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VIRUS PURIFICATION

FIELD OF INVENTION
The disclosure relates to methods for the purification of viruses for use in vaccines
and in particular relates to an improved sucrose gradient process step allowing the separation
of impurities such as protamine sulphate.
The disclosure also relates to Zika virus vaccines and compositions and methods for
producing said vaccines and administering the vaccines to subjects for the generation of an

anti-Zika virus immune response.

BACKGROUND OF THE INVENTION

Adverse responses to protamine sulfate have been known for many years. Previous
exposure to protamine can induce a humoral immune response and predispose susceptible
individuals to the development of untoward reactions from the subsequent use of this drug.
Patients exposed to protamine through the use of protamine-containing insulin or during
heparin neutralization may experience life-threatening reactions and fatal anaphylaxis upon
receiving large doses of protamine intravenously. Severe reactions to intravenous protamine
can occur in the absence of local or systemic allergic reactions to subcutaneous injection of
protamine-containing insulin. Although there is no clear evidence for hypersensitivity
reactions of protamine sulphate linked to vaccination, vaccines containing protamine
impurities have a precaution and contraindication warning in their labels stating that a serious
allergic reaction after a previous dose of such a protamine containing vaccine (e.g.

IXIARO®, see CDC site http://www.cdc.gov/iapancscencephalitis/vaccing/) is a

contraindication to further doses. Thus elimination of said impurity is a medical request for
an improved safety profile. On the other hand protamine sulphate is an excellent tool (and
often better than other tools such as benzonase) to purify crude harvests of viruses grown on
cell substrates.

In 2007, Zika virus was detected for the first time outside of the endemic regions of
Asia and Africa since its discovery in a Rhesus monkey in Uganda in 1947. Since then, the
virus has caused a large epidemic in French Polynesia, spreading through islands in the
Pacific and into South and Central America by 2015 (WHO “Zika Situation Report” February
5, 2016). Evidence suggests that in addition to being transmitted by Aedes species

1
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mosquitos, other vectors may exist, and the virus may be transmitted by blood transfusion,
transplacentally, and through sexual transmission (WHO Zika Virus Fact Sheet, Feb. 2016).
Though the symptoms of Zika virus infection include mild fever, rash, and conjunctivitis,
there is a likely correlation between infection and neurological disorders, including Guillain-
Barré syndrome and microcephaly in fetuses/neonates subsequent to infection during
pregnancy. There is currently no specific treatment or vaccine for Zika virus and the only
preventative measurements involve control of the mosquito vector. Zika virus presents a
substantial public health threat due to the wide circulation of the Aedes mosquito, multiple

routes of transmission, and potentially severe neurological effects of infection.

SUMMARY OF THE INVENTION

During the course of 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 provided a
streamlined, gentle, reproducible and broadly-applicable process for obtaining highly-purified
infectious virus particles for applications such as vaccine preparation. In addition, it was
surprisingly found that said protamine sulfate can very efficiently be separated from the virus
fraction allowing for a safer vaccine produced at high yields.

Disclosed herein are virus vaccines and compositions comprising an inactivated virus,
and related methods of producing said vaccines and compositions. Also provided are
methods of administering said virus vaccines for the prevention of virus infection and/or for
the production of an anti-virus immune response in subjects, for example subjects at risk of
being exposed to virus. In particular, the invention is directed to a virus vaccine comprising
an optimally inactivated virus particle, wherein the virus particle in an appropriate dose is
able to seroconvert a subject that is administered the virus vaccine with at least a 70%
probability, preferably an 80% probability. Another advantage of the invention is that
related methods of producing said vaccines and compositions are very efficient and provide
pure compositions largely void of impurities, in particular protamine sulphate, allowing for
high volume production of vaccines. Examples to the above are provided for Zika virus and

Chikungunya virus.
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Each of the limitations of the invention can encompass various embodiments of the
invention. Itis, therefore, anticipated that each of the limitations of the invention involving
any one element or combinations of elements can be included in each aspect of the invention.
This invention is not limited in its application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the
drawings. The invention is capable of other embodiments and of being practiced or of being

carried out in various ways.

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 (blue shading: % identity, aa), E-protein.

Figure 8a: Overview of an efficient Zika virus purification process.

Figure 8b: Overview of an efficient inactivation step.

Figure 9: SEC-HPLC of individual 30x concentrated Zika harvest prior PS treatment

Figure 10: SEC-HPLC of individual 30x concentrated Zika harvest post PS treatment

Figure 11: Preparation of the sucrose gradient.

Figure 12: Representative SDS-PAGE from the sucrose gradient harvest of a Zika
purification is shown.

Figure 13: Schematic separation of Virus (ChikV as an example) and PS/HPC using

the optimized 3-layer sucrose gradient centrifugation process.
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Figure 14: Correlation between JEV Antigen content in NIV analysed by ELISA and
SEC-HPLC (Dionex Ultimate 3000, Superose 6 column).

Figure 15: 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 next
to the figure). The SGC purified pool consisting of SGC fractions F7-F11 is shown in lane
12.

Figure 16: The SEC area (mAU*min; right axis) and TCID50 results (log
TCID50/mL; left axis) of ChikV production harvests before and after PS treatment is shown.
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 impurities (B).

Figure 17: Relative amounts of ChikV particles and other components by SEC-HPLC
analysis at the different steps of the process of the invention including, from top to bottom:
crude harvest (a) are shown; 10X concentrated harvest; diafiltrated harvest; PS treated
material; CC700-treated material and SGC purified pool.

Figure 18: Comparison of different sucrose gradients (a: gradient 1: 50%, 10%
sucrose, b gradient 2: 50%, 35%, 10% sucrose, c: gradient 3: 50%, 25%, 10% sucrose, d:
gradient 4: 50%, 35%, 15%, 10% sucrose) with ChikV particles.

Figure 19: Comparison of two different ZikaV harvest schedules.

Figure 20: SEC-HPLC elution profile of ZikaV NIV. Data were processed on Dionex
Ultimate 3000 / Superose 6 Increase column.

Figure 21: SEC-MALLS analysis of inactivated ZikaV.

Figure 22: Cumulative particle size distribution of Zika NIV.

DETAILED DESCRIPTION OF THE INVENTION
Disclosed herein are virus vaccines and compositions comprising an inactivated virus,
and related methods of producing said vaccines and compositions. Also provided are
methods of administering said virus vaccines for the prevention of virus infection and/or for

the production of an anti-virus immune response in subjects, for example subjects at risk of
4
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being exposed to virus. In particular, the invention is directed to a virus vaccine comprising
an optimally inactivated virus particle, wherein the virus particle in an appropriate dose is
able to seroconvert a subject that is administered the virus vaccine with at least a 70%
probability, preferably an 80% probability. Another advantage of the invention is that
related methods of producing said vaccines and compositions are very efficient and provide
pure compositions largely void of impurities, in particular protamine sulphate, allowing for
high volume production of vaccines. Examples to the above are provided for Zika virus and
Chikungunya virus.

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 an optimized sucrose
density gradient centrifugation to obtain a virus preparation (c) comprising the infectious
virus particles.

In some embodiments, the concentration of protamine sulphate in step (b) is about 1
to 10 mg/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 (for e.g. Chikungunya) or about 2 mg/ml (for e.g. Zika).

In some embodiments, the residual host cell DNA of the virus preparation (c) 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 ug/mL, especially less than 9, §, 7, 6,
5,4, 3 or 2 ug/mL, preferably less than 1 pg/mL. In a preferred embodiment, the residual

5
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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
ug/mlL., especially less than 9, 8,7, 6, 5, 4, 3 or 2 ug/ml., preferably less than 1 pg/mlL. Ina
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 ug/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 in particular below the detection limit in
the final 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 um. In some embodiments, the filter has a pore size equal to or
less than 0.2 um. In a preferred embodiment, the filter has a pore size of 0.2 um. In some
embodiments, the concentration and/or ultra/diafiltration and/or buffer exchange is performed
by tangential flow filtration (TFF). In some embodiments, ultra/diafiltration of the crude
harvest (a) comprising the virus particles and impurities is performed using a hollow fiber
membrane having a cut-off of equal to or less than 300 kDa. In a preferred embodiment, the
hollow fiber membrane has a cut-off of 100 kDa.

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

recombinantly and may contain nucleic acid from different sources.

701



10

15

20

25

30

PATO18/EP/PR1

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%.

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

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 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.

7
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Other aspects provide compositions comprising the virus particles obtainable by any
of the processes described herein for treating and/or preventing a viral infection. In one
embodiment, the viral infection is caused by Chikungunya virus. In one embodiment, the
viral infection is caused by a flavivirus. In one embodiment, the viral infection is caused by
Yellow Fever virus. In one embodiment, the viral infection is caused by Zika virus such as
e.g. a Zika virus of the Asian lineage.

Furthermore, disclosed herein are Zika virus vaccines and compositions comprising
an inactivated Zika virus, and related methods of producing said vaccines and compositions.
Also provided are methods of administering the Zika virus vaccines for the prevention of
Zika virus infection and/or for the production of an anti-Zika virus immune response in
subjects, for example subjects at risk of being exposed to Zika virus.

Zika virus is a flavivirus closely related to Dengue virus and is similarly transmitted
by the Aedes species mosquito, although other arthropod vectors for Zika virus are possible.
Since it was first isolated from a Rhesus monkey in the Zika forest of Uganda in 1947, there
were very few reported incidents of human infection, especially outside of the endemic
regions of Africa and Asia until a large outbreak in French Polynesia in 2007 (Haddow et al.
PLoS Neglected Tropical Diseases (2012) 6(2), Malone et al. PLoS Neglected Tropical
Diseases (2016) 10(3),). The virus has since spread through islands of the Pacific, including
Oceania, and into South and Central America (WHO “Zika Situation Report” February 5,
2016).

In addition to being spread by the bite of an infected mosquito, evidence also suggests
transmission may occur between individuals, such as from the blood of an infected
individual, in utero/transplacental transmission from an infected mother to the fetus, sexual
transmission between sexual partners, and possibly by other local transmission routes. There
is a possible association between Zika virus infection during pregnancy and microcephaly in
the fetus/neonate. Microcephaly is a rare condition in which a baby’s head circumference is
significantly less than expected based on the average for their age, sex, and ethnicity. This is
a result of the brain failing to undergo proper embryonic development, and in 90% of cases is
associated with mental retardation (Rocha er al. (2016) Bull World Health Organ 8 Feb.
2016).

There is a probable association between individuals having had a prior Zika virus

infection and the incidence of Guillain-Barré syndrome, a neurological disorder in which the
8
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individual’s immune system destroys the myelin sheath surrounding axons of the peripheral
nervous system (WHO “Zika Situation Report” February 5, 2016).

No specific treatments or vaccines for Zika virus currently exist, and the only
measures at this time to prevent infection are through vector control and avoiding travel to
regions experiencing outbreaks.

Described herein are Zika virus vaccines and compositions comprising inactivated
Zika virus that provide a safe method for generating an immune response to Zika virus,
including virus-neutralizing antibodies, that may help prevent against Zika virus infection.

Any strain of Zika virus may be used in the methods and compositions described
herein. In some embodiments, the Zika virus is an isolate from an infected subject during a
Zika virus outbreak. In some embodiments, the Zika virus is a strain isolated from Africa or
from the African virus lineage. In some embodiments, the Zika virus is a strain isolated from
Asia or from the Asian lineage (includes also strains from French Polynesia). In some
embodiments, the Zika virus is a strain isolated from the Americas (South America, Central
America, or North America), such as a Suriname Zika virus strain. In some embodiments,
the Zika virus has a RNA genome corresponding (but not limited) to the DNA sequence
provided by GenBank Accession No. AY632535.2, KU321639.1, KU497555.1,
KU501215.1, KU509998.1, KU527068.1, KU681081.3, KU681082.3, KU707826.1,
KU744693.1, or LC002520.1 or RNA genome disclosed partially or fully herein (SEQ ID
NO: 2 to 69).

In some embodiments, the attenuated form of ChikV is derived from the LR2006-
OPY1 ChikV infectious clone (La Reunion isolate). In some embodiments, the attenuated
form of ChikV is the ASnsP3 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 A5nsP3 ChikV mutant is herein defined as having at least 80% sequence
identity to the nucleotide sequence of the A5SnsP3 mutant sequence, 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
9
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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.

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).

Another aspect of this invention is the realization that by using an approach of a type
of vaccine (i.e. the Japanese Encephalitis Vaccine (JEV) with tradename IXIARO®, see
Srivastava A K. et al., 2001, Vaccine 19, 4557-4565, W(099/11762) which the regulatory
agencies have seen and licensed before, it may be possible to very quickly develop a Zika or
Chikungunya vaccine and provide it to the subjects in need as soon as possible. The industrial
process as disclosed for IXIARO®, providing a very effective vaccine against JEV, had to be
complemented by further inventions disclosed herein in order to provide a more efficient
(higher yield) and safer (Iess or no protamine sulphate with its allergic potential) Zika vaccine
compared to the available JEV vaccine. A particular innovation of the herein disclosed
vaccines are their avoidance of any protamine salt (SEQ ID NO: 1) in the final drug
substance by introducing an improved sucrose gradient. Said sucrose gradient not only
allowed the separation of protamine sulphate but also allowed for a very effective
inactivation by formaldehyde and resulted in the case of Zika with over 90% yield with the
improved process disclosed herein vs about 35% yield with the published JEV process, see
experimental part for comparison).

Aspects of the disclosure relate to methods of producing a virus in Vero tissue culture
cells. Vero cells are a commonly used tissue culture cell line derived from the kidney of an
African green monkey. The Vero cells used in the methods described herein are the VERO
(WHO) cell line, obtained from the Health Protection Agency general cell collection under
catalogue number 88020401.

Vero cells can be grown to confluent monolayers, for example in tissue culture flasks;
in suspension (on microcarriers), for example in roller bottles; or in any other cell culture
system for viral production. In some embodiments, the Vero cells are grown in a bioreactor
for viral production. For plaque assays or plaque reduction neutralization test (PRNT), Vero

cells are grown in monolayers in tissue culture flasks, dishes, or wells of a plate. To infect
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the Vero cells with the virus, the culture medium is inoculated with virus and the cells are
incubated with the virus for a period of time. The cells may be washed after inoculation to
remove any virus that did not adsorb to the cells in a given amount of time.

The methods provided herein involve passaging the virus in Vero cells. As used
herein, the terms “passage” or “passaging” refer to infecting a population of Vero cells with
virus and subsequently inoculating a second population of Vero cells with virus produced by
infection of the first Vero cell population. In some embodiments, a portion of the culture
medium from the infected Vero cells (containing virus that was released from the infected
cells) is used to inoculate a second population of Vero cells. This is referred to as one
passage or one round of passaging. The passaging may be performed serially, for example, a
portion of the culture medium from the infected second population of Vero cells is used to
inoculate a third population of Vero cells, and so on. In some embodiments, virus obtained
from a single plaque is used to inoculate another population of cells.

In some embodiments, the virus is passaged in Vero cells several times, such as at
least4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, or 40 times. In some embodiments, the virus is
passaged in Vero cells at least 4 times or 5 times. In some embodiments, the virus is
passaged in Vero cells at least 30 times. It is important that the virus population, i.e. the virus
sequences, stays as much as possible constant over said passaging. If adaption of the virus
occurs (i.e. appearance of mutated viruses in the original virus population), it is preferred that
said passages are not used in the context of manufacturing of said virus, e.g. for Zika it was
found that up to passage 3 and culturing to day 7 can be used without major shifts in virus
population, i.e. introduction of virus population with mutations. However this observation
need to be done for each virus strain and may be different.

In some embodiments, the Vero cells are incubated for at least 2 days after
inoculation with the virus at e.g. a typical 0,01 MOI (multiplicity of infection), to allow for
viral production, prior to passaging. In some embodiments, the Vero cells are incubated for
atleast 3,4, 5,6,7,8,9, 10 or more than 10 days e.g. at least 7 days after inoculation with
the virus prior to passaging. The number of days the Vero cells are incubated after viral
inoculation may depend on factors such as the multiplicity of infection used to inoculate the
cells and the viral titer desired in the culture medium. Serial passaging of the virus in Vero

cells may result in generation of a Vero cell adapted virus strain.
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The culture medium from the infected Vero cells may be harvested (collected) to
obtain the virus. In some embodiments, the culture medium is harvested from infected Vero
cells and is replaced with fresh culture medium, which is then harvested after another period
of time. In some embodiments, the culture medium harvested from infected Vero cells is
pooled from independent Vero cell cultures and/or from independent days. Harvesting can be
repeated up to 4 times by 7 or 9 days post infection, for example, and result in a high yield of
virus per unit cell culture. In order to minimize the adoption of Zika virus strain to Vero cells,
it was found that Vero cell could be incubated for at least 7 days, more preferably 5 days,
prior to passaging and subsequently supernatants could be harvested at days 2, 3, 5 and 7 or
2, 3, and 5 (see also experimental part). The harvested culture medium can be stored at +4°C
prior to purification of the virus from the culture medium up to 2 weeks.

In some embodiments, debris from infected and lysed Vero cells may be removed
from the harvested culture medium, referred to as a ““clarification’ of the culture medium.
The harvested culture medium may be clarified by common methods known in the art, such
as low-speed centrifugation, for example, at 1500 g for 10 min, and/or by filtration through a
filter of pore size of 0.45 nm. The harvested culture medium can be stored at +4°C prior to
concentration.

To concentrate the titer of the virus in the harvested culture medium, it may be
subjected to concentration by any method known in the art. For example, the harvested
culture medium may be concentrated by methods including, without limitation, ultrafiltration,
ultracentrifugation, centrifugal concentrator, vacuum centrifugation, and lyophilization. In
some embodiments, the harvested culture medium is concentrated by ultrafiltration and the
retentate containing the Zika virus is collected. In some embodiments, the harvested culture
medium is concentrated by precipitation in which polyethylene glycol (PEG) 8000 is
dissolved in the culture medium (up to 10%) and the precipitate is dissolved in a buffer, for
example phosphate-buffered saline (PBS, pH 7.0).

The harvested culture medium may be precipitated to produce a virus supernatant. In
some embodiments, the harvested culture medium is precipitated to remove Vero cell DNA
and other undesired material, such as Vero cell debris, from the harvested culture medium. In
some embodiments, the harvested culture medium is concentrated prior to precipitation. In
some embodiments, the harvested culture medium is precipitated by adding protamine sulfate

(e.g. SEQ ID NO: 1) to the harvested culture medium and incubating the mixture, for
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example at +4°C or on ice. In some embodiments, the harvested culture medium is treated
with benzonase to remove Vero cell DNA and other undesired material, such as Vero cell
debris, from the harvested culture medium. However, it was found that the treatment with
protamine sulfate is preferred (see experimental part). In some embodiments, the precipitated
culture medium is centrifuged to collect precipitated material and the supernatant containing
the virus, referred to as a ““virus supernatant,” is collected.

The virus supernatant may be further purified after precipitation, for example density
gradient ultracentrifugation. In some embodiments, the virus supernatant is further purified
by sucrose gradient. Fractions may be collected from the sucrose gradients and assayed for
presence of the virus. Methods for assaying for virus positive fractions include plaque assay,
hemagglutination assay, polyacrylamide gel electrophoresis, and antigen assays such as
Western blotting and ELISA’s. The fractions containing virus may be pooled based on titer
of the virus and level of other impurities. The level or amount of impurities present in the
virus supernatant can be estimated by testing for Vero cell DNA, virus aggregates and/or
Vero cell protein (see experimental part). A particular embodiment of the invention is the
improved sucrose gradient that allows for an efficient protamine separation as shown in
experimental part. It was surprisingly found that addition of a 10% sucrose virus containing
fraction to a simple three layer sucrose density gradient (e.g. a gradient comprising a 15%
(w/w) sucrose solution, a 35% (w/w) sucrose solution, and a 50% (w/w) sucrose solution)
was able to efficiently separate protamine sulphate without much loss of virus. Thus a
particularly preferred embodiment of the invention is the use of a sucrose density gradient
that is able to efficiently separate protamine sulphate, wherein said sucrose density gradient is
used in the purification of virus such as the viruses described herein, e.g. a Zika virus, Yellow
Fever virus or Chikungunya virus.

To achieve a safe vaccine or composition for the administration to subjects, the virus
supernatant may be inactivated (see experimental part for Zika virus). As used herein, the
terms “inactivated” and “optimally inactivated” may be used interchangeably and refer to a
process (or its result) by which the virus is rendered unable to infect a host cell (non-
infectious), but that does not affect or substantially affect the antigenicity of the virus, for
example, the immunogenic antigens exposed on the surface of the virus are able to stimulate
an immune response in a subject (e.g., antigen-specific antibodies). By “does not affect or

substantially affect the antigenicity of the virus” is meant that the inactivated virus retains at
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least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
even essentially 100% of the antigenicity of a virus that is not subjected to inactivation.

A variety of methods are known in the art for inactivating viruses. In some
embodiments, the virus is inactivated by chemical inactivation, thermal inactivation, pH
inactivation, or UV inactivation.

In some embodiments, the inactivating is by chemical inactivation and involves
contacting the virus with one or more chemical inactivation agent for a period of time under
conditions such that the virus is inactivated but the antigenic epitopes are substantially intact.
In some embodiments, the virus is inactivated for a period of time that is longer than is
required to completely inactivate the virus. In some embodiments, the virus supernatant is
inactivated for the number of days required to inactivate the virus plus at least one additional
day. Samples of the virus supernatant may be taken at one or more times throughout the
inactivation process and assessed for viral viability (infectivity) by any method known in the
art, such as by infecting a monolayer of host cells (i.e., plaque assay). Using such a
procedure, the period of time that is required to completely inactivate the virus can be
determined, and a longer period of time is selected to ensure complete inactivation.

In some embodiments, the virus is contacted with a chemical inactivation agent for
between 1 day and 50 days, between 2 days and 40 days, between 2 days and 30 days,
between 2 days and 20 days, between 2 days and 10 days, between 3 days and 9 days,
between 4 days and § days, between 5 days and 7 days, between 2 days and 5 days, or
between 5 and 10 days. In some embodiments, the virus is contacted with one or more
chemical inactivation agents for at least 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days,
8 days, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days, 15 days, 16 days, 17 days, 18
days, 19 days, 20 days, 21 days, 22 days, 23 days, 24 days, 25 days, 26 days, 27 days, 28
days, 29 days, 30 days, 31 days, 32 days, 33 days, 34 days, 35 days, 36 days, 37 days, 38
days, 39 days, 40 days, 41 days, 42 days, 43 days, 44 days, 45 days, 46 days, 47 days, 48
days, 49 days, or at least 50 days.

In some embodiments, the chemical inactivation is performed at about +5°C, +10°C,
+15°C, +20°C, +25°C, +30°C, +35°C, +40°C, or about +45°C. In some embodiments, the
chemical inactivation is performed at about +4°C. In some embodiments, the chemical

inactivation is performed at about +22°C.
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Any chemical inactivation agent known in the art may be suitable for inactivating the
virus in the methods described herein. It will be appreciated by one of skill in the art that
factors such as the chemical inactivation agent and the temperature at which inactivation is
performed may affect the length of time (number of days) required to completely inactivate
the virus. Examples of chemical inactivation agents include, without limitation,
formaldehyde, enzymes, -propiolactone, ethanol, trifluroacetic acid, acetonitrile, bleach,
urea, guanidine hydrochloride, tri-n-butyl phosphate, ethylene-imine or a derivatives thereof,
and organic solvents such as Tween, Triton, sodium deoxycholate, and sulphohetain. A
preferred inactivation is the inactivation with formaldehyde at 22°C +/-2°C for about 10 days.

In some embodiments, the inactivating agent is neutralized after chemical inactivation
of the virus. In some embodiments, the inactivating agent is formaldehyde and is neutralized
after chemical inactivation using sodium thiosulphate or sodium metabisulfite.

In some embodiments, the virus is inactivated by thermal inactivation. In some
embodiments, the thermal inactivation involves exposing the virus to heat, such as dry heat or
vapor heat, for a period of time. In some embodiments, the thermal inactivation involves
exposing the virus to temperatures of about +40°C, +45°C, +50°C, +55°C, +60°C, +65°C,
+70°C, +75°C, +80°C, +85°C, +90°C,+ 95°C, or about +100°C. In some embodiments, the
virus is exposed to heat for at least 5 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 11
hours, 12 hours, 13 hours, 14 hours, 15 hours, 16 hours, 17 hours, 18 hours, 19 hours, 20
hours, 21 hours, 22 hours, 23 hours, 24 hours, 36 hours, 48 hours, 60 hours, 72 hours, 84
hours, about 96 hours, or longer. A preferred thermal inactivation involves exposing the
virus to temperatures of about +56°C for 60 minutes.

In some embodiments, the virus is inactivated by exposing the virus to acidic or
alkaline conditions for a period of time such that the virus is completely inactivated. The pH
of a virus preparation may be adjusted to a desired pH, for example by the addition of an
acid, a base, or a buffer with a particular pH to the virus preparation. In some embodiments,
the virus is inactivated at an acidic pH of about 2, 2.5, 3, 3.5, 4, 4.5, 5 or about 5.5. In other
embodiments, the virus is inactivated at an alkaline pH of about 8, 8.5, 9, 9.5, 10, or about
10.5.

In some embodiments, the virus is inactivated using UV inactivation. UV inactivation
involves exposing the virus to energy-rich radiation, such as UV-A, UV-B, or UV-C light for

a period of time.
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It will be appreciated that any two or more methods of inactivation may be combined
and performed concurrently or serially.

The inactivated virus may be subsequently dialyzed to remove any undesired material,
including the inactivating agent and any neutralizing agent, and/or to replace the buffer with a
buffer that is pharmaceutically acceptable for administration to subjects. In some
embodiments, the inactivated virus is dialyzed with PBS. In addition or alternatively, the
inactivated virus may be filtered, such as sterile filtered, through a 0.22 um filter.

It is believed that the herein described improved process (comprising the PS treatment
in combination with the optimized sucrose gradient) is applicable and efficient to any virus
purification and in particular efficient for any RNA type virus (such as the herein described
Zika and Chikungunya and yellow fever viruses) of similar size (i.e. about 50 to 100 nm).
Furthermore, it is believed that the combination of the PS treatment with the optimized
sucrose gradient (allowing for a complete (or almost complete) separation of PS provides a
very efficient virus purification in the very high range, e.g. above 70%, more preferably 75%,
80% or 90%, even more preferably 95%. It is believed that the complete reduction of PS in
the virus fraction through the process of the invention allows a very efficient inactivation
with almost no or very low viral loss e.g. below 30%, more preferably less than 25%, 20% or
10% loss, even more preferably less than 15% loss.

Any of the methods or uses described herein may be for the prevention of a virus
infection in a subject. As used herein, the terms “prevent,” and “preventing,” include the
administration of a virus vaccine or composition to a subject to reduce, or delay the onset of
the manifestation of clinical or subclinical symptoms, complications, pathologies or
biochemical indicia of a disease or infection, or to reduce or inhibit the spread/transmission
of the virus. As used herein, antigen(s), such as an inactivated virus, that is administered to a

subject prophylactically (e.g., prior to infection) may be referred to as a vaccine.

Zika Vaccine

As described herein Zika virus may cause any of a variety of symptoms upon
infection of a subject, and is generally characterized by mild fever; rash (exanthema) on face,
neck trunk, upper arms; headache; sensitivity to light; non-inflammatory joint pain;
conjunctivitis; lack of appetite; diarrhea; abdominal pain; and/or dizziness. Zika virus

infection during pregnancy is likely associated with microcephaly in the fetus/neonate. There
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is also a probable association between the onset of Guillain-Barré syndrome or symptoms
thereof. Diagnosis of Zika virus infection in subjects exposed to Zika virus or suspected of
being exposed to Zika virus involves detecting the presence of virus-specific antibodies
and/or molecular testing, such as PCR or real-time PCR detection of Zika virus.

Provided herein are methods for administering a dose of a therapeutically effective
amount of a Zika virus vaccine to a subject in need thereof. In some embodiments, the
subject is a mammalian subject, such as a human, non-human primate, rodent, rabbit, sheep,
dog, cat, horse, or cow. In some embodiments, the subject is a mouse. In some
embodiments, the subject is a human subject, such as a child, an adult, or an elderly adult. In
some embodiments, the subject is a female subject. In some embodiments, the subject is
pregnant or planning on becoming pregnant. In some embodiments, the subject is at risk of
being exposed to Zika virus. In some embodiments, the subject is living in or traveling to an
area where Zika virus is present or is thought to be present. In some embodiments, the
subject is living in or traveling to an area that is experiencing a Zika virus infection outbreak.
In some embodiments, the subject is living in or traveling to an area where an arthropod
vector capable of transmitting the Zika virus vector is present or is thought to be present.

Any of the Zika virus vaccines or compositions described herein may be administered
to a subject in a therapeutically effective amount or a dose of a therapeutically effective
amount. As used herein, a “therapeutically effective amount” of vaccine is any amount that
results in a desired response or outcome in a subject, such as those described herein,
including but not limited to prevention of infection, an immune response or an enhanced
immune response to Zika virus, or prevention or reduction of symptoms associated with Zika
disease.

In some embodiments, the therapeutically effective amount of a Zika virus vaccine or
composition described herein is an amount sufficient to generate antigen-specific antibodies
(e.g., anti-Zika virus antibodies). In some embodiments, the therapeutically effective amount
is sufficient to seroconvert a subject with at least 70% probability. In some embodiments, the
therapeutically effective amount is sufficient to seroconvert a subject with at least 75%, 80%,
85% 90%, 95%, 96%, 97%, 98%, or at least 99% probability. Whether a subject has been
seroconverted can be assessed by any method known in the art, such as obtaining a serum
sample from the subject and performing an assay to detect anti-Zika virus antibodies. In

some embodiments, a subject is seroconverted if a serum sample from the subject contains an
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amount of anti-Zika virus antibodies that surpasses a threshold or predetermined baseline. A
subject is generally considered seroconverted if there is at least a 4-fold increase in anti-Zika
virus antibodies (i.e., anti-Zika E protein IgG antibodies) present in a serum sample from the
subject as compared to a serum sample previously taken from the same subject.

In some embodiments, seroconversion of a subject is assessed by performing a plaque
reduction neutralization test (PRNT). Briefly, PRNT is used to determine the serum titer
required to reduce the number of Zika virus plaques by 50% (PRNT50) as compared to a
control serum/antibody. The PRNTS50 may be carried out using monolayers of Vero cells or
any other cell type/line that can be infected with Zika virus. Sera from subjects are diluted
and incubated with live, non-inactivated Zika virus. The serum/virus mixture may be applied
to the Vero cells and incubated for a period of time. Plaques formed on the Vero cell
monolayers are counted and compared to the number of plaques formed by the Zika virus in
the absence of serum or a control antibody. A threshold of neutralizing antibodies of 1:10
dilution of serum in a PRNTS50 is generally accepted as evidence of protection (Hombach et.
al. Vaccine (2005) 23:5205-5211).

In some embodiments, the Zika virus may be formulated for administration in a
composition, such as a pharmaceutical composition. The term “pharmaceutical composition”
as used herein means a product that results from the mixing or combining of at least one
active ingredient, such as an inactivated Zika virus, and one or more inactive ingredients,
which may include one or more pharmaceutically acceptable excipient.

Pharmaceutical compositions of the invention, including vaccines, can be prepared in
accordance with methods well known and routinely practiced in the art (see e.g., Remington:
The Science and Practice of Pharmacy, Mack Publishing Co. 20th ed. 2000; and Ingredients
of Vaccines — Fact Sheet from the Centers for Disease Control and Prevention, e.g., adjuvants
and enhancers such as alum to help the vaccine improve its work, preservatives and
stabilizers to help the vaccine remain unchanged (e.g., albumin, phenols, glycine)).
Pharmaceutical compositions are preferably manufactured under GMP conditions. Typically
a therapeutically effective dose of the inactivated Zika virus preparation is employed in the
pharmaceutical composition of the invention. The inactivated Zika virus is formulated into
pharmaceutically acceptable dosage forms by conventional methods known to those of skill
in the art. Dosage regimens are adjusted to provide the optimum desired response (e.g., the
prophylactic response).
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Dosages of the active ingredients in the pharmaceutical compositions of the present
invention can be varied so as to obtain an amount of the active ingredient which is effective
to achieve the desired pharmaceutical response for a particular subject, composition, and
mode of administration, without being toxic to the subject. The selected dosage level
depends upon a variety of pharmacokinetic factors including the activity of the particular
compositions of the present invention employed, the route of administration, the time of
administration, the rate of excretion of the particular compound being employed, the duration
of the treatment, other drugs, compounds and/or materials used in combination with the
particular compositions employed, the age, sex, weight, condition, general health and prior
medical history of the subject being treated, and like factors.

A physician, veterinarian or other trained practitioner, can start doses of the
inactivated Zika virus vaccine employed in the pharmaceutical composition at levels lower
than that required to achieve the desired therapeutic effect and gradually increase the dosage
until the desired effect (e.g., production of anti-Zika virus antibodies) is achieved. In general,
effective doses of the compositions of the present invention, for the prophylactic treatment of
groups of people as described herein vary depending upon many different factors, including
means of administration, target site, physiological state of the patient, whether the patient is
human or an animal, other medications administered, and the titer of anti-Zika virus
antibodies desired. Dosages need to be titrated to optimize safety and efficacy. In some
embodiments, the dosing regimen entails subcutaneous or intramuscular administration of a
dose of inactivated Zika virus twice, once at day 0 and once at about day 7. In some
embodiments, the dosing regimen entails subcutaneous administration of a dose of
inactivated Zika virus twice, once at day O and once at about day 14. In some embodiments,
the dosing regimen entails subcutaneous administration of a dose of inactivated Zika virus
twice, once at day O and once at about day 28. In some embodiments, the inactivated Zika
virus is administered to the subject once.

Any of the Zika virus vaccines or compositions described herein may be administered
to a subject with, prior to, or after administration of one or more adjuvants. An adjuvant is a
molecule that enhances a response in a subject, such as an immune response, to an antigen or
other molecule. In some embodiments, an adjuvant may stabilize an antigen or other
molecule. Determining whether a Zika virus vaccine or compositions thereof are

administered with an adjuvant depends on various factors (e.g., type and extent of response
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desired) and will be evident to one of skill in the art. In some embodiments, administering
any of the Zika virus vaccines or compositions described herein with, prior to, or after
administration of an adjuvant may enhance the production of virus neutralizing (anti-Zika
virus) antibodies. In some embodiments, a subject that is administered any of the Zika virus
vaccines or compositions described herein with, prior to, or after administration of an
adjuvant may only require a single administration of the Zika virus vaccine or composition to
be seroconverted (produce a level of anti-Zika virus antibodies). Examples of adjuvants may
include, without limitation, aluminium salt (aluminium hydroxide or aluminium phosphate),
calcium phosphate hydroxide, paraffin oil, killed bacteria, bacterial toxins, toxoids, subunits
of bacteria, squalene, thimerosal, detergents, IL-1, IL-2, IL-12, 2-component adjuvants, such
as 2-component adjuvants containing an antibacterial peptide and a TLRO agonist (e.g.,
IC31®), and combinations such as Freund's complete adjuvant and Freund's incomplete
adjuvant. In some embodiments, the Zika virus vaccines or compositions is administered
with aluminium hydroxide. In some embodiments, the inactivated Zika virus vaccine or
composition is administered with aluminium phosphate salt. A preferred aluminium salt is the
aluminium hydroxide with reduced Cu content, e.g. lower than 1,25ppb based on the weight
of the Zika composition, an adjuvant described in detail in WO 2013/083726 or Schlegl et al.,
Vaccine 33 (2015) 5989-5996.

