTGCGGAGTCAGATCTGTCACTAGACTGGAGCACCAAATGTG
GGAAGCCGTAAGGGACGAATTGAACGTCCTGCTCAAAGAGAATGCAGTGGACCTCAGTGTGGTTGTGAACAAGCCCGTGG
GAAGATATCGCTCAGCCCCTAAACGCCTATCCATGACGCAAGAGAAGTTTGAAATGGGCTGGAAAGCATGGGGAAAAAGC
ATCCTCTTTGCCCCGGAATTGGCTAACTCCACATTTGTCGTAGATGGACCTGAGACAAAGGAATGCCCTGATGAGCACAGAG
CTTGGAACAGCATGCAAATCGAAGACTTCGGCTTTGGCATCACATCAACCCGTGTGTGGCTGAAAATTAGAGAGGAGAGCA
CTGACGAGTGTGATGGAGCGATCATAGGCACGGCTGTCAAAGGACATGTGGCAGTCCATAGTGACTTGTCGTACTGGATTG
AGAGTCGCTACAACGACACATGGAAACTTGAGAGGGCAGTCTTTGGAGAGGTCAAATCTTGCACTTGGCCAGAGACACACA
CCCTTTGGGGAGATGATGTTGAGGAAAGTGAACTCATCATTCCGCACACCATAGCCGGACCAAAAAGCAAGCACAATCGGA
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GGGAAGGGTATAAGACACAAAACCAGGGACCTTGGGATGAGAATGGCATAGTCTTGGACTTTGATTATTGCCCAGGGACA
AAAGTCACCATTACAGAGGATTGTAGCAAGAGAGGCCCTTCGGTCAGAACCACTACTGACAGTGGAAAGTTGATCACTGAC
TGGTGCTGTCGCAGTTGCTCCCTTCCGCCCCTACGATTCCGGACAGAAAATGGCTGCTGGTACGGAATGGAAATCAGACCTG
TTATGCATGATGAAACAACACTCGTCAGATCACAGGTTCATGCTTTCAAAGGTGAAATGGTTGACCCTTTTCAGCTGGGCCTT
CTGGTGATGTTTCTGGCCACCCAGGAAGTCCTTCGCAAGAGGTGGACGGCCAGATTGACCATTCCTGCGGTTTITGGGGGTC
CTACTTGTGCTGATGCTTGGGGGTATCACTTACACTGATTTGGCGAGGTATGTGGTGCTAGTCGCTGCTGCTTTCGCAGAGG
CCAACAGTGGAGGAGACGTCCTGCACCTTGCTTTGATTGCTGTTTTTAAGATCCAACCAGCATTTTTAGTGATGAACATGCTT
AGCACGAGATGGACGAACCAAGAAAACGTGGTTCTGGTCCTAGGGGCTGCCTTTTTCCAATTGGCCTCAGTAGATCTGCAA
ATAGGAGTCCACGGAATCCTGAATGCCGCCGCTATAGCATGGATGATTGTCCGAGCGATCACCTTCCCCACAACCTCCTCCG
TCACCATGCCAGTCTTAGCGCTTCTAACTCCGGGGATGAGGGCTCTATACCTAGACACTTACAGAATCATCCTCCTCGTCATA
GGGATTTGCTCCCTGCTGCACGAGAGGAAAAAGACCATGGCGAAAAAGAAAGGAGCTGTACTCTTGGGCTTAGCGCTCACA
TCCACTGGATGGTTCTCGCCCACCACTATAGCTGCCGGACTAATGGTCTGCAACCCAAACAAGAAGAGAGGGTGGCCAGCT
ACTGAGTTTTTGTCGGCAGTTGGATTGATGTTTGCCATCGTAGGTGGTTTGGCCGAGTTGGATATTGAATCCATGTCAATACC
CTTCATGCTGGCAGGTCTCATGGCAGTGTCCTACGTGGTGTCAGGAAAAGCAACAGATATGTGGCTTGAACGGGCCGCCGA
CATCAGCTGGGATATGGGTGCTGCAATCACAGGAAGCAGTCGGAGGCTGGATGTGAAACTGGATGATGACGGAGATTITC
ACTTGATTGATGATCCCGGTGTTCCATGGAAGGTCTGGGTCCTGCGCATGTCTTGCATTGGCTTAGCCGCCCTCACGCCTTGG
GCCATCGTTCCCGCCGCTTTCGGTTATTGGCTCACTTTAAAAACAACAAAAAGAGGGGGCGTGTTTTGGGACACGCCATCCC
CAAAACCTTGCTCAAAAGGAGACACCACTACAGGAGTCTACCGAATTATGGCTAGAGGGATTCTTGGCACTTACCAGGCCG
GCGTCGGAGTCATGTACGAGAATGTTTTCCACACACTATGGCACACAACTAGAGGAGCAGCCATTGTGAGTGGAGAAGGAA
AATTGACGCCATACTGGGGTAGTGTGAAAGAAGACCGCATAGCTTACGGAGGCCCATGGAGGTTTGACCGAAAATGGAAT
GGAACAGATGACGTGCAAGTGATCGTGGTAGAACCGGGGAAGGGCGCAGTAAACATCCAGACAAAACCAGGAGTGTTTCG
GACTCCCTTCGGGGAGGTTGGGGCTGTTAGTCTGGATTACCCGCGAGGAACATCCGGCTCACCCATTCTGGATTCCAATGGA
GACATTATAGGCCTATACGGCAATGGAGTTGAGCTTGGCGATGGCTCATACGTCAGCGCCATCGTGCAGGGTGACCGTCAG
GAGGAACCAGTCCCAGAAGCTTACACCCCAAACATGTTGAGAAAGAGACAGATGACTGTGCTAGATTTGCACCCTGGTTCA
GGGAAAACCAGGAAAATTCTGCCACAAATAATTAAGGACGCTATCCAGCAGCGCCTAAGAACAGCTGTGTTGGCACCGACG
CGGGTGGTAGCAGCAGAAATGGCAGAAGCTTTGAGAGGGCTCCCAGTACGATATCAAACTTCAGCAGTGCAGAGAGAGCA
CCAAGGGAATGAAATAGTGGATGTGATGTGCCACGCCACTCTGACCCATAGACTGATGTCACCGAACAGAGTGCCCAACTA
CAACCTATTTGTCATGGATGAAGCTCATTTCACCGACCCAGCCAGTATAGCCGCACGAGGATACATTGCTACCAAGGTGGAA
TTAGGGGAGGCAGCAGCCATCTTTATGACAGCGACCCCGCCTGGAACCACGGATCCTTTTCCTGACTCAAATGCCCCAATCC
ATGATTTGCAAGATGAGATACCAGACAGGGCATGGAGCAGTGGATACGAATGGATCACAGAATATGCGGGTAAAACCGTG
TGGTTTGTGGCGAGCGTAAAAATGGGGAATGAGATTGCAATGTGCCTCCAAAGAGCGGGGAAAAAGGTCATCCAACTCAA
CCGCAAGTCCTATGACACAGAATACCCAAAATGTAAGAATGGAGACTGGGATTTTGTCATTACCACCGACATCTCTGAAATG
GGGGCCAACTTCGGTGCGAGCAGGGTCATCGACTGTAGAAAGAGCGTGAAACCCACCATCTTAGAAGAGGGAGAAGGCA
GAGTCATCCTCGGAAACCCATCTCCCATAACCAGTGCAAGCGCAGCTCAACGGAGGGGCAGAGTAGGCAGAAACCCCAATC
AAGTTGGAGATGAATACCACTATGGGGGGGCTACCAGTGAAGATGACAGTAACCTAGCCCATTGGACAGAGGCAAAGATC
ATGTTAGACAACATACACATGCCCAATGGACTGGTGGCCCAGCTCTATGGACCAGAGAGGGAAAAGGCTTTCACAATGGAT
GGCGAATACCGTCTCAGAGGTGAAGAAAAGAAAAACTTCTTAGAGCTGCTTAGGACGGCTGACCTCCCGGTGTGGCTGGCC
TACAAGGTGGCGTCCAATGGCATTCAGTACACCGACAGAAAGTGGTGTTTTGATGGGCCGCGTACGAATGCCATACTGGAG
GACAACACCGAGGTAGAGATAGTCACCCGGATGGGTGAGAGGAAAATCCTCAAGCCGAGATGGCTTGATGCAAGAGTTTA
TGCAGATCACCAGGCCCTCAAGTGGTTCAAAGACTTTGCAGCAGGGAAGAGATCAGCCGTTAGCTTCATAGAGGTGCTCGG
TCGCATGCCTGAGCATTTCATGGGAAAGACGCGGGAAGCTTTAGACACCATGTACTTGGTTGCAACGGCTGAGAAAGGTGG
GAAAGCACACCGAATGGCTCTCGAAGAGCTGCCAGATGCACTGGAAACCATCACACTTATTGTCGCCATTACTGTGATGACA
GGAGGATTCTTCCTACTAATGATGCAGCGAAAGGGTATAGGGAAGATGGGTCTTGGAGCTCTAGTGCTCACACTAGCTACC
TTCTTCCTGTGGGCGGCAGAGGTTCCTGGAACCAAAATAGCAGGGACCCTGCTGATCGCCCTGCTGCTGATGGTGGTTCTCA
TCCCAGAACCGGAAAAACAGAGGTCACAGACAGATAACCAACTGGCGGTGTTTCTCATCTGTGTCTTGACCGTGGTTGGAG
TGGTGGCAGCAAACGAGTACGGGATGCTAGAAAAAACCAAAGCGGATCTCAAGAGCATGTTTGGCGGAAAGACGCAGGCA
TCAGGACTGACTGGATTGCCAAGCATGGCACTGGACCTGCGTCCAGCCACAGCCTGGGCACTGTATGGGGGGAGCACAGTC
GTGCTAACCCCTCTTCTGAAGCACCTGATCACGTCGGAATACGTCACCACATCGCTAGCTTCAATTAACTCACAAGCTGGCTC
ATTATTCGTCTTGCCACGAGGCGTGCCTTTTACCGACCTAGACTTGACTGTTGGCCTCGTCTTCCTTGGCTGTTGGGGTCAAG
TCACCCTCACAACGTTTCTGACAGCCATGGTTCTGGCGACACTTCACTATGGGTACATGCTCCCTGGATGGCAAGCAGAAGC
ACTCAGGGCTGCCCAGAGAAGGACAGCGGCTGGAATAATGAAGAATGCCGTTGTTGACGGAATGGTCGCCACTGATGTGC
CTGAACTGGAAAGGACTACTCCTCTGATGCAAAAGAAAGTCGGACAGGTGCTCCTCATAGGGGTAAGCGTGGCAGCGTTCC
TCGTCAACCCTAATGTCACCACTGTGAGAGAAGCAGGGGTGTTGGTGACGGCGGCTACGCTTACTTTGTGGGACAATGGAG
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CCAGTGCCGTTTGGAATTCCACCACAGCCACGGGACTCTGCCATGTCATGCGAGGTAGCTACCTGGCTGGAGGCTCCATTGC
TTGGACTCTCATCAAGAACGCTGATAAGCCCTCCTTGAAAAGGGGAAGGCCTGGGGGCAGGACGCTAGGGGAGCAGTGGA
AGGAAAAACTAAATGCCATGAGTAGAGAAGAGTTTTTTAAATACCGGAGAGAGGCCATAATCGAGGTGGACCGCACTGAA
GCACGCAGGGCCAGACGTGAAAATAACATAGTGGGAGGACATCCGGTTTCGCGAGGCTCAGCAAAACTCCGTTGGCTCGT
GGAGAAAGGATTTGTCTCGCCAATAGGAAAAGTCATTGATCTAGGGTGTGGGCGTGGAGGATGGAGCTACTACGCAGCAA
CCCTGAAGAAGGTCCAGGAAGTCAGAGGATACACGAAAGGTGGGGCGGGACATGAAGAACCGATGCTCATGCAGAGCTA
CGGCTGGAACCTGGTCTCCCTGAAGAGTGGAGTGGACGTGTTTTACAAACCTTCAGAGCCCAGTGATACCCTGTTCTGTGAC
ATAGGGGAATCCTCCCCAAGTCCAGAAGTAGAAGAACAACGCACACTACGCGTCCTAGAGATGACATCTGACTGGTTGCAC
CGAGGACCTAGAGAGTTCTGCATTAAAGTTCTCTGCCCTTACATGCCCAAGGTTATAGAAAAAATGGAAGTTCTGCAGCGTC
GCTTCGGAGGTGGGCTAGTGCGTCTCCCCCTGTCCCGAAACTCCAATCACGAGATGTATTGGGTTAGTGGAGCCGCTGGCA
ATGTGGTGCACGCTGTGAACATGACCAGCCAGGTATTACTGGGGCGAATGGATCGCACAGTGTGGAGAGGGCCAAAGTAT
GAGGAAGATGTCAACCTAGGGAGCGGAACAAGAGCCGTGGGAAAGGGAGAAGTCCATAGCAATCAGGAGAAAATCAAGA
AGAGAATCCAGAAGCTTAAAGAAGAATTCGCCACAACGTGGCACAAAGACCCTGAGCATCCATACCGCACTTGGACATACC
ACGGAAGCTATGAAGTGAAGGCTACTGGCTCAGCCAGCTCTCTCGTCAACGGAGTGGTGAAGCTCATGAGCAAACCTTGGG
ACGCCATTGCCAACGTCACCACCATGGCCATGACTGACACCACCCCTTTTGGACAGCAAAGAGTTTTCAAGGAGAAAGTTGA
CACGAAGGCTCCTGAGCCACCAGCTGGAGCCAAGGAAGTGCTCAACGAGACCACCAACTGGCTGTGGGCCTACTTGTCACG
GGAAAAAAGACCCCGCTTGTGCACCAAGGAAGAATTCATTAAGAAAGTTAACAGCAACGCGGCTCTTGGAGCAGTGTTCGC
TGAACAGAATCAATGGAGCACGGCGCGTGAGGCTGTGGATGACCCGCGGTTTTGGGAGATGGTTGATGAAGAGAGGGAA
AACCATCTGCGAGGAGAGTGTCACACATGTATCTACAACATGATGGGAAAAAGAGAGAAGAAGCCTGGAGAGTTTGGAAA
AGCTAAAGGAAGCAGGGCCATTTGGTTCATGTGGCTTGGAGCACGGTATCTAGAGTTTGAAGCTTTGGGGTTCCTGAATGA
AGACCATTGGCTGAGCCGAGAGAATTCAGGAGGTGGAGTGGAAGGCTCAGGCGTCCAAAAGCTGGGATACATCCTCCGTG
ACATAGCAGGAAAGCAAGGAGGGAAAATGTACGCTGATGATACCGCCGGGTGGGACACTAGAATTACCAGAACTGATTTA
GAAAATGAAGCTAAGGTACTGGAGCTCCTAGACGGTGAACACCGCATGCTCGCCCGAGCCATAATTGAACTGACTTACAGG
CACAAAGTGGTCAAGGTCATGAGACCTGCAGCAGAAGGAAAGACCGTGATGGACGTGATATCAAGAGAAGATCAAAGGG
GGAGTGGACAGGTGGTCACTTATGCTCTTAACACTTTCACGAACATCGCTGTCCAGCTCGTCAGGCTGATGGAGGCTGAGG
GGGTCATTGGACCACAACACTTGGAACATCTACCTAGGAAAAACAAGATAGCTGTCAGGACCTGGCTCTTTGAGAATGGAG
AGGAGAGAGTGACCAGGATGGCGATCAGCGGAGACGACTGTGCCGTCAAACCGCTGGACGACAGATTCGCCACAGCCCTC
CACTTCCTCAACGCAATGTCAAAGGTCAGAAAAGACATCCAGGAATGGAAGCCTTCGCATGGCTGGCACGATTGGCAGCAA
GTTCCCTTCTGTTCTAACCATTTTCAGGAGATTGTGATGAAAGATGGAAGGAGTATAGTTGTCCCGTGCAGAGGACAGGATG
AGCTGATAGGCAGGGCTCGCATCTCTCCTGGAGCTGGATGGAATGTGAAGGACACAGCTTGCCTGGCCAAAGCATATGCAC
AGATGTGGCTACTCCTATACTTCCATCGCAGGGACTTGCGTCTCATGGCAAATGCGATTTGCTCAGCAGTGCCAGTAGATTG
GGTGCCCACAGGCAGGACATCCTGGTCAATACACTCGAAAGGAGAGTGGATGACCACGGAAGACATGCTGCAGGTCTGGA
ACAGAGTTTGGATTGAAGAAAATGAATGGATGATGGACAAGACTCCAATCACAAGCTGGACAGACGTTCCGTATGTGGGA
AAGCGCGAGGACATCTGGTGTGGCAGCCTCATCGGAACGCGATCCAGAGCAACCTGGGCTGAGAACATCTATGCGGCGAT
AAACCAGGTTAGAGCTGTCATTGGGAAAGAAAATTATGTTGACTACATGACCTCACTCAGGAGATACGAAGACGTCTTGATC
CAGGAAGACAGGGTCATCTAGTGTGATTTAAGGTAGAAAAGTAGACTATGTAAACAATGTAAATGAGAAAATGCATGCATA
TGGAGTCAGGCCAGCAAAAGCTGCCACCGGATACTGGGTAGACGGTGCTGCCTGCGTCTCAGTCCCAGGAGGACTGGGTT
AACAAATCTGACAACAGAAAGTGAGAAAGCCCTCAGAACCGTCTCGGAAGTAGGTCCCTGCTCACTGGAAGTTGAAAGACC
AACGTCAGGCCACAAATTTGTGCCACTCCGCTAGGGAGTGCGGCCTGCGCAGCCCCAGGAGGACTGGGTTACCAAAGCCGT
TGAGGCCCCCACGGCCCAAGCCTCGTCTAGGATGCAATAGACGAGGTGTAAGGACTAGAGGTTAGAGGAGACCCCGTGGA
AACAACAACATGCGGCCCAAGCCCCCTCGAAGCTGTAGAGGAGGTGGAAGGACTAGAGGTTAGAGGAGACCCCGCATTTG
CATCAAACAGCATATTGACACCTGGGAATAGACTGGGAGATCTTCTGCTCTATCTCAACATCAGCTACTAGGCACAGAGCGC
CGAAGTATGTAGCTGGTGGTGAGGAAGAACACAGGATCT