In some embodiments, the adjuvant is comprised of two components. In some
embodiments, the 2-component adjuvant comprises an antibacterial peptide and a TLR9
agonist. In some embodiments, the antibacterial peptide is provided by the amino acid
sequence KLKIL;KLK (SEQ ID NO: 70). In some embodiments, the TLLR9 agonist is a
deoxyinosine-containing immunostimulatory oligodeoxynucleic acid molecule (I-ODN). In
some embodiments, the I-ODN comprises the nucleic acid sequence (dIdC) 5 (SEQ ID NO:
69). In some embodiments, the adjuvant is IC31®. In some embodiments, the adjuvant is in
nanoparticle form (See, e.g., US Patent No. 8,765,148 B2, incorporated by reference in its
entirety). In some embodiments, the adjuvant is IC31®, i.e. KLKLs;KLK (SEQ ID NO: 71)
and the nucleic acid sequence (dIdC);; (SEQ ID NO: 72), in combination with an aluminium
salt such as aluminium hydroxide.

The Zika virus vaccines or compositions described herein may be administered to a
subject concomitantly with one or more vaccine to another infectious agent, such as another

infectious agent is that present or thought to be present in the same geographic area as Zika
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virus. In some embodiments, the other infectious agent is one that the subject is also at risk
of being in contact with. In some embodiments, the other infectious agent is transmitted by
the same arthropod vector as Zika virus. In some embodiments, the other infectious agent is
Japanese Encephalitis virus, Yellow Fever virus, Dengue virus and/or Chikungunya virus.

Also within the scope of the present disclosure are kits for use in prophylactically
administering to a subject, for example to prevent or reduce the severity of Zika virus
infection. Such kits can include one or more containers comprising a composition containing
inactivated Zika virus, such as an inactivated Zika virus vaccine. In some embodiments, the
kit may further include one or more additional containing comprising a second composition,
such as a second vaccine. In some embodiments, the second vaccine is a vaccine for another
arbovirus. In some embodiments, the second vaccine is a Dengue virus vaccine and/or a
Chikungunya virus vaccine.

In some embodiments, the kit can comprise instructions for use in accordance with
any of the methods described herein. The included instructions can comprise a description of
administration of the composition containing inactivated Zika virus to prevent, delay the
onset, or reduce the severity of Zika virus infection. The kit may further comprise a
description of selecting a subject suitable for administration based on identifying whether that
subject is at risk for exposure to Zika virus or contracting a Zika virus infection. In still other
embodiments, the instructions comprise a description of administering a composition
containing inactivated Zika virus to a subject at risk of exposure to Zika virus or contracting
Zika virus infection.

The instructions relating to the use of the composition containing inactivated Zika
virus generally include information as to the dosage, dosing schedule, and route of
administration for the intended treatment. The containers may be unit doses, bulk packages
(e.g., multi-dose packages) or sub-unit doses. Instructions supplied in the kits of the
invention are typically written instructions on a label or package insert (e.g., a paper sheet
included in the kit), but machine readable instructions are also acceptable.

The kits of the present disclosure are in suitable packaging. Suitable packaging
includes, but is not limited to, vials, bottles, jars, flexible packaging, and the like. Also
contemplated are packages for use in combination with a specific device, such as a syringe or

an infusion device. The container may have a sterile access port, for example the container
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may be a vial having a stopper pierceable by a hypodermic injection needle. At least one

active agent in the composition is an inactivated Zika virus, as described herein.

This invention is not limited in its application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the
drawings. The invention is capable of other embodiments and of being practiced or of being
carried out in various ways. Also, the phraseology and terminology used herein is for the

purpose of description and should not be regarded as limiting. The use of “including,”

2 ¢ 29 Cc;

“comprising,” or “having,” “containing,” “involving,” and variations thereof herein, is meant
to encompass the items listed thereafter and equivalents thereof as well as additional items.

Unless otherwise defined herein, scientific and technical terms used in connection
with the present disclosure shall have the meanings that are commonly understood by those
of ordinary skill in the art. Further, unless otherwise required by context, singular terms shall
include pluralities and plural terms hall include the singular. The methods and techniques of
the present disclosure are generally performed according to conventional methods well-
known in the art. Generally, nomenclatures used in connection with, and techniques of
biochemistry, enzymology, molecular and cellular biology, microbiology, virology, cell or
tissue culture, genetics and protein and nucleic chemistry described herein are those well-
known and commonly used in the art. The methods and techniques of the present disclosure
are generally performed according to conventional methods well known in the art and as
described in various general and more specific references that are cited and discussed
throughout the present specification unless otherwise indicated.

The present invention is further illustrated by the following examples, which in no
way should be construed as further limiting. The entire contents of all of the references
(including literature references, issued patents, published patent applications, and co-pending
patent applications) cited throughout this application are hereby expressly incorporated by
reference, in particular for the teaching that is referenced hereinabove. However, the citation

of any reference is not intended to be an admission that the reference is prior art.

SEQUENCES
The amino acid sequence of a typical form of protamine is provided by SEQ ID NO: 1:
PRRRRSSSRP VRRRRRPRVS RRRRRRGGRR RR.
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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.

KU321639.1 Zika virus strain ZikaSPH20135, Brazil, complete genome (SEQ ID NO: 2)

GTTGTTACTGTTGCTGACTCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCA
ACAGGTTTTATTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGG
AGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAA
GAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCAATTCTAGCCTT
TTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAA
AAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAAT
GCTAGGAAGGAGAAGAAGAGACGGGGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGAC
CACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACG
ATGCTGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATGG
ATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAA
CCAGATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCAC
AANAANAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCT
GCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAAA
ATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGCT
CAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGT
GCATAGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATATTGTCT
TGGAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTT
ACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACAT
GGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAAT
ATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGG
AGTCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGA
GAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGATCGTTAATGA
CACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAGCC
GAAGCCACCCTGGGGGGTTITGGAAGCCTAGGACTTGATIGTGAACCGAGGACAGGCCTITGACTTT
TCAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGAC
ATTCCATTACCTTGGCACGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACT
GGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAG
CAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTCC
TCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTG
TGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGA
GGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAA
CTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTA
AGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCGGGGAGAAG
AAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAG
AGGTGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTC
TCAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGGAA
TGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAATG
GATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTCTCTGC
TGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCT
ATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCA
GCAGCAGTCAAGCAAGCCTGGGAAGATGGTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAAAA
CATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGA
CGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTG
AACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGCACTTCGTCAGAGCAGCAAAGACAAA
TAACAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACA
GCTTTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAG
ATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACA
GTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTG

23

718



10

15

20

25

35

40

45

50

W
9,

PATO18/EP/PR1

ATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGA
GTGATCTGATCATACCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACA
GGACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTTGAGGAATGCCCAGGC
ACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAAG
CGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTA
AAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAG
GTCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATTCT
GCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATG
GCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTTG
ATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGC
ATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAG
CATGCTGCTGGCCTTGGCCTCGTGTCTTTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGAT
GGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGAT
AACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGG
AGAGCAGGCCTTGCTACTTIGCGGGGGGTTTATGCTCCTCTICTCTGAAGGGAAAAGGCAGTGTGAA
GAAGAACTTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGT
GGTGGGGCTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAG
CTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCC
ATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACATT
GAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCG
ATGTGGCGCTAGATGAGAGTGGTGATTTCICCCIGGTGGAGGATGACGGTCCCCCCATGAGAGAG
ATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCT
GGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCC
CAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTA
GGTTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCAC
AAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAG
GATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGACGGGCACAGCGAGGTGCA
GCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAGA
CAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATC
CTAGACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTTA
TGTTAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGA
TGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTT
CITCCIGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCITAGCTCCAACCAGG
GTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTC
AATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTA
CTACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCC
TCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCTT
CATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACAC
CGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATTATTCTGGAA
AAACAGTTTGGTTTGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCT
GGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCA
AGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGTGT
CATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGAC
CCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAA
CCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCT
TGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACC
TGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACC
TTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGA
ATAACCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAG
TGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGAC
GCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGAGG
AGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAGG
AAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCG
GCGGCCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTG
GGAATCTTTTTCGTCTTGATGAGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTT
GGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATT
GTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCCAGGACAAC
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CAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGA
TGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCA
TGGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAA
CTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCGA
TGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTG
GAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACGCCCCTGACCCTAATAGTGGCCATCA
TTTTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCC
AGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACATT
GACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTGCTACTCATGGCAGTAGC
CGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACAG
CCGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCAC
TGTGTAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACG
CTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCG
CTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAG
AGAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAA
GTGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTT
GGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGG
ATACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTTGGTGCAAAGCTATGGGTGGAACATAG
TCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGTG
ACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATG
GTGGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTIGTATAAAAGTGTTGTGCCCATACACCAG
CACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCAC
TCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGT
GTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCTAGGAGGCCAGTGAAATATGA
GGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGA
AGATCATTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAG
AACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTC
CTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGG
AATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACTA
GGGTGCCAGACCCCCAAGAAGGTACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAG
AGCTAGGCAAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGC
AATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGA
ACGATCCAAGGTTCIGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCIGAGAGGAGAGTGCCA
GAGTTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAG
GGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTC
TTGAACGAGGATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACA
AAGACTCGGATATGTCCTAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGACA
CTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAA
ATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGT
AAAGGTCCTTAGACCAGCTGAAAAAGGGAAAACAGTTATGGACATTATTTCGAGACAAGACCAAA
GGGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTC
GGAATATGGAGGCTGAGGAAGTCCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAA
GTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGA
TTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAA
AGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCG
TTTTGCTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGC
CACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGGGCGGGATGGAGCATCCGGGAGAC
TGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCCG
ACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTG
GTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGT
GGATTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTAT
TTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGC
TGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGG
ACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCAC
CAATCTTAATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCC
CCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGC
CATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAGG
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ATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGT
GGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGA

KU497555.1 Zika virus isolate Brazil-ZKV2015, Brazil, complete genome (SEQ ID NO: 3)

CCAATCTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACAGG
TTTTATTTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGAT
TCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGG
CTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCGATTCTAGCCTTTTTG
AGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAAAAGA
GGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAATGCCA
GGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGAATCGTTGGCCTCCTGCTGACCACA
GCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACGATGC
TGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATGGATCT
TGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAACCAG
ATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCACAAAA
AAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCTGCAA
ACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAAAATTG
GATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTIGGGAAGCTCAAC
GAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGTGCAT
AGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCTTGGA
ACATGGGGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAA
CAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACATGGCT
TCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAATATGT
CIGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGGAGCC
TGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGAGAAT
CTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGATCGTTAATGACACA
GGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAGCCGAAG
CCACCCTGGGGGGTTTTGGAAGCTTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTTTCAG
ATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGACATTC
CATTACCTTGGCACGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTA
GAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGGACTCAAGAAGGAGCAGT
TCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTCCTCTG
GCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTGTGTA
CCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGAGGTA
CAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAACTCT
GACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTAAGA
TGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCGGGGAGAAGAAG
ATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGG
TGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTCTCA
ACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGGAATGT
CCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAATGGAT
CTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTCTCTGCTGA
TGTGGGGTGCTCGGTGGACTTCICAAAGAAGGAGACGAGATGTGGTACAGGGGTGTTCGTICTATA
ACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCTCCCCGTAGATTGGCAGCA
GCAGTCAAGCAAGCCTGGGAAGATGGTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAAAACAT
CATGTGGAGATCAGTAGAAGGGGAGCTTAACGCAATCCTGGAAGAGAATGGAGTTCAACTGACGG
TCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTGAAC
GAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAAATAA
CAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACAGCT
TTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAGATT
ATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACAGT
GATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTGAT
CGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGAGT
GATCTGATCATACCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACAG
GACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTTGAGGAATGCCCAGGCA
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CTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAAGC
GGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTAA
AGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAGG
TCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATTCTG
CTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATGGC
AGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTTGAT
GGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGCAT
TCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAGCA
TGCTGCTGGCCTTGGCCTCGTGTTTTTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGATGGT
TCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGACAA
CATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGGAG
AGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAAGA
AGAACTTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGG
TGGGACTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCT
GTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCCAT
GGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACATTGA
AAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCGAT
GTGGCGCTAGATGAGAGTGGTGACTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAGAT
CATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCTGG
AGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCCCA
AGGAAGTAAAAAANGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTAGG
TTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCACAA
AAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAGGAT
CTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGACGGGCACAGCGAGGTGCAGCT
CTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAGACAA
AGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATCCTA
GACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATAAAAAATGGGAGTTATGT
TAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGATGC
TGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTTCTT
CCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAGGGTT
GTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTCAA
TGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTACT
ACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCCTIC
AAGCATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCTTCA
TGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACACCG
AAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGGAAAA
ACAGTTTGGTTTGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCTGG
AAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCAAG
AGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGTGTCA
TAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGACCC
ATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAACC
TGGAGATGAGTACCTGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCTTG
AAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACCTG
AGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACCTT
TGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGAAT
AACCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAGTG
TGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGACGC
CAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGAGGAG
CGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAGGAA
GCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGC
GGCCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTGGG
AATCTTTTTCGTCTTGATGAGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTTGG
GGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATTGT
TGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCCAGGACAACCA
AATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGATG
GTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCATA
GGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAACT
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TTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCGATG
GCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTGGA
GTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTGGCCATCATT
TTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAG
AAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACATTGA
CACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTGCTACTCATAGCAGTAGCCG
TCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACAGCC
GCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCACTG
TGTAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACGCT
GGCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCGCT
TGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAGA
GAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAG
TGCAAAGCTGAGATGGTTGGTGGCAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTTG
GATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGGA
TACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTTGGTGCAAAGCTATGGGTGGAACATAGT
CCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGTGA
CATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGT
GGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGCATAAAAGTGTTGTGCCCATACACCAGCA
CTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCACTC
TCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGTGT
GTCCACCACGAGCCAGCTCCTICTITGGGGCGCATGGACGGGCCTAGGAGGCCAGTGAAATATGAGG
AGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGAAG
ATCATTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAAAA
CCACCCATATAGGACATGGGCTTACCATGGAAGCTATGTGGCCCCCACACAAGGGTCAGCGTCCTC
TCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGGAA
TAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACTAGG
GTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAGAG
CTAGGCAAACACAAACGACCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGCAA
TGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGAAC
GATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGAGGAGAGTGCCAGA
GTTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAGGG
CAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTCTT
GAACGAGGATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACAA
AGACTCGGATATGTCCTAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGACAC
TGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAAA
TGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGTA
AAGGTCCTTAGACCAGCTGAAAAAGGGAAAACAGTTATGGACATTATTTCGAGACAAGACCAAAG
GGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTCG
GAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAAG
TGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGAT
TGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAAA
GTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCGTT
TTGCTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCA
CCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGGGCGGGATGGAGCATCCGGGAGACTG
CTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCCGAC
TGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTGGT
CAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGTGG
ATTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTATTT
GGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGCTG
AGAACATTAAAAATACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGGAC
TACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTGAGCACCA
ATCTTAATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCCCT
CCAGGAGAAGCTGGGTAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGCCA
TGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAGGAT
GGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGTGG
ATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTGACG
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CTGGGAAAGACCAGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGAATA
GCGGCGGCCGGTGTGGGGAAATCCA

KUS501215.1 Zika virus strain PRVABCS59, Puerto Rico, complete genome (SEQ 1D NO: 4)

GTTGTTGATCTGTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCA
ACAGGTTTITATTTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCG
GAGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGA
AGAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCGATTCTAGCCT
TTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAA
AAGAGGCTATGGAAACAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAAT
GCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGAC
CACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACG
ATGCTGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATGG
ATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAA
CCAGATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCAC
AAAAAAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACCAGGAAGCT
GCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAAA
ATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGCT
CAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGT
GCATAGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCT
TGGAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTT
ACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACAT
GGCTTCTGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAAT
ATGTCITGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGG
AGCCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGA
GAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGATCGTTAATGA
CACAGGACATGAAACTGATGAGAATAGAGCGAAAGTTGAGATAACGCCCAATTCACCGAGAGCC
GAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTT
TCAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGAC
ATTCCATTACCTTGGCACGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACT
GGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAG
CAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTCC
TCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTG
TGTACTGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGA
GGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAA
CTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTA
AGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCGGGGAGAAG
AAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAG
AGGTGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTC
TCAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGGAA
TGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAATG
GATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTCTCTGC
TGATGTGGGGTGCTCGGTGGACTTCICAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTICGETCT
ATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCA
GCAGCAGTCAAGCAAGCCTGGGAAGATGGTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAAAA
CATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGA
CGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTG
AACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTATTTCGTCAGAGCAGCAAAGACAAA
TAACAGCTITITGTCGTGGATGGTGACACACIGAAGGAATGCCCACTCAAACATAGAGCATGGAACA
GCTTTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAG
ATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACA
GTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTG
ATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGA
GTGATCTGATCATACCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACA
GGACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTTIGAGGAATGCCCAGGC
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ACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAAG
CGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTA
AAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAG
GTCAATGGTGACTGCAGGATCAACTGATCACATGGACCACTTCTCCCTTGGAGTGCTTGTGATCCT
GCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATG
GCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTTG
ATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGC
ATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAG
CATGCTGCTGGCCTTGGCCTCGTGTCTTTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGAT
GGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGAT
AACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGG
AGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAA
GAAGAACTTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGT
GGTGGGACTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAG
CIGTTGGCCTGATATGCGCATTGGCTGGAGGGTICGCCAAGGCAGATATAGAGATGGCTGGGCCC
ATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACATT
GAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCG
ATGTGGCGCTAGATGAGAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAG
ATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCT
GGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCC
CAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTA
GGTTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCAC
AAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAG
GATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGATGGGCACAGCGAGGTGCA
GCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAGA
CAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATC
CTAGACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAACGGGAGTTA
TGTTAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCCTCGA
TGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTT
CTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAGG
GTTGTCGCTGCTGAAATGGAGGAGGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTC
AATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTA
CITACAGCCAATCAGAGTCCCCAACTATAATCTIGTATATITATGGATGAGGCCCACTITCACAGATCCC
TCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCTT
CATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACAC
CGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGGAA
AAACAGTTTGGTTTGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCT
GGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCA
AGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGTGT
CATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGAC
CCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAA
CCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCT
TGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACC
TGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACC
TTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGA
ATAACCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAG
TGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGAC
GCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGAGG
AGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAGG
AAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCG
GCGGCCCAATTGCCGGAGACCCTAGAGACCATAATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTG
GGAATCTTCTTCGTCTTGATGAGGAACAAGGGCATAGGGAAGATGGGCTTTIGGAATGGTGACTCTT
GGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATT
GTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCCAGGACAAC
CAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGA
TGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCA
TAGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAA
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CTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACCTCATACAACAACTACTCCTTAATGGCGA
TGGCCACGCAAGCTGGAGTGTTGTTTGGCATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTG
GAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTGGCCATCA
TTTTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCC
AGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACATT
GACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTGCTACTCATAGCAGTAGC
CGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCTCTGATCACAG
CCGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCAC
TGTGTAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACG
CTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCG
CTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAG
AGAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAA
GTGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTT
GGATGTGGCAGAGGGGGCTGGAGTTACTACGTCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGG
ATACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTTGGTGCAAAGCTATGGGTGGAACATAG
TCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGTG
ACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATG
GTGGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCAG
CACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCAC
TCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGT
GTGTCCACCACGAGCCAGCTCCTICTTGGGGCGCATGGACGGGCCTAGGAGGCCAGTGAAATATGA
GGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGA
AGATCATTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAG
AACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTC
CTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGG
AATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACTA
GGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAG
AGCTAGGCAAACACAAACGGCCACGAGTCTGCACCAAAGAAGAGTTCATCAACAAGGTTCGTAGC
AATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGA
ACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGAGGAGAGTGCCA
GAGCTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAG
GGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTC
TITGAACGAGGATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACA
AAGACTCGGATATGTCCTAGAAGAGATGAGTCGTATACCAGGAGGAAGGATGTATGCAGATGACA
CTGCTGGCTGGGACACCCGCATTAGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAA
ATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGT
AAAGGTCCTTAGACCAGCTGAAAAAGGGAAAACAGTTATGGACATTATTTCGAGACAAGACCAAA
GGGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTC
GGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAA
GTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGA
TTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAA
AGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCG
TTTTGCTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGC
CACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGGGCGGGATGGAGCATCCGGGAGAC
TGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCCG
ACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTG
GTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGT
GGATTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTAT
TTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGC
TGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGG
ACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCAC
CAATCTTAATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCC
CCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGC
CATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAGG
ATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGT
GGATCTCCAGAAGAGGGACTAGTGGTTAGAGGA
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KU509998.1 Zika virus strain Haiti/1225/2014, Haiti, complete genome (SEQ ID NO: 5)

GTTGTTACTGTTGCTGACTCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCA
ACAGGTTTTATTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGG
AGGATTCCGGATIGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAA
GAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCAATTCTAGCCTT
TTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAA
AAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAAT
GCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGAC
CACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACG
ATGCTGGGGAGGCCATATCITTTCCAACCACATIGGGGATGAATAAGTGTTATATACAGATCATGG
ATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAA
CCAGATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCAC
AAAAAAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCT
GCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAAA
ATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGCT
CAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGT
GCATAGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCT
TGGAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTT
ACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACAT
GGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAAT
ATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGG
AGTCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGA
GAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGATCGTTAATGA
CACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAGCC
GAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTT
TCAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGAC
ATTCCATTACCTTGGCACGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACT
GGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAG
CAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTCC
TCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTG
TGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGA
GGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAA
CTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTA
AGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCGGGGAGAAG
AAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAG
AGGTGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTC
TCAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGGAA
TGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAATG
GATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTCTCTGC
TGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCT
ATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCA
GCAGCAGTCAAGCAAGCCTGGGAAGATGGTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAAAA
CATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGA
CGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTG
AACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGCACTTCGTCAGAGCAGCAAAGACAAA
TAACAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACA
GCTTTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAG
ATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACA
GTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTG
ATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGA
GTGATCTGATCATACCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACA
GGACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTTGAGGAATGCCCAGGC
ACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAAG
CGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTA
AAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAG
GTCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATTCT
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GCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATG
GCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTTG
ATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGC
ATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAG
CATGCTGCTGGCCTTGGCCTCGTGTCTTTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGAT
GGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGAT
AACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGG
AGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAA
GAAGAACTTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGT
GGTGGGGCTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAG
CTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCC
ATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACATT
GAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCG
ATGTGGCGCTAGATGAGAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAG
ATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTIGCAGCT
GGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCC
CAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTA
GGTTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCAC
AAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAG
GATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGACGGGCACAGCGAGGTGCA
GCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCIGCCCGGAATATTTAAGA
CAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATC
CTAGACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTTA
TGTTAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGA
TGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTT
CTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAGG
GTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTC
AATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTA
CTACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCC
TCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCTT
CATGACCGCCACGCCACCAGGAACCCGTGACGCATTITCCGGACTCCAACTCACCAATTATGGACAC
CGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATTATTCTGGAA
AAACAGTTTGGTITGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCT
GGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCA
AGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGTGT
CATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGAC
CCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAA
CCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCT
TGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACC
TGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACC
TTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGA
ATAACCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAG
TGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGAC
GCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGAGG
AGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAGG
AAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCG
GCGGCCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTG
GGAATCTTTTTCGTCTTGATGAGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTT
GGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATT
GTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCCAGGACAAC
CAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGA
TGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCA
TGGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAA
CTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCGA
TGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTG
GAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACGCCCCTGACCCTAATAGTGGCCATCA
TTTTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCC
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AGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACATT
GACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTGCTACTCATGGCAGTAGC
CGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACAG
CCGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCAC
TGTGTAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACG
CTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCG
CTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAG
AGAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAA
GTGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTT
GGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGG
ATACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTTGGTGCAAAGCTATGGGTGGAACATAG
TCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGTG
ACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATG
GTGGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCAG
CACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCAC
TCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGT
GTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCTAGGAGGCCAGTGAAATATGA
GGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGA
AGATCATTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAG
AACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTC
CICICITAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGG
AATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACTA
GGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAG
AGCTAGGCAAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGC
AATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGA
ACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGAGGAGAGTGCCA
GAGTTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAG
GGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTC
TTGAACGAGGATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACA
AAGACTCGGATATGTCCTAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGACA
CTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAA
ATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGT
AAAGGTCCITAGACCAGCTGAAAAAGGGAAGACAGTTATGGACATTATITCGAGACAAGACCAAA
GGGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTC
GGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAA
GTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGA
TTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAA
AGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCG
TTTTGCTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGC
CACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGGGCGGGATGGAGCATCCGGGAGAC
TGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCCG
ACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTG
GTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGT
GGATTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTAT
TTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGC
TGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGG
ACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCAC
CAATCTTAATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCC
CCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGC
CATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAGG
ATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGT
GGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGA

KU527068.1 Zika virus strain Natal RGN, Brazil: Rio Grande do Norte, Natal, complete
genome (SEQ ID NO: 6)
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AGTTGTTGATCTGTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATC
AACAGGTTTTATTTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCC
GGAGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTG
AAGAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCAATTCTAGCC
TTTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAA
AAAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAA
TGCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGA
CCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAAC
GATGCTGGGGAGGCCATATCTTITCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATG
GATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGA
ACCAGATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCA
CAAAAAAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGC
TGCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAA
AATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGC
TCAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGG
TGCATAGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTC
TTGGAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGT
TACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACA
TGGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAA
TATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGG
GAGCCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAG
AGAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGATCGTTAATG
ACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAGC
CGAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACT
TTTCAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTCCACAAGGAGTGGTTCCACG
ACATTCCATTACCTTGGCACGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCA
CTGGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGG
AGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGT
CCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCT
TGTGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTG
GAGGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCA
AACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACT
CTAAGATGATGCIGGAACTTGATCCACCATTTGGGGACICTTACATTGICATAGGAGTCGGGGAGA
AGAAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTG
AGAGGTGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGC
TCTCAACTCATTGGGCAAGGGCATCCATCAAATTITTTGGAGCAGCTTTCAAATCATTGTTTGGAGG
AATGTCCTGGTTCTCACAAATCCTCATTGGAACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAA
TGGATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTCTCT
GCTGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGT
CTATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGG
CAGCAGCAGTCAAGCAAGCCTGGGAAGATGGTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAG
AACATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCTTGGAAGAGAATGGAGTTCAACT
GACGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTG
TGAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACA
AATAACAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCGAACATAGAGCATGGAA
CAGCTTTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGA
AGATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGGAAGGAGGCTGTAC
ACAGTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCAT
CTAATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGGCAGATGGAATAGAAGA
GAGTGATCTGATCATTCCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTA
CAGGACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTTGAGGAATGCCCGG
GCACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCA
AGCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGC
TAAAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTA
AGGTCAGTGGTGACTGCAGGATCAACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATT
CTGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAAT
GGCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTT
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GATGGGCGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGG
CATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAA
GCATGCTGCTGGCCTTGGCCTCGTGTCTTTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGA
TGGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGA
TAACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTG
GAGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGA
AGAAGAACTTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACG
TGGTGGGACTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACA
GCTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCC
CATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACAT
TGAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTC
GATGTGGCGCTAGATGAGAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGA
GATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGC
TGGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTC
CCAAGGAAGTAAAAANGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCT
AGGTTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCA
CAAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCA
GGATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGACGGGCACAGCGAGGTGC
AGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAG
ACAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAAT
CCTAGACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTT
ATGTTAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCG
ATGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGT
TCTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAG
GGTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAG
TCAATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTC
TACTACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCACTTCACAGATC
CCTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATC
TTCATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGAC
ACCGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGG
AAAAACAGTTTGGTTTGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGG
CTGGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACAT
CAAGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGT
GTCATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTTTGGCTGGA
CCCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAA
ACCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGC
TTGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGAC
CTGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGAC
CTTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGG
AATAACCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACA
GTGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGA
CGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGAG
GAGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAG
GAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGC
GGCGGCCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCT
GGGAATCTTTTTCGTCTTGATGAGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCT
TGGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCAT
TGTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCCAGGACAA
CCAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGG
ATGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGAGCAACC
ATAGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACA
ACTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCG
ATGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTT
GGAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTGGCCATC
ATTTTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCC
CAGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACAT
TGACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTGCTACTCATAGCAGTAG
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CAGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACA
GCCGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCA
CTGTGTAACATTITTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACATAGTAACAAGAAAC
GCTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCC
GCTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCA
GAGAAGAGGCCCGCCGCGCCCTCAAGGATGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGA
AGTGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCT
TGGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAG
GATACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTTGGTGCAAAGCTATGGGTGGAACATA
GTCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGT
GACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCAT
GGTGGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCA
GCACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCA
CTCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAG
TGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGCACGGGCCTAGGAGGCCAGTGAAATATG
AGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATG
AAGATCATTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGA
GAACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGT
CCTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAG
GAATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACT
AGGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTICTCTITCCTGGTTGTGGAAA
GAGCTAGGCAAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAG
CAATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTG
AACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGAGGAGAGTGCC
AGAGTTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAA
GGGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATT
CTTGAACGAGGATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTAC
AAAGACTCGGATATGTCCTAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGAC
ACTGCTGGCTGGGACACCCGCATCAGCAGGTTCGATCTGGAGAATGAAGCTCTAATCACCAACCA
AATGGAGAAAGGGCATAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGG
TAAAGGTCCTTAGACCAGCTGAAAAAGGGAAAACAGTTATGGACATTATTTCGAGACAAGACCAA
AGGGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATT
CGGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTIGGCTGCTGCGGAGGTCAGAGAA
AGTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATG
ATTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAA
AAGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCC
GTTTTGCTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCG
CCACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGGGCGGGATGGAGCATCCGGGAGA
CTGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCC
GACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCT
GGTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTG
TGGATTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTA
TTTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGG
CTGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATG
GACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCA
CCAATCTTAATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACC
CCCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAG
CCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCATGCGCTTGGAGGCGCAG
GATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTG
TGGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTG
ACGCTGGGAAAGACCAGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGA
ATAGCGGCGGCCGGTGTGGGGAAATCCATGGGTCTT

KU681081.3 Zika virus isolate Zika virus/H.sapiens-tc/THA/2014/SV0127- 14, Thailand,
complete genome (SEQ ID NO: 7)
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AGTTGTTGATCTGTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATC
AACAGGTTTTATTTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCC
GGAGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTG
AAGAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCGATTCTAGCC
TTTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGAAAA
AAAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAA
TGCTAGGAAGGAGAAGAAGAGACGAGGCACAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGA
CCACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAGC
GATGCTGGGGAGGCCATATCTTITCCAACCACACTGGGGATGAATAAGTGTTATATACAGATCATG
GATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTAGA
ACCAGATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCA
CAAAAAAGGTGAAGCACGGAGATCCAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGC
TGCAAACGCGGTCGCAGACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAA
AATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGC
TCAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGG
TGCATAGGAGTCAGTAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTC
TTGGAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGT
TACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCGGACA
TGGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAA
TATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGG
GAGCCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAANATGACCGGGAAGAGCATCCAGCCAG
AGAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGATCGTTAATG
ACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAGC
CGAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACT
TTTCAGATTTGTATTACTTGACTATGAACAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACG
ACATTCCATTACCTTGGCACACTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCA
CTGGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGG
AGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGT
CCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCT
TGTGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTG
GAGGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCA
AACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAGGCACTGAGAACT
CTAAGATGATGCIGGAACTTGATCCACCATTTGGGGACICTTACATTGICATAGGAGTCGGGGAGA
AGAAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTG
AGAGGTGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGT
TCTTAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGG
AATGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTGGTTGGGTCTGAATACAAAGAA
TGGATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTCTCC
GCTGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAAACGAGATGCGGTACAGGGGTGTTCGT
CTATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCTCGTAGATTGGC
AGCAGTAGTCAAGCAAGCCTGGGAAGATGGTATCTGTGGGATCTCCTCTGTTITCAAGAATGGAAA
ACATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTG
ACGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGT
GAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAA
ATAACAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAAC
AGCTTTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAA
GATTATTCACTAGAGTGTGATCCAGCCGTCATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACA
CAGTGATCTAGGCTACTGGATTGAGAGTGAGAAGAACGACACATGGAGGCTGAGGAGGGCCCACC
TGATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAG
AGTGATCTGATCATACCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAACACCAGAGAGGGCTAC
AGGACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTTGAGGAATGCCCAGG
CACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAA
GCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCT
AAAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGTAACTTAGTAA
GGTCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTTTCCCTTGGAGTGCTTGTGATTC
TGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATG
GCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGATCTGGCTAAGCTTGCAATTTTG
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ATGGGTGCCACCTTTGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGGTAGCGGC
ATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAG
CATGCTGCTGGCCTTGGCCTCGTGTCTTTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGAT
GGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGAC
AATATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGG
AGAGCAGGCCTTGCTACTTGCGGGGGGTTCATGCTCCTCTCTCTGAAGGGGAAAGGCAGTGTGAA
GAAGAACTTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGT
GGTGGGACTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAG
CTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCC
ATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACATT
GAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTTACTGGAAACAGTCCCCGGCTCG
ATGTGGCACTAGATGAGAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAG
ATCATACTCAAAGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCT
GGAGCGTGGTACGTATACGTGAAAACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCC
CAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTA
GGTTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCATGTCAC
AAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAG
GATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGACGGGCACAGCGAGGTGCA
GCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAGA
CAAAGGATGGGGACATTGGAGCGGTTGCGCTGGACTATCCAGCAGGAACTTCAGGATCTCCAATC
CTAGACAAGTGTGGGAGAGTGATAGGACTCTATGGCAATGGGGTCGTGATCAAGAATGGGAGTTA
TGTCAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGA
TGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTT
CTTCCTGAAATAGTCCGTGAAGCCATAAAAACGAGACTCCGTACTGTGATCTTAGCTCCAACCAGG
GTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTC
AATGTCACCCATTCTGGGACAGAAATCGTTGACTTAATGTGCCATGCCACCTTCACTTCACGTCTA
CTACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCC
TCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCAGCTGCCATCTT
CATGACCGCCACGCCACCAGGAACCCGTGACGCATTCCCGGACTCCAACTCACCAATTATGGACA
CCGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGGA
AAAACAGTTTGGTTTGTCCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGC
TGGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATC
AAGAGTGGGACTTCGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTIGACCGT
GTCATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGG
ACCCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACA
AACCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGATGAAGACCATGCACACTGG
CTTGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGA
CCTGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGA
CCTTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCG
GAATAACCTACACAGATAGAAGATGGTGCTTTGATGGCATGACCAACAACACCATAATGGAAGAC
AGTGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGG
ACGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGA
GGAGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACGGAGAGATTCCA
GGAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCG
CGGCGGCCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGC
TGGGAATCTTTTTCGTCTTGATGCGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTC
TTGGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGCGTCCTCA
TTGTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCCCCCCAGGACA
ACCAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCG
GATGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAAC
CATAGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCGGCCTGGGCCATCTATGCTGCCCTGAC
AACTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGC
GATGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTT
TGGAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTGGCTAT
CATTTTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGC
CCAGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACA
TTGACACAATGACTATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTGCTACTCATAGCAGTA
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GCCGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAAGCTGGGGCCCTGATCAC
AGCTGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTC
ACTGTGCAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAA
CGCTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCC
CGCTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGC
AGAGAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGG
AAGTGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATC
TTGGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAA
GGATACACAAAAGGAGGCCCTGGTCATGAAGAACCCATGTTGGTGCAAAGCTATGGGTGGAACAT
AGTCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTG
TGACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCAT
GGTGGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTGTAAAAGTGTTGTGCCCATACACCA
GCACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCA
CTCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAG
TGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCCAGGAGGCCAGTGAAATATG
AGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATG
AAGATCATTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGA
GAACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCTACACAAGGGTCAGCGT
CCTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAG
GAATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACC
AGGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTICTCTITCCTGGTTGTGGAAA
GAGCTAGGCAAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAG
CAATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACCGCAGTGGAAGCTGTG
AACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGAGGAGAGTGCC
AGAGCTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAA
GGGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATT
CTTAAATGAGGATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTAC
AAAGACTCGGATATGTCCTAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGAC
ACTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGAAGCTTTAATCACCAACCA
AATGGAGAAAGGGCACAGGGCCTTAGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGG
TAAAGGTCCTTAGACCAGCTGAAAAAGGGAAGACAGTTATGGACATTATTTCAAGACAAGACCAA
AGGGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATT
CGGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTIGGCTGCTGCGGAGGTCAGAGAA
AGTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATG
ATTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAA
AAGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCC
GTTTTGTTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCG
CCACCAAGATGAACTGATTGGCCGGGCCCGTGTCTCTCCAGGGGCGGGATGGAGCATCCGGGAGA
CTGCTTGCCTAGCAAAGTCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCC
GACTGATGGCCAATGCCATCTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCT
GGTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTG
TGGATTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTA
TCTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGG
CTGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATG
GACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTATAAGCA
CCAATCTTAGTGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACC
CCCCCAGGAGAGGCTGGGAAACCAAGCCCATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAG
CCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAG
GATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTG
TGGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTG
ACGCTGGGAAAGACCAGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGA
ATAGCGGCGGCCGGTGTGGGGAAATCCATGGGTCT