SEQID NO: 75

Japanese encephalitis virus strain SA14-14-2, complete genome, ACCESSION: AF315119
AGAAGTTTATCTGTGTGAACTTCTTGGCTTAGTATCGTAGAGAAGAATCGAGAGATTAGTGCAGTTTAAACAGTTITTTAGA
ACGGAAGATAACCATGACTAAAAAACCAGGAGGGCCCGGTAAAAACCGGGCTATCAATATGCTGAAACGCGGCCTACCCC
GCGTATTCCCACTAGTGGGAGTGAAGAGGGTAGTAATGAGCTTGTTGGACGGCAGAGGGCCAGTACGTTTCGTGCTGGCTC
TTATCACGTTCTTCAAGTTTACAGCATTAGCCCCGACCAAGGCGCTTTCAGGCCGATGGAAAGCAGTGGAAAAGAGTGTGG
CAATGAAACATCTTACTAGTTTCAAACGAGAACTTGGAACACTCATTGACGCCGTGAACAAGCGGGGCAGAAAGCAAAACA
AAAGAGGAGGAAATGAAGGCTCAATCATGTGGCTCGCGAGCTTGGCAGTTGTCATAGCTTGTGCAGGAGCCATGAAGTTGT
CGAATTTCCAGGGGAAGCTTTTGATGACCATCAACAACACGGACATTGCAGACGTTATCGTGATTCCCACCTCAAAAGGAGA
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GAACAGATGCTGGGTCCGGGCAATCGACGTCGGCTACATGTGTGAGGACACTATCACGTACGAATGTCCTAAGCTTACCAT
GGGCAATGATCCAGAGGATGTGGATTGCTGGTGTGACAACCAAGAAGTCTACGTCCAATATGGACGGTGCACGCGGACCA
GGCATTCCAAGCGAAGCAGGAGATCCGTGTCGGTCCAAACACATGGGGAGAGTTCACTAGTGAATAAAAAAGAGGCTTGG
CTGGATTCAACGAAAGCCACACGATATCTCATGAAAACTGAGAACTGGATCATAAGGAATCCTGGCTATGCTTTCCTGGCGG
CGGTACTTGGCTGGATGCTTGGCAGTAACAACGGTCAACGCGTGGTATTTACCATCCTCCTGCTGTTGGTCGCTCCGGCTTA
CAGTTTTAATTGTCTGGGAATGGGCAATCGTGACTTCATAGAAGGAGCCAGTGGAGCCACTTGGGTGGACTTGGTGCTAGA
AGGAGACAGCTGCTTGACAATCATGGCAAACGACAAACCAACATTGGACGTCCGCATGATTAACATCGAAGCTAGCCAACT
TGCTGAGGTCAGAAGTTACTGCTATCATGCTTCAGTCACTGACATCTCGACGGTGGCTCGGTGCCCCACGACTGGAGAAGCC
CACAACGAGAAGCGAGCTGATAGTAGCTATGTGTGCAAACAAGGCTTCACTGACCGTGGGTGGGGCAACGGATGTGGATT
TTTCGGGAAGGGAAGCATTGACACATGTGCAAAATTCTCCTGCACCAGTAAAGCGATTGGGAGAACAATCCAGCCAGAAAA
CATCAAATACAAAGTTGGCATTTTTGTGCATGGAACCACCACTTCGGAAAACCATGGGAATTATTCAGCGCAAGTTGGGGCG
TCCCAGGCGGCAAAGTTTACAGTAACACCCAATGCTCCTTCGGTAGCCCTCAAACTTGGTGACTACGGAGAAGTCACACTGG
ACTGTGAGCCAAGGAGTGGACTGAACACTGAAGCGTTTTACGTCATGACCGTGGGGTCAAAGTCATTTCTGGTCCATAGGG
AGTGGTTTCATGACCTCGCTCTCCCCTGGACGTCCCCTTCGAGCACAGCGTGGAGAAACAGAGAACTCCTCATGGAATTTGA
AGGGGCGCACGCCACAAAACAGTCCGTTGTTGCTCTTGGGTCACAGGAAGGAGGCCTCCATCATGCGTTGGCAGGAGCCAT
CGTGGTGGAGTACTCAAGCTCAGTGATGTTAACATCAGGCCACCTGAAATGTAGGCTGAAAATGGACAAACTGGCTCTGAA
AGGCACAACCTATGGCATGTGTACAGAAAAATTCTCGTTCGCGAAAAATCCGGTGGACACTGGTCACGGAACAGTTGTCATT
GAACTCTCCTACTCTGGGAGTGATGGCCCCTGCAAAATTCCGATTGTTTCCGTTGCGAGCCTCAATGACATGACCCCCGTTGG
GCGGCTGGTGACAGTGAACCCCTTCGTCGCGACTTCCAGTGCCAACTCAAAGGTGCTGGTCGAGATGGAACCCCCCTTCGG
AGACTCCTACATCGTAGTTGGAAGGGGAGACAAGCAGATCAACCACCATTGGCACAAAGCTGGAAGCACGCTGGGCAAGG
CCTTTTCAACAACTTTGAAGGGAGCTCAAAGACTGGCAGCGTTGGGCGACACAGCCTGGGACTTTGGCTCTATTGGAGGGG
TCTTCAACTCCATAGGAAGAGCCGTTCACCAAGTGTTTGGTGATGCCTTCAGAACACTCTTTGGGGGAATGTCTTGGATCAC
ACAAGGGCTAATGGGTGCCCTACTGCTCTGGATGGGCGTCAACGCACGAGACCGATCAATTGCTTTGGCCTTCTTAGCCACA
GGAGGTGTGCTCGTGTTCTTAGCGACCAATGTGCATGCTGACACTGGATGTGCCATTGACATCACAAGAAAAGAGATGAGA
TGTGGAAGTGGCATCTTCGTGCACAACGACGTGGAAGCCTGGGTGGATAGGTATAAATATTTGCCAGAAACGCCCAGATCC
CTAGCGAAGATCGTCCACAAAGCGCACAAGGAAGGCGTGTGCGGAGTCAGATCTGTCACTAGACTGGAGCACCAAATGTG
GGAAGCCGTAAGGGACGAATTGAACGTCCTGCTCAAAGAGAATGCAGTGGACCTCAGTGTGGTTGTGAACAAGCCCGTGG
GAAGATATCGCTCAGCCCCTAAACGCCTATCCATGACGCAAGAGAAGTTTGAAATGGGCTGGAAAGCATGGGGAAAAAGC
ATCCTCTTTGCCCCGGAATTGGCTAACTCCACATTTGTCGTAGATGGACCTGAGACAAAGGAATGCCCTGATGAGCACAGAG
CTTGGAACAGCATGCAAATCGAAGACTTCGGCTTTGGCATCACATCAACCCGTGTGTGGCTGAAAATTAGAGAGGAGAGCA
CTGACGAGTGTGATGGAGCGATCATAGGCACGGCTGTCAAAGGACATGTGGCAGTCCATAGTGACTTGTCGTACTGGATTG
AGAGTCGCTACAACGACACATGGAAACTTGAGAGGGCAGTCTTTGGAGAGGTCAAATCTTGCACTTGGCCAGAGACACACA
CCCTTTGGGGAGATGATGTTGAGGAAAGTGAACTCATCATTCCGCACACCATAGCCGGACCAAAAAGCAAGCACAATCGGA
GGGAAGGGTATAAGACACAAAACCAGGGACCTTGGGATGAGAATGGCATAGTCTTGGACTTTGATTATTGCCCAGGGACA
AAAGTCACCATTACAGAGGATTGTAGCAAGAGAGGCCCTTCGGTCAGAACCACTACTGACAGTGGAAAGTTGATCACTGAC
TGGTGCTGTCGCAGTTGCTCCCTTCCGCCCCTACGATTCCGGACAGAAAATGGCTGCTGGTACGGAATGGAAATCAGACCTG
TTATGCATGATGAAACAACACTCGTCAGATCACAGGTTCATGCTTTCAAAGGTGAAATGGTTGACCCTTTTCAGCTGGGCCTT
CTGGTGATGTTTCTGGCCACCCAGGAAGTCCTTCGCAAGAGGTGGACGGCCAGATTGACCATTCCTGCGGTTTITGGGGGTC
CTACTTGTGCTGATGCTTGGGGGTATCACTTACACTGATTTGGCGAGGTATGTGGTGCTAGTCGCTGCTGCTTTCGCAGAGG
CCAACAGTGGAGGAGACGTCCTGCACCTTGCTTTGATTGCTGTTTTTAAGATCCAACCAGCATTTTTAGTGATGAACATGCTT
AGCACGAGATGGACGAACCAAGAAAACGTGGTTCTGGTCCTAGGGGCTGCCTTTTTCCAATTGGCCTCAGTAGATCTGCAA
ATAGGAGTCCACGGAATCCTGAATGCCGCCGCTATAGCATGGATGATTGTCCGAGCGATCACCTTCCCCACAACCTCCTCCG
TCACCATGCCAGTCTTAGCGCTTCTAACTCCGGGGATGAGGGCTCTATACCTAGACACTTACAGAATCATCCTCCTCGTCATA
GGGATTTGCTCCCTGCTGCACGAGAGGAAAAAGACCATGGCGAAAAAGAAAGGAGCTGTACTCTTGGGCTTAGCGCTCACA
TCCACTGGATGGTTCTCGCCCACCACTATAGCTGCCGGACTAATGGTCTGCAACCCAAACAAGAAGAGAGGGTGGCCAGCT
ACTGAGTTTTTGTCGGCAGTTGGATTGATGTTTGCCATCGTAGGTGGTTTGGCCGAGTTGGATATTGAATCCATGTCAATACC
CTTCATGCTGGCAGGTCTCATGGCAGTGTCCTACGTGGTGTCAGGAAAAGCAACAGATATGTGGCTTGAACGGGCCGCCGA
CATCAGCTGGGATATGGGTGCTGCAATCACAGGAAGCAGTCGGAGGCTGGATGTGAAACTGGATGATGACGGAGATTITC
ACTTCATTGATGATCCCGGTGTTCCATGGAAGGTCTGGGTCCTGCGCATGTCTTGCATTGGCTTAGCCGCCCTCACGCCTTGG
GCCATCGTTCCCGCCGCTTTCGGTTATTGGCTCACTTTAAAAACAACAAAAAGAGGGGGCGTGTTTTGGGACACGCCATCCC
CAAAACCTTGCTCAAAAGGAGACACCACTACAGGAGTCTACCGAATTATGGCTAGAGGGATTCTTGGCACTTACCAGGCCG
GCGTCGGAGTCATGTACGAGAATGTTTTCCACACACTATGGCACACAACTAGAGGAGCAGCCATTGTGAGTGGAGAAGGAA
AATTGACGCCATACTGGGGTAGTGTGAAAGAAGACCGCATAGCTTACGGAGGCCCATGGAGGTTTGACCGAAAATGGAAT
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GGAACAGATGACGTGCAAGTGATCGTGGTAGAACCGGGGAAGGGCGCAGTAAACATCCAGACAAAACCAGGAGTGTTTCG
GACTCCCTTCGGGGAGGTTGGGGCTGTTAGTCTGGATTACCCGCGAGGAACATCCGGCTCACCCATTCTGGATTCCAATGGA
GACATTATAGGCCTATACGGCAATGGAGTTGAGCTTGGCGATGGCTCATACGTCAGCGCCATCGTGCAGGGTGACCGTCAG
GAGGAACCAGTCCCAGAAGCTTACACCCCAAACATGTTGAGAAAGAGACAGATGACTGTGCTAGATTTGCACCCTGGTTCA
GGGAAAACCAGGAAAATTCTGCCACAAATAATTAAGGACGCTATCCAGCAGCGCCTAAGAACAGCTGTGTTGGCACCGACG
CGGGTGGTAGCAGCAGAAATGGCAGAAGTTTTGAGAGGGCTCCCAGTACGATATCAAACTTCAGCAGTGCAGAGAGAGCA
CCAAGGGAATGAAATAGTGGATGTGATGTGCCACGCCACTCTGACCCATAGACTGATGTCACCGAACAGAGTGCCCAACTA
CAACCTATTTGTCATGGATGAAGCTCATTTCACCGACCCAGCCAGTATAGCCGCACGAGGATACATTGCTACCAAGGTGGAA
TTAGGGGAGGCAGCAGCCATCTTTATGACAGCGACCCCGCCTGGAACCACGGATCCTTTTCCTGACTCAAATGCCCCAATCC
ATGATTTGCAAGATGAGATACCAGACAGGGCATGGAGCAGTGGATACGAATGGATCACAGAATATGCGGGTAAAACCGTG
TGGTTTGTGGCGAGCGTAAAAATGGGGAATGAGATTGCAATGTGCCTCCAAAGAGCGGGGAAAAAGGTCATCCAACTCAA
CCGCAAGTCCTATGACACAGAATACCCAAAATGTAAGAATGGAGACTGGGATTTTGTCATTACCACCGACATCTCTGAAATG
GGGGCCAACTTCGGTGCGAGCAGGGTCATCGACTGTAGAAAGAGCGTGAAACCCACCATCTTAGAAGAGGGAGAAGGCA
GAGTCATCCTCGGAAACCCATCTCCCATAACCAGTGCAAGCGCAGCTCAACGGAGGGGCAGAGTAGGCAGAAACCCCAATC
AAGTTGGAGATGAATACCACTATGGGGGGGCTACCAGTGAAGATGACAGTAACCTAGCCCATTGGACAGAGGCAAAGATC
ATGTTAGACAACATACACATGCCCAATGGACTGGTGGCCCAGCTCTATGGACCAGAGAGGGAAAAGGCTTTCACAATGGAT
GGCGAATACCGTCTCAGAGGTGAAGAAAAGAAAAACTTCTTAGAGCTGCTTAGGACGGCTGACCTCCCGGTGTGGCTGGCC
TACAAGGTGGCGTCCAATGGCATTCAGTACACCGACAGAAAGTGGTGTTTTGATGGGCCGCGTACGAATGCCATACTGGAG
GACAACACCGAGGTAGAGATAGTCACCCGGATGGGTGAGAGGAAAATCCTCAAGCCGAGATGGCTTGATGCAAGAGTTTA
TGCAGATCACCAGGCCCTCAAGTGGTTCAAAGACTTTGCAGCAGGGAAGAGATCAGCCGTTAGCTTCATAGAGGTGCTCGG
TCGCATGCCTGAGCATTTCATGGGAAAGACGCGGGAAGCTTTAGACACCATGTACTTGGTTGCAACGGCTGAGAAAGGTGG
GAAAGCACACCGAATGGCTCTCGAAGAGCTGCCAGATGCACTGGAAACCATCACACTTATTGTCGCCATTACTGTGATGACA
GGAGGATTCTTCCTACTAATGATGCAGCGAAAGGGTATAGGGAAGATGGGTCTTGGAGCTCTAGTGCTCACACTAGCTACC
TTCTTCCTGTGGGCGGCAGAGGTTCCTGGAACCAAAATAGCAGGGACCCTGCTGATCGCCCTGCTGCTGATGGTGGTTCTCA
TCCCAGAACCGGAAAAACAGAGGTCACAGACAGATAACCAACTGGCGGTGTTTCTCATCTGTGTCTTGACCGTGGTTGGAG
TGGTGGCAGCAAACGAGTACGGGATGCTAGAAAAAACCAAAGCGGATCTCAAGAGCATGTTTGGCGGAAAGACGCAGGCA
TCAGGACTGACTGGATTGCCAAGCATGGCACTGGACCTGCGTCCAGCCACAGCCTGGGCACTGTATGGGGGGAGCACAGTC
GTGCTAACCCCTCTTCTGAAGCACCTGATCACGTCGGAATACGTCACCACATCGCTAGCTTCAATTAACTCACAAGCTGGCTC
ATTATTCGTCTTGCCACGAGGCGTGCCTTTTACCGACCTAGACTTGACTGTTGGCCTCGTCTTCCTTGGCTGTTGGGGTCAAG
TCACCCTCACAACGTTTCTGACAGCCATGGTTCTGGCGACACTTCACTATGGGTACATGCTCCCTGGATGGCAAGCAGAAGC
ACTCAGGGCTGCCCAGAGAAGGACAGCGGCTGGAATAATGAAGAATGCCGTTGTTGACGGAATGGTCGCCACTGATGTGC
CTGAACTGGAAAGGACTACTCCTCTGATGCAAAAGAAAGTCGGACAGGTGCTCCTCATAGGGGTAAGCGTGGCAGCGTTCC
TCGTCAACCCTAATGTCACCACTGTGAGAGAAGCAGGGGTGTTGGTGACGGCGGCTACGCTTACTTTGTGGGACAATGGAG
CCAGTGCCGTTTGGAATTCCACCACAGCCACGGGACTCTGCCATGTCATGCGAGGTAGCTACCTGGCTGGAGGCTCCATTGC
TTGGACTCTCATCAAGAACGCTGATAAGCCCTCCTTGAAAAGGGGAAGGCCTGGGGGCAGGACGCTAGGGGAGCAGTGGA
AGGAAAAACTAAATGCCATGAGTAGAGAAGAGTTTTTTAAATACCGGAGAGAGGGCATAATCGAGGTGGACCGCACTGAA
GCACGCAGGGCCAGAAGTGAAAATAACATAGTGGGAGGACATCCGGTTTCGCGAGGCTCAGCAAAACTCCGTTGGCTTGT
GGAGAAAGGATTTGTCTCGCCAATAGGAAAAGTCATTGATCTAGGGTGTGGGCGTGGAGGATGGAGCTACTACGCAGCAA
CCCTGAAGAAGGTCCAGGAAGTCAGAGGATACACGAAAGGTGGGGCGGGACATGAAGAACCGATGCTCATGCAGAGCTA
CGGCTGGAACCTGGTCTCCCTGAAGAGTGGAGTGGACGTGTTTTACAAACCTTCAGAGCCCAGTGATACCCTGTTCTGTGAC
ATAGGGGAATCCTCCCCAAGTCCAGAAGTAGAAGAACAACGCACACTACGCGTCCTAGAGATGACATCTGACTGGTTGCAC
CGAGGACCTAGAGAGTTCTGCATTAAAGTTCTCTGCCCTTACATGCCCAAGGTTATAGAAAAAATTGAAGTTCTGCAGCGCC
GCTTCGGAGGTGGGCTAGTGCGTCTCCCCCTGTCCCGAAACTCCAATCACGAGATGTATTGGGTTAGTGGAGCCGCTGGCA
ATGTGGTGCACGCTGTGAACATGACCAGCCAGGTATTACTGGGGCGAATGGATCGCACAGTGTGGAGAGGGCCAAAGTAT
GAGGAAGATGTCAACCTAGGGAGCGGAACAAGAGCCGTGGGAAAGGGAGAAGTCCATAGCAATCAGGAGAAAATCAAGA
AGAGAATCCAGAAGCTTAAAGAAGAATTCGCCACAACGTGGCACAAAGACCCTGAGCATCCATACCGCACTTGGACATACC
ACGGAAGCTATGAAGTGAAGGCTACTGGCTCAGCCAGCTCTCTCGTCAACGGAGTGGTGAAGCTCATGAGCAAACCTTGGG
ACGCCATTGCCAACGTCACCACCATGGCCATGACTGACACCACCCCTTTTGGACAGCAAAGAGTTTTCAAGGAGAAAGTTGA
CACGAAGGCTCCTGAGCCACCAGCTGGAGCCAAGGAAGTGCTCAACGAGACCACCAACTGGCTGTGGGCCTACTTGTCACG
GGAAAAAAGACCCCGCTTGTGCACCAAGGAAGAATTCATTAAGAAAGTTAACAGCAACGCGGCTCTTGGAGCAGTGTTCGC
TGAACAGAATCAATGGAGCACGGCGCGTGAGGCTGTGGATGACCCGCGGTTTTGGGAGATGGTTGATGAAGAGAGGGAA
AACCATCTGCGAGGAGAGTGTCACACATGTATCTACAACATGATGGGAAAAAGAGAGAAGAAGCCTGGAGAGTTTGGAAA
AGCTAAAGGAAGCAGGGCCATTTGGTTCATGTGGCTTGGAGCACGGTATCTAGAGTTTGAAGCTTTGGGGTTCCTGAATGA
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AGACCATTGGCTGAGCCGAGAGAATTCAGGAGGTGGAGTGGAAGGCTCAGGCGTCCAAAAGCTGGGATACATCCTCCGTG
ACATAGCAGGAAAGCAAGGAGGGAAAATGTACGCTGATGATACCGCCGGGTGGGACACTAGAATTACCAGAACTGATTTA
GAAAATGAAGCTAAGGTACTGGAGCTCCTAGACGGTGAACACCGCATGCTCGCCCGAGCCATAATTGAACTGACTTACAGG
CACAAAGTGGTCAAGGTCATGAGACCTGCAGCAGAAGGAAAGACCGTGATGGACGTGATATCAAGAGAAGATCAAAGGG
GGAGTGGACAGGTGGTCACTTATGCTCTTAACACTTTCACGAACATCGCTGTCCAGCTCGTCAGGCTGATGGAGGCTGAGG
GGGTCATTGGACCACAACACTTGGAACATCTACCTAGGAAAAACAAGATAGCTGTCAGGACCTGGCTCTTTGAGAATGGAG
AGGAGAGAGTGACCAGGATGGCGATCAGCGGAGACGACTGTGCCGTCAAACCGCTGGACGACAGATTCGCCACAGCCCTC
CACTTCCTCAACGCAATGTCAAAGGTCAGAAAAGACATCCAGGAATGGAAGCCTTCGCATGGCTGGCACGATTGGCAGCAA
GTTCCCTTCTGTTCTAACCATTTTCAGGAGATTGTGATGAAAGATGGAAGGAGTATAGTTGTCCCGTGCAGAGGACAGGATG
AGCTGATAGGCAGGGCTCGCATCTCTCCAGGAGCTGGATGGAATGTGAAGGACACAGCTTGCCTGCCCAAAGCATATGCAC
AAATGTGGGTACTCCTATACTTCCACCGCAGGGACTTGCGTCTCATGGCAAATGCGATTTGCTCAGCAGTGCCAGTAGATTG
GGTGCCCACAGGCAGGACATCCTGGTCAATACACTCGAAAGGAGAGTGGATGACCACGGAAGACATGCTGCAGGTCTGGA
ACAGAGTTTGGATTGAAGAAAATGAATGGATGATGGACAAGACTCCAATCACAAGCTGGACAGACGTTCCGTATGTGGGA
AAGCGCGAGGACATCTGGTGTGGCAGCCTCATCGGAACGCGATCCAGAGCAACCTGGGCTGAGAACATCTATGCGGCGAT
AAACCAGGTTAGAGCTGTCATTGGGAAAGAAAATTATGTTGACTACATGACCTCACTCAGGAGATACGAAGACGTCTTGATC
CAGGAAGACAGGGTCATCTAGTGTGATTTAAGGTAGAAAAGTAGACTATGTAAACAATGTAAATGAGAAAATGCATGCATA
TGGAGTCAGGCCAGCAAAAGCTGCCACCGGATACTGGGTAGACGGTGCTGCCTGCGTCTCAGTCCCAGGAGGACTGGGTT
AACAAATCTGACAACAGAAAGTGAGAAAGCCCTCAGAACTGTCTCGGAAGTAGGTCCCTGCTCACTGGAAGTTGAAAGACC
AACGTCAGGCCACAAATTTGTGCCACTCCGCTAGGGAGTGCGGCCTGCGCAGCCCCAGGAGGACTGGGTTACCAAAGCCGT
TGAGCCCCCACGGCCCAAGCCTCGTCTAGGATGCAATAGACGAGGTGTAAGGACTAGAGGTTAGAGGAGACCCCGTGGAA
ACAACAACATGCGGCCCAAGCCCCCTCGAAGCTGTAGAGGAGGTGGAAGGACTAGAGGTTAGAGGAGACCCCGCATTTGC
ATCAAACAGCATATTGACACCTGGGAATAGACTGGGAGATCTTCTGCTCTATCTCAACATCAGCTACTAGGCACAGAGCGCC
GAAGTATGTACGTGGTGGTGAGGAAGAACACAGGATCT

SEQID NO: 76

>gi| 564014614 |gb |KF769015.1| Yellow fever virus strain 17D-204, complete genome
GTGCTAATTGAGGTGCATTGGTCTGCAAATCGAGTTGCTAGGCAATAAACACATTTGGATTAATTTTAATCGTTCGTTGAGCGA
TTAGCAGAGAACTGACCAGAACATGTCTGGTCGTAAAGCTCAGGGAAAAACCCTGGGCGTCAATATGGTACGACGAGGAGTT
CGCTCCTTGTCAAACAAAATAAAACAAAAAACAAAACAAATTGGAAACAGACCTGGACCTTCAAGAGGTGTTCAAGGATTTAT
CTTTTTCTTTTTGTTCAACATTTTGACTGGAAAAAAGATCACAGCCCACCTAAAGAGGTTGTGGAAAATGCTGGACCCAAGACA
AGGCTTGGCTGTTCTAAGGAAAGTCAAGAGAGTGGTGGCCAGTTTGATGAGAGGATTGTCCTCAAGGAAACGCCGTTCCCAT
GATGTTCTGACTGTGCAATTCCTAATTTTGGGAATGCTGTTGATGACGGGTGGAGTGACCTTGGTGCGGAAAAACAGATGGTT
GCTCCTAAATGTGACATCTGAGGACCTCGGGAAAACATTCTCTGTGGGCACAGGCAACTGCACAACAAACATTTTGGAAGCCA
AGTACTGGTGCCCAGACTCAATGGAATACAACTGTCCCAATCTCAGTCCAAGAGAGGAGCCAGATGACATTGATTGCTGGTGC
TATGGGGTGGAAAACGTTAGAGTCGCATATGGTAAGTGTGACTCAGCAGGCAGGTCTAGGAGGTCAAGAAGGGCCATTGACT
TGCCTACGCATGAAAACCATGGTTTGAAGACCCGGCAAGAAAAATGGATGACTGGAAGAATGGGTGAAAGGCAACTCCAAAA
GATTGAGAGATGGTTCGTGAGGAACCCCTTTTTTGCAGTGACGGCTCTGACCATTGCCTACCTTGTGGGAAGCAACATGACGC
AACGAGTCGTGATTGCCCTACTGGTCTTGGCTGTTGGTCCGGCCTACTCAGCTCACTGCATTGGAATTACTGACAGGGATTTCA
TTGAGGGGGTGCATGGAGGAACTTGGGTTTCAGCTACCCTGGAGCAAGACAAGTGTGTCACTGTTATGGCCCCTGACAAGCCT
TCATTGGACATCTCACTAGAGACAGTAGCCATTGATAGACCTGCTGAGGTGAGGAAAGTGTGTTACAATGCAGTTCTCACTCAT
GTGAAGATTAATGACAAGTGCCCCAGCACTGGAGAGGCCCACCTAGCTGAAGAGAACGAAGGGGACAATGCGTGCAAGCGC
ACTTATTCTGATAGAGGCTGGGGCAATGGCTGTGGCCTATTTGGGAAAGGGAGCATTGTGGCATGCGCCAAATTCACTTGTGC
CAAATCCATGAGTTTGTTTGAGGTTGATCAGACCAAAATTCAGTATGTCATCAGAGCACAATTGCATGTAGGGGCCAAGCAGG
AAAATTGGACTACCGACATTAAGACTCTCAAGTTTGATGCCCTGTCAGGCTCCCAGGAAGTCGAGTTCATTGGGTATGGAAAA
GCTACACTGGAATGCCAGGTGCAAACTGCGGTGGACTTTGGTAACAGTTACATCGCTGAGATGGAAACAGAGAGCTGGATAG
TGGACAGACAGTGGGCCCAGGACTTGACCCTGCCATGGCAGAGTGGAAGTGGCGGGGTGTGGAGAGAGATGCATCATCTTG
TCGAATTTGAACCTCCGCATGCCGCCACTATCAGAGTACTGGCCCTGGGAAACCAGGAAGGCTCCTTGAAAACAGCTCTTACT
GGCGCAATGAGGGTTACAAAGGACACAAATGACAACAACCTTTACAAACTACATGGTGGACATGTTTCTTGCAGAGTGAAATT
GTCAGCTTTGACACTCAAGGGGACATCCTACAAAATATGCACTGACAAAATGTTTTTTGTCAAGAACCCAACTGACACTGGCCA
TGGCACTGTTGTGATGCAGGTGAAAGTGTCAAAAGGAGCCCCCTGCAGGATTCCAGTGATAGTAGCTGATGATCTTACAGCG
GCAATCAATAAAGGCATTTTGGTTACAGTTAACCCCATCGCCTCAACCAATGATGATGAAGTGCTGATTGAGGTGAACCCACCT
TTTGGAGACAGCTACATTATCGTTGGGAGAGGAGATTCACGTCTCACTTACCAGTGGCACAAAGAGGGAAGCTCAATAGGAA
AGTTGTTCACTCAGACCATGAAAGGCGTGGAACGCCTGGCCGTCATGGGAGACACCGCCTGGGATTTCAGCTCCGCTGGAGG
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GTTCTTCACTTCGGTTGGGAAAGGAATTCATACGGTGTTTGGCTCTGCCTTTCAGGGGCTATTTGGCGGCTTGAACTGGATAAC
AAAGGTCATCATGGGGGCGGTACTTATATGGGTTGGCATCAACACAAGAAACATGACAATGTCCATGAGCATGATCTTGGTAG
GAGTGATCATGATGTTTTTGTCTCTAGGAGTTGGGGCGGATCAAGGATGCGCCATCAACTTTGGCAAGAGAGAGCTCAAGTGC
GGAGATGGTATCTTCATATTTAGAGACTCTGATGACTGGCTGAACAAGTACTCATACTATCCAGAAGATCCTGTGAAGCTTGCA
TCAATAGTGAAAGCCTCTTTTGAAGAAGGGAAGTGTGGCCTAAATTCAGTTGACTCCCTTGAGCATGAGATGTGGAGAAGCAG
GGCAGATGAGATCAATGCCATTTTTGAGGAAAACGAGGTGGACATTTCTGTTGTCGTGCAGGATCCAAAGAATGTTTACCAGA
GAGGAACTCATCCATTTTCCAGAATTCGGGATGGTCTGCAGTATGGTTGGAAGACTTGGGGTAAGAACCTTGTGTTCTCCCCA
GGGAGGAAGAATGGAAGCTTCATCATAGATGGAAAGTCCAGGAAAGAATGCCCGTTTTCAAACCGGGTCTGGAATTCTTTCC
AGATAGAGGAGTTTGGGACGGGAGTGTTCACCACACGCGTGTACATGGACGCAGTCTTTGAATACACCATAGACTGCGATGG
ATCTATCTTGGGTGCAGCGGTGAACGGAAAAAAGAGTGCCCATGGCTCTCCAACATTTTGGATGGGAAGTCATGAAGTAAAT
GGGACATGGATGATCCACACCTTGGAGGCATTAGATTACAAGGAGTGTGAGTGGCCACTGACACATACGATTGGAACATCAG
TTGAAGAGAGTGAAATGTTCATGCCGAGATCAATCGGAGGCCCAGTTAGCTCTCACAATCATATCCCTGGATACAAGGTTCAG
ACGAACGGACCTTGGATGCAGGTACCACTAGAAGTGAAGAGAGAAGCTTGCCCAGGGACTAGCGTGATCATTGATGGCAACT
GTGATGGACGGGGAAAATCAACCAGATCCACCACGGATAGCGGGAAAGTTATTCCTGAATGGTGTTGCCGCTCCTGCACAAT
GCCGCCTGTGAGCTTCCATGGTAGTGATGGGTGTTGGTATCCCATGGAAATTAGGCCAAGGAAAACGCATGAAAGCCATCTG
GTGCGCTCCTGGGTTACAGCTGGAGAAATACATGCTGTCCCTTTITGGTTTGGTGAGCATGATGATAGCAATGGAAGTGGTCCT
AAGGAAAAGACAGGGACCAAAGCAAATGTTGGTTGGAGGAGTAGTGCTCTTGGGAGCAATGCTGGTCGGGCAAGTAACTCT
CCTTGATTTGCTGAAACTCACAGTGGCTGTGGGATTGCATTTCCATGAGATGAACAATGGAGGAGACGCCATGTATATGGCGT
TGATTGCTGCCTTTTCAATCAGACCAGGGCTGCTCATCGGCTTTGGGCTCAGGACCCTATGGAGCCCTCGGGAACGCCTTGTGC
TGACCCTAGGAGCAGCCATGGTGGAGATTGCCTTGGGTGGCGTGATGGGCGGCCTGTGGAAGTATCTAAATGCAGTTTCTCTC
TGCATCCTGACAATAAATGCTGTTGCTTCTAGGAAAGCATCAAATACCATCTTGCCCCTCATGGCTCTGTTGACACCTGTCACTA
TGGCTGAGGTGAGACTTGCCGCAATGTTCTTTTGTGCCGTGGTTATCATAGGGGTCCTTCACCAGAATTTCAAGGACACCTCCA
TGCAGAAGACTATACCTCTGGTGGCCCTCACACTCACATCTTACCTGGGCTTGACACAACCTTTTTTGGGCCTGTGTGCATTTCT
GGCAACCCGCATATTTGGGCGAAGGAGTATCCCAGTGAATGAGGCACTCGCAGCAGCTGGTCTAGTGGGAGTGCTGGCAGG
ACTGGCTTTTCAGGAGATGGAGAACTTCCTTGGTCCGATTGCAGTTGGAGGACTCCTGATGATGCTGGTTAGCGTGGCTGGGA
GGGTGGATGGGCTAGAGCTCAAGAAGCTTGGTGAAGTTTCATGGGAAGAGGAGGCGGAGATCAGCGGGAGTTCCGCCCGCT
ATGATGTGGCACTCAGTGAACAAGGGGAGTTCAAGCTGCTTTCTGAAGAGAAAGTGCCATGGGACCAGGTTGTGATGACCTC
GCTGGCCTTGGTTGGGGCTGCCCTCCATCCATTTGCTCTTCTGCTGGTCCTTGCTGGGTGGCTGTTTCATGTCAGGGGAGCTAG
GAGAAGTGGGGATGTCTTGTGGGATATTCCCACTCCTAAGATCATCGAGGAATGTGAACATCTGGAGGATGGGATTTATGGC
ATATTCCAGTCAACCTTCTTGGGGGCCTCCCAGCGAGGAGTGGGAGTGGCACAGGGAGGGGTGTTCCACACAATGTGGCATG
TCACAAGAGGAGCTTTCCTTGTCAGGAATGGCAAGAAGTTGATTCCATCTTGGGCTTCAGTAAAGGAAGACCTTGTCGCCTAT
GGTGGCTCATGGAAGTTGGAAGGCAGATGGGATGGAGAGGAAGAGGTCCAGTTGATCGCGGCTGTTCCAGGAAAGAACGTG
GTCAACGTCCAGACAAAACCGAGCTTGTTCAAAGTGAGGAATGGGGGAGAAATCGGGGCTGTCGCTCTTGACTATCCGAGTG
GCACTTCAGGATCTCCTATTGTTAACAGGAACGGAGAGGTGATTGGGCTGTACGGCAATGGCATCCTTGTCGGTGACAACTCC
TTCGTGTCCGCCATATCCCAGACTGAGGTGAAGGAAGAAGGAAAGGAGGAGCTCCAAGAGATCCCGACAATGCTAAAGAAA
GGAATGACAACTGTCCTTGATTTTCATCCTGGAGCTGGGAAGACAAGACGTTTCCTCCCACAGATCTTGGCCGAGTGCGCACG
GAGACGCTTGCGCACTCTTGTGTTGGCCCCCACCAGGGTTGTTCTTTCTGAAATGAAGGAGGCTTTTCACGGCCTGGACGTGA
AATTCCACACACAGGCTTTTTCCGCTCACGGCAGCGGGAGAGAAGTCATTGATGCTATGTGCCATGCCACCCTAACTTACAGGA
TGTTGGAACCAACTAGGGTTGTTAACTGGGAAGTGATCATTATGGATGAAGCCCATTTTTITGGATCCAGCTAGCATAGCCGCTA
GAGGTTGGGCAGCGCACAGAGCTAGGGCAAATGAAAGTGCAACAATCTTGATGACAGCCACACCGCCTGGGACTAGTGATG
AATTTCCACATTCAAATGGTGAAATAGAAGATGTTCAAACGGACATACCCAGTGAGCCCTGGAACACAGGGCATGACTGGATC
CTGGCTGACAAAAGGCCCACGGCATGGTTCCTTCCATCCATCAGAGCTGCAAATGTCATGGCTGCCTCTTTGCGTAAGGCTGG
AAAGAGTGTGGTGGTCCTGAACAGGAAAACCTTTGAGAGAGAATACCCCACGATAAAGCAGAAGAAACCTGACTTTATATTG
GCCACTGACATAGCTGAAATGGGAGCCAACCTTTGCGTGGAGCGAGTGCTGGATTGCAGGACGGCTTTTAAGCCTGTGCTTGT
GGATGAAGGGAGGAAGGTGGCAATAAAAGGGCCACTTCGTATCTCCGCATCCTCTGCTGCTCAAAGGAGGGGGCGCATTGG
GAGAAATCCCAACAGAGATGGAGACTCATACTACTATTCTGAGCCTACAAGTGAAAATAATGCCCACCACGTCTGCTGGTTGG
AGGCCTCAATGCTCTTGGACAACATGGAGGTGAGGGGTGGAATGGTCGCCCCACTCTATGGCGTTGAAGGAACTAAAACACC
AGTTTCCCCTGGTGAAATGAGACTGAGGGATGACCAGAGGAAAGTCTTCAGAGAACTAGTGAGGAATTGTGACCTGCCCGTT
TGGCTTTCGTGGCAAGTGGCCAAGGCTGGTTTGAAGACGAATGATCGTAAGTGGTGTTTTGAAGGCCCTGAGGAACATGAGA
TCTTGAATGACAGCGGTGAAACAGTGAAGTGCAGGGCTCCTGGAGGAGCAAAGAAGCCTCTGCGCCCAAGGTGGTGTGATG
AAAGGGTGTCATCTGACCAGAGTGCGCTGTCTGAATTTATTAAGTTTGCTGAAGGTAGGAGGGGAGCTGCTGAAGTGCTAGTT
GTGCTGAGTGAACTCCCTGATTTCCTGGCTAAAAAAGGTGGAGAGGCAATGGATACCATCAGTGTGTTTCTCCACTCTGAGGA
AGGCTCTAGGGCTTACCGCAATGCACTATCAATGATGCCTGAGGCAATGACAATAGTCATGCTGTTTATACTGGCTGGACTACT
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GACATCGGGAATGGTCATCTTTTTCATGTCTCCCAAAGGCATCAGTAGAATGTCTATGGCGATGGGCACAATGGCCGGCTGTG
GATATCTCATGTTCCTTGGAGGCGTCAAACCCACTCACATCTCCTATATCATGCTCATATTCTTTGTCCTGATGGTGGTTGTGATC
CCCGAGCCAGGGCAACAAAGGTCCATCCAAGACAACCAAGTGGCATACCTCATTATTGGCATCCTGACGCTGGTTTCAGCGGT
GGCAGCCAACGAGCTAGGCATGCTGGAGAAAACCAAAGAGGACCTCTTTGGGAAGAAGAACTTAATTCCATCTAGTGCTTCAC
CCTGGAGTTGGCCGGATCTTGACCTGAAGCCAGGAGCTGCCTGGACAGTGTACGTTGGCATTGTTACAATGCTCTCTCCAATG
TTGCACCACTGGATCAAAGTCGAATATGGCAACCTGTCTCTGTCTGGAATAGCCCAGTCAGCCTCAGTCCTTTCTTTCATGGACA
AGGGGATACCATTCATGAAGATGAATATCTCGGTCATAATGCTGCTGGTCAGTGGCTGGAATTCAATAACAGTGATGCCTCTG
CTCTGTGGCATAGGGTGCGCCATGCTCCACTGGTCTCTCATTTTACCTGGAATCAAAGCGCAGCAGTCAAAGCTTGCACAGAG
AAGGGTGTTCCATGGCGTTGCCAAGAACCCTGTGGTTGATGGGAATCCAACAGTTGACATTGAGGAAGCTCCTGAAATGCCTG
CCCTTTATGAGAAGAAACTGGCTCTATATCTCCTTCTTGCTCTCAGCCTAGCTTCTGTTGCCATGTGCAGAACGCCCTTTTCATTG
GCTGAAGGCATTGTCCTAGCATCAGCTGCCCTAGGGCCGCTCATAGAGGGAAACACCAGCCTTCTTTGGAATGGACCCATGGC
TGTCTCCATGACAGGAGTCATGAGGGGGAATCACTATGCTTTTGTGGGAGTCATGTACAATCTATGGAAGATGAAAACTGGAC
GCCGGGGGAGCGCGAATGGAAAAACTTTGGGTGAAGTCTGGAAGAGGGAACTGAATCTGTTGGACAAGCGACAGTTTGAGT
TGTATAAAAGGACCGACATTGTGGAGGTGGATCGTGATACGGCACGCAGGCATTTGGCCGAAGGGAAGGTGGACACCGGGG
TGGCGGTCTCCAGGGGGACCGCAAAGTTAAGGTGGTTCCATGAGCGTGGCTATGTCAAGCTGGAAGGTAGGGTGATTGACCT
GGGGTGTGGCCGCGGAGGCTGGTGTTACTACGCTGCTGCGCAAAAGGAAGTGAGTGGGGTCAAAGGATTTACTCTTGGAAG
AGACGGCCATGAGAAACCCATGAATGTGCAAAGTCTGGGATGGAACATCATCACCTTCAAGGACAAAACTGATATCCACCGCC
TAGAACCAGTGAAATGTGACACCCTTTTGTGTGACATTGGAGAGTCATCATCGTCATCGGTCACAGAGGGGGAAAGGACCGT
GAGAGTTCTTGATACTGTAGAAAAATGGCTGGCTTGTGGGGTTGACAACTTCTGTGTGAAGGTGTTAGCTCCATACATGCCAG
ATGTTCTCGAGAAACTGGAATTGCTCCAAAGGAGGTTTGGCGGAACAGTGATCAGGAACCCTCTCTCCAGGAATTCCACTCAT
GAAATGTACTACGTGTCTGGAGCCCGCAGCAATGTCACATTTACTGTGAACCAAACATCCCGCCTCCTGATGAGGAGAATGAG
GCGTCCAACTGGAAAAGTGACCCTGGAGGCTGACGTCATCCTCCCAATTGGGACACGCAGTGTTGAGACAGACAAGGGACCC
CTGGACAAAGAGGCCATAGAAGAAAGGGTTGAGAGGATAAAATCTGAGTACATGACCTCTTGGTTTTATGACAATGACAACC
CCTACAGGACCTGGCACTACTGTGGCTCCTATGTCACAAAAACCTCAGGAAGTGCGGCGAGCATGGTAAATGGTGTTATTAAA
ATTCTGACATATCCATGGGACAGGATAGAGGAGGTCACAAGAATGGCAATGACTGACACAACCCCTTTTGGACAGCAAAGAG
TGTTTAAAGAAAAAGTTGACACCAGAGCAAAGGATCCACCAGCGGGAACTAGGAAGATCATGAAAGTTGTCAACAGGTGGCT
GTTCCGCCACCTGGCCAGAGAAAAGAACCCCAGACTGTGCACAAAGGAAGAATTTATTGCAAAAGTCCGAAGTCATGCAGCC
ATTGGAGCTTACCTGGAAGAACAAGAACAGTGGAAGACTGCCAATGAGGCTGTCCAAGACCCAAAGTTCTGGGAACTGGTGG
ATGAAGAAAGGAAGCTGCACCAACAAGGCAGGTGTCGGACTTGTGTGTACAACATGATGGGGAAAAGAGAGAAGAAGCTGT
CAGAGTTTGGGAAAGCAAAGGGAAGCCGTGCCATATGGTATATGTGGCTGGGAGCGCGGTATCTTGAGTTTGAGGCCCTGGG
ATTCCTGAATGAGGACCATTGGGCTTCCAGGGAAAACTCAGGAGGAGGAGTGGAAGGCATTGGCTTACAATACCTAGGATAT
GTGATCAGAGACCTGGCTGCAATGGATGGTGGTGGATTCTACGCGGATGACACCGCTGGATGGGACACGCGCATCACAGAG
GCAGACCTTGATGATGAACAGGAGATCTTGAACTACATGAGCCCACATCACAAAAAACTGGCACAAGCAGTGATGGAAATGA
CATACAAGAACAAAGTGGTGAAAGTGTTGAGACCAGCCCCAGGAGGGAAAGCCTACATGGATGTCATAAGTCGACGAGACCA
GAGAGGATCCGGGCAGGTAGTGACTTATGCTCTGAACACCATCACCAACTTGAAAGTCCAATTGATCAGAATGGCAGAAGCA
GAGATGGTGATACATCACCAACATGTTCAAGATTGTGATGAATCAGTTCTGACCAGGCTGGAGGCATGGCTCACTGAGCACGG
ATGTAACAGACTGAAGAGGATGGCGGTGAGTGGAGACGACTGTGTGGTCCGGCCCATCGATGACAGGTTCGGCCTGGCCCTG
TCCCATCTCAACGCCATGTCCAAGGTTAGAAAGGACATATCTGAATGGCAGCCATCAAAAGGGTGGAATGATTGGGAGAATG
TGCCCTTCTGTTCCCACCACTTCCATGAACTACAGCTGAAGGATGGCAGGAGGATTGTGGTGCCTTGCCGAGAACAGGACGAG
CTCATTGGGAGAGGAAGGGTGTCTCCAGGAAACGGCTGGATGATCAAGGAAACAGCTTGCCTCAGCAAAGCCTATGCCAACA
TGTGGTCACTGATGTATTTTCACAAAAGGGACATGAGGCTACTGTCATTGGCTGTTTCCTCAGCTGTTCCCACCTCATGGGTTCC
ACAAGGACGCACAACATGGTCGATTCATGGGAAAGGGGAGTGGATGACCACGGAAGACATGCTTGAGGTGTGGAACAGAGT
ATGGATAACCAACAACCCACACATGCAGGACAAGACAATGGTGAAAAAATGGAGAGATGTCCCTTATCTAACCAAGAGACAA
GACAAGCTGTGCGGATCACTGATTGGAATGACCAATAGGGCCACCTGGGCCTCCCACATCCATTTGGTCATCCATCGTATCCGA
ACGCTGATTGGACAGGAGAAATACACTGACTACCTAACAGTCATGGACAGGTATTCTGTGGATGCTGACCTGCAACTGGGTGA
GCTTATCTGAAACACCATCTAACAGGAATAACCGGGATACAAACCACGGGTGGAGAACCGGACTCCCCACAACCTGAAACCG
GGATATAAACCACGGCTGGAGAACCGGACTCCGCACTTAAAATGAAACAGAAACCGGGATAAAAACTACGGATGGAGAACC
GGACTCCACACATTGAGACAGAAGAAGTTGTCAGCCCAGAACCCCACACGAGTTTTGCCACTGCTAAGCTGTGAGGCAGTGCA
GGCTGGGACAGCCGACCTCCAGGTTGCGAAAAACCTGGTTTCTGGGACCTCCCACCCCAGAGTAAAAAGAACGGAGCCTCCG
CTACCACCCTCCCACGTGGTGGTAGAAAGACGGGGTCTAGAGGTTAGAGGAGACCCTCCAGGGAACAAATAGTGGGACCATA
TTGACGCCAGGGAAAGACCGGAGTGGTTCTCTGCTTTTCCTCCAGAGGTCTGTGAGCACAGTTTGCTCAAGAATAAGCAGACC
TTTGGATGACAAA
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SEQID NO: 77