KU681082.3 Zika virus isolate Zika virus/H.sapiens-tc/PHL/2012/CPC-0740, Philippines,
complete genome (SEQ ID NO: 8)
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AGTTGTTGATCTGTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATC
AACAGGTTTTATTTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCC
GGAGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTG
AAGAGGCTGCCAGCCGGACTTCTGCTGGGCCATGGGCCCATCAGGATGGTCTTGGCGATACTAGC
CTTTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAA
AAAAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCA
ATGCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGCGTCGGAATTGTTGGCCTCCTCCTG
ACCACAGCCATGGCAGTAGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAG
CGATGCTGGGGAGGCCATATCTTTTCCAACCACACTGGGGATGAATAAGTGTTACATACAAATCAT
GGATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGTTGGATGAGGGGGTAG
AACCAGATGACGTCGATTGCTGGTGCAACACGACATCAACTTGGGTTGTGTATGGAACCTGCCACC
ACAAAAAAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAG
CTGCAAACGCGGTCGCAGACCTGGTTGGAATCAAGAGAATACACAAAGCACCTGATTAGAGTTGA
AAATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGTCATCGCTTGGCTTTTGGGAAG
TTCAACGAGCCAAAAAGTCATATATCIGGTCATGATACIGCTGATTGCCCCGGCATACAGCATCAG
GTGCATAGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGT
CTTGGAACATGGAGGTTGTGTTACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGG
TTACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCGGAT
ATGGCTTCGGACAGCCGCTGCCCAACACAAGGTGAGGCCTACCTTGACAAGCAGTCAGACACTCA
ATATGTCTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAG
GGAGCCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCA
GAGAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGATCGTTAAT
GACACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAG
CCGAAGCCACCCTGGGGGGTTTTGGGAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGAC
TTTTCAGATTTGTATTACCTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCAC
GACATTCCATTACCTTGGCATGCTGGGGCAGACACTGGAACTCCACATTGGAACAACAAAGAAGC
ACTGGTAGAGTTCAAGGACGCACATGCAAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAG
GAGCAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGAGCCAAGGGAAGGCTG
TCCTCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCC
TTGTGCACTGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTG
GAGGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGATATGCA
AACTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCTGTAATCACTGAAAGCACCGAGAACT
CTAAGATGATGCIGGAACTTGATCCACCATTTGGGGACICTTACATTGICATAGGAGTCGGGGAGA
AGAAGATCACCCATCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTG
AGAGGTGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGGGGTGC
TCTCAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTCGGAGG
AATGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGGTGTGGTTGGGTCTGAATACAAAGAA
TGGATCTATTTCCCTTACGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTTTCT
GCTGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAAACGAGATGCGGTACAGGGGTGTTCGT
CTATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCTCGTAGATTGGC
AGCAGCAGTCAAGCAAGCCTGGGAAGATGGGATCTGTGGGATCTCCTCTGTCTCAAGAATGGAAA
ACATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTG
ACGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGT
GAACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAA
ATAACAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAAC
AGCTTTCTTGTGGAGGATCATGGGTTTGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAA
GATTATTCATTAGAGTGTGATCCAGCCGTCATTGGAACAGCTGCTAAGGGAAAGGAGGCTGTGCA
CAGCGATCTAGGCTACTGGATTGAGAGTGAGAAGAACGACACATGGAGGCTGAAGAGGGCCCAC
CTGATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAGTAGAAGA
AAGTGATCTGATCATACCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAACACCAGAGAGGGCT
ACAGGACTCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTTGAGGAATGCCCA
GGCACTAAGGTCCACGTGGAGGAAACATGTGGGACAAGAGGACCATCCCTGAGATCAACCACTGC
AAGCGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAATGCACAATGCCCCCACTGTCGTTCCGAG
CTAAAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGTAACTTAGTA
AGGTCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTCTCTCTTGGAGTGCTTGTGATT
TTGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAAT
GGCAGTGCTGGTAGCCATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTT
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GATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATTTGGCGCTGATAGCGG
CATTCAAAGTCAGACCTGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAGA
GCATGCTGCTGGCCTTGGCCTCGTGTCTTCTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGA
TGGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGA
CAACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTG
GAGAGCAGGCCTTGCTACTTGCGGGGGGTTCATGCTCCTCTCTCTGAAGGGGAAAGGCAGTGTGA
AGAAGAACCTACCATTTGTCATGGCCTTGGGACTAACTGCTGTGAGGCTGGTCGACCCCATCAACG
TGGTGGGACTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGTGAAGTACTCACA
GCTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCGGATATAGAGATGGCTGGGCC
CATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACAT
TGAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAATCACTGGAAACAGTCCCCGGCTC
GATGTGGCACTAGATGAGAGTGGTGATTTCTCCCTAGTGGAGGATGATGGTCCACCCATGAGAGA
GATCATACTCAAAGTGGTCCTGATGACCATCTGCGGCATGAACCCAATAGCCATACCCTTTGCAGC
TGGAGCGTGGTACGTGTATGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTC
CCAAGGAAGTAAAAANGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCT
TGGTTCAACACAAGTTGGAGTGGGAGTCATGCAAGAGGGGGTCTTCCACACTATGTGGCACGTCA
CAAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCA
GGATCTGGTGTCATACTGTGGTCCGTGGAAGCTAGACGCCGCCTGGGACGGGCACAGCGAGGTGC
AGCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAACATTTAAG
ACAAAGGATGGGGACATTGGAGCAGTTGCGCTGGACTACCCAGCAGGAACTTCAGGATCTCCAAT
CCTAGACAAGTGTGGGAGAGTGATAGGACTCIATGGTAATGGGGTCGTGATAAAAAANTGGGAGTT
ATGTTAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCG
ATGCTGAAGAAGAAGCAGCTAACTGTCTTAGACCTGCATCCTGGAGCCGGGAAAACCAGGAGAGT
TCTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAG
GGTCGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTTCGTTATATGACAACAGCAGT
CAATGTCACCCATTCTGGGACAGAAATCGTTGACTTAATGTGCCATGCTACCTTCACTTCACGCCT
ACTACAACCAATCAGAGTCCCCAACTATAATTTGTATATTATGGATGAGGCCCACTTCACAGATCC
CTCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCT
TCATGACCGCCACGCCACCAGGAACCCGTGACGCATTCCCGGACTCCAACTCACCAATTATGGACA
CCGAGGTGGAAGTCCCAGAGAGAGCCTGGAGCACAGGCTTTGATTGGGTGACGGATCATTCTGGG
AAAACAGTCTGGTTTGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGC
TGGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACGAAAAATC
AAGAGTGGGACTTCGTCGTGACAACCGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGT
GTCATAGATTCCAGGAGATGCTTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTTTGGCTGGA
CCCATGCCTGTCACACATGCCAGCGCTGCTCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAA
ACCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGATGAAGATCACGCACACTGGC
TTGAAGCAAGAATGCTTCTTGACAACATTTACCTCCAAGATGGCCTCATAGCTTCGCTCTATCGAC
CTGAGGCCGACAAAGTAGCAGCTATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGAC
CTTTGTGGAACTCATGAAAAGAGGAGATCTTCCGGTTTGGTTGGCCTATCAGGTTGCATCTGCCGG
AATAACCTACACAGATAGAAGATGGTGCTTTGATGGCATGACCAACAACACCATAATGGAAGACA
GTGTGCCGGCAGAGGTGTGGACCAGATACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGA
CGCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAAGAGTTTGCCGCTGGGAAAAGAG
GAGCGGCCTTTGGAGTGATAGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAG
GAAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGC
GGCGGCCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCT
GGGAATCTTTTTCGTCTTGATGCGGAACAAGGGCATGGGGAAGATGGGCTTTGGAATGGTGACTCT
TGGGGCCAGCGCATGGCTTATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCAT
TGTCGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCTCAGGACAA
CCAAATGGCAATCATCATCATGGTAGCAGTGGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGG
ATGGTTGGAGAGAACAAAAAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACC
ACAGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCTATCTATGCTGCTCTGACA
ACTTTCATCACCCCAGCCGTCCAACATGCGGTGACCACTTCATACAACAACTACTCCTTAATGGCG
ATGGCCACGCAAGCTGGGGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTT
GGAGTCCCGCTGCTAATGATGGGTTGCTACTCACAATTAACACCTCTGACCCTAATAGTGGCCATC
ATTTTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGGGCTGCC
CAGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACAT
TGACACAATGACAATTGACCCCCAAGTGGAAAAAAAGATGGGGCAGGTGCTACTCATAGCAGTAG
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CCGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACA
GCTGCAACTTCCACCTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCCACAGCCACTTCA
CTGTGTAACATTITTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAAC
GCTGGCTTGGTCAAGAGACGTGGGGGTGGAACGGGAGAGACCCTGGGAGAGAAATGGAAGGCCC
GCCTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGC
AGAGAAGAGGCCCGCCGTGCCCTCAAGGACGGTGTGGCAACAGGAGGCCATGCTGTGTCCCGAGG
AAGTGCAAAGCTTAGATGGCTGGTGGAGAGAGGATACCTGCAGCCCTATGGAAAGGTCATTGATC
TTGGATGTGGCAGAGGGGGCTGGAGTTACTATGCCGCCACCATCCGCAAAGTTCAGGAAGTGAAA
GGATACACAAAAGGAGGCCCTGGTCATGAAGAACCCATGTTGGTGCAAAGCTATGGGTGGAACAT
AGTCCGTCTTAAGAGTGGGGTGGACGTCTTTCACATGGCGGCTGAGCCGTGTGACACTTTGCTGTG
TGATATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCAT
GGTGGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCA
GCACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGGGTGCCA
CTCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAG
TGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCCAGGAGGCCAGTGAAATATG
AGGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATG
AAGATCATTGGTAACCGCATTGAGAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGA
GAACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCTACACAAGGGTCAGCGT
CCTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAG
GAATAGCCATGACTGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACT
AGGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTATGGAAG
GAGCTAGGCAAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAG
CAATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTG
AATGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCATCACCTGAGAGGAGAGTGTCA
GAGCTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAG
GGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTCCTAGAGTTCGAAGCCCTTGGATTC
TTGAATGAGGATCATTGGATGGGGAGAGAGAATTCAGGAGGTGGTGTTGAAGGACTGGGATTACA
AAGACTCGGATATGTCCTAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGATA
CTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAA
ATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGT
AAAGGTCCTTAGACCAGCTGAAAAAGGGAAGACAGTTATGGACATTATTTCAAGACAAGACCAAA
GGGGGAGCGGACAAGTTGTCACTTACGCTCTTAATACATTCACCAACCTGGTGGTGCAGCTCATTC
GGAATATGGAGGCTGAGGAAGTTCITAGAGATGCAAGACTTGTGGCTGCTGCGGAGGCCAGAGAAA
GTGACCAACTGGTTGCAAAGCAACGGATGGGATAGGCTCAAAAGAATGGCAGTCAGTGGAGATG
ATTGCGTTGTGAAACCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAA
AAGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCC
GTTTTGCTCCCACCACTTCAACAAACTCCATCTTAAGGACGGGAGGTCCATTGTGGTTCCCTGCCG
CCACCAAGATGAACTGATTGGCCGAGCCCGCGTATCACCAGGGGCGGGATGGAGCATCCGGGAGA
CTGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCC
GACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGATTGGGTTCCAACTGGGAGAACTACCT
GGTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTATGGAACAGAGTG
TGGATTGAGGAAAACGACCACATGGAAGACAAGACCCCAGTTACAAAATGGACAGACATTCCCTA
TTTGGGAAAAAGAGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGTACTACCTGGG
CTGAGAACATCAAAAATACAGTCAACATGATGCGCAGGATCATAGGTGATGAAGAAAAGTACATG
GACTACCTATCCACCCAGGTTCGCTACTTGGGTGAAGAAGGGTCCACACCTGGAGTGCTGTAAGCA
CCAATCTTAGTGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACC
CCCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAG
CCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAG
GATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTG
TGGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTG
ACGCTGGGAAAGACCAGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGA
ATAGCGGCGGCCGGTGTGGGGAAATCCATGGGTCT

KU707826.1 Zika virus isolate SSABR1, Brazil, complete genome (SEQ ID NO: 9)
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GACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCAACAGGTTTTATTTGGATTTGGAAACG
AGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGGAGGATTCCGGATTGTCAATATGCTAA
AACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAAGAGGCTGCCAGCCGGACTTCTGCTG
GGTCATGGGCCCATCAGGATGGTCTTGGCGATTCTAGCCTTTTTGAGATTCACGGCAATCAAGCCA
TCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAAAAGAGGCTATGGAAATAATAAAGAA
GTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAATGCTAGGAAGGAGAAGAAGAGACGA
GGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGACCACAGCTATGGCAGCGGAGGTCACT
AGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACGATGCTGGGGAGGCCATATCTTTTCCA
ACCACATTGGGGATGAATAAGTGTTATATACAGATCATGGATCTTGGACACATGTGTGATGCCACC
ATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAACCAGATGACGTCGATTGTTGGTGCAA
CACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCACAAAAAAGGTGAAGCACGGAGATCTA
GAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCTGCAAACGCGGTCGCAAACCTGGTTG
GAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAAAATTGGATATTCAGGAACCCTGGCTT
CGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGCTCAACGAGCCAAAAAGTCATATACTT
GGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGTGCATAGGAGTCAGCAATAGGGACT
TTGTGGAAGGTATGTCAGGTGGGACCTGGGTTGATGTTGTCTTGGAACATGGAGGTTGTGTCACCG
TAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTTACAACAACAGTCAGCAACATGGCG
GAGGTAAGATCCTACTGCTATGAGGCATCAATATCAGACATGGCTTCGGACAGCCGCTGCCCAAC
ACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAATATGTCTGCAAAAGAACGTTAGTGG
ACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGGAGCCTGGTGACATGCGCTAAGTTT
GCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGAGAATCTGGAGTACCGGATAATGCT
GTCAGTTCATGGCTCCCAGCACAGTGGGATGATTGTTAATGACACAGGACATGAAACTGATGAGA
ATAGAGCGAAAGTTGAGATAACGCCCAATTCACCAAGAGCCGAAGCCACCCTGGGGGGTTTTGGA
AGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTTTCAGATTTGTATTACTTGACTATG
AATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGACATTCCATTACCTTGGCACGCTGGG
GCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACTGGTAGAGTTCAAGGACGCACATG
CCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAGCAGTTCACACGGCCCTTGCTGGA
GCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTCCTCTGGCCACTTGAAATGTCGCCT
GAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTGTGTACTGCAGCGTTCACATTCAC
CAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGAGGTACAGTACGCAGGGACAGAT
GGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAACTCTGACCCCAGTTGGGAGGTT
GATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTAAGATGATGCTGGAACTTGATC
CACCATTITGGGGACTCITACATIGICATAGGAGTCGGGGAGAAGAAGATCACCCACCACTGGCAC
AGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAGAGGTGCCAAGAGAATGGCAGT
CTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTCTCAACTCATTGGGCAAGGGCA
TCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGGAATGTCCTGGTTCTCACAAATTCT
CATTGGAACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAATGGATCTATTTCCCTTATGTGCTT
GGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTCTCTGCTGATGTGGGGTGCTCGGTGGA
CTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCTATAACGACGTTGAAGCCTGGA
GGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCAGCAGCAGTCAAGCAAGCCTGG
GAAGATGGTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAAAACATCATGTGGAGATCAGTAGA
AGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGACGGTCGTTGTGGGATCTGTAA
AAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTGAACGAGCTGCCCCACGGCTGG
AAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAAATAACAGCTTTGTCGTGGATGG
TGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACAGCTTTCTTGTGGAGGATCATG
GGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAGATTATTCATTAGAGTGTGATC
CAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACAGTGATCTAGGCTACTGGATT
GAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTGATCGAGATGAAAACATGTG
AATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGAGTGATCTGATCATACCCAAG
TCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACAGGACCCAAATGAAAGGGCC
ATGGCACAGTGAAGAGCTTGAAATTCGGTTTGAGGAATGCCCAGGCACTAAGGTCCACGTGGAGG
AAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAAGCGGAAGGGTGATCGAGGA
ATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTAAAGATGGCTGTTGGTATGG
AATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAAGGTCAATGGTGACTGCAGGA
TCAACTGATCACATGGACCACTTCTCCCTTGGAGTGCTTGTGATTCTGCTCATGGTGCAGGAAGGG
CTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATGGCAGTGCTGGTAGCTATGAT
CCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTITGATGGGTGCCACCTTCGCGGA
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AATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGCATTCAAAGTCAGACCAGCGT
TGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAGCATGCTGCTGGCCTTGGCCTC
GTGTCTTTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGATGGTTCTCATCAATGGTTTTGCT
TTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGATAACATCACCTTGGCAATCCTG
GCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGGAGAGCAGGCCTTGCTACTTGC
GGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAAGAAGAACTTACCATTTGTCATG
GCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGTGGTGGGACTGCTGTTGCTCACA
AGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAGCTGTTGGCCTGATATGCGCATT
GGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCCATGGCCGCGGTCGGTCTGCTAA
TTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACATTGAAAGAGCAGGTGACATCACA
TGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCGATGTGGCGCTAGATGAGAGTGG
TGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAGATCATACTCAAGGTGGTCCTGAT
GACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCTGGAGCGTGGTACGTATACGTGAA
GACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCCCAAGGAAGTAAAAAAGGGGGAG
ACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTAGGTTCAACACAAGTTGGAGTGGG
AGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCACAAAAGGATCCGCGCTGAGAAGCG
GTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAGGATCTGGTGTCATACTGTGGTCCA
TGGAAGCTAGATGCCGCCTGGGACGGGCACAGCGAGGTGCAGCTCTTGGCCGTGCCCCCCGGAGA
GAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAGACAAAGGATGGGGACATTGGAGCG
GTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCTCCAATCCTAGACAAGTGTGGGAGAGTGAT
AGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTTATGTTAGTGCCATCACCCAAGGGA
GGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGATGCTGAAGAAGAAGCAGCTAACT
GTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTTCTTCCTGAAATAGTCCGTGAAGCC
ATAAAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAGGGTTGTCGCTGCTGAAATGGAGGA
GGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTCAATGTCACCCACTCTGGAACAGA
AATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTACTACAGCCAATCAGAGTCCCCAA
CTATAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCCTCAAGTATAGCAGCAAGAGGATA
CATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCTTCATGACCGCCACGCCACCAGGAA
CCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACACCGAAGTGGAAGTCCCAGAGAGA
GCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGGAAAAACAGTTTGGTTTGTTCCAAGC
GTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCTGGAAAACGGGTCATACAGCTCAG
CAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCAAGAGTGGGACTTTGTCGTGACAA
CIGACATTTCAGAGATGGGCGCCAACTTTAAAGCTIGACCGTGTCATAGATTCCAGGAGATGCCTAA
AGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGACCCATGCCTGTCACACATGCCAGCG
CTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAACCTGGAGATGAGTATCTGTATGGA
GGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCTTGAAGCAAGAATGCTCCTTGACAA
TATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACCTGAGGCCGACAAAGTAGCAGCCAT
TGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACCTTTGTGGAACTCATGAAAAGAGGA
GATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGAATAACCTACACAGATAGAAGATGG
TGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAGTGTGCCGGCAGAGGTGTGGACCAG
ACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGACGCCAGAGTTTGTTCAGATCATGCGG
CCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGAGGAGCGGCTTTTGGAGTGATGGAAGCC
CTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAGGAAGCCATTGACAACCTCGCTGTGCT
CATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCGGCGGCCCAATTGCCGGAGACCCTAG
AGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTGGGAATCTTCTTCGTCTTGATGAGGA
ACAANGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTTGGGGCCAGCGCATGGCTCATGTGG
CTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATTGTTGTGTTTCTATTGCTGGTGGTGC
TCATACCTGAGCCAGAAAAGCAAAGATCTCCCCAGGACAACCAAATGGCAATCATCATCATGGTA
GCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGATGGTTGGAGAGAACAAAGAGTGA
CCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCATAGGATTCTCAATGGACATTGACC
TGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAACTTTCATTACCCCAGCCGTCCAAC
ATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCGATGGCCACGCAAGCTGGAGTGTTGT
TTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTGGAGTCCCGCTGCTAATGATAGGTT
GCTACTCACAATTAACACCCCTGACCCTAATAGTGGCCATCATTTTGCTCGTGGCGCACTACATGT
ACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCCAGAAGAGAACGGCAGCTGGCATC
ATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACATTGACACAATGACAATTGACCCCCA
AGTGGAGAAAAAGATGGGACAGGTGCTACTCATAGCAGTAGCCGTCTCCAGCGCCATACTGTCGC
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GGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACAGCCGCAACTTCCACTTTGTGGGAA
GGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCACTGTGTAACATTTTTAGGGGAAGT
TACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACGCTGGCTTGGTCAAGAGACGTGGG
GGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCGCTTGAACCAGATGTCGGCCCTGG
AGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAGAGAAGAGGCCCGCCGCGCCCTC
AAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAAGTGCAAAGCTGAGATGGTTGGT
GGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTTGGATGTGGCAGAGGGGGCTGGA
GTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGGATACACAAAAGGAGGCCCTGGT
CATGAAGAACCCGTGTTGGTGCAAAGCTATGGGTGGAACATAGTCCGTCTTAAGAGTGGGGTGGA
CGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGTGACATAGGTGAGTCATCATCTAG
TCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATGGTGGGGGATTGGCTTGAAAAAA
GACCAGGAGCCTTTTGTATAAAGGTGTTGTGCCCATACACCAGCACTATGATGGAAACCCTGGAGC
GACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCACTCTCCCGCAACTCTACACATGAG
ATGTATTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCT
CTTGGGGCGCATGGACGGGCCTAGGAGGCCAGTGAAATATGAGGAGGATGTGAATCTCGGCTCTG
GCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGAAGATCATTGGTAACCGCATTGAA
AGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAGAACCACCCATATAGGACATGGGC
TTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTCCTCTCTAATAAACGGGGTTGTCAG
GCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGGAATAGCCATGACCGACACCACAC
CGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACTAGGGTGCCAGACCCCCAAGAAGGC
ACTCGTCAGGTTATGAGCATGGTICTCTTCCTGGTTGTGGAAAGAGCTAGGCAAACACAAACGGCC
ACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGCAATGCAGCATTAGGGGCAATAT
TTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGAACGATCCAAGGTTCTGGGCTCTA
GTGGATAAGGAAAGAGAGCACCACCTGAGAGGAGAGTGCCAGAGTTGTGTGTACAACATGATGG
GAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAGGGCAGCCGCGCCATCTGGTATAT
GTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTCTTGAACGAGGATCACTGGATGGG
GAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACAAAGACTCGGATATGTCCTAGAAG
AGATGAGTCGTATACCAGGAGGAAGGATGTATGCAGATGACACTGCTGGCTGGGACACCCGCATC
AGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAAATGGAAAAAGGGCACAGGGCCTT
GGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGTAAAGGTCCTTAGACCAGCTGAAA
AAGGGAAAACAGTTATGGACATTATTTCGAGACAAGACCAAAGGGGGAGCGGACAAGTTGTCACT
TACGCTCTTAACACATITACCAACCTAGTGGTGCAACTCATTCGGAATATGGAGGCTGAGGAAGTT
CITAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAAGTGACCAACTGGTTGCAGAGCAA
CGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGATTGCGTTGTGAAGCCAATTGATG
ATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAAAGTTAGGAAGGACACACAAGAG
TGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCGTTTTGCTCCCACCACTTCAACAAG
CTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCCACCAAGATGAACTGATTGGCCGG
GCCCGCGTCTCTCCAGGGGCGGGATGGAGCATCCGGGAGACTGCTTGCCTAGCAAAATCATATGC
GCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCCGACTGATGGCCAATGCCATTTGTTC
ATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTGGTCAATCCATGGAAAGGGAGAAT
GGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGTGGATTGAGGAGAACGACCACATG
GAAGACAAGACCCCAGTTACGAAATGGACAGACATCCCCTATTTGGGAAAAAGGGAAGACTTGTG
GTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGCTGAGAACATTAAAAACACAGTCA
ACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGGACTACCTATCCACCCAAGTTCGC
TACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCACCAGTCTTAATGTTGTCAGGCCTG
CTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCCCCCCAGGAGAAGCTGGGAAACC
AAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGCCATGCTGCCTGTGAGCCCCTCAG
AGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAGGATGGGAAAAGAAGGTGGCGACC
TTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGTGGATCTCCAGAAGAGGGACTAGT
GGTTAGAGGAG

KU744693.1 Zika virus isolate VE_Ganxian, China, complete genome (SEQ ID NO: 10)

GTTGTTACTGTTGCTGACTCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCA
ACAGGTTTTATTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCGG
AGGATTCCGGATIGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGAA
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GAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCAATTCTAGCCTT
TTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAA
AAGATGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAAT
GCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGAC
CACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACG
ATGCTGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATGG
ATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAA
CCAGATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCAC
AAAAAAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCTTCCCATTCCACTAGGAAGCT
GCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAAA
ATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGCT
CAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGT
GCATAGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCT
TGGAACATGGAGGTTGTGTCACCGCAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTT
ACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTIACTGCTATGAGGCATCAATATCAGACAT
GGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAAT
ATGTTTGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGG
AGTCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGA
GAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGCTCGTTAATGA
CACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAGCC
GAAGCCACCCTGGGGGGTTITGGAAGCCTAGGACTTGATTGTIGAACCGAGGACAGGCCTTGACTTT
TCAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGCTCACAAGGAGTGGTTCCACGAC
ATTCCATTACCTTGGCACGCTGGGGCAGCCACCGGAACTCCACACTGGAACAACAAAGAAGCACT
GGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAG
CAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTCC
TCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTG
TGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACAGTGGACGGGACAGTCACAGTGGA
GGGACAGTACGGAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAGA
CTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTA
AGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCGGGGAGAAG
AAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAG
AGGTGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTC
TCAACTCATTGGGCAAGGGCATCCATCAAATTATIGGAGCAGCTTTCAAATCATIGITIGGAGGAA
TGTCCTGGTTCTCACAAATTCTCATTGGGACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAATG
GATCTATTTCCCTTATGTGCTTGGCCTTAGGGGGAGTGTTGATCTTCTTATCCACAGCCGTCTCAGG
TGGTGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCT
ATAACGATGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCA
GCAGCAGTCAAGCAAGCCTGGGAAGATGGTATCTGCGGGATCTCCTCTGTTTCAAGAATGGAAAA
CATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGA
CGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTG
AACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAAA
TAACAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACA
GCTTTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAG
ACTATTGGTTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACAC
AGTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGTGGCTGAAGAGGGCCCATCT
GATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAG
AGTGATCTGATCATACCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAATGCCAGAGAGGGCTAC
AGGACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTTGAGGAATGCCCAGG
CACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAA
GCGGAAGGGTGATCGAGGAATGGTGCTCCAGGGAGTGCACAATGCCCCCACTGTCCTTCCAGGCT
AAAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGCAACTTAGTAA
GGTCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATTC
TGCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCAATG
GCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTTG
ATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGC
ATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAG
CATGCTGCTGGCCTTGGCCTCGTGTCTTTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGAT
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GGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGAT
AACATCACCTTAGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGG
AGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAA
GAAGAACTTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGT
GGTGGGACTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAG
CTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCC
ATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACATT
GAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCG
ATGTGGCGCTAGATGAGAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAG
ATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCT
GGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCC
CAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGCAGACTGCTA
GGTTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCAC
AAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAG
GATCIGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGACGGGCACAGCGAGGTGCA
GCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAGA
CAAAGGATGGGGACATTGGAGCGGTTGCACTGGATTACCCAGCAGGAACTTCAGGATCTCCAATC
CTAGACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTTA
TGTTAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGA
TGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTT
CTTCCIGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTGGCTCCAACCAGG
GTTGTCGCTGCTGAAATGGAGGAGGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTC
AATGTCACCCACTCTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTA
CTACAGCCAATTAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCC
TCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCTT
CATGACCGCCACGCCACCAGGAACCCGTGACGCATTITCCGGACTCCAACTCACCAATTATGGACAC
CGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGAGTATTCTGGAA
AAACAGTTTGGTTTGTTCCACGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCT
GGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCA
AGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGTGT
CATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGGTGGCGAGAGAGTCATTCTGGCTGGAC
CCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAA
CCIGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCT
TGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACC
TGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACC
TTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGA
ATAACCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAG
TGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGAC
GCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGAGG
AGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAGG
AAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCG
GCGGCCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTG
GGAATCTTTTTCGTCTTGATGAGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTT
GGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATT
GTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCCAGGACAAC
CAAATGGCCATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGA
TGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCA
TGGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATCCTGCCTTGACAT
CTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCGA
TGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTG
GAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACGCCCCTGACCCTAATAGTGGCCATCA
TTTTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCC
AGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGAGGGAATAGTGGTGACTGACATT
GACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTGCTACTCATGGCAGTAGC
CGTCTCCAGCGCCATACTGTCGAGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACAG
CCGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACCTCAC
TGTGTAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACG
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CTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCG
CTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAG
AGAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAA
GTGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTT
GGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGG
ATACACAAAAGGAGGCCCTGGTCATGAAGAACCCGTGTTGGTGCAAAGCTATGGGTGGAACATAG
TCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGTG
ACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATG
GTGGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCAG
CACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCAC
TCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGT
GTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCTAGGAGGCCAGTGAAATATGA
GGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGA
AGATCATTGGTAACCGCATTGAAAGGATCCGCGCTGAGAAAGCGGAAACGTGGTTCTTTGACGAG
AACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGATGCCGCCACACAAGGGTCAGCGTC
CTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGG
AATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACTA
GGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAG
AGCTAGGCAAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGC
AATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGA
ACGATCCAAGGTTCIGGGCTCTAGTIGGACAAGGAAAGAGAGCACCACCTIGAGAGGAGAGTGCCA
GAGTTGTGTGTACATCACAATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAG
GGCAGCCGCGCCATCTGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTC
TTGAACGAGGATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACA
AAGACTCGGATATGTCCTAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGACA
CTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAA
ATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGT
AAAGGTCCTTAGACCAGCTGAAAAAGGGAAGACAGTTATGGACATTATTTCGAGACAAGACCAAA
GGGGGAGCGGACAAGTTGTCACTTACGCTCTCAACACATTTACCAACCTAGTGGTGCAACTCATTC
GGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAA
GTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCGGTCAGTGGAGATGA
TTGCGTTGTGAAACCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAA
AGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCCT
TCTGCTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGCC
ACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTCCAGGGGCGGGATGGAGCATCCGGGAGACT
GCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCCGA
CTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTGG
TCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGCGTGGAACAGAGTGTG
GATTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTCACGAAATGGACAGACATTCCCTATT
TGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGCT
GAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGG
ACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCAC
CAATCTTAATGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCC
CCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGC
CATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAGG
ATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGT
GGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGA

LC002520.1 Zika virus genomic RNA, strain: MR766-NIID, Uganda, complete genome
(SEQ 1D NO: 11)

AGTTGTTGATCTGTGTGAGTCAGACTGCGACAGTTCGAGTCTGAAGCGAGAGCTAACAACAGTATC
AACAGGTTTAATTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAGAAGAAATCCG
GAGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTAAACCCCTTGGGAGGTTTG
AAGAGGTTGCCAGCCGGACTTCTGCTGGGTCATGGACCCATCAGAATGGTTTTGGCGATACTAGCC
TTTTTGAGATTTACAGCAATCAAGCCATCACTGGGCCTTATCAACAGATGGGGTTCCGTGGGGAAA
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AAAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTTGCTGCCATGTTGAGAATAATCAA
TGCTAGGAAAGAGAGGAAGAGACGTGGCGCAGACACCAGCATCGGAATCATTGGCCTCCTGCTGA
CTACAGCCATGGCAGCAGAGATCACTAGACGCGGGAGTGCATACTACATGTACTTGGATAGGAGC
GATGCCGGGAAGGCCATTTCGTTTGCTACCACATTGGGAGTGAACAAGTGCCACGTACAGATCAT
GGACCTCGGGCACATGTGTGACGCCACCATGAGTTATGAGTGCCCTATGCTGGATGAGGGAGTGG
AACCAGATGATGTCGATTGCTGGTGCAACACGACATCAACTTGGGTTGTGTACGGAACCTGTCATC
ACAAAAAAGGTGAGGCACGGCGATCTAGAAGAGCCGTGACGCTCCCTTCTCACTCTACAAGGAAG
TTGCAAACGCGGTCGCAGACCTGGTTAGAATCAAGAGAATACACGAAGCACTTGATCAAGGTTGA
AAACTGGATATTCAGGAACCCCGGGTTTGCGCTAGTGGCCGTTGCCATTGCCTGGCTTTTGGGAAG
CTCGACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGTATCAG
GTGCATTGGAGTCAGCAATAGAGACTTCGTGGAGGGCATGTCAGGTGGGACCTGGGTTGATGTTG
TCTTGGAACATGGAGGCTGCGTTACCGTGATGGCACAGGACAAGCCAACAGTTGACATAGAGTTG
GTCACGACGACGGTTAGTAACATGGCCGAGGTAAGATCCTATTGCTACGAGGCATCGATATCGGA
CATGGCTTCGGACAGTCGTTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTC
AATATGTCITGCAAAAGAACATTAGTGGACAGAGGTTGGGGAAACGGTTGTGGACTTTTIGGCAAA
GGGAGCTTGGTGACATGTGCCAAGTTTACGTGTTCTAAGAAGATGACCGGGAAGAGCATTCAACC
GGAAAATCTGGAGTATCGGATAATGCTATCAGTGCATGGCTCCCAGCATAGCGGGATGACTGTCA
ATGATATAGGATATGAAACTGACGAAAATAGAGCGAAAGTCGAGGTTACGCCTAATTCACCAAGA
GCGGAAGCAACCTTGGGAGGCTTTGGAAGCTTAGGACTTGACTGTGAACCAAGGACAGGCCTTGA
CTTTTCAGATCTGTATTACCTGACCATGAACAATAAGCATTGGTTGGTGCACAAAGAGTGGTTTCA
TGACATCCCATTGCCTTGGCATGCTGGGGCAGACACTGGAACTCCACACTGGAACAACAAAGAGG
CATTGGTAGAATTCAAGGATGCCCACGCCAAGAGGCAAACCGTCGTCGTTCTGGGGAGCCAGGAA
GGAGCCGTTCACACGGCTCTCGCTGGAGCTCTAGAGGCTGAGATGGATGGTGCAAAGGGAAAGCT
GTTCTCTGGCCATTTGAAATGCCGCCTAAAAATGGACAAGCTTAGATTGAAGGGCGTGTCATATTC
CTTGTGCACTGCGGCATTCACATTCACCAAGGTCCCAGCTGAAACACTGCATGGAACAGTCACAGT
GGAGGTGCAGTATGCAGGGACAGATGGACCCTGCAAGATCCCAGTCCAGATGGCGGTGGACATGC
AGACCCTGACCCCAGTTGGAAGGCTGATAACCGCCAACCCCGTGATTACTGAAAGCACTGAGAAC
TCAAAGATGATGTTGGAGCTTGACCCACCATTTGGGGATTCTTACATTGTCATAGGAGTTGGGGAC
AAGAAAATCACCCACCACTGGCATAGGAGTGGTAGCACCATCGGAAAGGCATTTGAGGCCACTGT
GAGAGGCGCCAAGAGAATGGCAGTCCTGGGGGATACAGCCTGGGACTTCGGATCAGTCGGGGGTG
TGTTCAACTCACTGGGTAAGGGCATTCACCAGATTTTTGGAGCAGCCTTCAAATCACTGTTTGGAG
GAATGTCCTGGTTCTCACAGATCCTCATAGGCACGCTGCTAGTGTGGTTAGGTTTGAACACAAAGA
ATGGATCTATCICCCTCACATGCTTGGCCCTGGGGGGAGTGATGATCTTCCTICTCCACGGCTGTTTC
TGCTGACGTGGGGTGCTCAGTGGACTTCTCAAAAAAGGAAACGAGATGTGGCACGGGGGTATTCA
TCTATAATGATGTTGAAGCCTGGAGGGACCGGTACAAGTACCATCCTGACTCCCCCCGCAGATTGG
CAGCAGCAGTCAAGCAGGCCTGGGAAGAGGGGATCTGTGGGATCTCATCCGTTTCAAGAATGGAA
AACATCATGTGGAAATCAGTAGAAGGGGAGCTCAATGCTATCCTAGAGGAGAATGGAGTTCAACT
GACAGTTGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAAAGATTGCCAGTGCCTG
TGAATGAGCTGCCCCATGGCTGGAAAGCCTGGGGGAAATCGTATTTTGTTAGGGCGGCAAAGACC
AACAACAGTTTTGTTGTCGACGGTGACACACTGAAGGAATGTCCGCTTGAGCACAGAGCATGGAA
TAGTTTTCTTGTGGAGGATCACGGGTTTGGAGTCTTCCACACCAGTGTCTGGCTTAAGGTCAGAGA
AGATTACTCATTAGAATGTGACCCAGCCGTCATAGGAACAGCTGTTAAGGGAAGGGAGGCCGCGC
ACAGTGATCTGGGCTATTGGATTGAAAGTGAAAAGAATGACACATGGAGGCTGAAGAGGGCCCAC
CTGATTGAGATGAAAACATGTGAATGGCCAAAGTCTCACACATTGTGGACAGATGGAGTAGAAGA
AAGTGATCTTATCATACCCAAGTCTTTAGCTGGTCCACTCAGCCACCACAACACCAGAGAGGGTTA
CAGAACCCAAGTGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATCCGGTTTGAGGAATGTCCAG
GCACCAAGGTTTACGTGGAGGAGACATGCGGAACTAGAGGACCATCTCTGAGATCAACTACTGCA
AGTGGAAGGGTCATTGAGGAATGGTGCTGTAGGGAATGCACAATGCCCCCACTATCGTTTCGAGC
AAAAGACGGCTGCTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAGAGCAACTTAGTG
AGGTCAATGGTGACAGCGGGGTCAACCGATCATATGGACCACTTCTCTCTTGGAGTGCTTGTGATT
CTACTCATGGTGCAGGAGGGGTTGAAGAAGAGAATGACCACAAAGATCATCATGAGCACATCAAT
GGCAGTGCTGGTAGTCATGATCTTGGGAGGATTTTCAATGAGTGACCTGGCCAAGCTTGTGATCCT
GATGGGTGCTACTTTCGCAGAAATGAACACTGGAGGAGATGTAGCTCACTTGGCATTGGTAGCGG
CATTTAAAGTCAGACCAGCCTTGCTGGTCTCCTTCATTTTCAGAGCCAATTGGACACCCCGTGAGA
GCATGCTGCTAGCCCTGGCTTCGTGTCTTCTGCAAACTGCGATCTCTGCTCTTGAAGGTGACTTGAT
GGTCCTCATTAATGGATTTGCTTTGGCCTGGTTGGCAATTCGAGCAATGGCCGTGCCACGCACTGA
CAACATCGCTCTACCAATCTTGGCTGCTCTAACACCACTAGCTCGAGGCACACTGCTCGTGGCATG
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GAGAGCGGGCCTGGCTACTTGTGGAGGGATCATGCTCCTCTCCCTGAAAGGGAAAGGTAGTGTGA
AGAAGAACCTGCCATTTGTCATGGCCCTGGGATTGACAGCTGTGAGGGTAGTAGACCCTATTAATG
TGGTAGGACTACTGTTACTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGTGAAGTTCTCACA
GCCGTTGGCCTGATATGTGCACTGGCCGGAGGGTTTGCCAAGGCAGACATTGAGATGGCTGGACC
CATGGCTGCAGTAGGCTTGCTAATTGTCAGCTATGTGGTCTCGGGAAAGAGTGTGGACATGTACAT
TGAAAGAGCAGGTGACATCACATGGGAAAAGGACGCGGAAGTCACTGGAAACAGTCCTCGGCTTG
ACGTGGCACTGGATGAGAGTGGTGATTTCTCCTTGGTAGAGGAAGATGGTCCACCCATGAGAGAG
ATCATACTTAAGGTGGTCCTGATGGCCATCTGTGGCATGAACCCAATAGCTATACCTTTTGCTGCA
GGAGCGTGGTATGTGTATGTGAAGACTGGGAAAAGGAGTGGCGCCCTCTGGGACGTGCCTGCTCC
CAAAGAAGTGAAGAAAGGAGAGACCACAGATGGAGTGTACAGAGTGATGACTCGCAGACTGCTA
GGTTCAACACAGGTTGGAGTGGGAGTCATGCAAGAGGGAGTCTTCCACACCATGTGGCACGTTAC
AAAAGGAGCCGCACTGAGGAGCGGTGAGGGAAGACTTGATCCATACTGGGGGGATGTCAAGCAG
GACTTGGTGTCATACTGTGGGCCTTGGAAGTTGGATGCAGCTTGGGATGGACTCAGCGAGGTACA
GCTTTTGGCCGTACCTCCCGGAGAGAGGGCCAGAAACATTCAGACCCTGCCTGGAATATTCAAGA
CAAAGGACGGGGACATCGGAGCAGTTGCTCTGGACTACCCTGCAGGGACCTCAGGATCTICCGATC
CTAGACAAATGTGGAAGAGTGATAGGACTCTATGGCAATGGGGTTGTGATCAAGAATGGAAGCTA
TGTTAGTGCTATAACCCAGGGAAAGAGGGAGGAGGAGACTCCGGTTGAATGTTTCGAACCCTCGA
TGCTGAAGAAGAAGCAGCTAACTGTCTTGGATCTGCATCCAGGAGCCGGAAAAACCAGGAGAGTT
CTTCCTGAAATAGTCCGTGAAGCCATAAAAAAGAGACTCCGGACAGTGATCTTGGCACCAACTAG
GGTTGTCGCTGCTGAGATGGAGGAGGCCTTGAGAGGACTTCCGGTGCGTTACATGACAACAGCAG
TCAACGTCACCCATTCIGGGACAGAAATCGTTGATTTGATGTGCCATGCCACTTICACTTCACGCTT
ACTACAACCCATCAGAGTCCCTAATTACAATCTCTACATCATGGATGAAGCCCACTTCACAGACCC
CTCAAGTATAGCTGCAAGAGGATATATATCAACAAGGGTTGAAATGGGCGAGGCGGCTGCCATTT
TTATGACTGCCACACCACCAGGAACCCGTGATGCGTTTCCTGACTCTAACTCACCAATCATGGACA
CAGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACAGACCATTCTGGG
AAAACAGTTTGGTTCGTTCCAAGCGTGAGAAACGGAAATGAAATCGCAGCCTGTCTGACAAAGGC
TGGAAAGCGGGTCATACAGCTCAGCAGGAAGACTTTTGAGACAGAATTTCAGAAAACAAAAAATC
AAGAGTGGGACTTTGTCATAACAACTGACATCTCAGAGATGGGCGCCAACTTCAAGGCTGACCGG
GTCATAGACTCTAGGAGATGCCTAAAACCAGTCATACTTGATGGTGAGAGAGTCATCTTGGCTGGG
CCCATGCCTGTCACGCATGCTAGTGCTGCTCAGAGGAGAGGACGTATAGGCAGGAACCCTAACAA
ACCTGGAGATGAGTACATGTATGGAGGTGGGTGTGCAGAGACTGATGAAGGCCATGCACACTGGC
TTGAAGCAAGAATGCTTCTTGACAACATCTACCTCCAGGATGGCCTCATAGCCTCGCTCTATCGGC
CIGAGGCCGATAAGGTAGCCGCCATIGAGGGAGAGTTTAAGCTGAGGACAGAGCAAAGGAAGAC
CTTCGTGGAACTCATGAAGAGAGGAGACCTTCCCGTCTGGCTAGCCTATCAGGTTGCATCTGCCGG
AATAACTTACACAGACAGAAGATGGTGCTTTGATGGCACAACCAACAACACCATAATGGAAGACA
GCGTACCAGCAGAGGTGTGGACAAAGTATGGAGAGAAGAGAGTGCTCAAACCGAGATGGATGGA
TGCTAGGGTCTGTTCAGACCATGCGGCCCTGAAGTCGTTCAAAGAATTCGCCGCTGGAAAAAGAG
GAGCGGCTTTGGGAGTAATGGAGGCCCTGGGAACACTGCCAGGACACATGACAGAGAGGTTTCAG
GAAGCCATTGACAACCTCGCCGTGCTCATGCGAGCAGAGACTGGAAGCAGGCCTTATAAGGCAGC
GGCAGCCCAACTGCCGGAGACCCTAGAGACCATTATGCTCTTAGGTTTGCTGGGAACAGTTTCACT
GGGGATCTTCTTCGTCTTGATGCGGAATAAGGGCATCGGGAAGATGGGCTTTGGAATGGTAACCCT
TGGGGCCAGTGCATGGCTCATGTGGCTTTCGGAAATTGAACCAGCCAGAATTGCATGTGTCCTCAT
TGTTGTGTTTTTATTACTGGTGGTGCTCATACCCGAGCCAGAGAAGCAAAGATCTCCCCAAGATAA
CCAGATGGCAATTATCATCATGGTGGCAGTGGGCCTTCTAGGTTTGATAACTGCAAACGAACTTGG
ATGGCTGGAAAGAACAAAAAATGACATAGCTCATCTAATGGGAAGGAGAGAAGAAGGAGCAACC
ATGGGATTCTCAATGGACATTGATCTGCGGCCAGCCTCCGCCTGGGCTATCTATGCCGCATTGACA
ACTCTCATCACCCCAGCTGTCCAACATGCGGTAACCACTTCATACAACAACTACTCCTTAATGGCG
ATGGCCACACAAGCTGGAGTGCTGTTTGGCATGGGCAAAGGGATGCCATTTTATGCATGGGACCTT
GGAGTCCCGCTGCTAATGATGGGTTGCTATTCACAATTAACACCCCTGACTCTGATAGTAGCTATC
ATTCTGCTTGTGGCGCACTACATGTACTTGATCCCAGGCCTACAAGCGGCAGCAGCGCGTGCTGCC
CAGAAAAGGACAGCAGCTGGCATCATGAAGAATCCCGTTGTGGATGGAATAGTGGTAACTGACAT
TGACACAATGACAATAGACCCCCAGGTGGAGAAGAAGATGGGACAAGTGTTACTCATAGCAGTAG
CCATCTCCAGTGCTGTGCTGCTGCGGACCGCCTGGGGATGGGGGGAGGCTGGAGCTCTGATCACA
GCAGCGACCTCCACCTTGTGGGAAGGCTCTCCAAACAAATACTGGAACTCCTCTACAGCCACCTCA
CTGTGCAACATCTTCAGAGGAAGCTATCTGGCAGGAGCTTCCCTTATCTATACAGTGACGAGAAAC
GCTGGCCTGGTTAAGAGACGTGGAGGTGGGACGGGAGAGACTCTGGGAGAGAAGTGGAAAGCTC
GTCTGAATCAGATGTCGGCCCTGGAGTTCTACTCTTATAAAAAGTCAGGTATCACTGAAGTGTGTA
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GAGAGGAGGCTCGCCGTGCCCTCAAGGATGGAGTGGCCACAGGAGGACATGCCGTATCCCGGGGA
AGTGCAAAGCTCAGATGGTTGGTGGAGAGAGGATATCTGCAGCCCTATGGGAAGGTTGTTGACCT
CGGATGTGGCAGAGGGGGCTGGAGCTATTATGCCGCCACCATCCGCAAAGTGCAGGAGGTGAGAG
GATACACAAAGGGAGGTCCCGGTCATGAAGAACCCATGCTGGTGCAAAGCTATGGGTGGAACATA
GTTCGTCTCAAGAGTGGAGTGGACGTCTTCCACATGGCGGCTGAGCCGTGTGACACTCTGCTGTGT
GACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAGACACGAACACTCAGAGTGCTCTCTAT
GGTGGGGGACTGGCTTGAAAAAAGACCAGGGGCCTTCTGTATAAAGGTGCTGTGCCCATACACCA
GCACTATGATGGAAACCATGGAGCGACTGCAACGTAGGCATGGGGGAGGATTAGTCAGAGTGCCA
TTGTCTCGCAACTCCACACATGAGATGTACTGGGTCTCTGGGGCAAAGAGCAACATCATAAAAAG
TGTGTCCACCACAAGTCAGCTCCTCCTGGGACGCATGGATGGCCCCAGGAGGCCAGTGAAATATG
AGGAGGATGTGAACCTCGGCTCGGGTACACGAGCTGTGGCAAGCTGTGCTGAGGCTCCTAACATG
AAAATCATCGGCAGGCGCATTGAGAGAATCCGCAATGAACATGCAGAAACATGGTTTCTTGATGA
AAACCACCCATACAGGACATGGGCCTACCATGGGAGCTACGAAGCCCCCACGCAAGGATCAGCGT
CTTCCCTCGTGAACGGGGTTGTTAGACTCCTGTCAAAGCCTTGGGACGTGGTGACTGGAGTTACAG
GAATAGCCATGACTGACACCACACCATACGGCCAACAAAGAGTCTTCAAAGAAAAAGTGGACACC
AGGGTGCCAGATCCCCAAGAAGGCACTCGCCAGGTAATGAACATAGTCTCTTCCTGGCTGTGGAA
GGAGCTGGGGAAACGCAAGCGGCCACGCGTCTGCACCAAAGAAGAGTTTATCAACAAGGTGCGC
AGCAATGCAGCACTGGGAGCAATATTTGAAGAGGAAAAAGAATGGAAGACGGCTGTGGAAGCTG
TGAATGATCCAAGGTTTTGGGCCCTAGTGGATAGGGAGAGAGAACACCACCTGAGAGGAGAGTGT
CACAGCTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAGCAAGGAGAGTTCGGGAAAGCAA
AAGGTAGCCGCGCCATCTGGTACATGTGGTITGGGAGCCAGATTCTTGGAGTTTGAAGCCCTTGGAT
TCTTGAACGAGGACCATTGGATGGGAAGAGAAAACTCAGGAGGTGGAGTCGAAGGGTTAGGATTG
CAAAGACTTGGATACATTCTAGAAGAAATGAATCGGGCACCAGGAGGAAAGATGTACGCAGATG
ACACTGCTGGCTGGGACACCCGCATTAGTAAGTTTGATCTGGAGAATGAAGCTCTGATTACCAACC
AAATGGAGGAAGGGCACAGAACTCTGGCGTTGGCCGTGATTAAATACACATACCAAAACAAAGTG
GTGAAGGTTCTCAGACCAGCTGAAGGAGGAAAAACAGTTATGGACATCATTTCAAGACAAGACCA
GAGAGGGAGTGGACAAGTTGTCACTTATGCTCTCAACACATTCACCAACTTGGTGGTGCAGCTTAT
CCGGAACATGGAAGCTGAGGAAGTGTTAGAGATGCAAGACTTATGGTTGTTGAGGAAGCCAGAGA
AAGTGACCAGATGGTTGCAGAGCAATGGATGGGATAGACTCAAACGAATGGCGGTCAGTGGAGAT
GACTGCGTTGTGAAGCCAATCGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGACATGGGA
AAAGTTAGGAAAGACACACAGGAGTGGAAACCCTCGACTGGATGGAGCAATTGGGAAGAAGTCC
CGTTCTGCTCCCACCACTTCAACAAGCTGTACCTCAAGGATGGGAGATCCATTGTGGTCCCTTGCC
GCCACCAAGATGAACTGATTGGCCGAGCTCGCGTCTCACCAGGGGCAGGATGGAGCATCCGGGAG
ACTGCCTGTCTTGCAAAATCATATGCGCAGATGTGGCAGCTCCTTTATTTCCACAGAAGAGACCTT
CGACTGATGGCTAATGCCATTTGCTCGGCTGTGCCAGTTGACTGGGTACCAACTGGGAGAACCACC
TGGTCAATCCATGGAAAGGGAGAATGGATGACCACTGAGGACATGCTCATGGTGTGGAATAGAGT
GTGGATTGAGGAGAACGACCATATGGAGGACAAGACTCCTGTAACAAAATGGACAGACATTCCCT
ATCTAGGAAAAAGGGAGGACTTATGGTGTGGATCCCTTATAGGGCACAGACCCCGCACCACTTGG
GCTGAAAACATCAAAGACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACAT
GGACTATCTATCCACCCAAGTCCGCTACTTGGGTGAGGAAGGGTCCACACCCGGAGTGTTGTAAGC
ACCAATTTTAGTGTTGTCAGGCCTGCTAGTCAGCCACAGTTTGGGGAAAGCTGTGCAGCCTGTAAC
CCCCCCAGGAGAAGCTGGGAAACCAAGCTCATAGTCAGGCCGAGAACGCCATGGCACGGAAGAA
GCCATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAAGCGCA
GGATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGACTAGCT
GTGAATCTCCAGCAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATT
GACGCTGGGAAAGACCAGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCG
AACAGCGGCGGCCGGTGTGGGGAAATCCATGGTTTCT

AY632535.2 NC_012532.1 Zika virus strain MR 766, Uganda, complete genome (SEQ ID
NO: 12)

AGTTGTTGATCTGTGTGAGTCAGACTGCGACAGTTCGAGTCTGAAGCGAGAGCTAACAACAGTATC
AACAGGTTTAATTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCCAAAGAAGAAATCC
GGAGGATCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTAAACCCCTTGGGAGGTTTG
AAGAGGTTGCCAGCCGGACTTCTGCTGGGTCATGGACCCATCAGAATGGTTTTGGCGATACTAGCC
TTTTTGAGATTTACAGCAATCAAGCCATCACTGGGCCTTATCAACAGATGGGGTTCCGTGGGGAAA
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AAAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTTGCTGCCATGTTGAGAATAATCAA
TGCTAGGAAAGAGAGGAAGAGACGTGGCGCAGACACCAGCATCGGAATCATTGGCCTCCTGCTGA
CTACAGCCATGGCAGCAGAGATCACTAGACGCGGGAGTGCATACTACATGTACTTGGATAGGAGC
GATGCCGGGAAGGCCATTTCGTTTGCTACCACATTGGGAGTGAACAAGTGCCACGTACAGATCAT
GGACCTCGGGCACATGTGTGACGCCACCATGAGTTATGAGTGCCCTATGCTGGATGAGGGAGTGG
AACCAGATGATGTCGATTGCTGGTGCAACACGACATCAACTTGGGTTGTGTACGGAACCTGTCATC
ACAAAAAAGGTGAGGCACGGCGATCTAGAAGAGCCGTGACGCTCCCTTCTCACTCTACAAGGAAG
TTGCAAACGCGGTCGCAGACCTGGTTAGAATCAAGAGAATACACGAAGCACTTGATCAAGGTTGA
AAACTGGATATTCAGGAACCCCGGGTTTGCGCTAGTGGCCGTTGCCATTGCCTGGCTTTTGGGAAG
CTCGACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGTATCAG
GTGCATTGGAGTCAGCAATAGAGACTTCGTGGAGGGCATGTCAGGTGGGACCTGGGTTGATGTTG
TCTTGGAACATGGAGGCTGCGTTACCGTGATGGCACAGGACAAGCCAACAGTCGACATAGAGTTG
GTCACGACGACGGTTAGTAACATGGCCGAGGTAAGATCCTATTGCTACGAGGCATCGATATCGGA
CATGGCTTCGGACAGTCGTTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTC
AATATGTCITGCAAAAGAACATTAGTGGACAGAGGTTGGGGAAACGGTTGTGGACTTTTTGGCAAA
GGGAGCTTGGTGACATGTGCCAAGTTTACGTGTTCTAAGAAGATGACCGGGAAGAGCATTCAACC
GGAAAATCTGGAGTATCGGATAATGCTATCAGTGCATGGCTCCCAGCATAGCGGGATGATTGGAT
ATGAAACTGACGAAGATAGAGCGAAAGTCGAGGTTACGCCTAATTCACCAAGAGCGGAAGCAAC
CTTGGGAGGCTTTGGAAGCTTAGGACTTGACTGTGAACCAAGGACAGGCCTTGACTTTTCAGATCT
GTATTACCTGACCATGAACAATAAGCATTGGTTGGTGCACAAAGAGTGGTTTCATGACATCCCATT
GCCTTGGCATGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAGGCATTGGTAGAAT
TCAAGGATGCCCACGCCAAGAGGCAAACCGTCGTCGTTCTGGGGAGCCAGGAAGGAGCCGTTCAC
ACGGCTCTCGCTGGAGCTCTAGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTTCTCTGGCCA
TTTGAAATGCCGCCTAAAAATGGACAAGCTTAGATTGAAGGGCGTGTCATATTCCTTGTGCACTGC
GGCATTCACATTCACCAAGGTCCCAGCTGAAACACTGCATGGAACAGTCACAGTGGAGGTGCAGT
ATGCAGGGACAGATGGACCCTGCAAGATCCCAGTCCAGATGGCGGTGGACATGCAGACCCTGACC
CCAGTTGGAAGGCTGATAACCGCCAACCCCGTGATTACTGAAAGCACTGAGAACTCAAAGATGAT
GTTGGAGCTTGACCCACCATTTGGGGATTCTTACATTGTCATAGGAGTTGGGGACAAGAAAATCAC
CCACCACTGGCATAGGAGTGGTAGCACCATCGGAAAGGCATTTGAGGCCACTGTGAGAGGCGCCA
AGAGAATGGCAGTCCTGGGGGATACAGCCTGGGACTTCGGATCAGTCGGGGGTGTGTTCAACTCA
CTGGGTAAGGGCATTCACCAGATTTTTGGAGCAGCCTTCAAATCACTGTTTGGAGGAATGTCCTGG
TTCTCACAGATCCTCATAGGCACGCTGCTAGTGTGGTTAGGTTTGAACACAAAGAATGGATCTATC
TCCCTCACATGCTTGGCCCTGGGGGGAGTGATGATCTTICCTCTCCACGGCTIGTTTICTGCTGACGTGG
GGTGCTCAGTGGACTTCTCAAAAAAGGAAACGAGATGTGGCACGGGGGTATTCATCTATAATGAT
GTTGAAGCCTGGAGGGACCGGTACAAGTACCATCCTGACTCCCCCCGCAGATTGGCAGCAGCAGT
CAAGCAGGCCTGGGAAGAGGGGATCTGTGGGATCTCATCCGTTTCAAGAATGGAAAACATCATGT
GGAAATCAGTAGAAGGGGAGCTCAATGCTATCCTAGAGGAGAATGGAGTTCAACTGACAGTTGTT
GTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAAAGATTGCCAGTGCCTGTGAATGAGCT
GCCCCATGGCTGGAAAGCCTGGGGGAAATCGTATTTTGTTAGGGCGGCAAAGACCAACAACAGTT
TTGTTGTCGACGGTGACACACTGAAGGAATGTCCGCTTGAGCACAGAGCATGGAATAGTTTTCTTG
TGGAGGATCACGGGTTTGGAGTCTTCCACACCAGTGTCTGGCTTAAGGTCAGAGAAGATTACTCAT
TAGAATGTGACCCAGCCGTCATAGGAACAGCTGTTAAGGGAAGGGAGGCCGCGCACAGTGATCTG
GGCTATTGGATTGAAAGTGAAAAGAATGACACATGGAGGCTGAAGAGGGCCCACCTGATTGAGAT
GAAAACATGTGAATGGCCAAAGTCTCACACATTGTGGACAGATGGAGTAGAAGAAAGTGATCTTA
TCATACCCAAGTCTTTAGCTGGTCCACTCAGCCACCACAACACCAGAGAGGGTTACAGAACCCAA
GTGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATCCGGTTTGAGGAATGTCCAGGCACCAAGGT
TTACGTGGAGGAGACATGCGGAACTAGAGGACCATCTCTGAGATCAACTACTGCAAGTGGAAGGG
TCATTGAGGAATGGTGCTGTAGGGAATGCACAATGCCCCCACTATCGTTTCGAGCAAAAGACGGC
TGCTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAGAGCAACTTAGTGAGGTCAATGGT
GACAGCGGGGTCAACCGATCATATGGACCACTTCTCTCTTGGAGTGCTTGTGATTCTACTCATGGT
GCAGGAGGGGTTGAAGAAGAGAATGACCACAAAGATCATCATGAGCACATCAATGGCAGTGCTG
GTAGTCATGATCTTGGGAGGATTTTCAATGAGTGACCTGGCCAAGCTTGTGATCCTGATGGGTGCT
ACTTTCGCAGAAATGAACACTGGAGGAGATGTAGCTCACTTGGCATTGGTAGCGGCATTTAAAGTC
AGACCAGCCTTGCTGGTCTCCTTCATTTTCAGAGCCAATTGGACACCCCGTGAGAGCATGCTGCTA
GCCCTGGCTTCGTGTCTTCTGCAAACTGCGATCTCTGCTCTTGAAGGTGACTTGATGGTCCTCATTA
ATGGATTTGCTTTGGCCTGGTTGGCAATTCGAGCAATGGCCGTGCCACGCACTGACAACATCGCTC
TACCAATCTTGGCTGCTCTAACACCACTAGCTCGAGGCACACTGCTCGTGGCATGGAGAGCGGGCC

53

748



10

15

20

25

35

40

45

50

W
W

PATO18/EP/PR1

TGGCTACTTGTGGAGGGATCATGCTCCTCTCCCTGAAAGGGAAAGGTAGTGTGAAGAAGAACCTG
CCATTTGTCATGGCCCTGGGATTGACAGCTGTGAGGGTAGTAGACCCTATTAATGTGGTAGGACTA
CTGTTACTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGTGAAGTTCTCACAGCCGTTGGCCTG
ATATGTGCACTGGCCGGAGGGTTTGCCAAGGCAGACATTGAGATGGCTGGACCCATGGCTGCAGT
AGGCTTGCTAATTGTCAGCTATGTGGTCTCGGGAAAGAGTGTGGACATGTACATTGAAAGAGCAG
GTGACATCACATGGGAAAAGGACGCGGAAGTCACTGGAAACAGTCCTCGGCTTGACGTGGCACTG
GATGAGAGTGGTGACTTCTCCTTGGTAGAGGAAGATGGTCCACCCATGAGAGAGATCATACTCAA
GGTGGTCCTGATGGCCATCTGTGGCATGAACCCAATAGCTATACCTTTTGCTGCAGGAGCGTGGTA
TGTGTATGTGAAGACTGGGAAAAGGAGTGGCGCCCTCTGGGACGTGCCTGCTCCCAAAGAAGTGA
AGAAAGGAGAGACCACAGATGGAGTGTACAGAGTGATGACTCGCAGACTGCTAGGTTCAACACA
GGTTGGAGTGGGAGTCATGCAAGAGGGAGTCTTCCACACCATGTGGCACGTTACAAAAGGAGCCG
CACTGAGGAGCGGTGAGGGAAGACTTGATCCATACTGGGGGGATGTCAAGCAGGACTTGGTGTCA
TACTGTGGGCCTTGGAAGTTGGATGCAGCTTGGGATGGACTCAGCGAGGTACAGCTTTTGGCCGTA
CCTCCCGGAGAGAGGGCCAGAAACATTCAGACCCTGCCTGGAATATTCAAGACAAAGGACGGGGA
CATCGGAGCAGTTGCITCIGGACTACCCTGCAGGGACCTCAGGATCTCCGATCCTAGACAAATGTGG
AAGAGTGATAGGACTCTATGGCAATGGGGTTGTGATCAAGAATGGAAGCTATGTTAGTGCTATAA
CCCAGGGAAAGAGGGAGGAGGAGACTCCGGTTGAATGTTTCGAACCCTCGATGCTGAAGAAGAA
GCAGCTAACTGTCTTGGATCTGCATCCAGGAGCCGGAAAAACCAGGAGAGTTCTTCCTGAAATAG
TCCGTGAAGCCATAAAAAAGAGACTCCGGACAGTGATCTTGGCACCAACTAGGGTTGTCGCTGCT
GAGATGGAGGAGGCCTTGAGAGGACTTCCGGTGCGTTACATGACAACAGCAGTCAACGTCACCCA
TTCTGGGACAGAAATCGTTGATITGATGTGCCATGCCACTTTCACTTCACGCTTACTACAACCCATC
AGAGTCCCTAATTACAATCTCAACATCATGGATGAAGCCCACTTCACAGACCCCTCAAGTATAGCT
GCAAGAGGATACATATCAACAAGGGTTGAAATGGGCGAGGCGGCTGCCATTTTITATGACTGCCAC
ACCACCAGGAACCCGTGATGCGTTTCCTGACTCTAACTCACCAATCATGGACACAGAAGTGGAAG
TCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACAGACCATTCTGGGAAAACAGTTTGG
TTCGTTCCAAGCGTGAGAAACGGAAATGAAATCGCAGCCTGTCTGACAAAGGCTGGAAAGCGGGT
CATACAGCTCAGCAGGAAGACTTTTGAGACAGAATTTCAGAAAACAAAAAATCAAGAGTGGGACT
TTGTCATAACAACTGACATCTCAGAGATGGGCGCCAACTTCAAGGCTGACCGGGTCATAGACTCTA
GGAGATGCCTAAAACCAGTCATACTTGATGGTGAGAGAGTCATCTTGGCTGGGCCCATGCCTGTCA
CGCATGCTAGTGCTGCTCAGAGGAGAGGACGTATAGGCAGGAACCCTAACAAACCTGGAGATGAG
TACATGTATGGAGGTGGGTGTGCAGAGACTGATGAAGGCCATGCACACTGGCTTGAAGCAAGAAT
GCTTCTTGACAACATCTACCTCCAGGATGGCCTCATAGCCTCGCTCTATCGGCCTGAGGCCGATAA
GGTAGCCGCCATTGAGGGAGAGTTTAAGCTGAGGACAGAGCAAAGGAAGACCTTCGTGGAACTICA
TGAAGAGAGGAGACCTTCCCGTCTGGCTAGCCTATCAGGTTGCATCTGCCGGAATAACTTACACAG
ACAGAAGATGGTGCTTTGATGGCACAACCAACAACACCATAATGGAAGACAGTGTACCAGCAGAG
GTTTGGACAAAGTATGGAGAGAAGAGAGTGCTCAAACCGAGATGGATGGATGCTAGGGTCTGTTC
AGACCATGCGGCCCTGAAGTCGTTCAAAGAATTCGCCGCTGGAAAAAGAGGAGCGGCTTTGGGAG
TAATGGAGGCCCTGGGAACACTGCCAGGACACATGACAGAGAGGTTTCAGGAAGCCATTGACAAC
CTCGCCGTGCTCATGCGAGCAGAGACTGGAAGCAGGCCTTATAAGGCAGCGGCAGCCCAACTGCC
GGAGACCCTAGAGACCATTATGCTCTTAGGTTTGCTGGGAACAGTTTCACTGGGGATCTTCTTCGT
CTTGATGCGGAATAAGGGCATCGGGAAGATGGGCTTTGGAATGGTAACCCTTGGGGCCAGTGCAT
GGCTCATGTGGCTTTCGGAAATTGAACCAGCCAGAATTGCATGTGTCCTCATTGTTGTGTTTTTATT
ACTGGTGGTGCTCATACCCGAGCCAGAGAAGCAAAGATCTCCCCAAGATAACCAGATGGCAATTA
TCATCATGGTGGCAGTGGGCCTTCTAGGTTTGATAACTGCAAACGAACTTGGATGGCTGGAAAGA
ACAAAAAATGACATAGCTCATCTAATGGGAAGGAGAGAAGAAGGAGCAACCATGGGATTCTCAA
TGGACATTGATCTGCGGCCAGCCTCCGCCTGGGCTATCTATGCCGCATTGACAACTCTCATCACCC
CAGCTGTCCAACATGCGGTAACCACTTCATACAACAACTACTCCTTAATGGCGATGGCCACACAAG
CTGGAGTGCTGTTTGGCATGGGCAAAGGGATGCCATTTATGCATGGGGACCTTGGAGTCCCGCTGC
TAATGATGGGTTGCTATTCACAATTAACACCCCTGACTCTGATAGTAGCTATCATTCTGCTTGTGGC
GCACTACATGTACTTGATCCCAGGCCTACAAGCGGCAGCAGCGCGTGCTGCCCAGAAAAGGACAG
CAGCTGGCATCATGAAGAATCCCGTTGTGGATGGAATAGTGGTAACTGACATTGACACAATGACA
ATAGACCCCCAGGTGGAGAAGAAGATGGGACAAGTGTTACTCATAGCAGTAGCCATCTCCAGTGC
TGTGCTGCTGCGGACCGCCTGGGGATGGGGGGAGGCTGGAGCTCTGATCACAGCAGCGACCTCCA
CCTTGTGGGAAGGCTCTCCAAACAAATACTGGAACTCCTCTACAGCCACCTCACTGTGCAACATCT
TCAGAGGAAGCTATCTGGCAGGAGCTTCCCTTATCTATACAGTGACGAGAAACGCTGGCCTGGTTA
AGAGACGTGGAGGTGGGACGGGAGAGACTCTGGGAGAGAAGTGGAAAGCTCGTCTGAATCAGAT
GTCGGCCCTGGAGTTCTACTCTTATAAAAAGTCAGGTATCACTGAAGTGTGTAGAGAGGAGGCTCG
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CCGTGCCCTCAAGGATGGAGTGGCCACAGGAGGACATGCCGTATCCCGGGGAAGTGCAAAGATCA
GATGGTTGGAGGAGAGAGGATATCTGCAGCCCTATGGGAAGGTTGTTGACCTCGGATGTGGCAGA
GGGGGCTGGAGCTATTATGCCGCCACCATCCGCAAAGTGCAGGAGGTGAGAGGATACACAAAGG
GAGGTCCCGGTCATGAAGAACCCATGCTGGTGCAAAGCTATGGGTGGAACATAGTTCGTCTCAAG
AGTGGAGTGGACGTCTTCCACATGGCGGCTGAGCCGTGTGACACTCTGCTGTGTGACATAGGTGAG
TCATCATCTAGTCCTGAAGTGGAAGAGACACGAACACTCAGAGTGCTCTCTATGGTGGGGGACTG
GCTTGAAAAAAGACCAGGGGCCTTCTGTATAAAGGTGCTGTGCCCATACACCAGCACTATGATGG
AAACCATGGAGCGACTGCAACGTAGGCATGGGGGAGGATTAGTCAGAGTGCCATTGTGTCGCAAC
TCCACACATGAGATGTACTGGGTCTCTGGGGCAAAGAGCAACATCATAAAAAGTGTGTCCACCAC
AAGTCAGCTCCTCCTGGGACGCATGGATGGCCCCAGGAGGCCAGTGAAATATGAGGAGGATGTGA
ACCTCGGCTCGGGTACACGAGCTGTGGCAAGCTGTGCTGAGGCTCCTAACATGAAAATCATCGGC
AGGCGCATTGAGAGAATCCGCAATGAACATGCAGAAACATGGTTTCTTGATGAAAACCACCCATA
CAGGACATGGGCCTACCATGGGAGCTACGAAGCCCCCACGCAAGGATCAGCGTCTTCCCTCGTGA
ACGGGGTTGTTAGACTCCTGTCAAAGCCTTGGGACGTGGTGACTGGAGTTACAGGAATAGCCATG
ACTGACACCACACCATACGGCCAACAAAGCGAGTCTTCAAAGAAAAAGTGGACACCAGGGTGCCAG
ATCCCCAAGAAGGCACTCGCCAGGTAATGAACATAGTCTCTTCCTGGCTGTGGAAGGAGCTGGGG
AAACGCAAGCGGCCACGCGTCTGCACCAAAGAAGAGTTTATCAACAAGGTGCGCAGCAATGCAGC
ACTGGGAGCAATATTTGAAGAGGAAAAAGAATGGAAGACGGCTGTGGAAGCTGTGAATGATCCA
AGGTTTTGGGCCCTAGTGGATAGGGAGAGAGAACACCACCTGAGAGGAGAGTGTCACAGCTGTGT
GTACAACATGATGGGAAAAAGAGAAAAGAAGCAAGGAGAGTTCGGGAAAGCAAAAGGTAGCCGC
GCCATCTGGTACATGTGGTTGGGAGCCAGATTCITGGAGTTTGAAGCCCTTGGATTCTTGAACGAG
GACCATTGGATGGGAAGAGAAAACTCAGGAGGTGGAGTCGAAGGGTTAGGATTGCAAAGACTTG
GATACATTCTAGAAGAAATGAATCGGGCACCAGGAGGAAAGATGTACGCAGATGACACTGCTGGC
TGGGACACCCGCATTAGTAAGTTTGATCTGGAGAATGAAGCTCTGATTACCAACCAAATGGAGGA
AGGGCACAGAACTCTGGCGTTGGCCGTGATTAAATACACATACCAAAACAAAGTGGTGAAGGTTC
TCAGACCAGCTGAAGGAGGAAAAACAGTTATGGACATCATTTCAAGACAAGACCAGAGAGGGAG
TGGACAAGTTGTCACTTATGCTCTCAACACATTCACCAACTTGGTGGTGCAGCTTATCCGGAACAT
GGAAGCTGAGGAAGTGTTAGAGATGCAAGACTTATGGTTGTTGAGGAAGCCAGAGAAAGTGACCA
GATGGTTGCAGAGCAATGGATGGGATAGACTCAAACGAATGGCGGTCAGTGGAGATGACTGCGTT
GTGAAGCCAATCGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGACATGGGAAAAGTTAG
GAAAGACACACAGGAGTGGAAACCCTCGACTGGATGGAGCAATTGGGAAGAAGTCCCGTTCTGCT
CCCACCACTTCAACAAGCTGTACCTCAAGGATGGGAGATCCATTGTGGTCCCTTGCCGCCACCAAG
ATGAACTGATTGGCCGAGCTCGCGTCTCACCAGGGGCAGGATGGAGCATCCGGGAGACTGCCTGT
CTTGCAAAATCATATGCGCAGATGTGGCAGCTCCTTTATTTCCACAGAAGAGACCTTCGACTGATG
GCTAATGCCATTTGCTCGGCTGTGCCAGTTGACTGGGTACCAACTGGGAGAACCACCTGGTCAATC
CATGGAAAGGGAGAATGGATGACCACTGAGGACATGCTCATGGTGTGGAATAGAGTGTGGATTGA
GGAGAACGACCATATGGAGGACAAGACTCCTGTAACAAAATGGACAGACATTCCCTATCTAGGAA
AAAGGGAGGACTTATGGTGTGGATCCCTTATAGGGCACAGACCCCGCACCACTTGGGCTGAAAAC
ATCAAAGACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGGACTATCT
ATCCACCCAAGTCCGCTACTTGGGTGAGGAAGGGTCCACACCCGGAGTGTTGTAAGCACCAATTTT
AGTGTTGTCAGGCCTGCTAGTCAGCCACAGTTTGGGGAAAGCTGTGCAGCCTGTAACCCCCCCAGG
AGAAGCTGGGAAACCAAGCTCATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGCCATGCTG
CCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAAGCGCAGGATGGGAA
AAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGACTAGCTGTGAATCTCC
AGCAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTGACGTGGGA
AAGACCAGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGAACTTCGGCG
GCCGGTGTGGGGAAATCCATGGTTTCT