Attenuated Chikungunya “Delta5nsP3” sequence
GATGGCTGCGTGAGACACACGTAGCCTACCAGTTTCTTACTGCTCTACTCTGCAAAGCAAGAGATTAATAACCCATCATGGATC
CTGTGTACGTGGACATAGACGCTGACAGCGCCTTTTTGAAGGCCCTGCAACGTGCGTACCCCATGTTTGAGGTGGAACCAAGG
CAGGTCACACCGAATGACCATGCTAATGCTAGAGCGTTCTCGCATCTAGCTATAAAACTAATAGAGCAGGAAATTGACCCCGA
CTCAACCATCCTGGATATCGGCAGTGCGCCAGCAAGGAGGATGATGTCGGACAGGAAGTACCACTGCGTCTGCCCGATGCGC
AGTGCGGAAGATCCCGAGAGACTCGCCAATTATGCGAGAAAGCTAGCATCTGCCGCAGGAAAAGTCCTGGACAGAAACATCT
CTGGAAAGATCGGGGACTTACAAGCAGTAATGGCCGTGCCAGACACGGAGACGCCAACATTCTGCTTACACACAGACGTCTCA
TGTAGACAGAGAGCAGACGTCGCTATATACCAAGACGTCTATGCTGTACACGCACCCACGTCGCTATACCACCAGGCGATTAA
AGGGGTCCGAGTGGCGTACTGGGTTGGGTTCGACACAACCCCGTTCATGTACAATGCCATGGCGGGTGCCTACCCCTCATACT
CGACAAACTGGGCAGATGAGCAGGTACTGAAGGCTAAGAACATAGGATTATGTTCAACAGACCTGACGGAAGGTAGACGAG
GCAAGTTGTCTATTATGAGAGGGAAAAAGCTAAAACCGTGCGACCGTGTGCTGTTCTCAGTAGGGTCAACGCTCTACCCGGAA
AGCCGCAAGCTACTTAAGAGCTGGCACCTGCCATCGGTGTTCCATTTAAAGGGCAAACTCAGCTTCACATGCCGCTGTGATACA
GTGGTTTCGTGTGAGGGCTACGTCGTTAAGAGAATAACGATGAGCCCAGGCCTTTATGGAAAAACCACAGGGTATGCGGTAA
CCCACCACGCAGACGGATTCCTGATGTGCAAGACTACCGACACGGTTGACGGCGAAAGAATGTCATTCTCGGTGTGCACATAC
GTGCCGGCGACCATTTGTGATCAAATGACCGGCATCCTTGCTACAGAAGTCACGCCGGAGGATGCACAGAAGCTGTTGGTGG
GGCTGAACCAGAGAATAGTGGTTAACGGCAGAACGCAACGGAATACGAACACCATGAAAAATTATCTGCTTCCCGTGGTCGC
CCAAGCCTTCAGTAAGTGGGCAAAGGAGTGCCGGAAAGACATGGAAGATGAAAAACTCCTGGGGGTCAGAGAAAGAACACT
GACCTGCTGCTGTCTATGGGCATTCAAGAAGCAGAAAACACACACGGTCTACAAGAGGCCTGATACCCAGTCAATTCAGAAGG
TTCAGGCCGAGTTTGACAGCTTTGTGGTACCGAGTCTGTGGTCGTCCGGGTTGTCAATCCCTTTGAGGACTAGAATCAAATGGT
TGTTAAGCAAGGTGCCAAAAACCGACCTGATCCCATACAGCGGAGACGCCCGAGAAGCCCGGGACGCAGAAAAAGAAGCAG
AGGAAGAACGAGAAGCAGAACTGACTCGCGAAGCCCTACCACCTCTACAGGCAGCACAGGAAGATGTTCAGGTCGAAATCGA
CGTGGAACAGCTTGAGGACAGAGCGGGCGCAGGAATAATAGAGACTCCGAGAGGAGCTATCAAAGTTACTGCCCAACCAAC
AGACCACGTCGTGGGAGAGTACCTGGTACTCTCCCCGCAGACCGTACTACGTAGCCAGAAGCTCAGTCTGATTCACGCTTTGG
CGGAGCAAGTGAAGACGTGCACGCACAACGGACGAGCAGGGAGGTATGCGGTCGAAGCGTACGACGGCCGAGTCCTAGTGC
CCTCAGGCTATGCAATCTCGCCTGAAGACTTCCAGAGTCTAAGCGAAAGCGCAACGATGGTGTATAACGAAAGAGAGTTCGTA
AACAGAAAGCTACACCATATTGCGATGCACGGACCAGCCCTGAACACCGACGAAGAGTCGTATGAGCTGGTGAGGGCAGAGA
GGACAGAACACGAGTACGTCTACGACGTGGATCAGAGAAGATGCTGTAAGAAGGAAGAAGCCGCAGGACTGGTACTGGTGG
GCGACTTGACTAATCCGCCCTACCACGAATTCGCATATGAAGGGCTAAAAATCCGCCCTGCCTGCCCATACAAAATTGCAGTCA
TAGGAGTCTTCGGAGTACCGGGATCTGGCAAGTCAGCTATTATCAAGAACCTAGTTACCAGGCAGGACCTGGTGACTAGCGG
AAAGAAAGAAAACTGCCAAGAAATCACCACCGACGTGATGAGACAGAGAGGTCTAGAGATATCTGCACGTACGGTTGACTCG
CTGCTCTTGAATGGATGCAACAGACCAGTCGACGTGTTGTACGTAGACGAGGCGTTTGCGTGCCACTCTGGAACGCTACTTGC
TTTGATCGCCTTGGTGAGACCAAGGCAGAAAGTTGTACTTTGTGGTGACCCGAAGCAGTGCGGCTTCTTCAATATGATGCAGA
TGAAAGTCAACTATAATCACAACATCTGCACCCAAGTGTACCACAAAAGTATCTCCAGGCGGTGTACACTGCCTGTGACCGCCA
TTGTGTCATCGTTGCATTACGAAGGCAAAATGCGCACTACGAATGAGTACAACAAGCCGATTGTAGTGGACACTACAGGCTCA
ACAAAACCTGACCCTGGAGACCTCGTGTTAACGTGCTTCAGAGGGTGGGTTAAACAACTGCAAATTGACTATCGTGGATACGA
GGTCATGACAGCAGCCGCATCCCAAGGGTTAACCAGAAAAGGAGTTTACGCAGTTAGACAAAAAGTTAATGAAAACCCGCTCT
ATGCATCAACGTCAGAGCACGTCAACGTACTCCTAACGCGTACGGAAGGTAAACTGGTATGGAAGACACTTTCCGGCGACCCG
TGGATAAAGACGCTGCAGAACCCACCGAAAGGAAACTTCAAAGCAACTATTAAGGAGTGGGAGGTGGAGCATGCATCAATAA
TGGCGGGCATCTGCAGTCACCAAATGACCTTCGATACATTCCAAAATAAAGCCAACGTTTGTTGGGCTAAGAGCTTGGTCCCTA
TCCTCGAAACAGCGGGGATAAAACTAAATGATAGGCAGTGGTCTCAGATAATTCAAGCCTTCAAAGAAGACAAAGCATACTCA
CCTGAAGTAGCCCTGAATGAAATATGTACGCGCATGTATGGGGTGGATCTAGACAGCGGGCTATTTTCTAAACCGTTGGTGTC
TGTGTATTACGCGGATAACCACTGGGATAATAGGCCTGGAGGGAAAATGTTCGGATTTAACCCCGAGGCAGCATCCATTCTAG
AAAGAAAGTATCCATTCACAAAAGGGAAGTGGAACATCAACAAGCAGATCTGCGTGACTACCAGGAGGATAGAAGACTTTAA
CCCTACCACCAACATCATACCGGCCAACAGGAGACTACCACACTCATTAGTGGCCGAACACCGCCCAGTAAAAGGGGAAAGAA
TGGAATGGCTGGTTAACAAGATAAACGGCCACCACGTGCTCCTGGTCAGTGGCTATAACCTTGCACTGCCTACTAAGAGAGTC
ACTTGGGTAGCGCCGTTAGGTGTCCGCGGAGCGGACTACACATACAACCTAGAGTTGGGTCTGCCAGCAACGCTTGGTAGGT
ATGACCTAGTGGTCATAAACATCCACACACCTTTTCGCATACACCATTACCAACAGTGCGTCGACCACGCAATGAAACTGCAAA
TGCTCGGGGGTGACTCATTGAGACTGCTCAAACCGGGCGGCTCTCTATTGATCAGAGCATATGGTTACGCAGATAGAACCAGT
GAACGAGTCATCTGCGTATTGGGACGCAAGTTTAGATCGTCTAGAGCGTTGAAACCACCATGTGTCACCAGCAACACTGAGAT
GTTTTTCCTATTCAGCAACTTTGACAATGGCAGAAGGAATTTCACAACTCATGTCATGAACAATCAACTGAATGCAGCCTTCGTA
GGACAGGTCACCCGAGCAGGATGTGCACCGTCGTACCGGGTAAAACGCATGGACATCGCGAAGAACGATGAAGAGTGCGTA
GTCAACGCCGCTAACCCTCGCGGGTTACCGGGTGGCGGTGTTTGCAAGGCAGTATACAAAAAATGGCCGGAGTCCTTTAAGA
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ACAGTGCAACACCAGTGGGAACCGCAAAAACAGTTATGTGCGGTACGTATCCAGTAATCCACGCTGTTGGACCAAACTTCTCT
AATTATTCGGAGTCTGAAGGGGACCGGGAATTGGCAGCTGCCTATCGAGAAGTCGCAAAGGAAGTAACTAGGCTGGGAGTA
AATAGTGTAGCTATACCTCTCCTCTCCACAGGTGTATACTCAGGAGGGAAAGACAGGCTGACCCAGTCACTGAACCACCTCTTT
ACAGCCATGGACTCGACGGATGCAGACGTGGTCATCTACTGCCGCGACAAAGAATGGGAGAAGAAAATATCTGAGGCCATAC
AGATGCGGACCCAAGTAGAGCTGCTGGATGAGCACATCTCCATAGACTGCGATATTGTTCGCGTGCACCCTGACAGCAGCTTG
GCAGGCAGAAAAGGATACAGCACCACGGAAGGCGCACTGTACTCATATCTAGAAGGGACCCGTTTTCATCAGACGGCTGTGG
ATATGGCGGAGATACATACTATGTGGCCAAAGCAAACAGAGGCCAATGAGCAAGTCTGCCTATATGCCCTGGGGGAAAGTAT
TGAATCGATCAGGCAGAAATGCCCGGTGGATGATGCAGACGCATCATCTCCCCCCAAAACTGTCCCGTGCCTTTGCCGTTACGC
TATGACTCCAGAACGCGTCACCCGGCTTCGCATGAACCACGTCACAAGCATAATTGTGTGTTCTTCGTTTCCCCTCCCAAAGTAC
AAAATAGAAGGAGTGCAAAAAGTCAAATGCTCTAAGGTAATGCTATTTGACCACAACGTGCCATCGCGCGTAAGTCCAAGGG
CTTATAGAGGTGCCGCTGCCGGTAACCTTGCGGCCGTGTCTGATTGGGTAATGAGCACCGTACCTGTCGCGCCGCCCAGAAGA
AGGCGAGGGAGAAACCTGACTGTGACATGTGACGAGAGAGAAGGGAATATAACACCCATGGCTAGCGTCCGATTCTTTAGG
GCAGAGCTGTGTCCGGTCGTACAAGAAACAGCGGAGACGCGTGACACAGCAATGTCTCTTCAGGCACCACCGAGTACCGCCA
CGGAACCGAATCATCCGCCGATCTCCTTCGGAGCATCAAGCGAGACGTTCCCCATTACATTTGGGGACTTCAACGAAGGAGAA
ATCGAAAGCTTGTCTTCTGAGCTACTAACTTTCGGAGACTTCTTACCAGGAGAAGTGGATGACTTGACAGACAGCGACTGGTC
CACGTGCTCAGACACGGACGACGAGTTAAGACTAGACAGGGCAGGTGGGTATATATTCTCGTCGGACACCGGTCCAGGTCAT
TTACAACAGAAGTCAGTACGCCAGTCAGTGCTGCCGGTGAACACCCTGGAGGAAGTCCACGAGGAGAAGTGTTACCCACCTA
AGCTGGATGAAGCAAAGGAGCAACTATTACTTAAGAAACTCCAGGAGAGTGCATCCATGGCCAACAGAAGCAGGTATCAGTC
GCGCAAAGTAGAAAACATGAAAGCAGCAATCATCCAGAGACTAAAGAGAGGCTGTAGACTATACTTAATGTCAGAGACCCCA
AAAGTCCCTACTTACCGGACTACATATCCGGCGCCTGTGTACTCGCCTCCGATCAACGTCCGATTGTCCAATCCCGAGTCCGCA
GTGGCAGCATGCAATGAGTTCTTAGCTAGAAACTATCCAACTGTCTCATCATACCAAATTACCGACGAGTATGATGCATATCTA
GACATGGTGGACGGGTCGGAGAGTTGCCTGGACCGAGCGACATTCAATCCGTCAAAACTCAGGAGCTACCCGAAACAGCACG
CTTACCACGCGCCCTCCATCAGAAGCGCTGTACCGTCCCCATTCCAGAACACACTACAGAATGTACTGGCAGCAGCCACGAAAA
GAAACTGCAACGTCACACAGATGAGGGAATTACCCACTTTGGACTCAGCAGTATTCAACGTGGAGTGTTTCAAAAAATTCGCA
TGCAACCAAGAATACTGGGAAGAATTTGCTGCCAGCCCTATTAGGATAACAACTGAGAATTTAGCAACCTATGTTACTAAACTA
AAAGGGCCAAAAGCAGCAGCGCTATTCGCAAAAACCCATAATCTACTGCCACTACAGGAAGTACCAATGGATAGGTTCACAGT
AGATATGAAAAGGGACGTAAAGGTGACTCCTGGTACAAAGCATACAGAGGAAAGACCTAAGGTGCAGGTTATACAGGCGGC
TGAACCCTTGGCGACAGCATACCTATGTGGGATTCACAGAGAGCTGGTTAGGAGGCTGAACGCCGTCCTCCTACCCAATGTAC
ATACACTATTTGACATGTCTGCCGAGGATTTCGATGCCATCATAGCCGCACACTTTAAGCCAGGAGACACTGTTTTGGAAACGG
ACATAGCCTCCTTTGATAAGAGCCAAGATGATTCACTTGCGCTTACTGCTTTGATGCTGTTAGAGGATTTAGGGGTGGATCACT
CCCTGCTGGACTTGATAGAGGCTGCTTTCGGAGAGATTTCCAGCTGTCACCTACCGACAGGTACGCGCTTCAAGTTCGGCGCC
ATGATGAAATCAGGTATGTTCCTAACTCTGTTCGTCAACACATTGTTAAACATCACCATCGCCAGCCGAGTGCTGGAAGATCGT
CTGACAAAATCCGCGTGCGCGGCCTTCATCGGCGACGACAACATAATACATGGAGTCGTCTCCGATGAATTGATGGCAGCCAG
ATGTGCCACTTGGATGAACATGGAAGTGAAGATCATAGATGCAGTTGTATCCTTGAAAGCCCCTTACTTTTGTGGAGGGTTTAT
ACTGCACGATACTGTGACAGGAACAGCTTGCAGAGTGGCAGACCCGCTAAAAAGGCTTTTTAAACTGGGCAAACCGCTAGCG
GCAGGTGACGAACAAGATGAAGATAGAAGACGAGCGCTGGCTGACGAAGTGATCAGATGGCAACGAACAGGGCTAATTGAT
GAGCTGGAGAAAGCGGTATACTCTAGGTACGAAGTGCAGGGTATATCAGTTGTGGTAATGTCCATGGCCACCTTTGCAAGCTC
CAGATCCAACTTCGAGAAGCTCAGAGGACCCGTCATAACTTTGTACGGCGGTCCTAAATAGGTACGCACTACAGCTACCTATTT
TGCAGAAGCCGACAGCAAGTATCTAAACACTAATCAGCTACAATGGAGTTCATCCCAACCCAAACTTTTTACAATAGGAGGTAC
CAGCCTCGACCCTGGACTCCGCGCCCTACTATCCAAGTCATCAGGCCCAGACCGCGCCCTCAGAGGCAAGCTGGGCAACTTGC
CCAGCTGATCTCAGCAGTTAATAAACTGACAATGCGCGCGGTACCACAACAGAAGCCACGCAGGAATCGGAAGAATAAGAAG
CAAAAGCAAAAACAACAGGCGCCACAAAACAACACAAATCAAAAGAAGCAGCCACCTAAAAAGAAACCGGCTCAAAAGAAAA
AGAAGCCGGGCCGCAGAGAGAGGATGTGCATGAAAATCGAAAATGATTGTATTTTCGAAGTCAAGCACGAAGGTAAGGTAA
CAGGTTACGCGTGCCTGGTGGGGGACAAAGTAATGAAACCAGCACACGTAAAGGGGACCATCGATAACGCGGACCTGGCCA
AACTGGCCTTTAAGCGGTCATCTAAGTATGACCTTGAATGCGCGCAGATACCCGTGCACATGAAGTCCGACGCTTCGAAGTTC
ACCCATGAGAAACCGGAGGGGTACTACAACTGGCACCACGGAGCAGTACAGTACTCAGGAGGCCGGTTCACCATCCCTACAG
GTGCTGGCAAACCAGGGGACAGCGGCAGACCGATCTTCGACAACAAGGGACGCGTGGTGGCCATAGTCTTAGGAGGAGCTA
ATGAAGGAGCCCGTACAGCCCTCTCGGTGGTGACCTGGAATAAAGACATTGTCACTAAAATCACCCCCGAGGGGGCCGAAGA
GTGGAGTCTTGCCATCCCAGTTATGTGCCTGTTGGCAAACACCACGTTCCCCTGCTCCCAGCCCCCTTGCACGCCCTGCTGCTAC
GAAAAGGAACCGGAGGAAACCCTACGCATGCTTGAGGACAACGTCATGAGACCTGGGTACTATCAGCTGCTACAAGCATCCTT
AACATGTTCTCCCCACCGCCAGCGACGCAGCACCAAGGACAACTTCAATGTCTATAAAGCCACAAGACCATACTTAGCTCACTG
TCCCGACTGTGGAGAAGGGCACTCGTGCCATAGTCCCGTAGCACTAGAACGCATCAGAAATGAAGCGACAGACGGGACGCTG
AAAATCCAGGTCTCCTTGCAAATCGGAATAAAGACGGATGACAGCCACGATTGGACCAAGCTGCGTTATATGGACAACCACAT
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GCCAGCAGACGCAGAGAGGGCGGGGCTATTTGTAAGAACATCAGCACCGTGTACGATTACTGGAACAATGGGACACTTCATC
CTGGCCCGATGTCCAAAAGGGGAAACTCTGACGGTGGGATTCACTGACAGTAGGAAGATTAGTCACTCATGTACGCACCCATT
TCACCACGACCCTCCTGTGATAGGTCGGGAAAAATTCCATTCCCGACCGCAGCACGGTAAAGAGCTACCTTGCAGCACGTACG
TGCAGAGCACCGCCGCAACTACCGAGGAGATAGAGGTACACATGCCCCCAGACACCCCTGATCGCACATTAATGTCACAACAG
TCCGGCAACGTAAAGATCACAGTCAATGGCCAGACGGTGCGGTACAAGTGTAATTGCGGTGGCTCAAATGAAGGACTAACAA
CTACAGACAAAGTGATTAATAACTGCAAGGTTGATCAATGTCATGCCGCGGTCACCAATCACAAAAAGTGGCAGTATAACTCC
CCTCTGGTCCCGCGTAATGCTGAACTTGGGGACCGAAAAGGAAAAATTCACATCCCGTTTCCGCTGGCAAATGTAACATGCAG
GGTGCCTAAAGCAAGGAACCCCACCGTGACGTACGGGAAAAACCAAGTCATCATGCTACTGTATCCTGACCACCCAACACTCC
TGTCCTACCGGAATATGGGAGAAGAACCAAACTATCAAGAAGAGTGGGTGATGCATAAGAAGGAAGTCGTGCTAACCGTGCC
GACTGAAGGGCTCGAGGTCACGTGGGGCAACAACGAGCCGTATAAGTATTGGCCGCAGTTATCTACAAACGGTACAGCCCAT
GGCCACCCGCATGAGATAATTCTGTATTATTATGAGCTGTACCCCACTATGACTGTAGTAGTTGTGTCAGTGGCCACGTTCATA
CTCCTGTCGATGGTGGGTATGGCAGCGGGGATGTGCATGTGTGCACGACGCAGATGCATCACACCGTATGAACTGACACCAG
GAGCTACCGTCCCTTTCCTGCTTAGCCTAATATGCTGCATCAGAACAGCTAAAGCGGCCACATACCAAGAGGCTGCGATATACC
TGTGGAACGAGCAGCAACCTTTGTTTTGGCTACAAGCCCTTATTCCGCTGGCAGCCCTGATTGTTCTATGCAACTGTCTGAGAC
TCTTACCATGCTGCTGTAAAACGTTGGCTTTTTTAGCCGTAATGAGCGTCGGTGCCCACACTGTGAGCGCGTACGAACACGTAA
CAGTGATCCCGAACACGGTGGGAGTACCGTATAAGACTCTAGTCAATAGACCTGGCTACAGCCCCATGGTATTGGAGATGGA
ACTACTGTCAGTCACTTTGGAGCCAACACTATCGCTTGATTACATCACGTGCGAGTACAAAACCGTCATCCCGTCTCCGTACGT
GAAGTGCTGCGGTACAGCAGAGTGCAAGGACAAAAACCTACCTGACTACAGCTGTAAGGTCTTCACCGGCGTCTACCCATTTA
TGTGGGGCGGCGCCTACTGCTTCTGCGACGCTGAAAACACGCAGTTGAGCGAAGCACACGTGGAGAAGTCCGAATCATGCAA
AACAGAATTTGCATCAGCATACAGGGCTCATACCGCATCTGCATCAGCTAAGCTCCGCGTCCTTTACCAAGGAAATAACATCAC
TGTAACTGCCTATGCAAACGGCGACCATGCCGTCACAGTTAAGGACGCCAAATTCATTGTGGGGCCAATGTCTTCAGCCTGGA
CACCTTTCGACAACAAAATTGTGGTGTACAAAGGTGACGTCTATAACATGGACTACCCGCCCTTTGGCGCAGGAAGACCAGGA
CAATTTGGCGATATCCAAAGTCGCACACCTGAGAGTAAAGACGTCTATGCTAATACACAACTGGTACTGCAGAGACCGGCTGT
GGGTACGGTACACGTGCCATACTCTCAGGCACCATCTGGCTTTAAGTATTGGCTAAAAGAACGCGGGGCGTCGCTGCAGCACA
CAGCACCATTTGGCTGCCAAATAGCAACAAACCCGGTAAGAGCGGTGAACTGCGCCGTAGGGAACATGCCCATCTCCATCGAC
ATACCGGAAGCGGCCTTCACTAGGGTCGTCGACGCGCCCTCTTTAACGGACATGTCGTGCGAGGTACCAGCCTGCACCCATTC
CTCAGACTTTGGGGGCGTCGCCATTATTAAATATGCAGCCAGCAAGAAAGGCAAGTGTGCGGTGCATTCGATGACTAACGCCG
TCACTATTCGGGAAGCTGAGATAGAAGTTGAAGGGAATTCTCAGCTGCAAATCTCTTTCTCGACGGCCTTAGCCAGCGCCGAA
TTCCGCGTACAAGTCTGTTCTACACAAGTACACTGTGCAGCCGAGTGCCACCCCCCGAAGGACCACATAGTCAACTACCCGGC
GTCACATACCACCCTCGGGGTCCAGGACATCTCCGCTACGGCGATGTCATGGGTGCAGAAGATCACGGGAGGTGTGGGACTG
GTTGTTGCTGTTGCCGCACTGATTCTAATCGTGGTGCTATGCGTGTCGTTCAGCAGGCACTAACTTGACAATTAAGTATGAAGG
TATATGTGTCCCCTAAGAGACACACTGTACATAGCAAATAATCTATAGATCAAAGGGCTACGCAACCCCTGAATAGTAACAAAA
TACAAAATCACTAAAAATTATAAAAACAGAAAAATACATAAATAGGTATACGTGTCCCCTAAGAGACACATTGTATGTAGGTG
ATAAGTATAGATCAAAGGGCCGAATAACCCCTGAATAGTAACAAAATATGAAAATCAATAAAAATCATAAAATAGAAAAACCA
TAAACAGAAGTAGTTCAAAGGGCTATAAAACCCCTGAATAGTAACAAAACATAAAATTAATAAAAATCAAATGAATACCATAA
TTGGCAAACGGAAGAGATGTAGGTACTTAAGCTTCCTAAAAGCAGCCGAACTCACTTTGAGAAGTAGGCATAGCATACCGAAC
TCTTCCACGATTCTCCGAACCCACAGGGACGTAGGAGATGTTATTTTGTTTTTAATATTTCAAAAAAAAAAAAAAAAAAAAAAA
A

SEQID NO: 78

ZIKV Sequence H/PF/2013 as sequenced
CAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACAGGTTTTATTTTGGATTTGGAAACGAGAGTTTCT
GGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCC
TTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCGATTCTAGCCTTTTT
GAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAAAAGAGGCTATGGAAATAATA
AAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAATGCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACT
AGTGTCGGAATTGTTGGCCTCCTGCTGACCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTT
GGACAGAAACGACGCTGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATGGATCTTG
GACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAACCAGATGACGTCGATTGTTGGTG
CAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCACAAAAAAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACG
CTCCCCTCCCATTCCACTAGGAAGCTGCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAG
AGTCGAAAATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGCTCAACGAGCC
AAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGTGCATAGGAGTCAGCAATAGGGACTTT
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GTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCTTGGAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAAC
CGACTGTCGACATAGAGCTGGTTACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCG
GACATGGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAATATGTCTGCAAAAG
AACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTITGGCAAAGGGAGCCTGGTGACATGCGCTAAGTTTGCATGC
TCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACA
GTGGGATGATCGTTAATGACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAGC
CGAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTTTCAGATTTGTATTACT
TGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGACATTCCATTACCTTGGCACGCTGGGGCAGACACC
GGAACTCCACACTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAG
GGAGTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTCCT
CTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTGTGTACCGCAGCGTTCACAT
TCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGAGGTACAGTACGCAGGGACAGATGGACCTTGCAAGGT
TCCAGCTCAGATGGCGGTGGACATGCAAACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCA
CTGAGAACTCTAAGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCGGGGAGAAGAAGATC
ACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGGTGCCAAGAGAATGGCAGTCT
TGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTCTCAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCA
GCTTTCAAATCATTGTTTGGAGGAATGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTGGTTGGGTCTGAACACA
AAGAATGGATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCTGTCTCTGCTGATGTGGGG
TGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCTATAACGACGTTGAAGCCTGGAGGGACA
GGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCAGCAGCAGTCAAGCAAGCCTGGGAAGATGGTATCTGTGGGATCTCC
TCTGTTTCAAGAATGGAAAACATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAAC
TGACGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTGAACGAGCTGCCCCAC
GGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAAATAACAGCTTTGTCGTGGATGGTGACACACTGA
AGGAATGCCCACTCAAACATAGAGCATGGAACAGCTTTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGG
CTCAAGGTTAGAGAAGATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACA
GTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTGATCGAGATGAAAACAT
GTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGAGTGATCTGATCATACCCAAGTCTTTAGCTGGGCCA
CTCAGCCATCACAATACCAGAGAGGGCTACAGGACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTTG
AGGAATGCCCAGGCACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAAGCGG
AAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTAAAGATGGCTGTTGGTATGGA
ATGGAGATAAGGCCCAGGAAAGAACCAGAAAGTAACTTAGTAAGGTCAATGGTGACTGCAGGATCAACTGATCACATGGATC
ACTTCTCCCTTGGAGTGCTTGTGATTCTGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGC
ACATCGATGGCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTTGATGGGTGC
CACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGCATTCAAAGTCAGACCAGCGTTGCTG
GTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAGCATGCTGCTGGCCTTGGCCTCGTGTCTTTTGCAAACTGCGATCT
CCGCCTTGGAAGGCGACCTGATGGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCA
CTGATAACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGGAGAGCAGGCCTT
GCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAAGAAGAACTTACCATTTGTCATGGCCCTGGG
ACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGGTGGGACTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCC
CCTAGCGAAGTACTCACAGCTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGC
CCATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACATTGAAAGAGCAGGTGA
CATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCGATGTGGCGCTAGATGAGAGTGGTGATTTCTCC
CTGGTGGAGGATGACGGTCCCCCCATGAGAGAGATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGC
CATACCCTTTGCAGCTGGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCCCA
AGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTAGGTTCAACACAAGTTGGAG
TGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCACAAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGAC
TTGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGACGGGCA
CAGCGAGGTGCAGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAGACAAAG
GATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATCCTAGACAAGTGTGGGAGAGTGA
TAGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTTATGTTAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGA
CTCCTGTTGAGTGCTTCGAGCCTTCGATGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACC
AGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAGGGTTGTCGCT
GCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTCAATGTCACCCACTCTGGAACAGAAAT
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CGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTACTACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGAT
GAGGCCCACTTCACAGATCCCTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCA
TCTTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACACCGAAGTGGAAGTCC
CAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGGAAAAACAGTTTGGTTTGTTCCAAGCGTGAGGAA
CGGCAATGAGATCGCAGCTTGTCTGACAAAGGCTGGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTC
CAGAAAACAAAACATCAAGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGTGT
CATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGACCCATGCCTGTCACACATG
CCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAACCTGGAGATGAGTATCTGTATGGAGGTGGGTGCG
CAGAGACTGACGAAGACCATGCACACTGGCTTGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCC
TCGCTCTATCGACCTGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACCTTTG
TGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGAATAACCTACACAGATAGAAGA
TGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAA
AGAGTGCTCAAACCGAGGTGGATGGACGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTG
GGAAAAGAGGAGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAGGAAGCCA
TTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGGCCCAATTGCCGGAGACCCT
AGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTTTTCGTCTTGATGAGGAACAAGGGCATAGGGA
AGATGGGCTTTGGAATGGTGACTCTTGGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGT
GTCCTCATTGTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCCAGGACAACCAAATGGCA
ATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGATGGTTGGAGAGAACAAAGAGTGACCT
AAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCATAGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGG
GCCATCTATGCTGCCTTGACAACTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGG
CGATGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTGGAGTCCCGCTGCTA
ATGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTGGCCATCATTTTGCTCGTGGCGCACTACATGTACTTGATCC
CAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAA
TAGTGGTGACTGACATTGACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTGCTACTCATAGCAGTAGC
CGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACAGCGGCAACTTCCACTTTG
TGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCACTGTGTAACATTTTITAGGGGAAGTTACTTGGCTGGA
GCTTCTCTAATCTACACAGTAACAAGAAACGCTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAG
AAATGGAAGGCCCGCTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAGAG
AAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAGTGCAAAGCTGAGATGGT
TGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTTGGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGC
CACCATCCGCAAAGTTCAAGAAGTGAAAGGATACACAAAAGGAGGCCCTGGTCATGAAGAACCCATGTTGGTGCAAAGCTAT
GGGTGGAACATAGTCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGTGACA
TAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTGGGGGATTGGCTTGAAAA
AAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCAGCACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGT
ATGGGGGAGGACTGGTCAGAGTGCCACTCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACAC
CATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCCAGGAGGCCAGTGAAATATGAGGAGGAT
GTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGAAGATCATTGGTAACCGCATTGAAAG
GATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAGAACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAG
GCCCCCACACAAGGGTCAGCGTCCTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGT
CACAGGAATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACTAGGGTGCCAGAC
CCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAGAGCTAGGCAAACACAAACGGCCACGAG
TCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGCAATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAA
GACTGCAGTGGAAGCTGTGAACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGAGGAGAGTG
CCAGAGTTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAGGGCAGCCGCGCCAT
CTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTCTTGAACGAGGATCACTGGATGGGGAGAGAG
AACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACAAAGACTCGGATATGTCCTAGAAGAGATGAGTCGCATACCAGGAGGA
AGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCA
AATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGTAAAGGTCCTTAGACCA
GCTGAAAAAGGGAAGACAGTTATGGACATTATTTCGAGACAAGACCAAAGGGGGAGCGGACAAGTTGTCACTTACGCTCTTA
ACACATTTACCAACCTAGTGGTGCAACTCATTCGGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTGGCTGCTG
CGGAGGTCAGAGAAAGTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGAT
TGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAAAGTTAGGAAGGACACACA
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AGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCGTTTTGCTCCCACCACTTCAACAAGCTCCATCTCAAGG
ACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGGGCGGGATGGAG
CATCCGGGAGACTGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCCGACTGAT
GGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTGGTCAATCCATGGAAAGGGAGAAT
GGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGTGGATTGAGGAGAACGACCACATGGAAGACAAGACCCCAG
TTACGAAATGGACAGACATTCCCTATTTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACC
ACCTGGGCTGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGGACTACCTAT
CCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCACCAATCTTAGTGTTGTCAGGCCTGCTA
GTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCCCCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAG
AACGCCATGGCACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGC
GCAGGATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGTGGATCTCCAGAA
GAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTGACGCTGGGAAAGACCAGAGACTCCATGAG
TTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGAATAGCGGCGGCCGGTGTGGGG

SEQID NO: 79

AHZ13508.1, Zika virus polyprotein from Polynesian outbreak (H/PF/2013)
MKNPKKKSGGFRIVNMLKRGVARVSPFGGLKRLPAGLLLGHGPIRMVLAILAFLRFTAIKPSLGLINRWGSVGKKEAMEIIKKFKKDL
AAMLRIINARKEKKRRGADTSVGIVGLLLTTAMAAEVTRRGSAYYMYLDRNDAGEAISFPTTLGMNKCYIQIMDLGHMCDATMSYE
CPMLDEGVEPDDVDCWCNTTSTWVVYGTCHHKKGEARRSRRAVTLPSHSTRKLQTRSQTWLESREYTKHLIRVENWIFRNPGFAL
AAAAIAWLLGSSTSQKVIYLVMILLIAPAYSIRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAE
VRSYCYEASISDMASDSRCPTQGEAYLDKQSDTQYVCKRTLYVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIML
SVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWH
AGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTA
AFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMOQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKIT
HHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKN
GSISLMCLALGGVLIFLSTAVSADVGCSVDFSKKETRCGTGVFVYNDVEAWRDRYKYHPDSPRRLAAAVKQAWEDGICGISSVSRME
NIMWRSVEGELNAILEENGVQLTVVVGSVKNPMWRGPQRLPVPVYNELPHGWKAWGKSYFVRAAKTNNSFVVDGDTLKECPLKH
RAWNSFLVEDHGFGVFHTSVWLKVREDYSLECDPAVIGTAVKGKEAVHSDLGYWIESEKNDTWRLKRAHLIEMKTCEWPKSHTLW
TDGIEESDLIIPKSLAGPLSHHNTREGYRTQMKGPWHSEELEIRFEECPGTKVHVEETCGTRGPSLRSTTASGRVIEEWCCRECTMPPL
SFRAKDGCWYGMEIRPRKEPESNLVRSMVTAGSTDHMDHFSLGVLVILLMVQEGLKKRMTTKIIISTSMAVLVAMILGGFSMSDLA
KLAILMGATFAEMNTGGDVAHLALIAAFKVRPALLYVSFIFRANWTPRESMLLALASCLLQTAISALEGDLMVLINGFALAWLAIRAM
VVPRTDNITLAILAALTPLARGTLLVAWRAGLATCGGFMLLSLKGKGSVKKNLPFVMALGLTAVRLVDPINVVGLLLLTRSGKRSWPP
SEVLTAVGLICALAGGFAKADIEMAGPMAAVGLLIVSYVVSGKSVDMYIERAGDITWEKDAEVTGNSPRLDVALDESGDFSLVEDD
GPPMREILKVVLMTICGMNPIAIPFAAGAWYVYVKTGKRSGALWDVPAPKEVKKGETTDGVYRVMTRRLLGSTQVGVGVMQEG
VFHTMWHVTKGSALRSGEGRLDPYWGDVKQDLYVSYCGPWKLDAAWDGHSEVQLLAVPPGERARNIQTLPGIFKTKDGDIGAVAL
DYPAGTSGSPILDKCGRVIGLYGNGVVIKNGSYVSAITQGRREEETPVECFEPSMLKKKQLTVLDLHPGAGKTRRVLPEIVREAIKTRLR
TVILAPTRVVAAEMEEALRGLPVRYMTTAVNVTHSGTEIVDLMCHATFTSRLLQPIRVPNYNLYIMDEAHFTDPSSIAARGYISTRVE
MGEAAAIFMTATPPGTRDAFPDSNSPIMDTEVEVPERAWSSGFDWVTDHSGKTVWFVPSVRNGNEIAACLTKAGKRVIQLSRKTF
ETEFQKTKHQEWDFVVTTDISEMGANFKADRVIDSRRCLKPVILDGERVILAGPMPVTHASAAQRRGRIGRNPNKPGDEYLYGGGC
AETDEDHAHWLEARMLLDNIYLQDGLIASLYRPEADKVAAIEGEFKLRTEQRKTFVELMKRGDLPVWLAYQVASAGITYTDRRWCF
DGTTNNTIMEDSVPAEVWTRHGEKRVLKPRWMDARVCSDHAALKSFKEFAAGKRGAAFGVMEALGTLPGHMTERFQEAIDNLA
VLMRAETGSRPYKAAAAQLPETLETIMLLGLLGTVSLGIFFVLMRNKGIGKMGFGMVTLGASAWLMWLSEIEPARIACVLIVVFLLLYV
VLIPEPEKQRSPQDNQMAIIIMVAVGLLGLITANELGWLERTKSDLSHLMGRREEGATIGFSMDIDLRPASAWAIYAALTTFITPAVQ
HAVTTSYNNYSLMAMATQAGVLFGMGKGMPFYAWDFGVPLLMIGCYSQLTPLTLIVAIILLVAHYMYLIPGLQAAAARAAQKRTA
AGIMKNPVVDGIVVTDIDTMTIDPQVEKKMGQVLLIAVAVSSAILSRTAWGWGEAGALITAATSTLWEGSPNKYWNSSTATSLCNI
FRGSYLAGASLIYTVTRNAGLVKRRGGGTGETLGEKWKARLNQMSALEFYSYKKSGITEVCREEARRALKDGVATGGHAVSRGSAKL
RWLVERGYLQPYGKVIDLGCGRGGWSYYAATIRKVQEVKGYTKGGPGHEEPMLVQSYGWNIVRLKSGVDVFHMAAEPCDTLLCDI
GESSSSPEVEEARTLRVLSMVGDWLEKRPGAFCIKVLCPYTSTMMETLERLQRRYGGGLVRVPLSRNSTHEMYWVSGAKSNTIKSVS
TTSQLLLGRMDGPRRPVKYEEDVNLGSGTRAVVSCAEAPNMKIIGNRIERIRSEHAETWFFDENHPYRTWAYHGSYEAPTQGSASS
LINGVVRLLSKPWDVVTGVTGIAMTDTTPYGQQRVFKEKVDTRVPDPQEGTRQVMSMVSSWLWKELGKHKRPRVCTKEEFINKV
RSNAALGAIFEEEKEWKTAVEAVNDPRFWALVDKEREHHLRGECQSCVYNMMGKREKKQGEFGKAKGSRAIWYMWLGARFLEF
EALGFLNEDHWMGRENSGGGVEGLGLQRLGYVLEEMSRIPGGRMYADDTAGWNDTRISRFDLENEALITNOQMEKGHRALALAIIKY
TYQNKVVKVLRPAEKGKTVMDIISRQDQRGSGQVVTYALNTFTNLVVQLIRNMEAEEVLEMQDLWLLRRSEKVTNWLQSNGWDR
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LKRMAVSGDDCVVKPIDDRFAHALRFLNDMGKVRKDTQEWKPSTGWDNWEEVPFCSHHFNKLHLKDGRSIVVPCRHQDELIGRA
RVSPGAGWSIRETACLAKSYAQMWAQLLYFHRRDLRLMANAICSSVPVDWVPTGRTTWSIHGKGEWMTTEDMLVVWNRVWIEE
NDHMEDKTPVTKWTDIPYLGKREDLWCGSLIGHRPRTTWAENIKNTVNMVRRIIGDEEKYMDYLSTQVRYLGEEGSTPGVL

SEQ ID NO: 80
9320_zika_PF_1F
ttaggatccGTTGTTGATCTGTGTGAAT

SEQID NO: 81

9321_Zika_PF_1R
taactcgagCGTACACAACCCAAGTT
SEQID NO: 82

9322_Zika_PF_2F
ttaggatccTCACTAGACGTGGGAGTG

SEQ ID NO: 83
9323_zika_PF_2R
taactcgagAAGCCATGTCYGATATTGAT

SEQ ID NO: 84
9324_zika_PF_3F
ttaggatccGCATACAGCATCAGGTG

SEQID NO: 85
9325_Zika_PF_3R
taactcgagTGTGGAGTTCCGGTGTCT

SEQ ID NO: 86
9326_zika_PF_4F
ttaggatccGAATAGAGCGAARGTTGAGATA

SEQ ID NO: 87
9327_zika_PF_4R
taactcgAGTGGTGGGTGATCTTCTTCT

SEQ ID NO: 88
9328_zika_PF_5F
ttaggatcCAGTCACAGTGGAGGTACAGTAC

SEQID NO: 89
9329_Zika_PF_5R
taactcgagCRCAGATACCATCTTCCC

SEQ ID NO: 90
9330_zika_PF_6F
ttaggatCCCTTATGTGCTTGGCCTTAG

SEQID NO: 91
9331_Zika_PF_6R
taactcgagTCTTCAGCCTCCATGTG

SEQ ID NO: 92
9332_zika_PF_7F
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ttaggatccAATGCCCACTCAAACATAGA

SEQ ID NO: 93
9333_zika_PF_7R
taactcgagTCATTCTCTTCTTCAGCCCTT

SEQ ID NO: 94
9334_zika_PF_SF
ttaggatccAAGGGTGATCGAGGAAT

SEQ ID NO: 95
9335_zika_PF_SR
taactcgagTTCCCTTCAGAGAGAGGAGC

SEQ ID NO: 96
9336_zika_PF_OF
ttaggatccTCTTTTGCAAACTGCGATC

SEQ ID NO: 97
9337_zika_PF_9R
taactcgagTCCAGCTGCAAAGGGTAT

SEQ ID NO: 98
9338_zika_PF_10F
ttaggatccGTGTGGACATGTACATTGA

SEQID NO: 99
9339_Zika_PF_10R
taactcgagCCCATTGCCATAAAGTC

SEQ ID NO: 100
9340_zika_PF_11F
ttaggatccTCATACTGTGGTCCATGGA

SEQID NO: 101
9341_Zika_PF_11R
taactcgag GCCCATCTCAACCCTTG

SEQ ID NO: 102
9342_zika_PF_12F
ttaggatccTAGAGGGCTTCCAGTGC

SEQ ID NO: 103
9343_zika_PF_12R
taactcgAGATACTCATCTCCAGGTTTGTTG

SEQ ID NO: 104
9344_zika_PF_13F
ttaggatccGAAAACAAAACATCAAGAGTG

SEQ ID NO: 105
9345_zika_PF_13R
taactcgagGAATCTCTCTGTCATGTGTCCT
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SEQ ID NO: 106
9346_zika_PF_14F
ttaggatccTTGATGGCACGACCAAC

SEQ ID NO: 107
9347_zika_PF_14R
ttaggatccGTTGTTGATCTGTGTGAAT

SEQID NO: 108
9348_Zika_PF_15F
taactcgagCAGGTCAATGTCCATTG

SEQ ID NO: 109
9349_zika_PF_15R
ttaggatccTGTTGTGTTCCTATTGCTGGT

SEQ ID NO: 110
9350_Zika_PF_16F
taactcgaGTGATCAGRGCCCCAGC

SEQ ID NO: 111
9351 _zika_PF_16R
ttaggatccTGCTGCCCAGAAGAGAA

SEQ ID NO: 112
9352_zika_PF_17F
taactcgaGCACCAACAYGGGTTCTT

SEQ ID NO: 113
9353_zika_PF_17R
ttaggatcCTCAAGGACGGTGTGGC

SEQ ID NO: 114
9354_zika_PF_18F
taactcgagCAATGATCTTCATGTTGGG

SEQ ID NO: 115
9355_zika_PF_18R
ttaggatccTATGGGGGAGGACTGGT

SEQ ID NO: 116
9356_zika_PF_19F
taactcGAGCCCAGAACCTTGGATC

SEQ ID NO: 117
9357_zika_PF_19R
ttaggatcCAGACCCCCAAGAAGGC

SEQID NO: 118
9358_Zika_PF_20F
taactcgagCCCCTTTGGTCTTGTCT
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SEQ ID NO: 119
9359_zika_PF_20R
ttaggatccAGGAAGGATGTATGCAGATG

SEQ ID NO: 120
9360_zika_PF_21F
taactcgagACATTTGCGCATATGATTTTG

SEQ ID NO: 121
9361_zika_PF_21R
ttaggatccAGGAAGGACACACAAGAGT

SEQID NO: 122
9362_Zika_PF_22F
taactcgagACAGGCTGCACAGCTTT

SEQ ID NO: 123
9363_zika_PF_22R
ttaggatccTCTCTCATAGGGCACAGAC

In some embodiments, the Zika virus has a polyprotein, including an envelope (E) protein, with an amino
acid sequence provided by any one of SEQ ID NO: 14-69 or 78. In some embodiments, the polyprotein
or E protein sequence is at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%. 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.6%, 99.7%, 99.8% or 99.9% identical to any one
of SEQ ID NOs: 2-69 or 78.