>Chimeric Asian ZIKV Sequence H/PF/2013 polyprotein flanked with consensus sequence

from other strains (SEQ ID NO: 13)

GTTGTTGATCTGTGTGAATCAGACTGCGACAGTTCGAGTTTGAAGCGAAAGCTAGCAACAGTATCA
ACAGGTTTTATTTTGGATTTGGAAACGAGAGTTTCTGGTCATGAAAAACCCAAAAAAGAAATCCG

GAGGATTCCGGATTGTCAATATGCTAAAACGCGGAGTAGCCCGTGTGAGCCCCTTTGGGGGCTTGA
AGAGGCTGCCAGCCGGACTTCTGCTGGGTCATGGGCCCATCAGGATGGTCTTGGCGATTCTAGCCT
TTTTGAGATTCACGGCAATCAAGCCATCACTGGGTCTCATCAATAGATGGGGTTCAGTGGGGAAAA
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AAGAGGCTATGGAAATAATAAAGAAGTTCAAGAAAGATCTGGCTGCCATGCTGAGAATAATCAAT
GCTAGGAAGGAGAAGAAGAGACGAGGCGCAGATACTAGTGTCGGAATTGTTGGCCTCCTGCTGAC
CACAGCTATGGCAGCGGAGGTCACTAGACGTGGGAGTGCATACTATATGTACTTGGACAGAAACG
ACGCTGGGGAGGCCATATCTTTTCCAACCACATTGGGGATGAATAAGTGTTATATACAGATCATGG
ATCTTGGACACATGTGTGATGCCACCATGAGCTATGAATGCCCTATGCTGGATGAGGGGGTGGAA
CCAGATGACGTCGATTGTTGGTGCAACACGACGTCAACTTGGGTTGTGTACGGAACCTGCCATCAC
AAAAAAGGTGAAGCACGGAGATCTAGAAGAGCTGTGACGCTCCCCTCCCATTCCACTAGGAAGCT
GCAAACGCGGTCGCAAACCTGGTTGGAATCAAGAGAATACACAAAGCACTTGATTAGAGTCGAAA
ATTGGATATTCAGGAACCCTGGCTTCGCGTTAGCAGCAGCTGCCATCGCTTGGCTTTTGGGAAGCT
CAACGAGCCAAAAAGTCATATACTTGGTCATGATACTGCTGATTGCCCCGGCATACAGCATCAGGT
GCATAGGAGTCAGCAATAGGGACTTTGTGGAAGGTATGTCAGGTGGGACTTGGGTTGATGTTGTCT
TGGAACATGGAGGTTGTGTCACCGTAATGGCACAGGACAAACCGACTGTCGACATAGAGCTGGTT
ACAACAACAGTCAGCAACATGGCGGAGGTAAGATCCTACTGCTATGAGGCATCAATATCGGACAT
GGCTTCGGACAGCCGCTGCCCAACACAAGGTGAAGCCTACCTTGACAAGCAATCAGACACTCAAT
ATGTCITGCAAAAGAACGTTAGTGGACAGAGGCTGGGGAAATGGATGTGGACTTTTTGGCAAAGGG
AGCCTGGTGACATGCGCTAAGTTTGCATGCTCCAAGAAAATGACCGGGAAGAGCATCCAGCCAGA
GAATCTGGAGTACCGGATAATGCTGTCAGTTCATGGCTCCCAGCACAGTGGGATGATCGTTAATGA
CACAGGACATGAAACTGATGAGAATAGAGCGAAGGTTGAGATAACGCCCAATTCACCAAGAGCC
GAAGCCACCCTGGGGGGTTTTGGAAGCCTAGGACTTGATTGTGAACCGAGGACAGGCCTTGACTTT
TCAGATTTGTATTACTTGACTATGAATAACAAGCACTGGTTGGTTCACAAGGAGTGGTTCCACGAC
ATTCCATTACCITGGCACGCTGGGGCAGACACCGGAACTCCACACTGGAACAACAAAGAAGCACT
GGTAGAGTTCAAGGACGCACATGCCAAAAGGCAAACTGTCGTGGTTCTAGGGAGTCAAGAAGGAG
CAGTTCACACGGCCCTTGCTGGAGCTCTGGAGGCTGAGATGGATGGTGCAAAGGGAAGGCTGTCC
TCTGGCCACTTGAAATGTCGCCTGAAAATGGATAAACTTAGATTGAAGGGCGTGTCATACTCCTTG
TGTACCGCAGCGTTCACATTCACCAAGATCCCGGCTGAAACACTGCACGGGACAGTCACAGTGGA
GGTACAGTACGCAGGGACAGATGGACCTTGCAAGGTTCCAGCTCAGATGGCGGTGGACATGCAAA
CTCTGACCCCAGTTGGGAGGTTGATAACCGCTAACCCCGTAATCACTGAAAGCACTGAGAACTCTA
AGATGATGCTGGAACTTGATCCACCATTTGGGGACTCTTACATTGTCATAGGAGTCGGGGAGAAG
AAGATCACCCACCACTGGCACAGGAGTGGCAGCACCATTGGAAAAGCATTTGAAGCCACTGTGAG
AGGTGCCAAGAGAATGGCAGTCTTGGGAGACACAGCCTGGGACTTTGGATCAGTTGGAGGCGCTC
TCAACTCATTGGGCAAGGGCATCCATCAAATTTTTGGAGCAGCTTTCAAATCATTGTTTGGAGGAA
TGTCCTGGTTCTCACAAATTCTCATTGGAACGTTGCTGATGTGGTTGGGTCTGAACACAAAGAATG
GATCTATTTCCCTTATGTGCTTGGCCITAGGGGGAGTGTTGATCITCITATCCACAGCTGTICTCTIGC
TGATGTGGGGTGCTCGGTGGACTTCTCAAAGAAGGAGACGAGATGCGGTACAGGGGTGTTCGTCT
ATAACGACGTTGAAGCCTGGAGGGACAGGTACAAGTACCATCCTGACTCCCCCCGTAGATTGGCA
GCAGCAGTCAAGCAAGCCTGGGAAGATGGTATCTGTGGGATCTCCTCTGTTITCAAGAATGGAAAA
CATCATGTGGAGATCAGTAGAAGGGGAGCTCAACGCAATCCTGGAAGAGAATGGAGTTCAACTGA
CGGTCGTTGTGGGATCTGTAAAAAACCCCATGTGGAGAGGTCCACAGAGATTGCCCGTGCCTGTG
AACGAGCTGCCCCACGGCTGGAAGGCTTGGGGGAAATCGTACTTCGTCAGAGCAGCAAAGACAAA
TAACAGCTTTGTCGTGGATGGTGACACACTGAAGGAATGCCCACTCAAACATAGAGCATGGAACA
GCTTTCTTGTGGAGGATCATGGGTTCGGGGTATTTCACACTAGTGTCTGGCTCAAGGTTAGAGAAG
ATTATTCATTAGAGTGTGATCCAGCCGTTATTGGAACAGCTGTTAAGGGAAAGGAGGCTGTACACA
GTGATCTAGGCTACTGGATTGAGAGTGAGAAGAATGACACATGGAGGCTGAAGAGGGCCCATCTG
ATCGAGATGAAAACATGTGAATGGCCAAAGTCCCACACATTGTGGACAGATGGAATAGAAGAGA
GTGATCTGATCATACCCAAGTCTTTAGCTGGGCCACTCAGCCATCACAATACCAGAGAGGGCTACA
GGACCCAAATGAAAGGGCCATGGCACAGTGAAGAGCTTGAAATTCGGTTTGAGGAATGCCCAGGC
ACTAAGGTCCACGTGGAGGAAACATGTGGAACAAGAGGACCATCTCTGAGATCAACCACTGCAAG
CGGAAGGGTGATCGAGGAATGGTGCTGCAGGGAGTGCACAATGCCCCCACTGTCGTTCCGGGCTA
AAGATGGCTGTTGGTATGGAATGGAGATAAGGCCCAGGAAAGAACCAGAAAGTAACTTAGTAAG
GTCAATGGTGACTGCAGGATCAACTGATCACATGGATCACTTCTCCCTTGGAGTGCTTGTGATTCT
GCTCATGGTGCAGGAAGGGCTGAAGAAGAGAATGACCACAAAGATCATCATAAGCACATCGATG
GCAGTGCTGGTAGCTATGATCCTGGGAGGATTTTCAATGAGTGACCTGGCTAAGCTTGCAATTTTG
ATGGGTGCCACCTTCGCGGAAATGAACACTGGAGGAGATGTAGCTCATCTGGCGCTGATAGCGGC
ATTCAAAGTCAGACCAGCGTTGCTGGTATCTTTCATCTTCAGAGCTAATTGGACACCCCGTGAAAG
CATGCTGCTGGCCTTGGCCTCGTGTCTTTTGCAAACTGCGATCTCCGCCTTGGAAGGCGACCTGAT
GGTTCTCATCAATGGTTTTGCTTTGGCCTGGTTGGCAATACGAGCGATGGTTGTTCCACGCACTGAT
AACATCACCTTGGCAATCCTGGCTGCTCTGACACCACTGGCCCGGGGCACACTGCTTGTGGCGTGG
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AGAGCAGGCCTTGCTACTTGCGGGGGGTTTATGCTCCTCTCTCTGAAGGGAAAAGGCAGTGTGAA
GAAGAACTTACCATTTGTCATGGCCCTGGGACTAACCGCTGTGAGGCTGGTCGACCCCATCAACGT
GGTGGGACTGCTGTTGCTCACAAGGAGTGGGAAGCGGAGCTGGCCCCCTAGCGAAGTACTCACAG
CTGTTGGCCTGATATGCGCATTGGCTGGAGGGTTCGCCAAGGCAGATATAGAGATGGCTGGGCCC
ATGGCCGCGGTCGGTCTGCTAATTGTCAGTTACGTGGTCTCAGGAAAGAGTGTGGACATGTACATT
GAAAGAGCAGGTGACATCACATGGGAAAAAGATGCGGAAGTCACTGGAAACAGTCCCCGGCTCG
ATGTGGCGCTAGATGAGAGTGGTGATTTCTCCCTGGTGGAGGATGACGGTCCCCCCATGAGAGAG
ATCATACTCAAGGTGGTCCTGATGACCATCTGTGGCATGAACCCAATAGCCATACCCTTTGCAGCT
GGAGCGTGGTACGTATACGTGAAGACTGGAAAAAGGAGTGGTGCTCTATGGGATGTGCCTGCTCC
CAAGGAAGTAAAAAAGGGGGAGACCACAGATGGAGTGTACAGAGTAATGACTCGTAGACTGCTA
GGTTCAACACAAGTTGGAGTGGGAGTTATGCAAGAGGGGGTCTTTCACACTATGTGGCACGTCAC
AAAAGGATCCGCGCTGAGAAGCGGTGAAGGGAGACTTGATCCATACTGGGGAGATGTCAAGCAG
GATCTGGTGTCATACTGTGGTCCATGGAAGCTAGATGCCGCCTGGGACGGGCACAGCGAGGTGCA
GCTCTTGGCCGTGCCCCCCGGAGAGAGAGCGAGGAACATCCAGACTCTGCCCGGAATATTTAAGA
CAAAGGATGGGGACATTGGAGCGGTTGCGCTGGATTACCCAGCAGGAACTTCAGGATCICCAATC
CTAGACAAGTGTGGGAGAGTGATAGGACTTTATGGCAATGGGGTCGTGATCAAAAATGGGAGTTA
TGTTAGTGCCATCACCCAAGGGAGGAGGGAGGAAGAGACTCCTGTTGAGTGCTTCGAGCCTTCGA
TGCTGAAGAAGAAGCAGCTAACTGTCTTAGACTTGCATCCTGGAGCTGGGAAAACCAGGAGAGTT
CTTCCTGAAATAGTCCGTGAAGCCATAAAAACAAGACTCCGTACTGTGATCTTAGCTCCAACCAGG
GTTGTCGCTGCTGAAATGGAGGAAGCCCTTAGAGGGCTTCCAGTGCGTTATATGACAACAGCAGTC
AATGTCACCCACTICTGGAACAGAAATCGTCGACTTAATGTGCCATGCCACCTTCACTTCACGTCTA
CTACAGCCAATCAGAGTCCCCAACTATAATCTGTATATTATGGATGAGGCCCACTTCACAGATCCC
TCAAGTATAGCAGCAAGAGGATACATTTCAACAAGGGTTGAGATGGGCGAGGCGGCTGCCATCTT
CATGACCGCCACGCCACCAGGAACCCGTGACGCATTTCCGGACTCCAACTCACCAATTATGGACAC
CGAAGTGGAAGTCCCAGAGAGAGCCTGGAGCTCAGGCTTTGATTGGGTGACGGATCATTCTGGAA
AAACAGTTTGGTTTGTTCCAAGCGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACAAAGGCT
GGAAAACGGGTCATACAGCTCAGCAGAAAGACTTTTGAGACAGAGTTCCAGAAAACAAAACATCA
AGAGTGGGACTTTGTCGTGACAACTGACATTTCAGAGATGGGCGCCAACTTTAAAGCTGACCGTGT
CATAGATTCCAGGAGATGCCTAAAGCCGGTCATACTTGATGGCGAGAGAGTCATTCTGGCTGGAC
CCATGCCTGTCACACATGCCAGCGCTGCCCAGAGGAGGGGGCGCATAGGCAGGAATCCCAACAAA
CCTGGAGATGAGTATCTGTATGGAGGTGGGTGCGCAGAGACTGACGAAGACCATGCACACTGGCT
TGAAGCAAGAATGCTCCTTGACAATATTTACCTCCAAGATGGCCTCATAGCCTCGCTCTATCGACC
TGAGGCCGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTTAGGACGGAGCAAAGGAAGACC
TTTGTGGAACTCATGAAAAGAGGAGATCTTCCTGTTTGGCTGGCCTATCAGGTTGCATCTGCCGGA
ATAACCTACACAGATAGAAGATGGTGCTTTGATGGCACGACCAACAACACCATAATGGAAGACAG
TGTGCCGGCAGAGGTGTGGACCAGACACGGAGAGAAAAGAGTGCTCAAACCGAGGTGGATGGAC
GCCAGAGTTTGTTCAGATCATGCGGCCCTGAAGTCATTCAAGGAGTTTGCCGCTGGGAAAAGAGG
AGCGGCTTTTGGAGTGATGGAAGCCCTGGGAACACTGCCAGGACACATGACAGAGAGATTCCAGG
AAGCCATTGACAACCTCGCTGTGCTCATGCGGGCAGAGACTGGAAGCAGGCCTTACAAAGCCGCG
GCGGCCCAATTGCCGGAGACCCTAGAGACCATTATGCTTTTGGGGTTGCTGGGAACAGTCTCGCTG
GGAATCTTTTTCGTCTTGATGAGGAACAAGGGCATAGGGAAGATGGGCTTTGGAATGGTGACTCTT
GGGGCCAGCGCATGGCTCATGTGGCTCTCGGAAATTGAGCCAGCCAGAATTGCATGTGTCCTCATT
GTTGTGTTCCTATTGCTGGTGGTGCTCATACCTGAGCCAGAAAAGCAAAGATCTCCCCAGGACAAC
CAAATGGCAATCATCATCATGGTAGCAGTAGGTCTTCTGGGCTTGATTACCGCCAATGAACTCGGA
TGGTTGGAGAGAACAAAGAGTGACCTAAGCCATCTAATGGGAAGGAGAGAGGAGGGGGCAACCA
TAGGATTCTCAATGGACATTGACCTGCGGCCAGCCTCAGCTTGGGCCATCTATGCTGCCTTGACAA
CTTTCATTACCCCAGCCGTCCAACATGCAGTGACCACTTCATACAACAACTACTCCTTAATGGCGA
TGGCCACGCAAGCTGGAGTGTTGTTTGGTATGGGCAAAGGGATGCCATTCTACGCATGGGACTTTG
GAGTCCCGCTGCTAATGATAGGTTGCTACTCACAATTAACACCCCTGACCCTAATAGTGGCCATCA
TTTTGCTCGTGGCGCACTACATGTACTTGATCCCAGGGCTGCAGGCAGCAGCTGCGCGTGCTGCCC
AGAAGAGAACGGCAGCTGGCATCATGAAGAACCCTGTTGTGGATGGAATAGTGGTGACTGACATT
GACACAATGACAATTGACCCCCAAGTGGAGAAAAAGATGGGACAGGTGCTACTCATAGCAGTAGC
CGTCTCCAGCGCCATACTGTCGCGGACCGCCTGGGGGTGGGGGGAGGCTGGGGCCCTGATCACAG
CGGCAACTTCCACTTTGTGGGAAGGCTCTCCGAACAAGTACTGGAACTCCTCTACAGCCACTTCAC
TGTGTAACATTTTTAGGGGAAGTTACTTGGCTGGAGCTTCTCTAATCTACACAGTAACAAGAAACG
CTGGCTTGGTCAAGAGACGTGGGGGTGGAACAGGAGAGACCCTGGGAGAGAAATGGAAGGCCCG
CTTGAACCAGATGTCGGCCCTGGAGTTCTACTCCTACAAAAAGTCAGGCATCACCGAGGTGTGCAG
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AGAAGAGGCCCGCCGCGCCCTCAAGGACGGTGTGGCAACGGGAGGCCATGCTGTGTCCCGAGGAA
GTGCAAAGCTGAGATGGTTGGTGGAGCGGGGATACCTGCAGCCCTATGGAAAGGTCATTGATCTT
GGATGTGGCAGAGGGGGCTGGAGTTACTACGCCGCCACCATCCGCAAAGTTCAAGAAGTGAAAGG
ATACACAAAAGGAGGCCCTGGTCATGAAGAACCCATGTTGGTGCAAAGCTATGGGTGGAACATAG
TCCGTCTTAAGAGTGGGGTGGACGTCTTTCATATGGCGGCTGAGCCGTGTGACACGTTGCTGTGTG
ACATAGGTGAGTCATCATCTAGTCCTGAAGTGGAAGAAGCACGGACGCTCAGAGTCCTCTCCATG
GTGGGGGATTGGCTTGAAAAAAGACCAGGAGCCTTTTGTATAAAAGTGTTGTGCCCATACACCAG
CACTATGATGGAAACCCTGGAGCGACTGCAGCGTAGGTATGGGGGAGGACTGGTCAGAGTGCCAC
TCTCCCGCAACTCTACACATGAGATGTACTGGGTCTCTGGAGCGAAAAGCAACACCATAAAAAGT
GTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCCCAGGAGGCCAGTGAAATATGA
GGAGGATGTGAATCTCGGCTCTGGCACGCGGGCTGTGGTAAGCTGCGCTGAAGCTCCCAACATGA
AGATCATTGGTAACCGCATTGAAAGGATCCGCAGTGAGCACGCGGAAACGTGGTTCTTTGACGAG
AACCACCCATATAGGACATGGGCTTACCATGGAAGCTATGAGGCCCCCACACAAGGGTCAGCGTC
CTCTCTAATAAACGGGGTTGTCAGGCTCCTGTCAAAACCCTGGGATGTGGTGACTGGAGTCACAGG
AATAGCCATGACCGACACCACACCGTATGGTCAGCAAAGAGTTTTCAAGGAAAAAGTGGACACTA
GGGTGCCAGACCCCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGGTTGTGGAAAG
AGCTAGGCAAACACAAACGGCCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGGTTCGTAGC
AATGCAGCATTAGGGGCAATATTTGAAGAGGAAAAAGAGTGGAAGACTGCAGTGGAAGCTGTGA
ACGATCCAAGGTTCTGGGCTCTAGTGGACAAGGAAAGAGAGCACCACCTGAGAGGAGAGTGCCA
GAGTTGTGTGTACAACATGATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAG
GGCAGCCGCGCCATCIGGTATATGTGGCTAGGGGCTAGATTTCTAGAGTTCGAAGCCCTTGGATTC
TTGAACGAGGATCACTGGATGGGGAGAGAGAACTCAGGAGGTGGTGTTGAAGGGCTGGGATTACA
AAGACTCGGATATGTCCTAGAAGAGATGAGTCGCATACCAGGAGGAAGGATGTATGCAGATGACA
CTGCTGGCTGGGACACCCGCATCAGCAGGTTTGATCTGGAGAATGAAGCTCTAATCACCAACCAA
ATGGAGAAAGGGCACAGGGCCTTGGCATTGGCCATAATCAAGTACACATACCAAAACAAAGTGGT
AAAGGTCCTTAGACCAGCTGAAAAAGGGAAGACAGTTATGGACATTATTTCGAGACAAGACCAAA
GGGGGAGCGGACAAGTTGTCACTTACGCTCTTAACACATTTACCAACCTAGTGGTGCAACTCATTC
GGAATATGGAGGCTGAGGAAGTTCTAGAGATGCAAGACTTGTGGCTGCTGCGGAGGTCAGAGAAA
GTGACCAACTGGTTGCAGAGCAACGGATGGGATAGGCTCAAACGAATGGCAGTCAGTGGAGATGA
TTGCGTTGTGAAGCCAATTGATGATAGGTTTGCACATGCCCTCAGGTTCTTGAATGATATGGGAAA
AGTTAGGAAGGACACACAAGAGTGGAAACCCTCAACTGGATGGGACAACTGGGAAGAAGTTCCG
TTTTGCTCCCACCACTTCAACAAGCTCCATCTCAAGGACGGGAGGTCCATTGTGGTTCCCTGCCGC
CACCAAGATGAACTGATTGGCCGGGCCCGCGTCTCTICCAGGGGCGGGATGGAGCATCCGGGAGAC
TGCTTGCCTAGCAAAATCATATGCGCAAATGTGGCAGCTCCTTTATTTCCACAGAAGGGACCTCCG
ACTGATGGCCAATGCCATTTGTTCATCTGTGCCAGTTGACTGGGTTCCAACTGGGAGAACTACCTG
GTCAATCCATGGAAAGGGAGAATGGATGACCACTGAAGACATGCTTGTGGTGTGGAACAGAGTGT
GGATTGAGGAGAACGACCACATGGAAGACAAGACCCCAGTTACGAAATGGACAGACATTCCCTAT
TTGGGAAAAAGGGAAGACTTGTGGTGTGGATCTCTCATAGGGCACAGACCGCGCACCACCTGGGC
TGAGAACATTAAAAACACAGTCAACATGGTGCGCAGGATCATAGGTGATGAAGAAAAGTACATGG
ACTACCTATCCACCCAAGTTCGCTACTTGGGTGAAGAAGGGTCTACACCTGGAGTGCTGTAAGCAC
CAATCTTAGTGTTGTCAGGCCTGCTAGTCAGCCACAGCTTGGGGAAAGCTGTGCAGCCTGTGACCC
CCCCAGGAGAAGCTGGGAAACCAAGCCTATAGTCAGGCCGAGAACGCCATGGCACGGAAGAAGC
CATGCTGCCTGTGAGCCCCTCAGAGGACACTGAGTCAAAAAACCCCACGCGCTTGGAGGCGCAGG
ATGGGAAAAGAAGGTGGCGACCTTCCCCACCCTTCAATCTGGGGCCTGAACTGGAGATCAGCTGT
GGATCTCCAGAAGAGGGACTAGTGGTTAGAGGAGACCCCCCGGAAAACGCAAAACAGCATATTG
ACGCTGGGAAAGACCAGAGACTCCATGAGTTTCCACCACGCTGGCCGCCAGGCACAGATCGCCGA
ATAGCGGCGGCCGGTGTGGGGAAATCC

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. In some

embodiments, the Zika virus has a variant genome that is at least 80%, 81%, 82%, 83%, 84%,
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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.

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.

is0l-ARB15076.AHF49784.1.Central_African_Republic/291-788 Tlavivirus envelope glycoprotein
E. (SEQ ID NO: 14)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIVNDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNN
KHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGAL
EAEMDGAKGRLFSGHLKCRLKMDKILRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGK
AFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTLLVWLGL
NTKNGSISLTCLALGGVMIFLSTAVSA

isol-IbH_30656.AEN75265.1.Nigeria/291-788 Flavivirus envelope glycoprotein E. (SEQ ID NO:
15)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQY VCKRTLVDRGWGNGCGLFGKGSLVICAKFI'CSKKM TGKSIQPEN
LEYRIMLSVHGSQHSGMIVNDENRAKVEVTPNSPRAEATL.GGFGSLGLDCEPRTGLDFSDLYYLTMNN
KHWLVHKEWFHDIPLPWHSGADTETPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGAL
EAEMDGAKGRLSSGHLKCRLKMDKILRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGRDGPCK
VPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSIIGK
AFEATVRGAKRMAVLGDTAWDFGSVGGVFENSLGKGIIQIFGAAFKSLFGGMSWEFSQILIGTLLVWLGL
NTKNGSISLTCLALGGVMIFLSTAVSA

ArB1362.AHL43500.1.-/291-794 Tlavivirus envelope glycoprotein L. (SEQ ID NO: 16)
IRCIGVSNRDI'VEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMALVRSYCYLASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIVNDXXXXXXXNRAEVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLFSGHLKCRILKMDKI.RLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYA
GTDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWH
RSGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVENSLGKGIHQIFGAAFKSLFGGMSWESQILIG
TLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

ArD128000.AHLA43502.1.-/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO: 17)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLIFGKGSLVTCAKTIFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMXXXXXGHETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHRLVRKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLFSGHLKCRLKMDKI.RLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYA
GTDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPEFGDSYIVIGVGDKKITHHWL
KKGSSIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGVHQIFGAAFKSLFGGMSWFSQILIG
TLLVWLGLNTKNGSISLTCLALGGVMITTLSTAVSA

ArD158095.AHL43505.1.-/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO: 18)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVIIGSQIISGMIVNDIGIIETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYY
LTMNNKHWLVHKEWFHDIPL.PWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTA
LAGALEAEMDGAKGRILFSGHLKCRLKMDKILRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGT
DGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMILELDPPFGDSYIVIGVGDKKITHHWHRS
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GSTIGKAFEATVRGAKRMAVLGDTAWDFGS VGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTL
LVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

ArD158084.AHL43504.1.-/291-794 TFlavivirus envelope glycoprotein L. (SEQ 1D NO: 19)
IRCIGVSNRDI'VEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDICLVITTVSNMALVRSYCYLASISD
MASDSRCPTQGEAYLDKQSDTQY VCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIVNDIGHETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYY
LTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTA
LAGALEAEMDGAKGRLFSGHLKCRLKMDKILRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGT
DGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGS VGGVEFNSLGKGIHQIFGAAFKSLFGGMSWFEFSQILIGTL
LVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA
isol-ARB13565.AHF49783.1.Central_African_Republic/291-794 Flavivirus envelope glycoprotein
E. (SEQ ID NO: 20)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
T.LEYRIMI.SVHGSQHSGMIVNDIGHETDENRAKVEVTPNSPRAEATTI.GGFGST.GI.DCEPRTGI.DFSDIL.YY
LTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTA
LAGALEAEMDGAKGRLFSGHLKCRLKMDKI RLKGVSYSLCTAAFTFTKVPAETLHGTVIVEVQYAGT
DGPCKVPAQMAVDMQTLTPVGRLITANPVITES TENSKMMLELDPPEFGDSYIVIGVGDKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGS VGGVENSLGKGVHQIFGAAFKSLFGGMSWESQILIGTL
LVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

isol-ARB7701.AHF49785.1.Central_African_Republic/291-794 Flavivirus envelope glycoprotein
E. (SEQ ID NO: 21)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQY VCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIVNDIGHETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYY
T.TMNNKHWI.VHKEWFHDIPI. PWHAGADTGTPHWNNKEAI.VEFKDAHAKRQTVVVI.GSQEGAVHTA
LAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGT
DGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMILELDPPFGDSYIVIGVGDKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVENSLGKGVHQIFGAAFKSLFGGMSWESQILIGTL
LVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

isol-ArD_41519.AEN75266.1.Senegal/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO:

22)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVIIGSQIISGMIVNDTGIIETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLITMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYA
GTDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWH
RSGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVENSLGKGIHQIFGAAFKSLFGGMSWESQILIG
TLLVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

MR766-NIID.BAP47441.1.Uganda/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO:

23)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMTVNDIGYETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGKLFSGHLKCRLKMDKILRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYA
GTDGPCKIPVOQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITIIIIWIIR
SGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWESQILIGTL
LVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

LC002520.1/326-829 Zika virus genomic RNA, strain: MR766-NIID, Uganda, Flavivirus
envelope glycoprotein E. (SEQ ID NO: 24)
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IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMTVNDIGYETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGKLFSGHLKCRLKMDKILRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYA
GTDGPCKIPVQMAVDMQTLTPVGRLITANPVITESTENSKMMILELDPPFGDSYIVIGVGDKKITHHWHR
SGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVFENSLGKGIIIQIFGAAFKSLFGGMSWESQILIGTL
LVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

isol-MR_766.AEN75263.1.Uganda/291-794 Flavivirus envelope glycoprotein E. (SEQ 1D NO: 25)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIVNDTGYETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGKLFSGHLKCRLKMDKIRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYA
GTDGPCKIPVQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHR
SGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVFENSLGKGIHQIFGAAFKSLFGGMSWESQILIGTL
LVWLGLNTKNGSISLTCLALGGVMIFLSTAVSA

ArD7117.AHLA43501.1.-/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO: 26)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVITVMAQDKPTVDIELVTITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLI'GKGSLVTCAKI'TCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIVNDIGHETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYY
LTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTA
LAGALEAEMDGAKGRLFSGHLKCRLKMDKILRLKGVSYSLCTAVCTAAKVPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHR
SGSTIGKAFEATVRGAKRMAVI.GDTAWDFGSVGGVFENST.GKGIHQIFGAAFKST . FGGMSWESQIT.IGTT.
LVWLGLNTKNGSISLTCLALGGVMIT'LSTAVSA

AY(632535.2/326-825 NC_012532.1 Zika virus strain MR 760, Uganda, Flavivirus envelope
glycoprotein E. (SEQ ID NO: 27)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIGYETDEDRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTM
NNKHWI.VHKEWFHDIPIT. PWHAGADTGTPHWNNKEATI.VEFKDAHAKRQTVVVI.GSQEGAVHTAI.AG
ALCACMDGAKGRLISGHLKCRLKMDKIRLKGVSYSLCTAAT'TI'TKVPALTLHGTVTVEVQYAGTDGP
CKIPVOQMAVDMQTLTPVGRLITANPVITESTENSKMMILELDPPFGDSYIVIGVGDKKITHHWHRSGSTI
GKAFEATVRGAKRMAVLGDTAWDFGSVGGVENSLGKGIHQIFGAAFKSLFGGMSWESQILIGTLLVW
LGLNTKNGSISLTCLALGGVMIFLSTAVSA

MR_766.AAV34151.1.Uganda/291-790 Flavivirus envelope glycoprotein E.

IQ32ZE1IQ32ZE1_9FL (SEQ ID NO: 28)
TIRCIGVSNRDFVEGMSGGTWVDVVIL.EHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQY VCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIGYETDEDRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTM
NNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAG
ALEAEMDGAKGRLFSGHLKCRLKMDKIRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGP
CKIPVQMAVDMQTLTPVGRLITANPVITESTENSKMMILELDPPFGDSYIVIGVGDKKITHHWHRSGSTI
GKAFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTLLVW
LGLNTKNGSISLTCLALGGVMIFLSTAVSA

MR_766.YP_009227198.1.Uganda/1-500 envelope protein E [Zika virus] (SEQ ID NO: 29)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYT.DKQSDTQYVCKRTIL.VDRGWGNGCGI.FGKGST.VTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIGYLETDEDRAKVEVTPNSPRACATLGGI'GSLGLDCEPRTGLDI'SDLYYLTM
NNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAG
ALEAEMDGAKGRLFSGHLKCRLKMDKIRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGP
CKIPVQMAVDMQTLTPVGRLITANPVITESTENSKMMILELDPPFGDSYIVIGVGDKKITHHWHRSGSTI
GKAFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLVW
T.GT.NTKNGSISL.TCI.LATL.GGVMIFI.STAVSA
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KU681081.3/308-811 Zika virus isolate Zika virus/H.sapiens-tc/THA/2014/SV0127- 14,

Thailand, Flavivirus envelope glycoprotein E. (SEQ ID NO: 30)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVIVMAQDKPITVDIELVITTIVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQY VCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YILL.TMNNKHWI.VHKEWFHDIPI. PWHTGADTGTPHWNNKEAILLVEFKDAHAKRQTVVVI.GSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKI. RLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITEGTENSKMMILELDPPFGDSYIVIGVGEKKITHHWHR
SGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVLNSLGKGIHQIFGAAFKSLFGGMSWESQILIGT
LLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

isol-Zika virus%H.sapiens-tc% THA%2014%SV0127-_14.AMD61710.1.Thailand/291-794

Flavivirus envelope glycoprotein E. (SEQ ID NO: 31)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVIIGSQIISGMIVNDTGIIETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFESDLY
YLTMNNKHWLVHKEWFHDIPLPWHTGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVITVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITEGTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHR
SGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVLNSLGKGIHQIFGAAFKSLFGGMSWESQILIGT
LLMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA
CK-ISL_2014.A1C06934.1.Cook_Islands/1-504 Flavivirus envelope glycoprotein E. (Fragment)
0OS=Zika virus GN=E PE=4 SV=1 (SEQ ID NO: 32)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVIVMAQDKPITVDIELVITTIVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTIVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITIIIIWIIRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFESQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

Natal_ RGN.AMB18850.1.Brazil:_Rio_Grande_do_Norte, Natal/291-794 Flavivirus cnvclope

glycoprotein E.] (SEQ ID NO: 33)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYT.DKQSDTQYVCKRTIL.VDRGWGNGCGI . FGKGST . VTCAKFACSKKMTGKSIQPE
NLEYRIMLSVIIGSQIISGMIVNDTGIIETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKI.RLKGVSYSLCTAAFTFTKIPAETL.HGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMILELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGS VGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTL
TMWI.GI.NTKNGSIST.MCILATLGGVILIFILLSTAVSA

is01-Si323.AMC37200.1.Colombia/1-504 Flavivirus envelope glycoprotein E. (SEQ ID NO: 34)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKIIWLVIIKEWFIIDIPLPWIIAGADTGTPITWNNKEALVEFKDAITAKRQTVVVLGSQEGAVIIT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKI.RLKGVSYSLCTAAFTFTKIPAETL.HGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMILELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTL
ILMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

KU707826.1/317-820 Zika virus isolate SSABR1, Brazil, Flavivirus envelope glycoprotein E.
(SEQ ID NO: 35)
IRCIGVSNRDFVEGMSGGTWVDVVLEIIGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATL.GGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
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ALAGALEAEMDGAKGRLSSGHLKCRLKMDKI RLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGS VGGALNSLGKGIHQIFGAAFKSLFGGMSWFEFSQILIGTL
ILMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

KU509998.1/326-829 Zika virus strain Haiti/1225/2014, Haiti, Flavivirus envelope glycoprotein E.
(SEQ ID NO: 36)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDESDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKIRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMILELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTL
ILMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

is0l-GDZ16001. AML82110.1.China/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO:

37)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGIILKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLIIGTVIVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMILELDPPEGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGS VGGALNSLGKGIHQIFGAAFKSLFGGMSWESQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

BeH819015.AMA12085.1.Brazil/291-794 Flavivirus envelope glycoprotein E.] (SEQ ID NO: 38)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLL.TMNNKHWI.VHKEWFHDIPI. PWHAGADTGTPHWNNKEAI.VEFKDAHAKRQTVVVI.GSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWESQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA
MRS_OPY_Martinique_PaRi_2015.AMC33116.1.Martinique/291-794 Flavivirus envelope
glycoprotein E. (SEQ ID NO: 39)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVIIGSQIISGMIVNDTGIIETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFESDLY
YLIMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVH'T
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVITVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWESQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

KUS501215.1/308-811 Zika virus strain PRVABCS59, Puerto Rico, Flavivirus envelope
glycoprotein E. (SEQ ID NO: 40)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITIIIIWIIRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFESQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

Haiti% 1225%2014. AMB37295.1.Haiti1/291-794 Flavivirus cnvelope glycoprotein E. (SEQ ID NO:

41)
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IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKILRLKGVSYSLCTAAFTFTKIPAETLHGTVITVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGITIQIFGAAFKSLFGGMSWESQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

KU527068.1/308-811 Zika virus strain Natal RGN, Brazil: Rio Grande do Norte, Natal,
Flavivirus envelope glycoprotein E. (SEQ 1D NO: 42)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFESDLY
YLTMNNKIIWLVIIKEWFIIDIPLPWIIAGADTGTPIIWNNKEALVEFKDAITAKRQTVVVLGSQEGAVIIT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGS VGGALNSLGKGIHQIFGAAFKSLFGGMSWESQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

is01-Z1106027.ALX35662.1.Suriname/5-508 Flavivirus envelope glycoprotein E. (SEQ ID NO: 43)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPEGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGS VGGALNSLGKGIHQIFGAAFKSLFGGMSWFESQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA
isol-FLR.AMM39804.1.Colombia:_Barranquilla/291-794 Flavivirus envelope glycoprotein E.
(SEQ ID NO: 44)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVITVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWESQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

PLCal_ZV_isol-From_Vero_E6_cells. AHL.37808.1.Canada/254-757 Flavivirus envelope
glycoprotein E. (SEQ ID NO: 45)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGIILKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLIIGTVIVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGS VGGALNSLGKGIHQIFGAAFKSLFGGMSWESQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

BeH818995.AMA12084.1.Brazil/291-794 Flavivirus envelope glycoprotein E. [Zika virus].
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVIVMAQDKPITVDIELVITTIVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQY VCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWI.VHKEWFHDIPI. PWHAGADTGTPHWNNKEAI.VEFKDAHAKRQTVVVI.GSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
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GSTIGKAFEATVRGAKRMAVLGDTAWDFGS VGGALNSLGKGIHQIFGAAFKSLFGGMSWFEFSQILIGTL
IMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA
H/PF/2013.AHZ13508.1.French_Polynesia/291-794 TFlavivirus envelope glycoprotein E. (SEQ 1D
NO: 47)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYT.DKQSDTQYVCKRTI.VDRGWGNGCGI.FGKGST. VTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKIRLKGVSYSLCITAAFIFIKIPAETLHGTVIVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVILGDTAWDFGS VGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTL
ILMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA
PRVABC59.AMC13911.1.Puerto_Rico/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO:
48)
IRCIGVSNRDFVEGMSGGTWVDVVLEIIGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATL.GGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKI.RLKGVSYSLCTAAFTFTKIPAETL.HGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMILELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGS VGGALNSLGKGIIQIFGAAFKSLFGGMSWFEFSQILIGTL
ILMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

KU321639.1/326-829 Zika virus strain ZikaSPH2015, Brazil, Flavivirus envelope glycoprotein E.
(SEQ ID NO: 49)
IRCIGVSNRDFVEGMSGGTWVDIVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDM
ASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENL
EYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYL
TMNNKIIWLVIIKEWFIIDIPLPWITAGADTGTPITWNNKEALVEFKDAITAKRQTVVVLGSQEGAVIITAL
AGALEAEMDGAKGRLSSGHLKCRLKMDKILRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTD
GPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGS
TIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWESQILIGTLLM
WLGLNTKNGSISLMCILALGGVLIFLSTAVSA

ZikaSPH2015.ALU33341.1.Brazil/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO: 50)
IRCIGVSNRDFVEGMSGGTWVDIVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDM
ASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENL
EYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY YL
TMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTAL
AGALEAEMDGAKGRLSSGIITLKCRLKMDKILRLKGVSYSLCTAAFTFTKIPAETLIIGTVTIVEVQYAGTD
GPCKVPAQMAVDMQTLTPVGRLITANPVITES TENSKMMLELDPPEGDSYIVIGVGEKKITHHWHRSGS
TIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWESQILIGTLIL.M
WLGLNTKNGSISLMCLALGGVLIFLSTAVSA

103344.AMC13912.1.Guatemala/291-794 polyprotein [Zika virus].

103344.AMC13912.1.Guatemala Flavivirus envelope glycoprotein E. (SEQ ID NQO: 51)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEIRSYCYEASISDM
ASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENL
EYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYL
TMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTAL
AGALEAEMDGAKGRLSSGHLKCRLKMDKILRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTD
GPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGS
TIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWESQILIGTLLM
WLGLNTKNGSISLMCLALGGVLIFLSTAVSA
isol-Brazil-ZKV2015.AMD16557.1.Brazil/291-794 Flavivirus envelope glycoprotein E. (SEQ 1D
NO: 52)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
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NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGTQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKI.RLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMIELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWESQILIGTL
ILMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

KU497555.1/308-811 Zika virus isolate Brazil-ZKV2015, Flavivirus envelope glycoprotein E.

(SEQ ID NO: 53)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVIVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQY VCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGTQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKILRLKGVSYSLCTAAFTFTKIPAETLHGTVIVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITIITIIWIIRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTL
ILMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

1s01-ZJ03. AMM39806.1.China/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO: 54)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQY VCKRTLYVDRGWGNGCGLEFGKGSLVICAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKILRLKGVSYSLCTAAFTFTKIPAETLHGTVITVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMILELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGARRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

1s0l-FSS13025.AFD30972.1.Cambodia/291-794 Tlavivirus envelope glycoprotein L. (SEQ ID NO:
55)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYT.DKQSDTQYVCKRTIL.VDRGWGNGCGI FGKGST.VTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFIKIPAETLHGIVIVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGS VGGALNSLGKGIHQIFGAAFKSLFGGMSWFESQILIGTL
LVWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

is0l1-Z1106032. AL.X35660.1.Suriname/291-794 Flavivirus envelope glycoprotein E. [Zika virus]

(SEQ ID NO: 56)
IRCIGVSNRDFVEGMSGGTWVDVVLEIIGGCVIVMAQDKPTVDIELVTITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQY VCKRTLYDRGWGNGCGLEGKGSLVICAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFESDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKILRLKGVSYSLCTAAFTFTKIPAETLHGTVITVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGITIQIFGAAFKSLFGGMSWESQILIGTL
LMWLGLNAKNGSISLMCLALGGVLIFLSTAVSA

1s01-Z1106033.ALX35659.1.Suriname/291-794 Flavivirus envelope glycoprotein E. [Zika virus]
(SEQ ID NO: 57)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFESDLY
YLTMNNKIIWLVIIKEWFIIDIPLPWIIAGADTGTPIIWNNKEALVEFKDAITAKRQTVVVLGSQEGAVIIT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGS VGGALNSLGKGIHQIFGAAFKSLFGGMSWFESQILIGTL
LMWLGLNAKNGSISLMCLALGGVLIFLSTAVSA
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isol-BeH828305.AMK49165.1.Brazil/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO:

58)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVIVMAQDKPITVDIELVITTIVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YL.TMNNKHWI.VHKEWFHDIPI. PWHAGADTGTPHWNNKEAI.VEFKDAHAKRQTVVVI.GSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDTQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWESQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

1s0l-GD01.AMK79468.1.China/291-794 Flavivirus cnvelope glycoprotein E. (SEQ ID NO: 59)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNGTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ATLAGAT. EAEMDGAKGRI.SSGHI. KCRI.LKMDKI.RT. KGVSYSI.CTAAFTFTKIPAETI.HGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFEGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWESQILIGTL
LMWLGLNTKNGSISLMCLALGGVLIFLSTAVSA

1s0l-Z1106031.ALX35661.1.Suriname/291-794 Flavivirus envelope glycoprotein L. (SEQ ID NO:
60)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYT.DKQSDTQYVCKRTIL.VDRGWGNGCGI FGKGST.VTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRALATLGGI'GSLGLDCEPRTGLDI'SDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVITVEVQYAG
TDGPCKVLAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHR
SGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGT
T.T.MWI.GI.NTKNGSIST.MCI.AT.GGVIL.IFT.STAVSA

ACD75819.1.Micronesia/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO: 61)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPAVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKIITWLVIIKEWFIIDIPLPWIIAGADTGTPIIWNNKEALVEFKDAITAKRQTVVVLGSQEGAVIIT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKI. RLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMILELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGS VGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTL
LVWLGLNTKNGSISLTCLALGGVLIFLSTAVSA

KU681082.3/308-811 Zika virus isolate Zika virus/H.sapiens-tc/PHL/2012/CPC-0740,
Philippines, Flavivirus envelope glycoprotein E. (SEQ 1D NQO: 62)
IRCIGVSNRDI'VEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMALVRSYCYLASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDESDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKI.RLKGVSYSLCTAAFTFTKIPAETL.HGTVTVEVQYAG
TDGPCKVPAQMAVDMQTI.TPVGRLITANPVITESTENSKMMI.EI.DPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAICATVRGAKRMAVLGDTAWDIGSVGGALNSLGKGIHQII'GAATKSLI'GGMSWISQILIGTL
LVWLGLNTKNGSISLTCLALGGVLIFLSTAVSA
isol-Zika_virus%H.sapiens-tc%PHL%2012%CPC-0740.AMD61711.1.Philippines/291-794
Flavivirus envelope glycoprotein E. (SEQ ID NO: 63)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMI.SVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATT GGFGSI.GT.DCEPRTGI.DFSDI.Y
YLTMNNKHWLVHKEWTHDIPLPWHAGADTGTPHWNNKEALVEIFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKI. RLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAG
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TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMILELDPPFGDSYIVIGVGEKKITHHWHRS
GSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFESQILIGTL
LVWLGLNTKNGSISLTCLALGGVLIFLSTAVSA

isol-BeH823339.AMK49164.2.Brazil/291-794 Flavivirus cnvclope glycoprotein E. (SEQ ID NO:
64)

TRCIGVSNRDFVEGMSGGTWVDVVI EHGGCVTVMAQDKPTVDIELVSTTVSNMAEVRSYCYEATISDI
ASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENL
EYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYL
TMNNKHWLVHKEWFHDIPLPWHAGADTGIPHWNNKEALVEFKDAHAKRQTAVVLGSQEGAVHTAL
AGALEAEMDGAKGRILSSGHLKCRLKMDKILRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTD
GPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMILELDPPFGDSYIVIGVGEKKITHHWHRSGS
TIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWEFSQILIGTLILM
WLGLNTKNGSISLMCLALGGVLIFLSTAVSA

isol-P6-740.AEN75264.1.Malaysia/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO: 65)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYT.DKQSDTQYVCKRTI.VDRGWGNGCGI.FGKGST. VTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMIVNDXGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLY
YLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHT
ALAGALEAEMDGAKGRLSSGHLKCRLKMDKIRLKGVSYSLCTAAFIFIKIPAETLHGTVIVEVQYAG
TDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWXR
SGSTIGKAFEATVRGAKRMAVLGDTAWDFGS VGGALNSLGKGIHQIFGAAFKSLFGGMSWFEFSQILIGT
LLVWLGLNTKNGSISLTCLALGGVLIFLSTAVSA

KU744693.1/326-829 Zika virus isolate VE_Ganxian, China, Flavivirus envelope glycoprotein E.
(SEQ ID NO: 66)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTAMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMLVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGILDFSDL
YYLTMNNKHWLAHKEWFHDIPLPWHAGAATGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVH
TAT.LAGAT. EAEMDGAKGRI.SSGHILKCRT.KMDKI.RT. KGVSYSI.CTAAFTFTKIPAETVDGTVTVEGQYG
GTDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWH
RSGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIIGAAFKSLFGGMSWFSQILIGT
LIMWLGLNTKNGSISLMCLALGGVLIFLSTAVSG

isol-VE_Ganxian. AMK79469.1.China/291-794 I'avivirus envelope glycoprotein . (SEQ ID NO:
67)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTAMAQDKPTVDIELVTITTVSNMAEVRSYCYEASISD
MASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPE
NLEYRIMLSVHGSQHSGMLVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDL
YYLTMNNKITWLAIIKEWFIIDIPLPWIIAGAATGTPITWNNKEALVEFKDAITAKRQTVVVLGSQEGAVII
TALAGALEAEMDGAKGRLSSGHLKCRLKMDKILRILKGVSYSLCTAAFITFIKIPAETVDGTVIVEGQYG
GTDGPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWH
RSGSTIGKAFEATVRGAKRMAVLGDTAWDFGSVGGALNSLGKGIHQIIGAAFKSLFGGMSWFSQILIGT
LIMWLGLNTKNGSISLMCILAILGGVLIFLSTAVSG

ArD157995.AHL43503.1.-/291-794 Flavivirus envelope glycoprotein E. (SEQ ID NO: 68)
ISCIGVSNRDLVEGMSGGTWVDVVLEHGGCVTEMAQDKPTVDIELVIMTVSNMAEVRSYCYEASLSD
MASASRCPTQGEPSLDKQSDTQSVCKRTLGDRGWGNGCGIFGKGSLVTCSKFTCCKKMPGKSIQPENL
EYRIMLPVHGSQHSGMIVNDIGHETDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYL
TMNNKHWI.VHKEWFHDIPT. PWHAGADTGTPHWNNKEATL.VEFKDAHAKRQTVVVI.GSQEGAVHTALI
AGALCAECMDGAKGRLIFSGHLKCRLKMDKLRLKGVSYSLCTAATI'TT'TKVPACTLHGTVTVEVQSAGTD
GPCKVPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSG
STIGKAFEATVRGAKRMAVLGDTAWDFGSVGGVENSLGKGIHQIFGAAFKSLFGGMSWESQILIGTLL
VWLGLNTKNGSISLTCLALGGVMIFLSTAVSA
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MR_766.ABI54475.1.Uganda/291-788 Flavivirus envelope glycoprotein E. (SEQ ID NO: 69)
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISD

MASDSRCPTQGEAYLDKQSDTQY VCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN
LEYRIMLSVHGSQHSGMIVNDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNN

KHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHAKRQTVVVLGSQEGAVHTALAGAL

EAEMDGAKGRLFSGHLKCRLKMDKI RLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCK
VPAQMAVDMQTLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGSTIGK
AFEATVRGAKRMAVLGDTAWDFGSVGGVFNSLGKGIHQIFGAAFKSLFGGMSWESQILIGTLLVWLGL
NTKNGSISLTCLALGGVMIFLSTAVSA

In some embodiments, the Zika virus has polyprotein, including an envelope (E)
protein, with an amino acid sequence provided by any one of SEQ ID NO: 14-69. 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.

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%, §5%, 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 implementations of

these algorithms (GAP, BESTFIT, FASTA, Jalview and TFASTA in the Wisconsin Genetics
69
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Software Package, Genetics Computer Group. 575 Science Or., 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-

2983, 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
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Res. 25:3389-3402, 1977; and Altschul et al., J. Mol. Biol. 215:403-410, 1990, respectively.

EXAMPLES

Example 1: 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 applied to adapt on ZikaV properties and to improve purity. A short summary of

the process steps is outlined below (see also Figure 8a+b).

Upstream:

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

. 5% CO2, 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% CO2, 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)
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. 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)

Definitions & Abbreviations

BSA Bovine serum albumin

HPLC High performance liquid chromatography
JEV  Japanese Encephalitis Virus
MALS Multi angle light scattering

NIV Neutralized inactivated virus
PBS Phosphate buffered saline

rms radius Root mean square radius
RSD Relative standard deviation

SEC Size exclusion chromatography
SGP  Sucrose gradient purified

ZikaV Zika Virus

rMSB research master seed bank

p-i. Post infection

SGC  Sucrose gradient chromatography

PS Protamine sulfate

Zika Virus Strain H/PF/2013 was originally isolated from a 51-year-old woman (SEQ ID
NO: 13). A sample was obtained from European Virus Archive EVAg. Based on this

material, a research master seed bank (rMSB) was prepared on vero cells as the cell substrate.

Virus growth on Vero Cells
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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% CQO,. 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 standard centrifuge. The supernatants were then filtered.
Virus culture supernatants were concentrated by TFF ultrafiltration to remove cell culture

media components and 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 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 200mL 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 significant 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 schedule. However, starting with 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.
The calculated titers per plaque assay are summarized in the list below:

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

This finding led to an optimized harvest schedule to better control of CPE and allow
additional harvest day 5 and 7, see Figure 19. For both harvest days the optimized ZikaV
72
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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 9 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 10 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 12). After pooling the relevant fractions, the
pool 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 day 2, 3, 5 and 7 were analysed
before and after PS treatment by SEC-HPLC and plaque assay. SEC-HPLC was used for
determination of relative total ZikaV content (active + inactive) expressed as peak area,
whereas the rel. ZikaV peak purity is given as relative content of virus monomer population
to total virus peak. 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.
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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 1: ZikaV Recovery by SEC-HPLC and Plaque assay before and after PS

treatment.
SEC-HPLC
Peak area mAU*min

30x rel. virus monomer
Harvest day 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

30x Plaque Recovery
Harvest day conc 30x +PS (%)
Day 2 3E+08 SE+08 179
Day 3 2E+08 4E+08 193
Day 5 1E+08 9E+08 700
Day 7 3L4+08 4+08 132

Sucrose gradient centrifugation

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 density. 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, see Figure 13. The optimal volumes of the sucrose solutions were
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determined empirically. The volumes of individual layers for a centrifugation in 100 mL

bottle scale are shown in Table 2.

Table 2: Individual layers/volumes for a centrifugation in bottle
~40 mL PS treated harvest load Load

15 mL 15 % Sucrose solution J

15 mL 35 % Sucrose solution 1

20 mL 50 % Sucrose solution H

90 mL total volume

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 (see Figure 11). 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 11. 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
break/deceleration activated. In case a different centrifuge system 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
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(~12°) using a clamp. The plastic tubing was then placed into the bottle touching the bottom
edge of the bottle and was fastened in position using a clamp. This resulted in a small gap of
1-2 mm between the tubing inlet and the bottom of the bottle.

Using a peristaltic pump set to a flow rate of 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 12. 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 51mL in a PETG container. A volume of 1% formaldehyde
(10.000ppm) 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 200ppm. 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 formaldehvde

Critical parameters for this step are final formalin concentration, temperature, mixing
and transfer into a new container. A preliminary acceptance criteria for maximum pfu/mL

(determined by plaque assay) has been set on the diluted pool pre formaldehyde treatment.
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The quality of the neutralized inactivated viral solution is 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 (<2ug/mL)
compared to JEV. The 3-fold ZikaV inactivated sample contained therefore <<lpg/mL of
residual PS. Commercial JEV SGP pool contains on average ~120ug/mlL (up to 152ug/mL
possible). The average dilution to inactivation solution of ~14-fold results in a residual PS
content up to ~11 ug/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 hvdroxide (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. In short,
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, is 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 14.
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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 gentle 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 3).

Table 3: 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 ~4% <<LOQ

demonstrate consistent process
performance (19-152ug/mL), *PS
content in DS calculated based on PS
content in SGP pool (~100 ug/mL) and
average dilution factor (~28x) to DS;
LOQ 2ug/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 20. Note that BSA (50ug/mL) was added to the sample to minimize
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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 21) of the sample confirmed the radius Rz of the
monomer ZikaV population peak 1 as 21.6nm and ~49nm 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 22).

Results confirm purity and homogeneity of ZikaV NIV.

Viral titer by plaque assay

Active ZikaV was analyzed 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 (2Zmg/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 sure 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 proteins 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
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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

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) with anti-

IFN-alpha/beta receptor monoclonal antibodies. Challenged mice are monitored daily for
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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
IXTARO® 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 %, 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 IXTARO®, the

commercial JEV Vaccine.

Example 2: Development of a purification process for live attenuated Chikungunva 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 Hallengird et al., 2014, supra) produced under standard cell

culture conditions in Vero cells was developed. Briefly, the downstream process consists of
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crude harvest filtration followed by concentration and diafiltration on a tangential flow
filtration (TFF) system. DNA and host cell proteins were reduced by precipitation with
protamine sulphate and by batch adsorption, respectively. Sucrose density gradient
centrifugation was done as a final polishing step. Out of 16 roller bottles 1 x 1012 total PFU
were purified with an overall DSP process yield of 10 - 15 % (~1 log10 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 A5nsP3 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™ CQG, 2 inch). The filtered harvest after 48 hpi was pooled together with
the 24 hpi harvest and the pooled filtered harvest material was immediately further processed

by ultrafiltration.

Purification of ChikV A5nsP3 by tangential flow filtration (TFF)

The pooled filtered harvest material was further processed by tangential flow filtration (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 (Pellicon?2 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
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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

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 em? 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 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.
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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: 400mL diafiltrated ChikV solution would require addition of 100mL 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 A5nsP3 material
using a magnetic stirrer followed by incubation at 2-8°C for 30 minutes. After incubation, the
DNA precipitate was not removed. The material was immediately further processed by 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
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in buffer A) was added directly to the protamine sulphate treated material. The required
slurry volume was determined based on the volume of ChikV harvest material (d1+d2) and
was calculated as follows:

Volume of CC700 slurry added to PS-treated concentrated harvest (mL) = Volume of
ChikV A5nsP3 harvest material (mL) x 0.02 (dilution factor = 1:50) (i.e., final concentration
of CC7001s 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 ChikV A5nsP3 material was then removed from the top
of the solution in order to avoid blocking of the filter by the CaptoCore particles. The
remaining CaptoCore particles and the DNA precipitate were then removed from the solution
by filtration using a 0.2 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 ChikV A5nsP3 material. The ChikV material was loaded on top of a solution
consisting of three layers of sucrose with different densities. The three sucrose layers were
selected based on a preliminary study which showed the formation of a linear sucrose
gradient and good separation of the virus particles from residual contaminants. The optimal
volumes of the sucrose solutions were determined empirically. The volumes of individual

layers for a centrifugation at 500 mL scale are shown in Table 3.

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

Harvest with 10% sucrose 360

15% sucrose 40

35% sucrose 40

50% sucrose 60

Total volume 500

Preparation of the sucrose gradient
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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 touching the bottom of the bottle. Using
a peristaltic pump set to a flow rate of 25 mL per minute, the ChikV A5nsP3 material and the
sucrose solutions were pumped into the cylinder. A measuring cylinder was used as a feed
vessel. The first solution pumpcd was the ChikV A5SnsP3 matcrial as it had thc lowcest density
(10% sucrose (w/w)). Following the addition of the ChikV A5nsP3 material, the sucrose
solutions were pumped in ascending order starting with the lowest (15%), followed by the
35% sucrose solution and finishing with the highest density sucrose solution (50%). After all
sucrose solutions were transferred, the plastic tubing was carefully removed in order not to

disturb the layers.

Centrifugation

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 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. 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
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and the rest was discarded. The fractions were immediately tested by measuring UV

absorbance in a plate reader as described below.

Analvysis 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. 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 ChikV A5nsP3 fractions.

After identification of the virus containing fractions, the respective fractions were
pooled. Pooling criteria for SGC fractions were based on UV 260 nm data, e.g. start of
pooling at ~10% of peak maximum, end of pooling at ~30% of peak maximum. (Final
pooling criteria at a manufacturing scale may need to be determined empirically.) The
sucrose gradient pool was either stored at < -65 °C or immediately further formulated to drug

substance (DS).

Size exclusion chromatography

The final pooled SGC fractions containing purified infectious ChikV A5nsP3 virus
particles were analyzed for purity by SEC-HPLC. In brief, SEC was performed as follows: a
Superose 6 10/300 Increase column (GE Healthcare) equilibrated with 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.

Two defined peaks were identified by SEC: the ChikV A5nsP3 peak and a peak
corresponding to buffer components. The SGC step yield based on SEC-HPLC data for
pooled fractions F6-F11 was estimated at ~70 %.The final purity of the ChikV A5nsP3 SGC
pool, based on SEC-HPLC analysis, was estimated at >95%.
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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 A5nsP3 purification is shown in Figure
15. 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 Figure 15).

Enrichment of infcctious ChikV ASnsP3 particles by PS trcatment

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

As can be seen in Figure 16a, treatment with PS reduces not only host cell proteins
and low molecular weight contaminants of the ChikV A5SnsP3 preparation, but also reduces
the SEC area corresponding to virus products, including aggregates as indicated. A
surprising finding, however, was that even a reduction of the total SEC area by §6% (in a
representative experiment shown in Fig. 16B, grey portion of bars) did not result in a
concomitant reduction in infectious virus particles as measured by TCID50 (left axis).
Instead, even though a large percentage of virus particles were removed by PS treatment, the
infectious particles were not. This observation indicates that PS treatment selectively enriches
infectious virus particles from a larger pool of total virus particles present in the crude

harvest.

88

783



10

15

20

25

30

PATO18/EP/PR1

TCID50 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 104 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% COZ2. 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% CQO2. 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, electron microscopy of ChikV samples before and after PS treatment
showed that not only large aggregates but also smaller non-infectious virus-like particles
(basically not fully assembled particles without RNA genome) are effectively removed by
PS.

Furthermore, this enrichment of infectious virus particles could also be observed
when analyzing day one and day two crude harvests separately. As presented in Table 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. This
observation was confirmed by MALLS analysis of the virus preparation, wherein it was seen
that a higher percentage of virus particles were of the correct size following PS treatment.
Similarly to the results shown in Fig. 16, day 1 and day 2 harvests showed no reduction in
infectious particles as measured by TCIDS50 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.
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Table 4. Overview of the process of ChikV A5nsP3 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 [mMAU*min] Total particles/mL % correct size

(20-40 nm) TCID50 log 10

Harvest 1 (HT1) 57 1.17E+11 49% 10.2
Harvest 1+ PS 53 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 ChikV particles and other components
as measured by SEC-HPLC at various steps throughout the entire virus purification process
from crude harvest (a) to the final SGC purified pool can be seen in Figure 17. In sum, not
only are the vast majority of contaminants and undesired products removed by the process,
ChikV particles are highly purified. As shown by the previously presented data, the final

preparation is a highly enriched preparation of infectious ChikV particles.

Drug Substance (DS) Formulation
The pooled SGC fractions are diluted with DS formulation buffer M (10 mM Tris, 5%
Sucrose, 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.

Final DS sterile filtration
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The final DS was filtered under aseptic conditions in a laminar flow hood using a
sterility grade 0.2 um syringe filter (e.g. 0.2 um Mini Kleenpak EKYV 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 bec <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®-PTSTM
system (Charles River). The system uses LAL reagents by a kinetic chromogenic
methodology to measure color intensity directly related to the endotoxin content in a sample.
Each cartridge contains precise amounts of a licensed LAL reagent, chromogenic substrate
and an endotoxin 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.
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Further more detailed aspects of the invention:

Al. 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.

A2. The Zika virus vaccine of claim A1, 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.

A3.  The vaccine of claim Al or A2, wherein the Zika virus particle has a RNA genome
corresponding to the DN A sequence provided by any one of the nucleic acid sequences of
SEQ ID NOs: 1-13, or a variant nucleic acid sequence that is at least 88% identical to any one

of SEQ ID NOs: 1-13 and able to pack a virulent Zika virus.

A4.  The vaccine of any one of claims Al1-A3, 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.

AS.  The vaccine of any one of claims Al-A4, wherein the Zika virus is inactivated by

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

A6.  The vaccine of claim A5, wherein the chemical inactivation comprises contacting the
Zika virus with a chemical inactivation agent to completely inactivate the Zika virus as

measured by plaque assay.

A7.  The vaccine of claim A6, wherein the chemical inactivation comprises contacting the

Zika virus with formaldehyde.
AS8.  The vaccine of claim A7, wherein the formaldehyde inactivation comprises contacting

the Zika virus with formaldehyde for between 2-10 days.
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A9.  The vaccine of any one of claims A5-A8, wherein the chemical activation is

performed at about +4°C or about +22°C.

A10. The vaccine of any one of claims A1-A9, further comprising an adjuvant.

Al1l. The vaccine of claim A10, wherein the adjuvant is an aluminum salt adjuvant.

A12. The vaccine of claim All, wherein the aluminum salt adjuvant is aluminium

hydroxide or aluminium phosphate salt.

A13. The vaccine of any one of A10-A12, wherein the vaccine comprises or further
comprises an adjuvant comprising a peptide and a deoxyinosine-containing

immunostimulatory oligodeoxynucleic acid molecule (I-ODN).

Al4. The vaccine of claim A13, wherein the peptide comprises the sequence KLKLSKLK
(SEQ ID NO: 70) and the I-ODN comprises oligo-d(IC)13 (SEQ ID NO: 71).

A15. The vaccine of any one of claims Al1-A14, further comprising one or more

pharmaceutically acceptable excipient.

B1. A kit comprising a Zika virus vaccine of any one of claims A1-AlS5.
B2. The kit of claim B1, further comprising a second vaccine.
B3. The kit of claim B2, wherein the second vaccine is a West Nile virus vaccine, a

Japanese Encephalitis virus vaccine, a Yellow Fever virus vaccine, a Dengue virus vaccine or

a Chikungunya virus vaccine.