The terms "identical" or percent "identity" in the context of two or more nucleic acids or amino acid
sequences refer to two or more sequences or subsequences that are the same. Two sequences are
"substantially identical" if two sequences have a specified percentage of amino acid residues or
nucleotides that are the same (e.g., at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identity) over
a 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
comparison algorithms or by manual alignment and visual 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 nucleotides (or 20, 50, 200 or more amino acids) in length. In

some embodiments, the identity exists over the length of a protein, such as the E protein.

For sequence comparison, typically one sequence acts as a reference sequence, to which test sequences
are compared. Methods of alignment of sequences for comparison are well known in the art. See, e.g.,
by the local homology algorithm of Smith and Waterman (1970) Adv. Appl. Math. 2:482c, by the
homology alignment algorithm of Needleman and Wunsch, J. Mol. Biol. 48:443, 1970, by the search for
similarity method of Pearson and Lipman. Proc. Natl. Acad. Sci. USA 85:2444, 1988, by computerized
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implementations of these algorithms (GAP, BESTFIT, FASTA, Jalview and TFASTA in the Wisconsin
Genetics Software Package, Genetics Computer Group. 575 Science Dr., Madison. WI), by multi
sequence alignment implementation using e¢.g. CLUSTALW (Larkin et al., (2007). Bioinformatics, 23,
2947-2948.) or MAFFT (Katoh & Toh 2008 Briefings in Bioinformatics 9:286-298), or by manual
alignment and visual inspection (see. e.g., Brent et al., Current Protocols in Molecular Biology, John
Wiley & Sons, Inc. (Ringbou ed., 2003)). Two examples of algorithms that are suitable for determining
percent sequence identity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are
described in Altschul et al., Nuc. Acids Res. 25:3389-3402, 1977 and Altschul et al., J. Mol. Biol.
215:403-410, 1990, respectively.
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EXAMPLES

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

produced in Vero cells

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 attenuated Chikungunya virus mutant “ASnsP3” (as described
by Hallengérd et al., 2014, supra and provided by SEQ ID NO: 77) produced under standard cell culture
conditions in Vero cells was developed. The attenuated A5SnsP3 Chikungunya virus was derived from the
strain LR2006-OPY 1, the complete genome of which is provided herein as SEQ ID NO: 72. Briefly, the
downstream process consists of crude harvest filtration followed by concentration and diafiltration on a
tangential flow filtration (TFF) system. Host cell DNA and host cell proteins were reduced by
precipitation with protamine sulphate and by batch adsorption, respectively. Sucrose density gradient
centrifugation was done as a final polishing step. Out of 16 roller bottles 1 x 10" total PFU were purified
with an overall DSP process yield of 10-15 % (~1 logl0 TCIDS50 loss). Sucrose gradient pool samples
were characterized with regard to product-related impurities, such as hcDNA, HCP and endotoxins and

met safety criteria.

Harvest of Vero cell culture medium containing ChikV A5nsP3

ChikV AS5nsP3 was grown on Vero cells in roller bottles. 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 done

after 48 hours post infection (day 2 harvest) and stored at 2-8°C.

Filtration of crude cell culture harvest
At both harvest timepoints, the crude harvest was immediately filtered using a 0.2 um 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)
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The pooled filtered harvest material was further processed by tangential flow filtration (TFF) 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 II mini membrane
holder) equipped with a 100 kDa cutoff PES membrane module (Pellicon2 Biomax, 1000 cm?) was used
for concentration and buffer exchange. A Pellicon2 Biomax membrane module was mounted on the
Pellicon II 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 NaOH for 60 min. In case the
system was not used immediately, it was stored in 0.1 M NaOH until use. Prior to use the system was
rinsed with 1 L of RO-water followed by buffer A until the permeate pH value was constant at pH 7.4 +
0.2.

Adjustment of the ChikV A5nsP3 harvest (pH, salt)

The pooled filtered harvest material was adjusted to a final concentration of 25 mM Tris and 150 mM
NaCl 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:

Volume of stock solution D (1 M Tris, pH 7.4) added to pooled harvest = Volume of pooled
filtered harvest / 40

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

Example: 4 L harvest obtained from 20 RB (850cm?) would require addition of 100 mL stock
solution D (1 M Tris, pH 7.4) and 133 mL stock solution E (4.5 M NaCl).

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 stirrer 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 cm? membrane. After concentration, the cell culture
medium was exchanged against 25 mM Tris, 150 mM NaCl, pH 7.5, by continuous diafiltration with 6
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 mL/min were done manually to ensure a constant volume of
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harvest in the feed vessel. After 6 volume exchanges, diafiltration was stopped. The liquid remaining in

the membrane module was recovered by pumping the module empty with air.

Sucrose addition to diafiltrated ChikV A5nsP3 material

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 (mL) = Volume (mL) of diafiltrated ChikV material x 0.25
(dilution factor = 1:4) (i.e., final sucrose concentration is 10%)

Example: 400 mL diafiltrated ChikV solution would require addition of 100 mL stock solution H
(50% sucrose).

The calculated volume of solution H was added to the diafiltrated ChikV A5nsP3 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).)

DNA reduction by protamine sulphate precipitation

A DNA precipitation step using protamine sulphate (PS) was performed to reduce hcDNA. 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:

Volume of stock solution L (50 mg/mL PS) added = Volume of diafiltrated ChikV A5nsP3
material in 10% sucrose / 31

Example: 500 mL diafiltrated ChikV A5nsP3 solution in 10% sucrose would require addition of 16
mL stock solution L (50 mg/mL PS in 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 precipitate was not
removed. The material was immediately further processed by batch 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 buffer A) was added directly to the
protamine sulphate treated material. The required slurry volume was determined based on the volume of

AS5nsP3 ChikV harvest material (d1+d2) and was calculated as follows:
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Volume of CC700 slurry added to PS-treated concentrated harvest (mL) = Volume of A5nsP3
ChikV harvest material (mL) x 0.02 (dilution factor = 1:50) (i.e., final concentration of CC700 is 1%)

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 ASnsP3 ChikV 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 pm Mini Kleenpak EKYV filter capsule (Pall). The

resulting filtrate was further processed by sucrose density gradient centrifugation.

Sucrose density gradient centrifugation

Sucrose density gradient centrifugation (SGC) was used for final concentration and polishing of the
AS5nsP3 ChikV material. The ASnsP3 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
35% sucrose 40
50% sucrose 60
Total volume 500

Preparation of the sucrose gradient

The sucrose gradient bottles (500 mL) were prepared by underlaying the individual sucrose layers. A 3.5
mm ID plastic tube was attached to 60 cm of peristaltic pump tubing. The plastic tube was mounted on a
laboratory stand using a clamp and placed into the centrifuge bottle. The nozzle of the plastic tube was
placed at the bottom of the bottle. Using a peristaltic pump set to a flow rate of 25 mL per minute, the
AS5nsP3 ChikV 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 ASnsP3 ChikV material as it had the lowest
density (10% sucrose (w/w)). Following the addition of the ASnsP3 ChikV 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,
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the plastic tubing was carefully removed in order not to disturb the layers. An illustration of a completed

gradient is shown in Figure 14.

Centrifugation

Prior to centrifugation a Beckman Avanti JXN-26 centrifuge equipped with rotor Beckman 10.500 was
pre-cooled to 4°C. The prepared SG bottles 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 rcf) 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 gradient harvest

Harvesting of the sucrose gradient following centrifugation was done manually using a peristaltic pump.
A 3.5 mm ID 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 (see Fig. 14). 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 absorbance and SEC-HPLC

UV absorbance measurement 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 uL 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. 11A. The ASnsP3 ChikV containing fractions were indicated by a
peak in all three measured wavelengths (Fig. 11A, 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 pooled from the peak start to the valley of the 214 nm curve. This method can be used as single

method for pooling ASnsP3 ChikV fractions.
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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 either stored at < -65 °C or immediately further

formulated to drug substance (DS).

Size exclusion chromatography

The final pooled SGC fractions containing purified infectious ASnsP3 ChikV 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 PBS + 250 mM NaCl, pH 7.4 at 1 ml/min and 25°C, was used to detect
ChikV particles at 214 nm detection wavelength in the pooled samples. SEC-HPLC is a semi-quantitative
(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.

As shown in Fig. 11B, there were two defined peaks identified by SEC: the ASnsP3 ChikV 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 A5SnsP3 ChikV SGC pool, based on SEC-
HPLC analysis, was estimated at >95%.

SDS-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).

A silver-stained gel of a representative ChikV AS5SnsP3 purification is shown in Fig. 11C. 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 E2 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. 11C).
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Enrichment of infectious ASnsP3 ChikV 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 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. 12B, treatment with PS reduces not only host cell proteins and low molecular
weight contaminants of the ASnsP3 ChikV preparation, but also reduces the SEC area corresponding to
virus products, including aggregates as indicated. A surprising finding, however, was that cven a
reduction of the total SEC area by 86% (in a representative experiment shown in Fig. 12A, grey portion of
bars) did not result in a concomitant reduction in infectious virus particles as measured by TCID50 (Fig.
12A, left axis). Instead, even though a large percentage of virus particles were removed by PS treatment,
the majority of infectious particles remained. This observation indicates that PS treatment selectively

enriches infectious virus particles from a larger pool of total virus particles present in the crude harvest.

TCIDS0 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 pL 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 uL 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, plaques were counted by visualization under a microscope. The TCID50 was calculated according
to the Reed & Miinch endpoint calculation method (Reed, L.J.; Muench, H. (1938) A simple method of
estimating fifty percent endpoints, The American Journal of Hygiene 27: 493—-497).

Furthermore, clectron microscopy of ASnsP3 ChikV samples before and after PS treatment showed that
not only large aggregates but also smaller non-infectious virus-like particles (essentially not fully

assembled particles lacking the RNA genome) were effectively removed by PS (Fig. 13).

This enrichment of infectious virus particles was also observed when analyzing day one and day two
crude harvests separately. As presented in Table 4, 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 after PS treatment. 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
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following PS treatment. Similarly to the results shown in Fig. 12, 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 preparation.

The PS-treated samples were further purified by sucrose gradient centrifugation (sce Fig. 14 for a
schematic preparation of an optimized sucrose gradient). An optimal sucrose gradient was determined
experimentally as shown in Fig. 15. Results of the further purification of PS-treated ChikV on the

optimized sucrose gradient of the invention are shown in Fig. 15D.

Table 4. Overview of the process of ASnsP3 ChikV purification as described in Example 1. SEC-MALLS
analysis of harvests before and after PS treatment shows the removal of larger virus particles (aggregates),
an effect that is particularly pronounced for day 2 harvests.

SEC MALLS Infectious particles
Area Total % correct TCID50 log 10
[mAU*min] | particles/mL size
(20-40 nm)

Harvest 1 (H1) 57 1.17E+11 49% 10.2
H1 + protamine sulphate 33 1.33E+11 81% 10.0
Harvest 2 (H2) 36 4.60E+09 3% 7.9
H2 + protamine sulphate 2 8.80E+09 59% 7.9
Combined Harvests (C) 67 2.60E+10 14% 9.9
C + protamine sulphate 24 8.00E+10 72% 10.1

Finally, an overview of the relative amounts of A5SnsP3 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 is presented in Fig. 16. In sum, not only are the vast majority of
contaminants and undesired products removed by the process, infectious 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 (DS) 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 1:20 to 1:50.
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Final DS sterile filtration
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 pm Mini Kleenpak EKV filter capsule with 220 cm? filter surface, Pall).

Quantification of host cell DNA (hcDNA) 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 quantified 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 Limulus Amembocyte Lysate (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 control standard.
Samples were diluted 1:100 in WFL. The SGC 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 EU/dose; HCP < 200 ng/dose. These residual specifications would already be met in the
highly concentrated SGC pool (~10 log TCID50/mL), which provides a high margin of safety considering
the high dilution factor of SGC pool to final DP of > 1:1000.

Example 2: Production of a Zika drug substance suitable for application as a vaccine in humans and

animals

Materials and Methods :

For the production of ZikaV the JEV process platform (Srivastava et al., Vaccine 19 (2001) 4557-4565;
US 6,309,650B1) was used as a basis. Small changes of certain process steps were adapted to ZikaV
properties and to improve purity. A short summary of the process steps is outlined below (see also Figure
17A and B). Briefly, the unexpected and novel purification properties of protamine sulphate (PS) were
evaluated in purification processes for Zika Virus similarly as found above. Again non-infectious virus

particle aggregates, HCP and other LMW impurities were removed by PS precipitation as shown by
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removal of aggregate shoulder in SEC-HPLC and no loss of infectious virus titer by PS treatment (Figure

18). Further optimization of the Zika purification protocol is provided below.

Upstream:

. Roller Bottle based Vero cell expansion (25x850cm2 CellBind):

. 5% CO,, 35°C, MEM+2mM L-Glutamine + 10% FBS

. Infection with ZikaV research Master Seed Bank (rMSB) at MOI 0.01

. Virus Production without serum

. 5% CO», 35°C, MEM+2mM L-Glutamine

. Multiple harvests (days 2, 3, 5 and 7) with re-feed

. Sterile filtration of harvests and storage at 2-8°C until further processing

Downstream:

. Pooling of harvests and concentration by ultrafiltration (100kDa)

. Stabilization of concentrated harvest (Tris/10% sucrose) for storage if required (-80°C)

. Removal of hcDNA by Protamine Sulphate (2 mg/mL)

. Sucrose Gradient Purification (optimized three layered gradient)

. Formaldehyde Inactivation (0.02%, 22°C, 10 days), neutralization with Na-metabisulfite
. Dilution to DS antigen target content and formulation with Aluminium hydroxide (0.5mg Al/mL)

Zika Virus Strain H/PF/2013 was originally isolated from a 51-year-old woman (accession number
KJ776791.1, also SEQ ID NO: 13 herein) from French Polynesia. A sample was obtained from the
European Virus Archive (EVAg; Ref-SKU: 001v-EVA1545). Based on this material, a research master
seed bank (rMSB) was prepared on Vero cells as the cell substrate and the genomic sequence was
checked by sequencing. Because the genomic sequence at the 5'and 3 flanking sequences of Zika virus
strain H/PF/2013 was unknown, primers for sequencing were designed in those regions based on other
Zika virus strains whereas the internal primers were designed from the published sequence (SEQ ID NOs:
80 to 123, see also Table A). The sequence obtained from the rMSB by use of these primers is provided
by SEQ ID NO: 78. There was 100% overlap of the sequence with the published sequence of Zika Virus
Strain H/PF/2013 (SEQ ID NO: 13). However, we sequenced additional regions 5 (an additional 40 bp)
and 3 (an additional 160 bp) represented in SEQ ID NO: 78. In a preferred embodiment, the Zika virus of
the invention comprises SEQ ID NO: 78. The genomic RNA is somewhat longer than the sequence
according to SEQ ID NO: 78 (perhaps an additional 200 bp). Additionally, a Zika virus adapted to a host
cell such as e.g. Vero cells may be expected to contain one or more mutations. For these reasons, the Zika

virus of the current invention comprises the sequence of SEQ ID NO: 78 or, preferably, a sequence with
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at least 95%, 96%, 97%, 98%, or at least 99% sequence identity to the sequence provided by SEQ ID NO:
78. Furthermore, because the viral genome is likely to contain even further flanking regions to SEQ ID
NO: 78; in one embodiment, the Zika virus of the invention contains the sequence of SEQ ID NO: 78 and
optionally further comprises extensions at the 5 and/or 3’ ends of at least 10, at least 20, at least 30, at
least 40, at least 50, at least 60, at least 70, at least 80, at least 90, at least 100, at least 110, at least 120 or
at least 130 nucleotides. In a preferred embodiment, the Zika virus comprises at least the coding sequence
for the entire polyprotein of Zika Virus Strain H/PF/2013 of the invention i.e. the amino acid sequence of
SEQ ID NO: 79 or a polyprotein with at least 95%, 96%, 97%, 98%, or at least 99% sequence identity to
the sequence provided by SEQ ID NO: 79. Furthermore, the Zika virus comprises at least the coding
sequence for the E-protein of Zika Virus Strain H/PF/2013 of the invention SEQ ID NO: 47 or an E-
protein thereof with at least 95%, 96%, 97%, 98%, or at least 99% sequence identity to the sequence
provided by SEQ ID NO: 47.

Virus growth on Vero Cells

Vero cells were grown in Eagle's minimal essential medium (EMEM) containing 10% fetal bovine serum
(FBS). Roller bottle cultures of Vero cell monolayers were infected with Zika Virus Strain H/PF/2013 at a
multiplicity of infection (moi) of 0.01 plaque forming units (pfu) per cell. After 2 hours of virus
adsorption, the cultures were washed 3 times with PBS and fed with EMEM without FBS and incubated
at +35°C with 5% CO,. Infected Vero cell cultures were incubated until the virus titer reaches a desired

level.

The culture medium was harvested at days 2, 3, 5 and 7 and were pooled from those harvest days and then
centrifuged in a standard centrifuge. The supernatants were then filtered. Virus culture supernatants were

concentrated by TFF ultrafiltration to remove cell culture media components and to reduce batch volume.

Evaluation of harvest Procedure

The current JEV harvest process has scheduled harvests on days 3, 5, 7 and 9 post infection. To mimic the
JEV process roller bottles were infected with ZIKV bank P4-FBS at an MOI of 0.01 in infection medium
(MEM with 2% FBS + 2mM L-glutamine) for 2 hours. After removing the inoculum the cells were
washed twice with PBS and 200 mL production medium (MEM+ 2mM L-glutamine) was added.

After taking a sample on day 2 the first virus harvest was conducted on day 3 after infection. At this point

significantly higher CPE could be observed compared to cells where virus was removed on day 2. Plaque

assay analysis showed that the viral titers on day 2 were in the same range as for the standard harvesting

94



WO 2017/109224 PCT/EP2016/082663

schedule. However, starting with the day 3 harvest, the observed titers were significantly lower
correlating with the increased CPE observed compared to the standard harvest schedule. On day 5 post
infection no more living cells could be observed at all and the experiment was terminated with a final day

5 harvest.

Table 5: The calculated titers per plaque assay are summarized in the list below.

Log 10 PFU/mL
sample day2 7.02
harvest day 3 6.66
harvest day 5 6.26

This finding led to an optimized harvest schedule to better control of CPE and allow additional harvest
day S5 and 7, see Figure 23. For both harvest days the optimized ZikaV protocol yield significant higher
virus titers compared to the modified protocol showing that the time of the first harvest is crucial for
production yields. Additionally first harvesting at day 3 results in maximum 2 harvest points whereas first

harvesting at day 2 allows for 4 harvest points further increasing the yield gain.

Downstream Purification of Zika virus

The purification process was carried out at room temperature (18-22°C) unless stated otherwise. Virus
purification started with concentration of filtered combined harvest using 100 kDa cut-off TFF
ultrafiltration modules to remove cell culture media components and reduce batch volume. After
concentration, the pooled filtered harvest material was adjusted to a final concentration of 25 mM Tris pH
7.5 and 10% sucrose (w/w) using stock solution of both components (see Figure 19 for SEC-HPLC of
different harvests prior to PS treatment). This allowed for freezing the concentrated harvest at <-65°C if

required.

Host cell DNA and protein reduction as well reduction of non-infectious virus aggregates in the
concentrated material was achieved by precipitation with protamine sulphate (2 mg/mL) followed by
sucrose density centrifugation (2-8°C) as final polishing step (see Figure 20 for SEC-HPLC of different
harvests post PS treatment). The purification process was designed to be completed within 2 working
days with SGC starting on end of day 1 followed by fractionation and SDS-PAGE analysis on day 2. The
sucrose gradient fractions were stored at 2-8 °C during the SDS-PAGE analysis (Silver staining) to

identify the pure fractions containing ZikaV (see Figure 21). After pooling the relevant fractions, the pool
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was diluted and inactivated by Formalin. After pooling the relevant fractions of sucrose gradient
centrifugation, the pool was diluted 1:3 in PBS and inactivated by Formalin (0.02% v/v, 200ppm).
Fractions were subjected to analysis by SDS-PAGE.

Effect of PS treatment on virus recovery

Samples of individual 30x concentrated harvests days 2, 3, 5 and 7 were analysed before (Figure 19) and
after PS (Figure 20) treatment by SEC-HPLC and plaque assay. SEC-HPLC was used for determination
of relative total ZikaV content (active + inactive) expressed as peak arca, whereas the rel. ZikaV peak
purity is given as relative content of virus monomer population to total virus peak. Plaque assay states the
content of total active virus particles in each sample. Experimental results are summarized in Table 1. The
virus peak recovery by SEC-HPLC was only between 12 to 36% with peak purity after PS treatment in
the range of >90% (no virus aggregates detected). The recovery of active virus particles by plaque assay
was all > 100% (130-700%, range within the 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 6: ZikaV recovery by SEC-HPLC and plaque assay before and after PS treatment.

SEC-HPLC

Peak area mAU*min

rel. virus monomer

Harvest day 30x conc | 30x + PS SEC Recovery (%) content after PS (%)
Day 2 101.36 18.63 18 89%
Day 3 144.51 17.48 12 90%
Day 5 19.97 5.92 30 96%
Day 7 68.80 24.43 36 99%
Plaque Assay

PFU/mL
Harvest day 30x conc | 30x + PS Plaque Recovery (%)
Day 2 3E+08 5E+08 179
Day 3 2E+08 4E+08 193
Day 5 1E+08 9E+08 700
Day 7 3E+08 4E+08 132

Sucrose gradient centrifugation
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The PS treated harvest was split in two parts and loaded on two centrifuge bottles.

Sucrose density gradient centrifugation (SGC) was used for final concentration and polishing of the
ZikaV material. The ZikaV PS treated concentrated harvest 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 complete separation of the
virus particles from residual contaminants as demonstrated for ChikV (Fig. 15D). The optimal volumes of
the sucrose solutions were determined empirically. The volumes of individual layers for a centrifugation

in 100 mL bottle scale are shown in Table 2.

Table 7: Individual layers/volumes for a centrifugation in bottle.

Solution Volume
(mL)
PS treated harvest in 10% sucrose (L) 40
15% sucrose (J) 15
35% sucrose (1) 15
50% sucrose (H) 20
Total volume 90

The sucrose gradient bottles were prepared by stratifying the individual sucrose layers. A plastic tube was
attached to peristaltic pump tubing. The plastic tube was mounted on a laboratory 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 pump the ZikaV material and the sucrose solutions were pumped into the cylinder. A
measuring cylinder was used as feed vessel. The first solution pumped was the ZikaV material as it
represented the solution of lowest density (10 % sucrose (w/w)). After the ZikaV material the sucrose
solutions were pumped in ascending order starting with the 15 % (w/w) solution J, followed by 35 %
sucrose solution I and finishing with the highest density sucrose solution H (50 % (w/w)). The described
setup is shown in Figure 14. After all sucrose solutions were transferred the plastic tubing was carefully

removed in order not to disturb the layers.

Prior to centrifugation the centrifuge was pre-cooled to 4°C. The prepared SG bottles were carefully
transferred into the pre-cooled rotor. (Note: Sudden movement of the bottles during transfer to the rotor
must be avoided in order not to disturb the sucrose layers.) The bottles were centrifuged at ~11.000 RCF

max at 4 °C for at least 20 hours, no brake/deceleration activated. In case a different centrifuge system
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with a different rotor is used the necessary speed and centrifugation times need to be calculated based on

the k-factor in order to achieve comparable centrifugation efficiency.

Harvesting of the sucrose gradient was done manually using a peristaltic pump. A plastic tube attached to
peristaltic pump tubing was used for harvesting the sucrose gradient. The bottle containing the 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 (see Figure
14).

Using a peristaltic pump set to a flow rate of 30 mL per minute the gradient was harvested and manually
split into 2 mL fractions. A total number of 32 fractions per bottle were harvested (~ 64 mL) and the
remaining volume was discarded. The fractions were immediately tested by SDS-PAGE / silver stain to
identify the virus containing fractions with sufficient high purity. Representative SDS-PAGE is shown in

Figure 21. Fraction 10-14 were pooled and further processed.

The purified viral solution was inactivated by incubation with 0.02% formaldehyde over a period of ten
days in a 22°C controlled-temperature incubator. The formaldehyde is neutralized by addition of sodium

metabisulphite on the tenth day.

The sucrose gradient pool (~17mL after sampling) was further diluted 3-fold with PBS to a final volume
of 51 mL in a PETG container. A volume of 1% formaldehyde (10,000 ppm) solution equivalent to 1/50
of the final volume of the pre-formaldehyde pool was added to this pool resulting in an effective
concentration of 200 ppm. The formaldehyde-treated solution was mixed on a magnetic stirrer for 10
minutes. After sampling, the formaldehyde-treated viral solution was placed within a cooled incubator at
22°C £ 2°C. On Day 5 post addition of formaldehyde, the formaldehyde-treated viral solution was filtered
through a 0.2 pm filter and then placed in the incubator at 22°C + 2°C again. On Day 10, after removing
the 10-Day inactivation final sample, a volume of 1 % (of the weight of the final formaldehyde-treated
viral solution) of 200 mM-sodium metabisulphite solution (2mM final concentration) was aseptically
transferred into the PETG container containing the formaldehyde-treated viral solution. After mixing for 5
minutes on a magnetic stirrer, the neutralized inactivated viral solution is held at room temperature (20 to
25°C) for a minimum of 30 minutes. After sampling, the neutralized inactivated viral solution is stored at

5°C + 3°C until further processing.

Inactivation by formaldehyde
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Critical parameters for this step are final formalin concentration, temperature, mixing and transfer into a
new container. A preliminary acceptance criterion for maximum pfu/mL (determined by plaque assay)

has been set on the diluted pool pre formaldehyde treatment.

The quality of the neutralized inactivated viral solution was monitored by the following parameters:

Plaque assay on Day 10, SEC-HPLC, SDS-PAGE/Western Blot.

Interestingly, SEC-HPLC analysis of samples taken during the inactivation period followed by
neutralization with bisulfite showed more or less constant peak area throughout the inactivation period.
This is in contrast to JEV where losses of viral particles up to 60% are observed using the process
disclosed by Srivastava et al. Vaccine 19 (2001) 4557-4565. In a scale-down model the viral losses were
even much higher due to surface/area ratio at smaller scale and high losses due to unspecific adsorption.

Differences of the ZikaV inactivation experiment and JEV inactivation were noticed as follows:

A) Much higher purity of ZikaV SGP pool with regard to residual PS (<2pg/mL) compared to JEV.
The 3-fold ZikaV inactivated sample contained therefore <<Ipg/mL of residual PS. Commercial
JEV SGP pool contains on average ~120ug/mL (up to 152 pg/mL possible). The average dilution
to inactivation solution of ~14-fold results in a residual PS content up to ~11 pg/mL. It may be that
higher amount of residual PS could cause virus precipitation due to cross-linking / reaction with

formalin.

B) ZikaV inactivation sample contained ~10% sucrose (3-fold dilution of SGP pool containing
~30-35% sucrose). Sucrose might have stabilizing effect of viral ZikaV particles during treatment

with formalin.

Dilution to DS and Formulation with Aluminium hydroxide (DP)

For preparation of ZikaV drug substance used in mouse potency assay an antigen content (expressed as
total viral particles or SEC peak area) of 5 times higher compared to Ixiaro was targeted. The basis for
determination of antigen content was SEC-HPLC. Briefly, a Superose 6 10/300 Increase column (GE
Healthcare) equilibrated with PBS + 250 mM NaCl, pH 7.4 at 1 ml/min and 25°C, was used to detect
ZikaV at 214 nm detection wavelength in harvest samples and throughout the downstream process. In the
current JEV process the antigen content in NIV is determined by a specific ELISA. A good correlation
was observed between antigen content determined by ELISA and SEC-HPLC. On average, the antigen
content in commercial NIV samples is in the range of 33 AU/mL corresponding to ~5.2mAU JEV peak

area, see Figure 22,
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ZikaV NIV dayl0 (Zika peak ~36 mAU, analysed on Waters HPLC/Superose6 Increase column) was
diluted with PBS to a target of 6.3 (~5.7x dilution). Aluminium hydroxide was added to a final
concentration of 0.5 mg/mL Aluminium (1/20 v/v Alum 2% stock solution added) to prepare ZikaV Drug
Product (DP). The DP was gently mixed for 5 min. An aliquot of the DP was removed, Alum sedimented
by centrifugation and the clear supernatant analysed by SEC-HPLC. No ZikaV peak was detected in the
supernatant indicating complete adsorption (estimated as >95%) of viral particles on the mineral adjuvant.

Formulated ZikaV DP was stored at 2-8°C.

The impurity profile of the inactivated Zika virus DS is comparable to the profile of JEV DS with the

exception of a lower PS content (Table 8).

Table 8: Determination of impurity profile in Zika and JEV DS samples:

Specification (JEV DS) JEV Zika

HCP (ng/mL) <100 <LOQ | <LOQ
LOQ 12 ng/mL

DNA (pg/mL) <200 <40 <40
LOQ 40 pg/mL

Aggregates Not specified, <LOQ | <LOQ
by SEC-MALLS (%) part of characterization
LOQ 5%

PS (ug/mL) Specification only at SGP pool to demonstrate ~4% <<LOQ
consistent process performance (19-152pg/mL),
*PS content in DS calculated based on PS content
in SGP pool (~100 pg/mL) and average dilution
factor (~28x) to DS; LOQ 2 pg/mL

*Typical PS impurity in a JEV sample produced in accordance with protocol disclosed in Srivastava et al.

Vaccine 19 (2001) 4557-4565.

SEC-MALLS Results

A representative SEC-HPLC elution profile of ZikaV NIV at 214 nm detection wave length is shown in
Figure 24. Note that BSA (50pg/mL) was added to the sample to minimize losses in HPLC glass vial due
to unspecific surface adsorption. ZikaV monomer content was estimated as ~98% with a multimer content

of ~2%.

SEC-MALLS analysis (Figure 25) of the sample confirmed the radius Rz of the monomer ZikaV
population peak 1 as 21.6 nm and ~49 nm for the multimer peak 2. Cumulative particle size distribution

showed that 89% of all viral particles are within a radius range between 18 to 25nm (Figure 26).

Results confirm purity and homogeneity of ZikaV NIV.
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Viral titer by plaque assay
Table 9: Active ZikaV pfus were quantified by plaque assay throughout the process.

Sample Pfu/mL
Harvest day 2 (filtered) 6.4x10’
Harvest day 3 (filtered) 1.0x10°
Harvest day 5 (filtered) 1.5x10°
Harvest day 7 (filtered) 1.1x10°
PS treated harvest 300x concentrate (=SGP load) 9.0x10°
SGP pool 8.9x10°
Inactivation start (SGP pool 1:3 diluted) 3.4x10°
Inactivation day 5 <LOD

Inactivation day 10 <LOD

Comparison of PS and Benzonase on process performance

A direct comparison of DNA removal method of concentrated ZikaV harvest pool was done. One aliquot
was treated with PS (2 mg/mL, 15min at room temperature), the other aliquot was treated with Benzonase
(50 U/mL, 2 mM MgCl2, 4h RT, 48h 2-8°C). Both samples were further purified by sucrose gradient as
described in this report. Interestingly, the Benzonase treated samples did not yield any pure fractions after
sucrose gradient centrifugation of the treated ZikaV harvest. In those fractions where the specific virus
bands were detected, a high amount of host cell protein was detected throughout the collected fractions.
The PS treated material resulted in pure ZikaV containing fractions as expected. This finding may suggest
that PS is not only effective for DNA removal by precipitation; in addition it improves the recovery of
virus particles in the gradient by disrupting interaction of DNA (fragments) and virus particles.
Benzonase treatment does not remove DNA, it only results in its fragmentation. Residual DNA fragments
might still interact with virus particles and residual HCPs resulting in cross-contamination and co-
purification in the sucrose gradient. Pooled SGP fractions were also analysed by SEC-HPLC. Although a
large peak was detected, SDS-PAGE confirmed that this sample was highly contaminated with HCPs. A
large peak might be detected at UV214 and 280nm after SEC-HPLC analysis due to possible interaction
of HCPs with large virus particles, changing the UV absorbance.

Immunogenicity of Vero grown Zika virus

Immunization of mice
Prior to immunization, groups of ten 6-week-old female CD1 mice were bled via vena facialis and pre-

immune sera were prepared. One intraperitoneal immunizations of 200 pL were administered. A dose
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titration (12 pg, 3 ng, 1 pg, 0.33 ug, 0.11 pg, 0.037 pg and 0.012 pg, equivalent to the protein amount in
IXIARO) of inactivated Zika virus formulated with aluminium hydroxide (AI(OH)3) at a final
concentration of 0.7%. Three weeks after immunization, blood was collected and immune sera were
prepared. All animal experiments were conducted in accordance with Austrian law (BGB1 Nr. 501/1989)

and approved by “Magistratsabteilung 58”.

Plaque reduction neutralization test (PRNT)

Twelve well plates were used for PRNT. Each well was seeded with 1 mL medium containing 4x10° Vero
cells and incubated 35°C with 5%CO2 overnight. Pools of heat inactivated sera from cach dose group
were tested in triplicate. The target viruses (H/PF/2013 (SEQ ID NO: 13) or MR766 (SEQ ID NO: 11))
were diluted to 100 pfu/165 pL. Equal volumes of target virus and serum dilution were incubated at 35°C
with 5% CO, for 1 hour. The cell culture medium was aspirated from the Vero cells and 330 pL of the
mixture target virus/serum dilution were added to each well and the plates were rocked back and forth 5
times before incubating for 2 hours at 35°C with 5% CO,. To each well 1 mL of a 2% methylcellulose
solution containing EMEM and nutrients was added, the plates were then incubated for 5 days at 35°C
with 5% CO, before staining the cells for 1 hour with crystal violet/5% formaldehyde and subsequently
washed 3 times with deionized water. The plates were air dried and the numbers of plaques in each well

were manually counted.

Results

Neutralization was observed with serum pools from mice immunized with inactivated Zika virus vaccine
(H/PF/2013) down to 37 ng (dosing equivalent to the amount protein in IXIARO®) against Zika viruses
of both the Asian (H/PF/2013) and African (MR766) lincages (Figures 27 and 28, respectively).
Complete inhibition was seen at the 1:20 serum dilution with an immunization dose down to 110 ng
(dosing equivalent to the amount protein in IXTARO®). The neutralization of both the Asian (H/PF/2013)
and African (MR766) lincages of the Zika virus was equivalent, which indicates high cross-neutralization

between different Zika virus strains of the inactivated Zika virus vaccine (H/PF/2013).

Another neutralization assay was performed using the microneutralization assay as described by Larocca,
et al. (2016, Nature doi:10.1038/nature18952). It was found that the inactivated Zika virus of the current

invention had an MN50 (microncutralization) titer of 90 at 1 pg of inactivated purified virus.
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Further methods: The immunogenicity of inactivated Zika virus preparations is assessed using a mouse
model of Zika infection. Groups of adult mice are immunized subcutaneously (s.c.) with 500, 50, or 5 ng
of inactivated Zika virus with adjuvant (e.g. aluminium hydroxide with or without IC31®), or without
adjuvant. An additional group of mice receive PBS as a negative control. Each group is administered the
indicated inoculum at t=0 and in some cases also at three to four weeks later (t=3/4). Beginning
approximately three weeks after administration of the last immunization, serum samples are obtained
from each of the mice at regular intervals. The serum samples are tested for the presence of neutralizing

antibodies using PRNT.

The in vivo protective efficacy of the inactivated Zika virus preparations is also assessed using a mouse
model of Zika infection, i.e. IFN-alpha/beta receptor knock-out mice (A129) (see e.g. Dowall et al., 4.
March 2016, http://dx.doi.org/10.1101/042358) or blocking of the IFN-alpha/beta receptor by
administration of anti-IFN-alpha/beta receptor monoclonal antibodies to C57BL/6 or BALB/c mice (see
e.g. Pinto et al., 7. December 2011, DOI: 10.1371/journal.ppat.1002407). For protection assays, groups of
10 three- to eight-weeks-old A129, C57BL/6 of BALB/c mice are inoculated subcutaneously in the
hindquarters with inactivated Zika virus with adjuvant (aluminium hydroxide) or without adjuvant at t=0.
Age-matched controls are inoculated with PBS or non-specific antigens in alum. Mice are optionally
boosted with a second administration of the indicated inoculation three to four weeks later. The mice are
then challenged subcutaneously at three to eight weeks post immunization by inoculation with a deadly
dose of live Zika virus. One day prior to challenge of C57BL/6 and BALB/c mice, they are passively
administered (intraperitoneally) anti-IFN-alpha/beta receptor monoclonal antibodies. Challenged mice are
monitored daily for morbidity and mortality for up to twenty-one days. Another alternative is to challenge

intracranially adult vaccinated/non-vaccinated adult mice and observe protection.

It is expected that the Zika virus produced by the process of the invention will provide very similar
functional read-outs in in vitro, in vivo and finally human trials as the currently licensed JEV vaccine in
the EU and US and elsewhere, IXIARO®. The dosage may alter but due to the very similar impurity
profile and almost identical manufacture, a very similar efficacy and safety result will be expected as was

determined for the currently licensed JEV vaccine (licensed in the EU and US and elsewhere).

Discussion & Conclusion

The existing manufacturing platform for production of inactivated JEV vaccine IXIARO® was used as a
basis for a manufacturing feasibility study of inactivated ZikaV vaccine candidate (Asian strain
H/PF/2013). The virus was produced on Vero cells cultivated in roller bottles. The virus was purified by

PS treatment followed by an optimized sucrose gradient. Inactivation was done by formalin treat (0.02 %,
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10 days at 22 °C). For exploratory immunization studies in mice, a DP formulated with Alum was
prepared with an estimated 5-fold higher virus particle content compared to IXIARO®, the commercial
JEV Vaccine. The impurity profile of the DS met all criteria as defined in the specification for IXIARO®,
the commercial JEV vaccine. The neutralization of both the Asian (H/PF/2013) and African (MR766)
lineages of the Zika virus was equivalent, which indicates high cross-neutralization between different

Zika virus strains of the inactivated Zika virus vaccine (H/PF/2013).

The in vivo data regarding immunogenicity of the inactivated Zika virus vaccine of the current invention
indicates that the virus is surprisingly potently immunogenic and also highly cross-protective (very
similar immunogenicity in African and Asian strains). Data indicate that immunogenicity was higher than
the recently reported inactivated Zika virus vaccine candidate (Larocca, et. al, 2016, supra.). Inactivated
viruses are among the safest vaccines and especially preferred for deliver to populations where safety is
especially concerning, such as pregnant women, children and immunocompromised individuals, which
makes the herein disclosed inactivated Zika virus particularly suitable. Obtaining a high titer of
inactivated virus is a challenge in the field. The herein disclosed process for purifying inactivated Zika

virus results in not only a high yield, but also a very pure drug substance.

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 as described in Examples 1 and 2. The unexpected and novel purification 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 vaccing strains currently in development (Figure 29).
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Further more detailed aspects of the invention:

Al. A process of purification of infectious alphavirus particles, preferably Chikungunya virus

particles, comprising the steps of:

a)

b)

d)

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 a
protamine salt, preferably a protamine sulphate, even more preferably a recombinant
protamine sulphate, to obtain a virus preparation (b);

contacting the virus preparation (b) with (i) a solid-phase matrix packed in a column
comprising a ligand-activated core and an inactive shell comprising pores, wherein the
molecular weight cut off of the pores excludes the virus particles from entering the ligand-
activated core, and wherein a molecule smaller than the molecular weight cut-off of the pores
can enter the ligand-activated core and collecting the virus particles to obtain a virus
preparation (d), or (ii) a solid-phase matrix comprising a ligand-activated core and an inactive
shell comprising pores, wherein the molecular weight cut off of the pores excludes the virus
particles from entering the ligand-activated core, and wherein a molecule smaller than the
molecular weight cut-off of the pores can enter the ligand-activated core and separating the
solid-phase matrix from the virus particles by filtration to produce a virus preparation (c); and
further purifying the virus preparation (c) by sucrose density gradient centrifugation to obtain
a virus preparation (d) comprising the infectious virus particles, wherein the residual host cell
DNA of the virus preparation (d) is less than 100 ng/mL and the residual host cell protein of
the final virus preparation (d) is less than 1 pg/mL.

A2, The process of Al, wherein the residual host cell DNA of the virus preparation (d) is less than 10

ng/mL and the residual host cell protein of the final virus preparation (d) is less than 100 ng/mL.

A3. The process of Al or A2, wherein the crude harvest (a) comprising virus particles and impurities

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

A4, The process of any one of Al to A3, wherein the one or more pre-purification step(s) comprises

a) filtration using a filter having a pore size equal to or less than 0.2 um; and/or

b) digestion of host cell genomic DNA by enzymatic treatment; and/or
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c¢) ultra/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.

A5, The process of any one of Al to A4, wherein the concentration of protamine sulphate is 1 to 2

mg/ml, more preferably 1.2 to 1.8 mg/ml, more preferably 1.4 to 1.6 mg/ml, most preferably 1.6 mg/ml.

A6. The process of any one of Al to AS, wherein the molecule entering the core of the solid-phase

matrix has a molecular weight less than 700 kDa.

A7. The process of any one of Al to A6, wherein the ligand of the ligand-activated core of the solid-
phase matrix is capable of binding the molecule that enters the ligand-activated core via cationic-,

anionic-, hydrophobic- or mixed interactions.

ASR. The process of any one of Al to A7, wherein the ligand of the ligand-activated core of the solid-

phase matrix is octylamine.

A9. The process of any one of Al to A8, wherein the solid-phase matrix is used as a slurry and at a
final concentration between 0.5% (v/v) and 10% (v/v), preferably 0.6%, 0.7%, 0.9%, 1%, 2%, 3%, 4%,
5%, 6%, 7%, 8%, 9%, 10%, most preferably 1%.

A10. The process of any one of Al to A9, wherein the solid-phase matrix is incubated with the
protamine-treated virus preparation (b) at refrigerated temperatures (2°C to 8°C) with a stirring for at least

10 minutes, preferably 15 minutes, 30 minutes or 1 hour, most preferably 15 minutes.

All. The process of any one of Al to A10, wherein the enrichment of infectious virus particles in the
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%.

Al12. The process of any one Al to All, wherein the filtration of step (¢) of preferred aspect 1 1s

performed using a filter having a pore size equal to or less than 1 um, preferably 0.2 pm.
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Al3. The process of any one of Al to A12, wherein the residual impurity of the final virus preparation

1s less than 10%.

Al4. The process of any one of Al to A13, 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, a HeLa cell line, a HeLa-
S3 cell line, a 293 cell line, a PC12 cell line, a CHO cell line, a 3T3 cell line, a PerCé6 cell line, a MDSK

cell line, a chicken embryonic fibroblast cell line, a duck cell line, and a diploid avian cell line.

Al5.  The process of Al4, wherein said cell line is a Vero cell line.