Cl1. A method, comprising
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administering a first dose of a therapeutically effective amount of the Zika virus

vaccine of any one of claims A1-A15 to a subject in need thereof.

C2. The method of claim C1, further comprising administering a second dose of a

therapeutically effective amount of the Zika virus vaccine.

C3. The method of claim C1 or C2, wherein the second dose of the Zika virus vaccine is

administered about 7 days after the first dose of the Zika virus vaccine.

C4. The method of claim C1 or C2, wherein the second dose of the Zika virus vaccine is

administered about 14 days after the first dose of the Zika virus vaccine.

C5. The method of claim C1 or C2, wherein the second dose of the Zika virus vaccine is

administered about 28 days after the first dose of the Zika virus vaccine.

C6. The method of any one of claims C1-C5, wherein the administering results in

production of Zika virus neutralizing antibodies.

D1. A method of producing a Zika virus vaccine, comprising

(i) passaging a Zika virus on Vero cells, thereby producing a culture supernatant
comprising the Zika virus;

(ii) harvesting the culture medium of (i);

(iii) precipitating the harvested culture medium of (ii), thereby producing a Zika virus
supernatant; and

(iv) optimally inactivating the Zika virus in the Zika virus supernatant of (iii) thereby

producing an inactivated Zika virus.

D2.  The method of claim D1, further comprising concentrating the culture medium of (ii)

prior to step (iii).
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D3.  The method of claim D1 or D2, wherein the precipitating of (iii) comprises contacting

the culture medium of (ii) with protamine sulfate or benzoate.

D4.  The method of any one of claims D1-D3, further comprising (v) dialyzing the

inactivated Zika virus of (iv), thereby producing a dialyzed Zika virus.

D5.  The method of claim D4, further comprising (vi) filtering the dialyzed Zika virus of
(v).

D6.  The method of any one of claims D1-DS5, wherein the inactivating is by chemical

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

D7. The method of claim D6, wherein the chemical inactivation comprises contacting the

Zika virus with a chemical inactivation agent for at least 4 days.

D8.  The method of claim D6 or D7, wherein the chemical inactivation agent comprises
formaldehyde.
D9.  The method of any one of claims D6-DS§, wherein the chemical activation is

performed at about +4°C or about +22°C.

D10. The method of claim D8 or D9, further comprising neutralizing the formaldehyde.

D11. The method of claim D10, wherein the neutralizing is performed with sodium

metabisulfite.

El. The use of the optimally inactivated Zika virus vaccine of any one of claims A1-A15

for the treatment and prevention of a Zika virus infection.

E2. The use of claim E1, wherein the inactivated Zika virus vaccine is administered in a

first dose of a therapeutically effective amount to a subject in need thereof.
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E3. The use of claim E2, wherein the inactivated Zika virus vaccine is administered in a

second dose of a therapeutically effective amount to the subject.

E4. The use of claim E3, wherein the second dose of the inactivated Zika virus vaccine is

administered about 7 days after the first dose of the Zika virus vaccine.

ES5. The use of claim E3, wherein the second dose of the Zika virus vaccine is

administered about 14 days after the first dose of the Zika virus vaccine.

E6. The use of claim E3, wherein the second dose of the Zika virus vaccine is

administered about 28 days after the first dose of the Zika virus vaccine.
E7. The use of any one of claims E1-E6, wherein the vaccine administration results in

production of Zika virus neutralizing antibodies.

F1. A pharmaceutical composition for use in the treatment and prevention of a Zika virus
infection, wherein said pharmaceutical composition comprises the optimally inactivated Zika

virus vaccine of any one of claims A1-Al5.
F2. The pharmaceutical composition of claim F1, wherein the inactivated Zika virus
vaccine is administered in a first dose of a therapeutically effective amount to a subject in

need thereof.

F3. The use of claim F2, wherein the inactivated Zika virus vaccine is administered in a

second dose of a therapeutically effective amount to the subject.

F4. The use of claim F3, wherein the second dose of the inactivated Zika virus vaccine is

administered about 7 days after the first dose of the Zika virus vaccine.
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F5. The use of claim F3, wherein the second dose of the Zika virus vaccine is

administered about 14 days after the first dose of the Zika virus vaccine.

Feo. The use of claim F3, wherein the second dose of the Zika virus vaccine is

administered about 28 days after the first dose of the Zika virus vaccine.

F7. The use of any one of claims F1-F6, wherein the vaccine administration results in

production of Zika virus neutralizing antibodies.
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CLAIMS
‘What is claimed is:
1. 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 pug/ml, preferably below 0.5 pg/mL, more preferably
below 0.1 ug/mL, most preferably below 0.05ug/mL.

2. The process of claim 2, wherein the virus particles are selected from the group

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

Chikungunya.
3. The process of claim 1 or claim 2, 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 cutotf of the pores can enter the ligand-activated core and

collecting the virus particles.

4. The process of any of claims 1 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.
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5. The process of any of claims 1 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).

6. The process of claim 5, 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.

7. The process of any one of claims 1 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.

8. The process of any one of claims 1 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%.

9. The process of any one of claims 5 to 8, wherein the one or more pre-purification
step(s) prior to step (b) of any of claims 5 to 8 is performed using a filter having a pore size

equal to or less than 1 um, preferably 0.2 um.

10. The process of any one of claims 1 to 9, wherein the residual impurity of the virus

preparation (c) is less than 10%.

11. The process of any one of claims 1 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 HelLa cell line, a HelLa-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.

12. The process of claim 11, wherein said cell line is a Vero cell line.
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13. The process of any one of claims 1 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.

14. The process of any one of claims 1 to 13, wherein the Zika virus is a Zika virus strain

of the Asian lineage or an immunogenic variant thereof.

15. The process of any one of claims 1 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 formaldehyde.

16. Use of the process according to any one of claims 1 to 15 for manufacturing a

composition for immunization against a virus infection.

17. The use according to claim 16, 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.

18. A composition comprising the virus particles obtainable or obtained by the process of
any one of claims 1 to 17 for treating and/or preventing an infection, such as e.g. a Zika virus

infection.

19. 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.
20. The Zika virus vaccine of claim 19, 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 80% probability.
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21. The vaccine of claim 19 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.

22. The vaccine of any one of claims 19, 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.

23. The vaccine of any one of claims 19, 20 to 22, wherein the Zika virus obtained by
culturing on Vero cells is purified by protamine sulfate precipitation and sucrose gradient

centrifugation.

24. The vaccine of claim 23, wherein the sucrose gradient centrifugation is an optimized

sucrose gradient centrifugation.

25. The vaccine of claim 24, 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.e. 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.

26. The vaccine of any one of claims 19, 20 to 25, wherein the Zika virus is inactivated by

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

217. The vaccine of claim 26, 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.

28. The vaccine of claim 27, wherein the chemical inactivation comprises contacting the

Zika virus with formaldehyde.
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29. The vaccine of claim 28, wherein the formaldehyde inactivation comprises contacting

the Zika virus with formaldehyde for between 2-10 days.

30. The vaccine of any one of claims 27-29, wherein the chemical activation is performed

at about +4°C or about +22°C.

31. The vaccine of any one of claims 19 to 30, further comprising an adjuvant.
32. The vaccine of claim 31, wherein the adjuvant is an aluminum salt adjuvant.
33. The vaccine of claim 32, wherein the aluminum salt adjuvant is aluminium hydroxide

or aluminium phosphate salt.
34. The vaccine of claim 32, 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.

35. The vaccine of any one of claims 19 to 34, further comprising one or more

pharmaceutically acceptable excipient.
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ABSTRACT
Described herein are improved purification methods for virus vaccines and
compositions. Also described are Zika vaccines and methods of producing and administering

5  said vaccines to subjects in need thereof.
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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
vaccinegs, that limit quantity and components of the compositions. Meeting these standards is
particularly challenging with regard to production of vaccines containing biclogical agents, such
as viruses, which must be propagated on cell substrates. Such vaccine preparations must be
sterile {i.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 lon

pair. lts-use in removing host cell nucleic acid iswell 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 wirtually
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 asvaccine preparation;

furthermore, the process is not dependent on the charge of the virus particie.
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Disclosed herein gre 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 orfor 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 (bl
and further purifying the virus preparation (b} by method or methods selecting for size of the
virus particles, such as e.g. a sucrose density gradient centrifugation to obtain a virus

preparation [c) comprising the infectious virus particles.

In spme embodiments, the concentration of protamine sulghate in step (b} is about 1 to
10 mg/ml, rore preferably about 1 16 5 mg/ml, more preferably about 1 to 2 mg/ml In one
ernbodiment, the concentration of protamine sulphate in step {b) is about 2. mg/ml. Inone
embuodiment, the concentration of pratamine sulphate is 1.2 to 1.8 mg/ml, more preferably 1.4
te 1.6 me/ml. In a preferred embodiment, the concerntration of protamine sulphate in step (b)
is abiout 1.6 mg/mi 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 call DNA of the virus preparation
(e} is less than 10 ng/ml. In some embodiments, the residual host cell protein of the final virus
preparation (o} is. less than 10 pg/mb; especially less than 9, 8 7, 6, 5, 4, 3 or 2 ug/ml,
preferablyless than 1 peg/mL. in 8 preferred embodiment, the residual bost 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 yg/ml,; especially lessthan 9, 8, 7,
6, 5,4, 3 or 2 pg/ml, preferably less than 1 pg/mL. In a preferred embodiment, the residual

non-infectious virus particles of the virus preparation (&) is less than 100 ng/ml.
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In some. embodiments, the crude harvest {(8) comprising the virys particles and
impurities is subjected to one or mote pre-purification step(s) prior to step (b). In some
embodiments, the one or more pre-purification stepls) comprises digesting host cell genomic
DNA in the crude harvest {(a) comprising the virus particles and impurities by enzymatic
treatment. In some embodiments, the one or more pre-purification step(s) comprises filtration,
ultrafiltration, concentration, buffer exchange and/or diafiltration. In some embodiments, the
one or more pre-purification steps is filtration using a-filter having a pore size eqgual to or less
than 1w, In some embodiments, the filter has a poresize equal to or less than 0.2 1M, Ina
preferred embodiment, the filter has @ puore size of 0.2 gm. In -some embotiments, the
concentration and/or ultra/diafiltration and/or buffer exchange is performed by tangential flow
filtration {TFE). In some embodiments, ultra/diafiltration of the crude harvest {a) comprising the
wirus particles and impurities is performed using a holiow fiber membrane having a cut-off of
egual to or lessthan 300 kDa. In a preferred embodiment; the bollow fiber membrane has a
cut-off of 100 kDa.

Iy some embodiments, the virus particle is a live virus, & chimeric virus, an attenuated
live virus, & modified livevirus, or 8 recombinant live virus. In @ further step, the virus particles
of the invention may by optionally inactivated. In some embodiments, the virus particle s an
attenuated form of the virus particle. For example, the virus may have reduced infectivity,
virulence, and/or replication in & host, 89 compared o a wild-type wvirus. I some
embadiments, the virus is a mutated or modified virus, for example the nucleic acid of the virus
miay contain at least one mutation relative to the wild-type virus. In some embodiments, the
virds is a retombinant live wirus, meaning a virus that is generated recombinantly and may
contain nucleic acid from different sources.

In some embodiments, the vitus particle is a live virus, an attenuated live virus, a
modified live virus, ora recombinant live virus. In some embodiments, the virus belongsto a
wirus family selected from the grotip-cousisting of Paramyxoviridae, Orthomyxoviridae,
Flaviviridae, Filoviridae, Arenaviridae, Rhabdoviridas, and Coronaviridae. In some
embodiments, the virus belongs to avirus family selected from the group consisting of

Togaviridae (being live or inactivated), siich as alphaviruses, or Flaviviridae (being live or
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inactivated). Insome embediments, the virus is a virus of the family Flaviviridae, i.e. a
flavivirus. In otherembodiments, the virus is 8 Zika virug or Yellow Feveryiras. Th 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 sorme embodiments, the relative reduction of impurity of the final virus preparation
relative to the liguid mediom {3) comprising the virus:particles and impuritiesis ina range from
60 to 95%. Insome embodiments, the residual impurity of the final virus preparation is less
than 1%. We observed & decregse in the HCP peaks and the non-infectious aggregite peaksin
the HPLC-SEC or SDS-PAGE. An exactguantification is difficult but oneé can measire the density
of the SOS-PAGE bands-and other methods.

In some embodiments, the filtration of step in (b){ii} of claim 1 is performed using a
fiter having 2 pore size equal 1o orgreater than 1 wm. In some embodiments, the filter hasa
pore size equal to or greater than 0.2 um. In a preferred embodiment, the filter hias a pore size

of 0.2 pm.

In some embodiments, the virus is propagated i a cell line selected from the group
consisting of an EB66 cell line, a Verocell ling, a Vero-aHis call lifie; 4 Hels cell line, a Hela-53
celbline, a 293 cell line, 8 PC12 cell ling, a CHO cell line, @ 3T3 cell line, & PerCH cell line, a MDSK
cell line, a chicken embryonic fibroblast cell line, a duck cell line, and a diploid avian cell ine. In
some embodiments, said cell lineis aduck cell line. Insome embodiments, said cell lineisa
diploid avian cell line. Invsome embodiments, said cell line is EB&6 cell line. In a preferred

embodiment, said cell line is @ Vero cell line.

Aspects of the invention provide a use of any of the processes described herein for
manufacturing a composition for immunization against-a viral infection. Ina preferred
embodiment;, the composition isa vaccine. In one embodiment, the composition or vaccine is
directed against Chikungunya virus. Ih one embodiment, the composition or vactine is directed
againsta flavivirus,  In one efmbodirhent, the composition or vaccing is directed against Yellow
Fever virus. i oneé embodiment, the composition or vaccine 15 directed againgt Ziks virussuch

as e a Zika virus of the Asian lineage.
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Other aspects provide compositions comprising the virus particles obtainable by anyof
the processes described heréin for treating and/or preventing a viral inféction. Inone
embodiment, the viral infection is caused by t‘:h‘ikungun’ya virus. In one embodiment, the viral
infection is caused by a flavivirus. 1n gne embodiment, the viral infection s catused 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.

Irr some embodiments, the attenuated form of ChikV is derived from the LR2006-0PY1
ChikV infectious clone {La Reunion isolate). In some embodiments, the attenuated form of
ChikV is the ASnsP3 mutant as described by Hallengdrd et al. [Novel Attenuated Chikungunys
Waccine Candidates Elicit ‘Protective Immunity in C57BL/6 mice (2014) Journal of Virclogy
B8(5)72858=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
serjuence of the ASnsP3 mutant sequence, especially at least 81%, 82%, 83%, 84%, 85%, 86%,
B7%, 88% B89%, 90%, 91%. 92%, 93%, 94%, 95%, 96%, 97%, 98% or at least 99% sequence
identity.

In some embodiments, the Zika virus is derived from the Asian lineage. In some
embodiments, the Zika virus is @ Zika virus as-described partially or fully in Sequence section of
this application, i.e. any of sequences SEQ ID Nos 2 to 69, in particular all partly ‘or fully
described Zika viruses of the Asian lineages or an immunogenic variant thereof. The
immunogenic variants of the-Zika virus or Zika virus of the Asian linkages 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, especially at least 81%, 82%, 83%, 84%, 85%, 86%, 87%,
BB% B9%, 90%, 91%, B2%, 93%, 94%, 95%, 96%, 97%, 98% or af least 99% seguence identity.

In some embodiments, the process of the invention resulis in an enrichiment 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 B0%, at least 50%, at least 95%,
preferably at least 80%, especially 85% relative to the fotal virus particle content of the crude

harvest [slcomprising the virus particles and Ipurities.

833




PATO22-EP-PR

[n some embodiments, the residual impurity of the final virus préeparation 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 delermined by SEC-HPLC [Size Exclusion Chromatography —HPLC)L

Insome 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
pme In some embodiments; the filter has a pore size egusl to or greater than 0.2 v In g
preferred embodiment, the filter has a pore size of about 0.2 um, suchas 0.22 pm,

In some embodiments, the Zika virus, or Chikengunya virus is propagated in o cell line
selected from the group consisting of @n EBGE cell line, a Vero celllline, a Vero-aHis cellling, a
Hela cell ling, a Hela-S3 cell line, a 293 cell fine, a PCL2 cell line, a CHO cellline, a 373 cell line, 8
PerCh cell line, a MDEK cell line, a chicken embryonic fibroblast cell line, a.duck cell line, and &
diploid avian cell Hne. In some embodiments, said cell line 5 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 & preferred smbodiment, said cell ling is a'Vero cell line,

Aspects of the Invention provide 3 Use of any of the processes described heréin 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 & preferred embodiment; the vaccine 15 administered onhce or twice, In 2
preferred embiodiment, the vaccine s administered only once.

Other aspects provide compasitions comprising the virus particles obtainable by anyof

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,

notevery component may be labeled in every drawing. In the drawings:
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Figure 1 shows the process of flavivirus maturation in the host cell. Full maturation of
the particles requires proteolytic cleavage of the precursor membrane glycoprotein [privi) by
the host protease furin. Not all prM molecules are cleaved, resulting in the release of mature,
mosaic or immature-like conformations from the cells. Mosaic and immature forms are
generally not infectious~only miature virions are infective and have hemagglutinin [HA) /
TCID5Q activity. {Figure adapted from Plevka, et al., Maturation of flaviviruses starts from one

or more icosahedrally independent niicleation centres, ENMIBO reports (2011) 12, 602606}

Figure 2 shows schematically the genome of the ChikV, including nonestructural and
structural proteins {labeled "CHIKV™] as well as a schematic representation of the E5nsP3
attenuated Chikungunya virus used to exemplify the purification process of the current
invention (labeled “@5nsP3"). The triangle indicates the approximate location of the deletion in

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

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

of the process of the invention.

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

SGC putified pool consisting of SGC fractions F7-F11 isshown:in lane 12,

Figure 5 relates the SEC area (mAU*min; right axis) and TCIDsy results (log TCID50/mL;
left axis) of ChikV production harvests befere and after PS treatment. The grey portions of the
bars indicate large losses I S5EC area following PS trestment, but no corresponding change in

the total number of infectious particles {indicated by black portions of the hars) [A): SEC profile
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of virgs preparation before and after PS addition, showing a complete removal of large size
virus ‘aggregates by PS treatment as well as a reduction in host cell proteins (HCP) and LMW

impurities (B).

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

Figure 7 shows relative amounts of ChikV particles and other components by SEC-HPLC
analysis gt the different steps of the process of the invention including, from Top to bottom:
crude harvest (a): 10X contentrated harvest; diafiltrated harvest: PS treated materiali CC700-

treated material and SGC purified pool.

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

of the process of the invention.

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

removal of large size aggregates and LMW impurities.

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

HCP and LVIW impurities (SEC-HPLC of 30x concentrated Zika Wirus harvestday 5)

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

the production of highly-purified virus preparations comprising mostly infectious virus particles,
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During the course of the invention, it was observed that pratamine sulphate, added to remove
contaminating DNA during virus purification, resulted not only in removal of contaminating
DNA, but also in the loss of a high percentage of total virus particles present in the preparation.
Surprisingly, however, quantification of total infectious virus particles by TCID50 before and
after PS5 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 remuoval of non-infectious, appregated and immature viral by-
products, leaving behind the infectious Chikungunya virus particles. Because by-products
produced during wirus 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 forthe gquality and safety of the final product.
Protamines are small arginine-rich nuclear proteins, present in high amounts in the
speri of fish; which have an dmportant role i 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 3 weak
anticoagulant effect ("Protamine sulfate”., Wikipedia: The Free Encvclopedia, Wikimedia
Foundation, Inc. 30 Sep 2015 Web., 26 Nov 2015 <htins//enwikinedia.org/wiki

Protaming sullater). Protamine Sulphate is additionally routinely used in biotechnology
applications suth as DNA precipitation {eg., removal of host cell BNA 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
20-32 amine acids in length, of which 21-22 residues are arginine. The average molecular mass
iz i the range of 4250 Da for the following sequancs: PRRERSSSRP VRRRERPREVS RRRRRRGGRR
RR (SEQ 1D NO: 1). Herein, protamine is also referred to as protamineg salt, or preferably

profvamine sulphate.
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The present invention relates to the use of protamine sulphate (P5) in & process of
purification of & live virus, wherein the protamine sulphate facilitates the réemoval of impurities
from a crude virus harvest, including non-infectious virus particles and aggregates. As seen in
Fig. 1, virus production in the host cell can result in the release of virus products which are not
mature, infectious particles, which can also be considered impurities according to the present
inventior. As such, the present invention also relstes to the enrichment of infectious virus
particles from a crude harvest containing & mix of virug particles and other viral praducts in
various stages of maturation,

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

The protamine sulphate may comprise the seguence PRRRRSSSRP VRRRRRPRVS
RRRERRGGRR RR [SEQ 1D NO: 1) or a variant thereof wherein the amino acid sequerice
comprises from 28-35 amino acids, preferably 29-34, more preferably 30-33 amino acids, most
preferably 31 er 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 27 residues, most preferably 20 or 21 grginine
residues. Further, otherprotamine sulphate-like compounds ar variants thereof may be used.
Therefore, the use of the term “protamine sall” herein shall serve to encémpass natural
variations onn SEQ 1D NO: 1, preferably, but not limited to, the protamine sulphate forms,

The process comprising the use of protamine sulphate of the invention can be applied to
purification of any virus for use in pharmaceutical compositions, for example, for a
pharmaceutical composition such as a vaccine where it is important that the virus is in jts
infectious form. The virus to be purified may be any live virus, any live attenuated virus or any
e chimeiic 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

wirus is inactivated with formaldehyde;
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in a preferred embodiment, the produced Zika virus is derived from the Asian lineage
{which includes the steains found in South America and all strains derived fram any Asian
lineage). Insome otherembodiments, the produced Zika virus is-a Zika virus-as described in the
Sequence section of this application (SEQ ID NO: 2 to 69).

in another preferred embodiment, the live attenuated Chikungunya virus is the
protective ChikV-ICRES1-A5nsP3 described by Hallengdrd et ol (Novel Attenuated Chikungunya
Vacdne Candidates Elicit Protectivé immunity in TS7BU/6 mice {2014) 1, Virology, 88(5):2858-2866).
Briefly, the ChikV genome carries a positive-sense singlesstranded RNA genome of 11 Kb
cohtalning two open reading frames encoding nonstructural proteins {(nsP1 to nsP4) and
structural proteins (C, E3, EZ, 6K, and El), respectively (see Fig. 2, top construct), The
attenuated virus A5nsP3, based on the La Reunion ChikV strain LR2006-OPY1, was obtained by
the substitution of amino acid residues 1656 to 1717 of the P1234 polyprotein with a small
linker (aa sequence AYRAAAG) in the hypervariable region of the nsP3 pratein (see Fig. 2,
bottom construct). The A5nsP3 ChikV mutant was shown to be infectious, highly immunogenic
and protective against challenge with wild type ChikV (Hallengérd, et ol., supra and Hallengérd,

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

B8[22):13333-13343). In one embodiment, the live atienuated Chikungunya virus may be a

variant of the ChikV-ICRES1-A5nsP3 artenuated mutant virus.
A preferred embodiment of the process of the current invention is shown in Figure 3

{(Chikungunya virus) and Figure 10:{2Zika virus).

Table 1. Overview of process buffers and stock solutions

Bulfer Composition Fipal pH anaifg&iﬁiﬂww
A 0.5 M NaOH nd,
B | 01 MNaOH 1A,
C 25 mid Trig, 150 mp Nacl 74402 6.5
D 1M 74302 na.
E A5 M Natl  na ma,
F 1 Wi Natl - L m.a,
G 1% SDS s 1.9,
H CS0%bwdw) Sucrpse it 25 miv Tris 150 miM. Nac] FAz0.2 n.a.
| 38 % {w/w) Sucrose I 25 mM Tris, 150 mM BlaCl T430.2 u
i 15 % (w/w) SucTose 1A 25 mV Trig, 150 mi Nadl T A0 r 03
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K 10x% PBS 7.440.2 i,

L 50 mg/ml Protamine sulphate 74202 na.
Drug substance formulation buffer {10mM

M Teisthydroxynethyilaminomethan, 5 % Sucrose, 1% 7.440.2 1.3
(10 mig/mL) rHSA) '

Table 2. Abbreviations

CCTe0 Capta™ Core 700
Chiky Chikungunya virus
sinls! Ethanod
EU Endotoxin units
o5 Drig Substance
B Brug Product
pse Downstrearm Process
HCP Host tell protein
heDNA Host cell DRA
hipi Howrs post infection
HPLL High Pressure Liguid Chromatography
D Invier dismeter , S
LDS buffer h Lithiumy dodecylsulfare sample Tfa'a&ing buffer
MALLS Multlangle hght-seatrering
mAl Wil absorbance units
D Protess development
PEU Plague farming units
SEC . Size exclusion chromatograghy
5GC Sucrose gradient centrifugation
18 58 sodium doderyl sulphate
TBS T Tris bufferad saline
TFF Tangential flow filtration
TCIDS0 Tissise culture infectious dose 50%
UF/DF Ultratiltration/diafiltration.
vk Relativeventrifugal foree
rHSA Recombinant buman serimm albumin
SEQUEMCES

The amino acid sequence of a typical form of pratamine s provided by SEQIDNG: 1;
PRRRR55SRP VRRRERPRYS RRRRRRGGRR RR.

Provided below are examples of nutleic adid sequences of the genomes of Zika viruses thatmay be used

in the methods, compositions, and/orvactines described herein.
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KU321639.% Zika virus strain ZikaSPH2Z015, Brazil, complete genome (SEQ 1D NO: 2)

GTTGTTACTETTGUTGACTCAGACTGCGACAGTTCEAGTTTGAAGUGAARGLTAGCARCAGTATCAACAGGTTTTIATTTIGGATT
TEGAARCGAGAGTTICTGGTCATGARANACCCAARARAGAAKTLCGCAGGATTCCOGATTGTCAATATGLTAAAACGCGGAG
TAGCCCOTETGAGLLLCTTIGGELGLTTGAAGAGGLTGLCAGLLGGACTTLTGLTGGETCATGLGCLCATCAGGATGETLTTE
GEAATTCTAGCCTTTTTGAGATICACGGCAATCANGCCATCALTEEGTCTCATCAATAGATEGGGTTCAGTEGGGAAAANAGH
GOLTATGGAARTAATARMAGAAGT TLAAGARAGATCTGELTGLLATGLTGAGAATAATCAATGCTAGGAAGEAGAAGAAGAG
ACGGGGUGLAGATACTAGTG TCGGAATTGTTGECCTCCTGUIGACCACAGLTATGGLACLGLAGATCACTAGALGTOLGAGT
GUATACTATATG TACTTGEACAG AA AL EATGL TG GG AG G COATAT O T TECAACCACATIGE OO AT AATARG TG TTATAT
ACAGATCATGGATCTTIGGACACATGTETGATGCCACCATEAGCTATOAATGLCCTATGLTECATGAGGGGETGLAACCAGAT
GALGTCOATTGTTIGETGLAARCATGALGTLAACTIGOETIGTOTACGEAACCTGCCATCACAAAAAAGUTCAAGCACBGAGAT
CTAGAAGAGCTGTGACGCTCCCCTCCTATTCCACTAGGAAGCTG CAAACGLGETEOCARALCTEET TGGAATCAAGAGAATAL
ACAAAGCACTTGATTAGAGTCGAAARTTEGGATATTICAGGAACCITEGGLTTCGCEGTTAGCAGLAGCTBCCATCGUTTGELTTITG
GEAAGCTOAACGAGCCANAAAGTOATATACT TGO TEATGATACTECTGATTGLCCCEGLATALAGEATCAGG TECATAGGAGT
CAGCARTAGGEACTITGTOGAAGETATETUAG G IGEGACTIGEETIGATATTGTCTTOGAACATEGAGGTTETGTUACTGTA
ATGCCACAGGACARACCGACTOTLGACATAGAGUTCGTTACRALAACAGTCAGUAACATGLLGLAGG TAAGATCCTACTGLT
ATEAGGCATCAATATCAGACATGEUTTLGEACAGUCGLTECCCAACALAAGETEAAGLOTACCTIGALANGCANTCAGALACT
CAATATGTCTGCANAAGANCGTTAGTOGACAGAGGLTGEGLAAATGEATETEGACTITITGGCAMGRGAGTUTGETGACAT
GUECTAAGTITGCATGLTUCAAGAABATGACCEBGARGAGCATCCAGLCAGAGAATCTGBACTACLGGATAATECTGTCABT
TECATGGLTCCCAGCACAGTGEGATGATCGTTAATGACACAGGACATOANALTOATGAGAATAGAG CGAAGETTGAGATAALG
COCARTTCACCAAGAGLUGAAGTCACLCT G GEGETTTIGGAAGECTAGGACTTGATTE TEAACCO AL BACAGECCTIBACTT
TICAGATTTGTATTACTTGACTATGAATAACAAGCACTCOTIGGTTCACAAGGAGTGETICCACGACATTCCATTACLTTOGUAC
GUTGGHEGUAGACALCGGAALTCOACACTOGAACAACAAAGAAGUACTOGTAGAGTICAAGGACGCACATGCCAARAGGCAA
ACTETCETOGTTCTAGGGAGTCAAGAAGEAGCAGTTCACALGGLLLTTGLTGRAGLTUTCEALGLTGAGATGGATGETGLAA
AGGGAAGGLTGTCCTCTGGCOACTTGAAATE TOOCCTOAMAATEEATARACTTAGAT TG ARG GGLGTG TCATACTCCTTGTGT
ACCGOAGCETTCACATTCACCAAGATICCOGELUTEAAACACTECACGBG ACAGTCACAG TGOAGGTACAGTACG CAGGGACAG
ATGGACCTTGCAAGGTTCCAGLTCAGATGOLEGTGGACATECAAACTCTEGACCCCAGTTOLOAGGTTGATAACLECTAACCCT
GTAATCACTGAAAGUALTGAGAACTCTAAGATGATGCTEGAACTIGATCCALCATTTGRGRACTUTTACAT TG TCATAGGAGTC
GOGGACGAAGAAGATCACCCACCACTEGOACAGGAGTEGUAGCACCATTEGARLAGCATITOAAGCCACTE TG AGAGETGLT
ABGAGAATGECAGTCTTGGGAGACACAGUUTGOGACTTTGEATCAGTTGEAGGLGUTLTCAACTCATTEGGUANGGGLATCL
ATCARATT T T TGGAGCAGUT T TCAAATCATTIGTTIGGAGGAATETCCTCGTTLTCACAARTTLICATTIGEAMGTIGUTEATETE
GITGGETCTGAACACAAAGAATGEATCTAT TTCCCTTATGTG LT TGECCTTAGG G GEAGTGTTGATCTTCTTATCCACAGLLET
CTCTGCIGATETGEEETOUTCEGTCEALTTCTCANAGAAGGAGACGAGATGCGETACACGEGTETTCATETATAACGACGTT
GAAGLCTCOAGOGACAGGTACAAGTACCATCCTGACTCCCCCUETAGATTIGECAGLAGCAGTLAAGLAAGCLTRGEAAGATE
GTATUTGUEGGATCTCCTL TETITCAAGARTE GAARACATEATGTEEAGATCAGTAGSAG GGG AGETCAACGCANTCL TG A
GAGAATOGAGTICAACTGACGRTCETTGTEEGATLTOTAAAMAACCCCATETEE AGAGGTCCACAGAGRTTGLICGTGICTE
TGAACGAGCTGLCCCACGGUTGGAAGECTTCEEEEANATIGCACTIUG TCAGAGUAGCAAAGACAANT AMCAGTTITETCET

GEATGETGACACACTE AAGGAATGLCCAL TCARACATAGAGLATE G AACABLTTTCT TG TEGAGGATCATREGTTLGEGGTA

TTTCACACTAGTGTCTGGCTCAAGETTAGAGAAGATTATTCATTAGAGTGTEATCCAGLLGTTATTCGAACAGCTGTTAAGGEA
AAGGAGGLTGTACACAGTGATCTAGGCTACTGEATTGAGAGTGAGAAGAATEACACATOEAGECTAAAGAGGECICATCTG
ATCGAGATGAAAACATGTGAATGGCUARAGTLCCACACATTGTEGALAGATGOARTAGANGAGAGTEATCTGATCATALCCA
AGTCTTTAGUTG GG CCACTCAGTCATCACAATACCAGAGAGEECTACAGGACCCAANTOANAAGLGLCATEGOCALABTGAAGA
GUTTEAAATTICGETTTHAGGAATGLCCAGG CACTAAGR TCCACGTGEAGGAANCATE TEGAALAAGAGEACCATCTLTGAGA
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TCARCCACTGCAAGCGGAAGGETEATUGAG GARTGETGLTGCABGGAGTELACAATGCCCCCACTGTCETTCCGGGLTAAAG
ATGGCTGTTGGTATCGAATGGAGATAAGGCCCAGGAAAGAACCAGASAGCAACTTAGTAAGGTCAATGGTEALTGLAGGATC
ARCTEATCACATEOATCACTTCTCCCTTEGAGTECTTETGATTCTIGLTCATGGTGCACOAAGEGCTOAAGAAGAGAATGACECA
CAAAGATCATCATAAGCACATCAATGGCAGTELTG G TAGL TATGATLLTGBEAGGATT TTCAATEAGTGACCTGGUTAAGETT
GCAATTTTGATGGGTGCCACCTTCGCOGAANTGAACALTGGAGGAGATGTAGCTCATLTGOCEGUTGATAGCEGCATTCARAGT