Al6. The process of any one of Al to Al5, wherein the Chikungunya virus is a live virus, an

attenuated live virus, a chimeric virus, a modified live virus, or a recombinant live virus.

Al7. The process of any one of Al to A16, wherein the Chikungunya virus is the ASnsP3 attenuated

mutant or an immunogenic variant thereof.

Al8. The process of any one of Al to A17, wherein said process resulting in final virus preparation (d)

is followed by an inactivation step, wherein the virus is inactivated preferably by formaldehyde.

A19. Use of the process according to any one of Al to A18 for manufacturing a composition for

immunization against a Chikungunya virus infection.

A20. The use according to A19, wherein the composition for immunization against a Chikungunya

virus infection is a vaccine.

A21. A composition comprising the virus particles obtainable by the process of any one of Al to A18

for treating and/or preventing a Chikungunya virus infection.

107



WO 2017/109224 PCT/EP2016/082663

N1. A process of purification of infectious alphavirus particles, preferably Chikungunya virus

particles, comprising the steps of:

(a) providing a crude harvest (a) comprising virus particles and impuritics, 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, even more preferably a recombinant protamine

sulphate, to obtain a virus preparation (b);

(c) contacting the virus preparation (b) with (i) a solid-phase matrix packed in a column
comprising a ligand-activated core and an inactive shell comprising pores, wherein the molecular
weight cut off of the pores excludes the virus particles from entering the ligand-activated core,
and wherein a molecule smaller than the molecular weight cut-off of the pores can enter the
ligand-activated core and collecting the virus particles to obtain a virus preparation (d), or (ii) a
solid-phase matrix comprising a ligand-activated core and an inactive shell comprising pores,
wherein the molecular weight cut off of the pores excludes the virus particles from entering the
ligand-activated core, and wherein a molecule smaller than the molecular weight cut-off of the
pores can enter the ligand-activated core and separating the solid-phase matrix from the virus

particles by filtration to produce a virus preparation (c); and

(d) further purifying the virus preparation (c) by sucrose density gradient centrifugation to
obtain a virus preparation (d) comprising the infectious virus particles, wherein the residual host
cell DNA of the virus preparation (d) is less than 100 ng/mL and the residual host cell protein of
the final virus preparation (d) is less than 1 ug/mL.

N2.  The process of N1, wherein the residual host cell DNA of the virus preparation (d) is less
than 10 ng/mL and the residual host cell protein of the final virus preparation (d) is less than 100
ng/mL.

N3.  The process of N1 or 2, wherein the crude harvest (a) comprising virus particles and

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

N4.  The process of any one of N1 to 3, wherein the one or more pre-purification step(s)

comprises
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(a) filtration using a filter having a pore size equal to or less than 0.2 um; and/or
(b) digestion of host cell genomic DNA by enzymatic treatment; and/or

(c) ultra/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.

N5.  The process of any one of N1 to 4, wherein the concentration of protamine sulphate is 1
to 2 mg/ml, more preferably 1.2 to 1.8 mg/ml, more preferably 1.4 to 1.6 mg/ml, most preferably
1.6 mg/ml.

N6.  The process of any one of N1 to 5, wherein the molecule entering the core of the solid-

phase matrix has a molecular weight less than 700 kDa.

N7.  The process of any one of N1 to 6, wherein the ligand of the ligand-activated core of the
solid-phase matrix is capable of binding the molecule that enters the ligand-activated core via

cationic-, anionic-, hydrophobic- or mixed interactions.

N8.  The process of any one of N1 to 7, wherein the ligand of the ligand-activated core of the

solid-phase matrix is octylamine.

N9.  The process of any one of N1 to 8, wherein the solid-phase matrix is used as a slurry and
at a final concentration between 0.5% (v/v) and 10% (v/v), preferably 0.6%, 0.7%, 0.9%, 1%,
2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, most preferably 1%.

N10. The process of any one of N1 to 9, wherein the solid-phase matrix is incubated with the
protamine-treated virus preparation (b) at refrigerated temperatures (2°C to 8°C) with a stirring

for at least 10 minutes, preferably 15 minutes, 30 minutes or 1 hour, most preferably 15 minutes.

N11. The process of any one of N1 to 10, wherein the enrichment of infectious virus particles
in the 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%.

N12. The process of any one of N1 to 11, wherein the filtration of step (¢) of N1 is performed

using a filter having a pore size equal to or less than 1 pm, preferably 0.2 pm.
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N13. The process of any one of N1 to 12, wherein the residual impurity of the final virus

preparation is less than 10%.

N14. The process of any one of N1 to 13, 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-oHis cell line, a HeLa
cell line, a HeLa-S3 cell line, a 293 cell line, a PC12 cell line, a CHO cell line, a 3T3 cell line, a
PerC6 cell line, a MDSK cell line, a chicken embryonic fibroblast cell line, a duck cell line, and

a diploid avian cell line.
N15. The process of N14, wherein said cell line is a Vero cell line.

N16. The process of any one of N1 to 15, wherein the Chikungunya virus is a live virus, an

attenuated live virus, a chimeric virus, a modified live virus, or a recombinant live virus.

N17. The process of any one of N1 to 16, wherein the Chikungunya virus is the A5nsP3

attenuated mutant or an immunogenic variant thereof.

N18. The process of any one of N1 to 17, wherein said process resulting in final virus
preparation (d) is followed by an inactivation step, wherein the virus is inactivated preferably by

formaldehyde.

N19. Use of the process according to any one of N1 to 18 for manufacturing a composition for

immunization against a Chikungunya virus infection.

N20. The use according to N19, wherein the composition for immunization against a

Chikungunya virus infection is a vaccine.

N21. A composition comprising the virus particles obtainable by the process of any one of N1

to 18 for treating and/or preventing a Chikungunya virus infection.

P1. A Zika virus vaccine comprising an optimally inactivated Zika virus particle, wherein the
Zika virus particle is able to seroconvert a subject that is administered the Zika virus vaccine

with at least a 70% probability.
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P2.  The Zika virus vaccine of P1, wherein the Zika virus particle is able to seroconvert the
subject that is administered the Zika virus vaccine with at least a 80%, 85%, 90%, or 95%
probability, preferably a §0% probability.

P3.  The vaccine of P1 or 2, wherein the Zika virus particle has a RNA genome corresponding
to the DNA sequence provided by any one of the nucleic acid sequences of SEQ ID NOs: 2-13,
or a variant nucleic acid sequence that is at least 88% identical to any one of SEQ ID NOs: 2-13

and able to pack a virulent Zika virus.

P4.  The vaccine of any onc of P1-3, wherein the Zika virus particle has an E protein selected
from the amino acid sequences provided by any one of SEQ ID NOs: 14-69, or a variant amino
acid sequence that is at least 95% identical to any one of SEQ ID NOs: 14-69 and able to pack a

virulent Zika virus.

P5.  The vaccine of any onec of P1-4, wherein the Zika virus is inactivated by chemical

inactivation, thermal inactivation, pH inactivation, or UV inactivation.

P6.  The vaccine of P5, wherein the chemical inactivation comprises contacting the Zika virus
with a chemical inactivation agent for longer than is required to completely inactivate the Zika

virus as measured by plaque assay.

P7.  The vaccine of P6, wherein the chemical inactivation comprises contacting the Zika virus
with formaldehyde.
P8.  The vaccine of P7, wherein the formaldehyde inactivation comprises contacting the Zika

virus with formaldehyde for between 2-10 days.

P9.  The vaccine of any onc of P5-8, wherein the chemical activation is performed at about

+4°C or about +22°C.

P10. The vaccine of any one of P1-9, further comprising an adjuvant.
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P11. The vaccine of P10, wherein the adjuvant is an aluminum salt adjuvant.

P12. The vaccine of P11, wherein the aluminum salt adjuvant is aluminium hydroxide or

aluminium phosphate salt.

P13. The vaccine of any one of P10-12, wherein the vaccine comprises or further comprises an
adjuvant comprising a peptide and a deoxyinosine-containing immunostimulatory

oligodeoxynucleic acid molecule (I-ODN).

P14. The vaccine of P13, wherein the peptide comprises the sequence KLKLSKLK (SEQ ID
NO: 71) and the I-ODN comprises oligo-d(IC)13 (SEQ ID NO: 70).

P15. The vaccine of any onc of P1-14, further comprising one or more pharmaccutically

acceptable excipient.

Q1. A process of 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
protamine, preferably a protamine salt, more preferably a protamine sulphate, even more
preferably a recombinant protamine sulphate, to obtain a virus preparation (b);

(c) further purifying the virus preparation (b) by an optimized sucrose density gradient
centrifugation, wherein the optimized sucrose gradient is provided such that the protamine can be
completely or almost completely separated from the virus fraction; and wherein the protamine
concentration is reduced by this step to the extent that the protamine concentration in the final
drug substance is below 1 ug/ml, preferably below 0.5 pg/mL, more preferably below 0.1
ug/mL, most preferably below 0.05ug/mL.

Q2. The process of Q2, wherein the virus particles are selected from the group consisting of

flaviviruses, ¢.g. yellow fever virus or Zika virus and alphaviruses, ¢.g. Chikungunya.
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Q3.  The process of Q1 or Q2, additionally comprising the step of:

(d) a solid-phase matrix packed in a column comprising a ligand-activated core and an
inactive shell comprising pores, wherein the molecular weight cut off of the pores excludes the
virus particles from entering 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.

Q4. The process of any of Q1 to 3, 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.

Q5. The process of any of Q1 to 4, wherein the crude harvest (a) comprising virus particles

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

Q6.  The process of Q5, wherein the one or more pre-purification step(s) comprises

(a) filtration using a filter having a pore size equal to or less than 0.2 um; and/or

(b) digestion of host cell genomic DNA by enzymatic treatment; and/or

(c) ultra/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.

Q7. The process of any one of Q1 to 6, wherein the concentration of protamine sulphate is 0.5
to 3 mg/ml, more preferably 1 to 2 mg/ml, more preferably 1.2 to 1.8 mg/ml, more preferably 1.4
to 1.6 mg/ml, most preferably 1.6 mg/ml or 2 mg/ml.

Q8.  The process of any one of Q1 to 7, 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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Q9.  The process of any one of Q5 to 8, wherein the one or more pre-purification step(s) prior
to step (b) of any of Q5 to 8 is performed using a filter having a pore size equal to or less than 1

um, preferably 0.2 um.

Q10. The process of any one of Q1 to 9, wherein the residual impurity of the virus preparation

(c) is less than 10%.

Q11. The process of any one of Q1 to 10, 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-oHis cell line, a HeLa
cell line, a HeLa-S3 cell line, a 293 cell line, a PC12 cell line, a CHO cell line, a 3T3 cell line, a
PerC6 cell line, a MDSK cell line, a chicken embryonic fibroblast cell line, a duck cell line, and

a diploid avian cell line.

Q12. The process of Q11, wherein said cell line is a Vero cell line.

Q13. The process of any one of Q1 to 12, wherein the infectious virus particles is an infectious
Zika virus particle that is a live virus, an attenuated live virus, a chimeric virus, a modified live

virus, or a recombinant live virus.

Q14. The process of any one of Q1 to 13, wherein the Zika virus is a Zika virus strain of the

Asian lineage or an immunogenic variant thereof.
Q15. The process of any one of Q1 to 14, wherein said process resulting in final virus
preparation (c) or (d) is followed by an inactivation step, wherein the virus is inactivated

preferably by formaldechyde.

Ql6. Use of the process according to any one of Q1 to 15 for manufacturing a composition for

immunization against a virus infection.
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Q17. The use according to Q16, 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.

Q18. A composition comprising the virus particles obtainable or obtained by the process of any

one of Q1 to 17 for treating and/or preventing an infection, such as e.g. a Zika virus infection.

Q19. A Zika virus vaccine comprising an inactivated Zika virus particle grown on vero cells,
wherein the Zika virus particle is able to seroconvert a subject that is administered the Zika virus
vaccine with at least a 70% probability and comprises minor amounts of protamine sulphate,

preferably below the detection limit.

Q20. The Zika virus vaccine of Q19, wherein the Zika virus particle is able to seroconvert the
subject that is administered the Zika virus vaccine with at least a 80%, 85%, 90%, or 95%
probability, preferably a §0% probability.

Q21. The vaccine of Q19 or 20, wherein the Zika virus particle has a RNA genome
corresponding to the DNA sequence provided by any one of the nucleic acid sequences of SEQ
ID NOs: 2-13, or a variant nucleic acid sequence that is at least 88% identical to any one of SEQ

ID NOs: 2-13 and able to pack a virulent Zika virus.

Q22. The vaccine of any one of Q19, 20 and 21, wherein the Zika virus particle has an E
protein selected from the amino acid sequences provided by any one of SEQ ID NOs: 14-69, or a
variant amino acid sequence that is at least 95% identical to any one of SEQ ID NOs: 14-69 and

able to pack a virulent Zika virus.

Q23. The vaccine of any one of Q19, 20 to 22, wherein the Zika virus obtained by culturing on

Vero cells is purified by protamine sulfate precipitation and sucrose gradient centrifugation.

Q24. The vaccine of Q23, wherein the sucrose gradient centrifugation is an optimized sucrose

gradient centrifugation.
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Q25. The vaccine of Q24, wherein the optimized sucrose gradient centrifugation comprises a
virus comprising fraction in a 10% (w/w) sucrose solution and three layers of sucrose with
different densities, i.c. a first sucrose solution with 15% (w/w) sucrose solution, a second sucrose
solution with 35% (w/w) sucrose solution, and a third sucrose solution with a 50% (w/w) sucrose

solution.

Q26. The vaccine of any one of Q19, 20 to 25, wherein the Zika virus is inactivated by chemical

inactivation, thermal inactivation, pH inactivation, or UV inactivation.
Q27. The vaccine of Q26, wherein the chemical inactivation comprises contacting the Zika
virus with a chemical inactivation agent for longer than is required to completely inactivate the

Zika virus as measured by plaque assay.

Q28. The vaccine of Q27, wherein the chemical inactivation comprises contacting the Zika

virus with formaldehyde.

Q29. The vaccine of Q28, wherein the formaldehyde inactivation comprises contacting the

Zika virus with formaldehyde for between 2-10 days.

Q30. The vaccine of any one of Q27-29, wherein the chemical activation is performed at about

+4°C or about +22°C.

Q31. The vaccine of any one of Q19 to 30, further comprising an adjuvant.

Q32. The vaccine of Q31, wherein the adjuvant is an aluminum salt adjuvant.

Q33. The vaccine of Q32, wherein the aluminum salt adjuvant is aluminium hydroxide or

aluminium phosphate salt.
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Q34. The vaccine of Q32, wherein the aluminum salt adjuvant is aluminium hydroxide with
less than 1.25ppb Cu based on the final pharmaceutical composition comprising the Zika virus,

preferably the inactivated Zika virus.

Q35. The vaccine of any one of Q19 to 34, further comprising one or more pharmaceutically

acceptable excipient.

R1.  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.
R2. A process of 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
protamine, preferably a protamine salt, more preferably a protamine sulphate, even more
preferably a recombinant protamine sulphate, to obtain a virus preparation (b), wherein the
enrichment of infectious virus particles in the virus preparation (b) relative to total virus products

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

R3.  Theuse of R1 or the process of R2, wherein the virus particles are selected from the
group consisting of flaviviruses, ¢.g. yellow fever virus or Zika virus and alphaviruses, ¢.g.

Chikungunya.
R4. A process of 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
protamine, preferably a protamine salt, more preferably a protamine sulphate, even more

preferably a recombinant protamine sulphate, to obtain a virus preparation (b);

(c) further purifying the virus preparation (b) by one or more size exclusion methods such as

(1) a sucrose density gradient centrifugation, (ii) a solid-phase matrix packed in a column
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comprising a ligand-activated core and an inactive shell comprising pores, wherein the molecular
weight cut off of the pores excludes the virus particles from entering 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 host cell DNA of the virus preparation (c) is less than 100 ng/mL and the
residual host cell protein and the residual aggregates of infectious virus particles of the final

virus preparation (c) is less than 1 pg/mL.

R5.  The process of R4, 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.

R6.  The process of any of R2 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).
R7.  The process of R6, wherein the one or more pre-purification step(s) comprises
(a) filtration using a filter having a pore size equal to or less than 0.2 um; and/or
(b) digestion of host cell genomic DNA by enzymatic treatment; and/or

(c) ultra/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.

R8.  The process of any one of R2 to 7, wherein the concentration of protamine sulphate is 0.5
to 3 mg/ml, more preferably 1 to 2 mg/ml, more preferably 1.2 to 1.8 mg/ml, more preferably 1.4
to 1.6 mg/ml, most preferably 1.6 mg/ml.

R9.  The process of any one of R2 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%.

R10. The process of any one of R6 to 9, wherein the one or more pre-purification step(s) prior
to step (b) of any of R6 to 9 is performed using a filter having a pore size equal to or less than 1

um, preferably 0.2 um.
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R11. The process of any one of R2 to 10, wherein the residual impurity of the virus preparation

(c) is less than 10%.

R12. The process of any one of R2 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-oHis cell line, a HeLa
cell line, a HeLa-S3 cell line, a 293 cell line, a PC12 cell line, a CHO cell line, a 3T3 cell line, a
PerC6 cell line, a MDSK cell line, a chicken embryonic fibroblast cell line, a duck cell line, and

a diploid avian cell line.
R13. The process of R12, wherein said cell line is a Vero cell line.

R14. The process of any one of R2 to 13, wherein the Zika virus is a live virus, an attenuated

live virus, a chimeric virus, a modified live virus, or a recombinant live virus.

R15. The process of any one of R2 to 14, wherein the Zika virus is a Zika virus strain of the

Asian lineage or an immunogenic variant thereof.

R16. The process of any one of R2 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.

R17. Use of the process according to any one of R1 to 16 for manufacturing a composition for

immunization against a virus infection.

R18. The use according to R17, 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.

R19. A composition comprising the virus particles obtainable or obtained by the process of any

onec of R2 to 16 for treating and/or preventing an infection.
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What is claimed 1is:

CLAIMS
1. Use of protamine, preferably a protamine salt, to separate infectious virus particles from non-
infectious virus particles.
2. The use according to claim 1, wherein the protamine salt also facilitates the separation of infectious

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

3. 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 said crude harvest (a) by precipitation with an agent comprising
protamine, preferably a protamine salt, more preferably a protamine sulphate, even more
preferably a recombinant protamine sulphate, to obtain a virus preparation (b), wherein the
enrichment of infectious virus particles in the virus preparation (b) relative to total virus
products in the crude harvest (a) is in the range of at least 50% to 95%, preferably at least
80%.

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

group consisting of flaviviruses, e.g. yellow fever virus, Dengue virus, Japanese encephalitis virus

or Zika virus, and alphaviruses, ¢.g. Chikungunya virus.

5. A process of 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 said crude harvest (a) by precipitation with an agent comprising
protamine, preferably a protamine salt, more preferably a protamine sulphate, even more
preferably a recombinant protamine sulphate, to obtain a virus preparation (b);
c) further purifying said virus preparation (b) by one or more size exclusion methods such as (i)

a sucrose density gradient centrifugation, (ii) a solid-phase matrix packed in a column
comprising a ligand-activated core and an inactive shell comprising pores, wherein the
molecular weight cut off of the pores excludes the virus particles from entering the ligand-

activated core, and wherein a molecule smaller than the molecular weight cutoff of the pores
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can enter the ligand-activated core and collecting the virus particles, and/or (iii) size
exclusion chromatography to obtain a virus preparation (c) comprising the infectious virus
particles, wherein the residual host cell DNA of the virus preparation (c¢) is less than 100
ng/mL and the residual host cell protein and the residual aggregates of infectious virus

particles of the final virus preparation (¢) is less than 1 pg/mL.

The process of claim 5, 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.

The process of any of claims 3 to 6, wherein the crude harvest (a) comprising virus particles and

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

The process of claim 7, wherein the one or more pre-purification step(s) comprises

a) filtration using a 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

c) ultra/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.

The process of any one of claims 3 to 8, wherein the concentration of protamine sulphate is 0.5 to 3
mg/ml, more preferably 1 to 2 mg/ml, more preferably 1.2 to 1.8 mg/ml, more preferably 1.4 to 1.6
mg/ml, most preferably 1.6 mg/ml or 2.0 mg/ml.

The process of any one of claims 3 to 9, 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%.
The process of any one of claims 7 to 10, wherein the one or more pre-purification step(s) prior to
step (b) of any of claims 7 to 10 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 3 to 11, wherein the residual impurity of the virus preparation (c)

1s less than 10%.
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The process of any one of claims 3 to 12, 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, a HeLa cell
line, a HeLa-S3 cell line, a 293 cell line, a PC12 cell line, a CHO cell line, a 3T3 cell line, a PerC6é6
cell line, a MDSK cell line, a chicken embryonic fibroblast cell line, a duck cell line, and a diploid

avian cell line.

The process of claim 13, wherein said cell line 1s a Vero cell line.

The process of any one of claims 3 to 14, wherein said virus is a live virus, an attenuated live virus,

a chimeric virus, a modified live virus, or a recombinant live virus.

The process of any one of claims 3 to 15, wherein said virus is selected from the group of viruses
consisting of a Zika virus, preferably a Zika virus strain of the Asian lineage or an immunogenic
variant thereof; an attenuated Chikungunya virus, preferably a Chikungunya virus with a deletion
mutation in the non-structural protein 3 (SEQ ID NO: 77); a yellow fever virus, a Dengue virus and

a Japanese Encephalitis virus.

The process of any one of claims 3 to 16, wherein said process resulting in final virus preparation

(c) is followed by an inactivation step, wherein the virus is inactivated preferably by formaldehyde.

A composition comprising the virus particles obtainable or obtained by the process of any one of
claims 3 to 17, wherein the composition contains protamine at levels below detection in size

exclusion chromatography.

The composition according to claim 18, wherein the composition contains trace amounts of

protamine or fragments thereof detectable by mass spectroscopy or other sensitive methods.

The composition according to claim 18 or 19 for treating and/or protecting from an infection.

Use of the process according to any one of claims 3 to 17 for manufacturing a composition for

immunization against a virus infection.

The use according to claim 21, wherein said virus infection is an infection caused by the group of

viruses consisting of yellow fever virus, Chikungunya virus and Zika virus.
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