CAGACCAGCGTTGOTGGTATCTTTCATUITCAG AGCTAAT TG GACALLCCGTEAMAGCATGLTGUTGELCTIGG LTI TG T

T TG CAACTG G AT TCCG O T TG AAGGCEACCTGAT GG TTCTCATCAATG G TITIGCTTTG GECTG LT TG G CAATALGAGT
GATGETTGT TCCALGCACTGAT ANCATLACCT TG LAATCC TG G LTEUTC TG ACACCAL TG GECLGEEGUACACTECTTETGRE
CTGGAGAGCABGCCTTECTACTIGCEGGOEETTTATGUTCCTLTCTCIGAAGG G AAAAGGLAGTETGAAGAAGAACTTACCA
TITGTCATGELCCTGOGALTAACCEGLTOTCGAGGLTGOTCOACCCCATOUAALGTGETGEEGUTGLTIGTTGOTCACAAGGAGTGE
CAAGLGOAGCTEECCCCOTAGCEAAGTACTCALAGCTGTTEGLCTBATATECGUATTEGLTGBAGGGTTCGLCAAGGUAGAT
ATAGAGATEECTGEELCCATGELLELEHTCEETCTGCTAATTIOTCAGTTALGTEETLTCAGGAAAGAGTE TEGACATETACA
TIGARAGAGCAGETGACATCACATEGEAAMAAGATCCGEARGTCACTGOAMACAGTCCCOGGCTCGATGTEGLGUTAGATGA
CAGTOGTGATTTCTCLCTEGTEGAGGATGACGGTCCCCCCATGAG AGAGATCATACTCAAGGTGGTCCTGATGALLATCTIGTG
GUATGARCCCAATAG O T AL C T T TG UAGC GG A G TG G TACG TAT ACG TEAAGACTE G ARAANG GAG TG TGCTETATG
BEATCTECCTGCTCECAAGGAAGTAAMARAGGE GEAGACCACAGATEGAGTGTACAGAGTAATGACTCETAGACTGLTAGE
TTCAACACAAGTTGGAGTGERAGT TATGCAAGAGGGGETCTTTCACACTATE TG CACGTCACAAMAG GATCCGCGLTGAGA
AGCOOTGAAGGGAGALTTGATCCATACTGE GGAGATGTLAAGLAGGATCTE G TG TCATACTG TGGTCCATGEAAGETABATG
COGCCTGEGACGOGLACAGLEABETOLAGLTCTTEELUG TG LCCCCOG G AGAGAGAGCGAGGANATCCAGACTCIGILLG
SANTATTTAAGACALAGEATEOGEACATICLAGLGOTIGUGUTGGATTALCCAGLAGGAALTTCAGGATCTCCARTCLTAGA
CAAGTETCEOAGAGTGATAGGACTITATGGUAATGGEATCETGATCAARAATEGEAGTTATGTTAGTGLCATCACCCANGEE
A A G EAGGAAGAGACTCC TG TG AG TG CTTECAG LT TCCATG CTGAAGAAGAAGLAGCTAACTG TCTTAGAC TIGLATC
CTGGAGCTGEGAANACCAGGAGAGTTCTTECTOAMATAGTCCO TG AAGCCATAAARACAAGALTCCGTALTGTGATCT TAGET
COAACCAGGLTIGTCEUTGUTGARATGGAGGARGCCCTTAGAGGECTTCCAGTGUGTTATATGACAACAGCAGTCAATETCAL
CCALTCTGGAACABAAATUGTCGACTTAATG TG CCATGUCACCTTCACTTCACG TETACTACAGECARTCAG AL TCECCAACTAT
AATCTETATATTATGGATGAGECCCACTTCACAGATICCTCARGTATAGCAGLARGAGGATACATTTCAACBAGGETTGAGAT
GEGIEAGGIGECTECCATCTICATE ACCECCALGECACCAGGAALCCG TEACGEATTTCCGEACTCCARCTOAL CAATTATGE
ACACLGAAGTEGAAGTLLLAGAGAGAGLLTEGAGLTCAGGUITTGATTGOETCACGEATTATICTGGABAAACAGTITGGTT
TETTCCAAGCETGACGAALGECAATGAGATIGCAGLTTGTCTGALAMMAGGCTGOARAACCLOTCATACAGCTCAGCAGARAG
ACTTT TG AGACAGAGTTCCAGARAACAARACATCAAG AR TGEEALT TTGTCEIGACAACTGACATIICAGAGATGGGLGLLAA
CTTTAAMGCTGACCETGTCATAGATTCCAGGAGATGCETAAAGCCOETCATACTTGATCGLGAGAGAGTOATTLIGGLTEEAL
CCATGCCTGTCACACATGLOAGOGUTGUCCAGAGEAG GG GEIGLATAGGLAGGAATECCALACARACCTGEAGATGAGTATCT
CTATGOAGOTGGOTGLECAGAGACTGALGAAGALCATECACACTGGLTTEAAGCALAGAATGLUTCCTTGACAATATTTACLTCL
BAGATGGUCTCATAGLCTOGCTCTATCGACCTEAGGCOGACAAAGTAGCAGCCATTGAGGGAGAGTTCAAGCTITAGGACGGA
GUAAAGGAAGALCTITGTECAALTUATGAAAAGAGGAGATCTITCCTE TTTGGLTGELLTATCAGGTTGCATUTGLLGGAATAA
CCTACACAGATAGARGATECTEETITEATGGLACGACCAACAMCALCATAATGGAAGACAGTETGLCGEIAGAGGTETEGAL
CAGACACGGAGAGAARNGAGTGUTCAAACCEAGOTGGATGOALGCCAGAGTITGTTCAGATCATGCEGLECTEAAGTEATTE
ANGGAGTTTACLAUTGOOANAAGAGEAGLGECTTITOGAGTGATGCAAGUCCTEGGAACALTGLCAGGACACATGACAGAG
AGATTCCAGGAAGLCATTGACAACC TCG UG TGUICATGLGEGUAGAG AL TEGAAL LAGGLLTTACARNGELGEGBCEEICE
AATTECCEGAGACCCTAGAGACCATTATG LT T BGEE TIGUIGGEAACAGTCTLGLTGGE ANTUTTTTILGTLTTGATGAGG
AACAAGGOUATAGCGAAGATEECCTITEOAATEETGALTCT TGO GG CCAGLGUATGOUTCATOTIGGUTCTLEGARATTGABL
CAGCCAGAATTGCATE TG T TCAT TG T G TG T TCC T AT TG TG G TE E T CTCATACCTGAGE CAG ARAAGTARAGATETCCLE

AGEACAACCAARATEGUAATCATCATCATGETAGLAGTAGGTCTTCTCEGCTTOATTALLGLCAATEAACTCGEATEGTTIGGAL

AN ARG ARG TEACT ARG ECATCTAAT GO GAAGGAGAG AL G A GGG LAATLATGG G ATTCTUEATCGACATTEACCTG
OGO A TGO TG e AT TA TG TGO T T GACA AT T AT TR A L CTECAACATOCAG TOACCACTTOATRE
ACARCTACTCCTTRAATEGLEATGLLCACGLANGLTCGACTETIGTTTIGG TATCGOGEAAAGGGATRECATICTACGL ATGGEEAL
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TG GAGTCCLGL TG TAATGATAGE TTGCTACTCACAAT TAACGLCLOTGALCCTAATAGTEGCCATCATTTITGCTOGTUGCG

CACTACATGTACTIGATCECAGG G TG LAGGLAGLAGCTGLELG TG TG CLCAGAAGAGAAGGCAGCTGEEATCATGRAGA
ACCCTETIETOGATGEA A TAG TGO TGACTGACATTGACACASRTEACART TOACCCCUAAG TEGAGAAAMGATEGGATAGET
GCTACTCATHGUAGTAGULETCTCCAGCRLCATACTETUECEGACCELLTEEGGETEGEGEEAGEUIGEEGLCLTGATUACA

BLCGCAACTTLCACTT TG TGO GAAGG L TCTCCGAACAAGTALTGOAACTCCTCTACAGECALTTCACTG TG TARCATTTITIAGG

CEAAGTTACTTEOUTOGAGETTCTETARTCTACACASTAACARGARANLGLTECLTTEGTCAAGAGACETOGGEETGEAATAG
CAGAGACCCTGGUAGAGAAATECARGECLCEGCTTGAACCAGATGTLGGCCLTGBAG TTCTACTCCTACAAAMAG TEAGGCAT
CACCGAGGTETOCAGAGAAGAGELELGLCGUGLECTCAAGRACEETGTOGEAALGEGAGLLCATGUTGTGTCLCGAGGAAG
TGLAMAGLTEAGATEE TTEGTEGAGLELOGATACCTGCAGLCCTATGEAMG GTCATIGATCTTGEATGIGGLAGAGEEGEG
CTEEAGTTACTACGUCGLCACCATCCGOAAAGTTCAAGAAGTEAANGGATACALAAAAGGAGGCLCTGGTCATEAAGARCCC
ETGETTOETECAAAGUTATCGGTGGAACATAGTCCETCTTAAGAGTEEGGTGGACGTCTITCATATEGCGELTCAGLOGTETE
ACACATTGCTETETEACATAGGTEAGTCATCATUTAGTCCTEANGTEGAAGAAGLACGEACGUTCAGAGTLLTCTCCATEGTG:
GEGGATTGGLTTGAAAALAGACCAGEAGLCTTTIGTATARAAGTGTTETCOLCATACACCAGUALTATSATGGAAACCCTGEA
GLGACTGCACCOTAGGTATEOGEEAGEACTEETUAGAG TG LCACTUTLCCGUARCTUTACACATGAGATETACTGGATCTCT
CEAGUGAAAAGCAACACCATAMARAGTGTGTCCACCACGAGLCAGUTCCTCTTEGGELGLATEEALGEELCTALBGAGELCA
CTGAAATATEAG GAGGATETEAATCTCEGCTCIGECALGLGLGLTGTEETANGU TG CELTEARGETCCCAACATEAAGATCA
TTGCTAACCGCATTGAAAGGATCCGCACTEAGCALGLGGAAMIGTGETICTITGACGAGAACCACCCATATAGGATATEGEC
TTACCATGGAAGCTATGAGGCCCCCACACANGEGTCAGCGTCCTCTCTAATAANCGGGETIG TCAG GCTCC TG TCAAAALECT
GEGATGTEGTEACTOGAGTCACAGGAATAGCCATGALLBACACCACACCG TATGETCAGUALAGAGT T TTCAAGGARAAAGT
CEACALTAGLETOLCAGACCCCCAAGAAGGTACTCGTCAGG TTATGAGCATERTCTEITCCTEGTIG TG ANAGAGLTAGGE
ABACACAAACGGUCACGAGTCTGTACCAAAGRAGACTICATCAACAAGETTCGTAGLAATGCAGCATTAGGGGLAATATTIGA
AGAGGAAANAGAGTGGAAGALTGCAGTEOAABCTOTGAACGATCCAAGGTTCTEGGLTCTAGTEGACAAGGAANGAGAGTA
CCACCTGAGAGGAGAGTGLCAGAGTTETETGTACAACATEATCGGAAAAAGAG ALAAGAAACAMGGGEAATT TEGAAAGEC
CAAGGELUAGCCGUECCATCTGGTATATETGECTAGGEGUTAGATTTCTAGAGTTCEAAGLECTTGEATTCTIGAACGAGGATL
ALTCGATGGEGAGABAGAACTCAGGAGE TGO TGTTOAAGE GLTEGEATTACANAGACTCGGATATETCCTAGAAGAGATGA
GTCGCATACCAGGAGEAAGGATETATGUAGATGACACTELTGGLTGGEGACACCCGCATCAGCAGETTTGATCTEGAGAATGA
AGCTCTAATCACCABCCAAATGGAGARAGEGLACAGEGLCTTGGUATTGGCUATAATCAAGTACACATACCAARACANAGTE

GTAAAGGETCOTTAGACCAGLTGAAARAGGEARAACACTTATEGACATTATTTCGAGACAAGALCAAAGEEGLABLEGALAA

GITGTCACTTACGUTCT TAACACATTTACCAACCTAGTEOTGCAALTCATTLOGAATATGGAGOLTGAGGAAGTILTAGAGATS
CAAGALTTETGHUTGUTGLGGAGGTCAGAGALAGTOACCAACTEETIGCAGAGEACGSATGEGATAGGLTCAAALBAATG
GLAGTCAGTGEAGATGATTGLGT TOTCAAGCCAATIGATGATAGETTTGCACATECCCTCAGGTTCTTGALTGATATGGGARAA
ACTTAGGAAGGACACACAACAGTGGAAACCCTCAALTGCATEGGACAACTGLOAAGAAGTTCCGTTTTECTCCLACCACTTICN
ACAAGCTCCATCTOAAG GACGGEABGTCCATIGTGGTTCCCTECCGUCACCAAGATEAACTGATIGGCCGGELLCGLGTCTCT
CCAGGOGLGGEATEOAGUATCCGGOAGALTOCTTGLLTAGCAAANMTCATATGCGCAAATOTGRUAGLTCCTITATITCCACAG
BAGGOACCTLCGACTGATGELCANTGLIATTIGTICATCTGTGLCAGTTGACTGGETTCCAAL TG EGAGRACTACUTGETCAAT
CCATOOARAGCEAGAATOOATGACCACTOAAGACATEUTTETELTETOGAACACAGTETOGATTCAGGAGARCEALCATAY
GEAAGACAAGACCCLAGTTACGAARTGEACAGACATTCLLTATTTGGEAAAARGGEAAGALTTETGETGTGOATCTCTCATA
GEGLACAGACCECELACTALCTO GG CTGAGALCATTAALSACACAGTCAACATEGTGLECAGGATCATAGG TGATGARGAAS,
AGTACATGGACTALCIATCCACCOCANGTTLGLTACTIGOGTEAAGAAGEETCTACALCTECAGTOUTGTAAGUACCARTCTTA
ATETICTCAGGLUTGLTAGTCAGCUALAGLTTO GO GAAAGLIC TGLAGCOTGTGALCCCLCLAGGAGAALLTGEGAMALCAA
GUCTATAGTCAGGLLGAGAACGUCATELCACGOAAGAAGCEATECTOCOTIGTGAGLCCCTCAGAGB ACACTGAGTUAANL AN
CECCACGLGE T T EAGG LG CAGEATOEE AMAAGAAG T BECGALCTTCECCACCOTTCAATC TG COECCTEALITABAGATE
AGCTETGEATCTCCAGAAGAGGGACTAGTOGTTAGAGGAGA
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KUA97555.1 Zikavirus isolate Brazit-ZKV2015, Brazil, complete genomie (SEQID NOL3)

CCAATCTGTOAATCAGACTGUGALAGTTCEAGTT TGAAGLEARAGLTAGUARCAGTATCAACAGGTTTTATTITGGATTIGEA
BACGAGAGTITCTGGTCATGAAAAACCLAAAALAGAANTCCCGAGGATTCCGBATTGTUAATATGE TARALCGCGGAGTAGE
CEGTGTEAGCCCCTTTEGEOGCT TG AAGAGECUTGLLAGLLGBALTTCTGLTG GG TCATEGGUUCATCAGGATEGTETTGEEG
ATTCTAGCCTTITIGAGAT TCALGGOAATCAAGLCATCACTG GG TCTCATCAATAGATGGEGTTCAGTEG GG AAALAAGAGET

TATGGARATAATARAGAANGTTCAAGAAAGATCTEGUTGCOATGLTGAGAATAATCARTGLCAGGAAGGAGARGANGAGACG

AGGCGUAGATACTAGTETCEEAATCETIGGLCTCLTGLTGACCACAGCTATEE CAGLELAGGTCACTAGACGTGEEAGTELS,
TACTATATGTACT TG GACAGAARCGATGLTGOEGAGGLCATATCTITTICCAALCACATTEGEGATGAATANG TG TTATATATA
GATCATEGATCTTGGACACATEGTETGATGLCACCATEAGLTATOAATGLCCTATGLTGGATGAGGEGETGGAATLCAGATGAL
GICEATTETTEETECAACALGATGTCAACTTEGETTG TG TACEGAACCTGCUATCACAAAANMGETGANGCACGGAGATOTA
GAAGAGCTGTEALGCTCCCCTCCCATTCCACTAGGAAGUTCCAANCGLGG TCGLAAALCTGGTTOLAAT CARGAGAATACACA
AAGCACTTIGATTAGAGTCGAALATIGEATATTCAGGAACCCTEECTTCBUGTTAGCAGCAGCTGLCATCACTTGHLTTITGGE
AAGCTCAACGAGCCAAMARG TCATATALTTGETCATGATALTGUTGATTGLUCCOGGUATACAGCATCAGO TGCATAGGAGTCA
GORATAGGGACTT TG T GEAAGGTATG TCAGGTEEGACTIGE G TTIGATGTTGTCTTGGAACATGGGGGTTETGTCACCETAAT
GEUACABGACAAMCLGALTETUSACAT AGAGLTCE TTACAACAACAGTCAGCANCATOGOGGAGE TAAGATCCTACTGCTAT
GAGGLATCAATATCAGACATGGLTTCOGACAGLCELTGLCCAACALAAGOTEAAGLCTACCTTGACAAGUAATCAGACACTLA
ATATETCTGCAAAAGAACGTTAGTOGATABAGGCTGGGEARATG GATETGEACTTITIGGLAAAGEEAGLCTEETEACATGC
GUTAAGTTTGCATELTCCAAGAAAATGALCGGEAAGAGCATICAGUCACAGARTCTOEAGTACCGBATAKTGCTGTCAGTTE
ATGGCTCCCAGCACAGTGEGATEATCOTTAATGACACAGCGACATEARALTGATOAGAATAGAGCEAAGGTTGAGATARLECC
CAATTCALCAAGAGCC G AAGCCALCCTOGOGEETT TG GAAGCTTAGGACTTGATTOTGAACCE AGGACAGGECTTIGALTTIT
CAGATTTETATTACTTGACTATOAATAACAAGCACTGETTIGG TTLACAAGCAGTGGTTCCACGACATTCCATTACCTTGGBEALS
CTEGCGOUAGACACCOGAACTECACACTEOAACAACAALAGANGUACTGGTAGAGTTCAAGGACGCACATGLCARAAGGCALA
CTGTCOTEGTICTAGEEALTCAAGAAGGAGLAGTTCACALGECCLTTBLTOOAGLTCTEGAGEUTOAGATGCATGE TG CAM
GOEAMMGOLTETCCTCTGBCCACTIGAAATETCCCCTEGAAAATGCATARACTTAGATTGAAGCECATETCATACTCCTTIGTGTA
CCBLAGUGTTCACATTCACCAAGATECLEGETGAMAACACTGLACGEGALAGTCACAGTGEAGETACAGTACGLAGGGALAGA
TEEACCTTGEAAGGTTCCAGLTCAGATGGLOGTGBACATGUAMETLTGALCCCAGTTGLEAGE TTGATAACCEUTAALLLLG
TAATCACTGAAAGCACTOAGAALTCTAAGAT GATGLTGGAKCTTOATCCACCATTTGG GGACTCTTACATIG TCATAGGAGTEG
GBEAGAAGAAGATEACCCACCALTGRCACAGGAGTEEEAGCACCATTGGAAAAGCATTTGAAGCCALTETGAGAGGETELCA
AGAGAATGECAGTLTIGEGAGACACAGCLTEGBACTTIGHATCAGTTGEAGGCGCTCTCAACTCATIGLGG CAAGGGLATELA
AT T T T TG AG CAGCTTTCAAAT AT TTTEGAGEANTETCCTG G TTCTCACARATTCTCATTGEAACGTIGETGATETES
TTGGETCTGAACACAAAGRATEGATCTATTICCLTTATGTGUITGOLCTTAGRGEGAGTGTITGATCTTCTTATCCACAGCLGTIC
PTG TGATGTEGGE TG CGG TG ACTTCTCAAAGAAGGAG ACGAG AT G TEE TACAG GGG TG TTCETCTATARCGACETTS
ARGLCTGEAGGEALAGGTACAAGTACCATCCTEALTOTCCCCG TAGAT TG UAGEAGLAGTCAMBLAAEBLCTCEGAAGATEG
TATCTGCEGOATCTCCTETGTTTCAAG AATGGAAAACATCATETCGAGATCAGTAGAAGGEGAGLTITAACGCAATCCTEEAAG
AGAATGGAGTTCAACTGACGGTCETTGTOGEOATCTETAAAAAACCCCATOTORAGACGETLLACAGAGATTGECLGTELLTS
GAACCAGCTGLCCCACGECTOGAAGEUTTOOGOGARATUGTALTTCETCAGAGCAGLAAAGACARATAACAGCTTIGTLGTG
GATGETGACACACTOAAGEAATECCCALTCABACATAGAGLATGGAACAGLTITTUTTGTGGAGGATEATGGGTICGEGETAT
TTCACACTAGTATCTGECTCAAGETTAGAGRAGATTATTCATTAGAGTGTGATCCAGLCETTATIGEACAGOTGTTAAGGGA
AAGGAGGCTETACACAGTEATITAGGCTACTGGATTGAGAGTGAGAAGANTGACACATGEAGGCTCAAGAGEBCCTATLTG
ATCGAGATCAADALATGTGANTEGULAAAGTCLCALACATIGTOGACAGATGLAATAGAAGAGAGTGATUTGATCATATCLA
AGTCTTTAGCTGEGEECACT CAGCCATCACAATACCAGAGAGEBLUTACAGGACTCAAATEAARGGGUCATGEGCACAG TEAAGA
GUTTGABATICEETTTGAGGAATE L CAGECACTAAGE TECACGTEBALGABALATG TEEAACAAGAGEACCATETCTEAGH
TCAACCACTOUAAGLGGAAGCETEATIGAGHANTEGTEUTGLAGGBAGTELACAATGUCCCCALTETOGITOCGGGLTAARG
ATGGLTGTTEGTATGGAATCGAGATAAGEUCUAGGAAAG ABCCAGARAGIMCTIAGTAAGGTCARTGE TGALTEEAGEATT
AACTGATCACATGOATCALTTCICCCTTGRAGTGUTIGTGATTUIGLTCATG G TGCAG GAAGGELTOAAGAAGAGAATGALLA
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CARAGATCATCATAAGUACATCARTEECAGTGLTGETAGLTATGATCL TG GGAGGATT T TUAATGAG TGACCTGELTARGETT
GCANTTTTGATG GG TGCCACI T TCGCGEAAATGANCACTE GAGBABATGTAGLTCATCTGGCGCTGATAGUEGCATICALAGT
CAGACCAGCETTGCTGETATCTTTCATCTTCAGAGCTAATTGGACACCCCGTEAMAGCATGLTEL TG CCTTGGLCTCGTETTT
TG ARACTRCGATC T CCO TG AAGGCEALCTGAT GG TTLTCATCAATEE TITTECTTIGELCTG G TTEGCAATALGAGT
GATGETTET T CALGCALTGACAACATCACCTTGGEAATLCTS BTG TC TG AL AL CAC TEEOCCGEGEIACALTGLTTETEEE
BTG GAGAGCAGGLETTECTALTIGLGEE GGG TTTATELTCCTCTCTC TG AAG L ARAAGLCAG T TEAAGANGASCTTACEA
TITGTCATGGCCC TG GACTAAL CEC TG TEAG G TEGTUGACCLOATC AN G TG G TG GG ACTECTETTGLTCACAAGBAGTEE
ARG CGEAGC TGO TAGCEAAG TACTCACAGT TG TTE GUCTGATATG LG CATTG G CTC BAB GG TTICGELAAGGLAGAT
ATAGAGATGECTEGECCCATEGULGCGETCEOTCTGUTAATTGTCABTTALGTEGTCICAGGANAGAGTG TEGACATETACA
TTGABAGAGCAGETGACATCACATGGGAAAAABATGLGGAAGTCACTGGAAACAGTECCCGGLTCOATE TAGEGLTAGATGA
GAGTGETEACTTCTCCL TG L TG AGGATGACGETLLULCOATGAGAGAGATCATALTEAAGGTEETCCTEATGACEATLTGTE
GUATEAACCCAATAGCCATACLCTTTOCAGCTGEAGCE TG G TACGTATACE TEAAG AL TG ARMAAGGAGTEG TG CTCTATE
GEGATGTECCTECTCCCAAGGAAGTALAAAAAGEEGEAGACTACAGATGEAL TG TACAGAGTAATGACTUGTAGACTGLTAGE
T AACACARG TTEGAGTEGGAGT TATCCAAGAGEGGETCTTTCACACTATG TEG CACGTCACAABAG BATCCCOGETOAGA
AGCLETGANGEGAGALTTGATCCATALTGGGEAGATETLAAGCAGOATCIGE TG ICATACTEG TG GTCCATGGAAGCTAGATG
CCGUCTEEEACGEECACAGCGAGGTGUAGLTCITGGLOGTEGLLCCCLGGAGAGAGAGLGAGGAACATCCAGALTCTELCG
GAATAT T TAMGACAAAGGATGGEEACATTGGABCEET TG LECTREATTALCCAGCAGOANCTTCAGGATCTCCAATELTAGA
CANGT G TGO EAGAGTGATAGEACTTTATGGCAATCE GG TG TOATABAARATGGOAGTTATGTTAGTECCATCACLEAAGGE
AGEARGEEAGGAAGAGACTCLTETTGAGTGCTTCGAGCLTTUGATACTGAAGAAGAAGUAGETANCTGTCTTAGACTTGCATS
CTGGAGCTEGBAAACCAGGAGAGTTCTTCCTGAAATAGTCCOTEAAGCCATAMAAACAAGACTCCGTALTGTGATCTTAGET
CCARCCAGGETTETCHCTEUTGAMTGEAGGAAGTCCTTAGAGGELTTCOAG TG LETTATATEACSACAGCAGTCANTETCAL
COACTCTGGAACAGAAATCE T ACTTAATETGUCATGCCACCTTCACTTCACGTCTACTACAGCCAATCAGAGTLCECAALTAT
AATCTGTATAT TATGEATGAGECCCACTTCACAGATLOCTCAAGCATAGEAGCAAGAGGATACATTTCARCAAGGETTGAGAT
GOGLGAGGLGGITHCUATCTTCATGACCGOCALGECACCAGGALCCCGTGACGCATT TCCGEACTCCAACTCACCAATTATES
ACACCEAAGTGRAAG TCLCAGAGAGAGCLTGEAGCTCAGBLTTTGATTGEETCALGGATCATICTGGAAAMACAGTTTEGTT
TGTTCCAAGEGTGAGGAACGGCAATGAGATCGCAGCTTGTCTGACARAGGCTGGAAAACGGGTCATACAGCTCAGCAGAMAG
ACTTTTGAGACAGAGTTCCAGAAANCAABACATCAAGABTEGGACTTTE TEETEACAACTEACATTITCAGAGATEGECGCOAR
CTTTAMAGCTGACC BTG TCATAGATTCEAGGAGATGCCTABAGCCGGTCATALTIGATGG G AGAGAGTCATICTRGCTEGAL
CCATECCTETCACALATGLCAG L TELCCAGAGEAGEGGELCUATAGGOAGGAATCCCAACARACCTGGAGATEAGTALET
GTATGEAGGTEEETGCEUACAGACTGACG AAGACCATOCALACTGGUTICAAGLAAGANTGCTCCTTGACAATATTTACCTCE
AAGATEGUCTCATAGCCTCGU T TAT COACC TOAGGLLGACAAAGTAGCAGLCATICAGGGABAGTTCAAGITTACGACSGA
GUAAMAGGAAGALCTTTG TGGAACTCATGARAAGAGGAGATCTTOCTG T TTEGLTEGULTATCAGG TIGCATUTGCCGGAATAL
CUTACACAGATAGAAGATEGTCCTTTEATGECACGACCARCAACACCATAATG G AAGACAGTETGLCGGCAGAGETOTAEAL
CABGACACGEAGAGAARNGAGTGCTCAAACCGAGGTEEATEGACGLCABAGTTTETTCAGATCATECEBCCUTEAAGTCATTE
AAGGAGTITGCCGCTEEGAMAGAGGAGCEGLTTTTGEAG TEATEBAAGCCCTEEGAACAC TG CAGGATACATGATAGAG

BEATTCCAGGAAGLCATTEACAACCTOGCIGTEUTEATGLE GG CAGAGACTEGAAGCAGECOTTALAMAGLLELOECEGEELT

AATTGLCGEAGACTCTAGAGALCATTATECTTITGGRETIGUTGEEAACABTCTCGLTCOBAATLTTTITICGTCTTGATEAGS
ARCAAGEGCATAGGGAAGATEEECTTTGEAATEGTEALTUTTGE GG ECAGIGEATEGUTCATGTOGLTCTCGGAAATIGAGE

CAGCCAGAAT TG AT TG T AT G T TG TG T TLCTATTG LT G B TE G TG CTCATACC TOAG CCAGAARMGCAARGATCTCCEC

AGGACARCCARATEGCANTCATCATCATGBTAGCABTAGGTUTTETCOGLTTGATTACCGLUALTEGAACTUCEATEETIBEAG
AGAACABAGAGTGACCTAAGLCATCTAATGLGAAGLAGAGAGGACGEEGEAACCATAGGATTCTCAATEGACATIGACCTE

COGCLAGCCTCAGCTTOGLLCATCTATELIGCCTTEACAACTTTCATTACCCCAGELG TCCAACATE CAG TEACCACTTCATACA
ACARRCTACTCCTTAATGGUGATGGLCACGUAAGCTOGAGTG TTGTTTGGTATGOECAAAGEEATGUCATTICTACGUATGGEAD
T TEGAGTCCOGLTBCTAN GATAGE T TBUTALTCACAATTAACACCLCTEALCCTAATAGTGELCATCATTTTGUTCGTEELGE
ACTACATGTACTTGATCCLAGGECTELAGGLAGCAGETGUGLGTGCTGICCAGAAGAGAMNCGEUAGUTGEUATEATEAAGAA
CCCTGTTIGTEGATOGAATAGTOGTIGACTGACATTEACAC AR TGACARTTBACCCOCAAGTGEAGAALRAGATGEGACAGETG
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CTACTCATAGL AGTAG LG TCTOAGE G LCATALTGTEGCGEACCEECTGEEBGTEGEGLEAGEETEGEGCLCTEATCALAG
COGUAACTTCCALTTIGTGGGAAGGUTCTCCGAACAAGTACTEGAACTCCTCTACAGCCACTTCACTGTGTAACATTTTTAGEE
GAAGTTACTTGOLTOGASCTTUTCTAATCTACALAGTAACAAGAALALGLTCGUTIGEBTCAAGAGALGTEGGEGTEGAACAGE
AGAGACCCTGEGAGAGAMTGGAAGGLCLGUTTGAACCAGATETUGGLCLTGRAG TICTACTCCTACAAARAAG TCAGGCATE
ACCGAGGTETGOAGAGAAGAGGCLCGLCGCELLLTCAAGGACGRTGTGECAACGGGAGGCCATELTGTGTLCCGAGGAAGT
GUAARGCTGAGATGGTTGETCEAGLE GGG ATACLTELAGCCCTATGGAMGETLATTGATCT TEGATGTEECAGAGEGEEL
TGGAGTTACTACGCCGCTACCATCCEUAMAGTTCARG AAGTEAAAGEATACACAARAGGAGGCOCTG G TUATEANGARCECE
TET TG G TG AAAGETATGE G TG AAATAGTCCG T T TAAGAG TG GG TE B ACGTCTTTCATATEGCEGCTEAGCCGTETGA
CACGTTGCTETE TEACATAGETGAGTCATCATLTAGTCCTGARGTOGAAGAACLACGGALGUTCAGAGTCCTCTCLATGETGE
GGGATIGE LT TEAAAAAAGACCAGGAGCCTTITLCATAAAACTETTOTGLCCATACALCAGCACTATGATG G AAACCCTEGAG
CBACTELAGLETAGE TATEGGGGAGGACTGOTCAGAGTGLLALTCTLLLGUAACTCTACACATGAGATGTACTGRETCTIOIG
GAGCEAAAAGCRACACCATAARMAGTOTETUCACCACGACGCCAGLTCCTCTTGGGGLECATEGACGEGLLTAGBAGBLLAGT
GAAATATGAGGAGGATGTGAATCTCGGLTCTGELACGLGGEUIGTGETAAGCTGLCCTRAAGCTCCCAALATGAAGATLATT
GGTAACCGUATTGAAAGEATCCGLAGTEAGCACGOGEARALGTEGTTCTTTGACGAALACCACCOATATAGGACATEGALTT
ACCATGGAAGCTATGTGGLCCCCACACRAG GG TCAGLG TCCTCTCTAATAAACGGGETTATCAGGUTCET GTCARAACCCTGG
GATGTGETGACTOGAGTCACAGGARTAGCCATEACLGACACCACALCOTATEETCAGCAAAGAGT TTTCARGGAAALAGTGEE
ACACTAGEETGUCAGACCLCCAAGAAGGCACTCGTCAGGTTATGAGCATGGTCTCTTCCTGRTTSTGGAMNAGAGLTAGEUAA
ACACARACGALCACGAGTCTGTACCAAAGAAGAGTTCATCAACAAGOTICGTAGCAATGLAGLATTAGGGGLAATATTTGAAG
AGGAABRLAGAGTGGAAGACTEUAGTGEANGUTGTCAACGATCCAAGRTTCTGBOCTLTAGTEGACAAGGAAAGAGAGCACT
ACCTGAGAGGAGAGTGLCAGAGTTGTETG TACAACATEATGEGAAAAAGAGAAAAGARACAAGGGGAATTTEEANABGLOA
AGEGCAGCCOCECCATCTGGTATATETGECTANGEGGLTAGATITCTAGAGTTCGAAGCCLTTGGATTETTGAACCAG GATCAC
TEGATGEGGAGAGAGANCTCAGGAGGTGOTETTGAAGEGUTCGGATTACAAAGACTCGGATATGTCCTAGAAGAGATGAGT
CGCATACCAGGAGGAAGGATGTATECAGATEALACTCLTGELTGGHACACLCGUATCAGCAGGTTTGATC TG GAGAATGAAG
CTCTAATCACCAACCAAATEGAGAARAGEECACAGGLCCTTGECATTGLLCATANTCAAGTACACATACCAABACAALAGTEETA
AAGGTCCTTAGACCAGCTEAAAALGGGAAAALAGTTATCGACATTATTTCCAGATAAGACCAARGGGGEAGCOGACAAGTT
GTCACTTACGCTCTTAACACATTTALCAACCTAGTGETOLAACTCATICE GAATATGGAGGCTGAGEAAGTTUTAGAGATGCAN
CACTTG TGO TG UTE G GAGGTCAGAGAAAGTEACCAACTEE TTGCAGAGCAACGGATEGGATAGGCTCARACEAATEEEA
GTCAGTGGAGATEATTG LT TETOAAGLCAATTGATGATAGE TITGUACATGCCCTCAGGTTCTTEAATGATATGGGARAAGT
TAGGAAGGACACACAAGAGTGGAAACCCTCAMCTEEATGGGACAALTGGEAAGAAGTTCCGTTTTGUTCCCACCACTTCAACA
AGCTCCAT I AN GGAL GG GAGGTCCATTGTGETTCCCTGLCG CLACCARGATEAACTGATTGG CCOGBLLCEOETCTETCCA
COEGELOEEATEEAGCATICGEGAGACTGOTTGCCTAGCAAAATCATATGCOUAANTGTGGLAGCTCCTTTATTICCACAGAA
GEGACCTCCGALTGATGGLCAATELCATTIGTICATCTGTGCCAGTTGALTCGEGTTLCAALTCGGAGAALTACCTEGTCANTCT
ATEGAAAG GEAGAATEGATGACCALTCAAGACATELTTGTCGTETEBAACAGAGTETOGATTGAGGACAACGACLACATGS
AAGACAAGACCCEAGTTACGAAATGGACAGACATTCLCTATTTGEGABAMAGGEAAGACTTEGTGG TG TGEATCICTCATAGS
GUACAGACCGLGUACLATCTGRGLTCAGAACATTAARAATACAGTCAACATOGTGUGLAGGATIATAGGTGATGAAGARANG
TACATGGACTACCTATCCACCCAMG T TCOLTACT TE CETGAAGAAGGGTCTACALCTGBAG TGLTE TEAGTACCANTC T TANTS
TTGTCAGGCLTOCTAGTCAGCCACALCTTO G GLARMAGCTIGTOEAGCLTOTEACLCOTCCAGLAGAAGLTGGGT AALLAAGLET
ATAETCAGGCCGAGAACGCCATEOCALGGAAGAAGCEATGC TG CCTE TEAGUCCCTCAGAGGACACTEAG TCARARARACCED
ACGEECTTELAGGLGUAGGATGLGAMAAGAAGOTEGLGACCTICOLCACCOTTEAATUIG GGG LUTGAACTEEAGATEAGLT
CIGGATCICCAGAAGAGEGALTAGTOR T TAGAGGAGACCLLLLGLAAAACGUALRACAGCATATTGALGUTGLEARAGACT
ACGAGACTCCATGAGTTTECACCACGETGECCGUCAGGCACAGATCGLCBAATAGCEOLEUCCGETETEEGEAAATLCA

KUB01215.1 Zikavicusstrain PRVARCSY,. Pluerts Rico, complete genome (SEQ 1B NO4)
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GTTGTTGATCIGTETGAATCAGACTGLGACAGTTICGAGTITGAAGLGAMAGETAGLAACAGTATCAACAGGTTITATTTIGEAT
TTGGAMACGAGAGTITCTGETCATGAABAACCCAMABAAGAANTCCGEAGEATTCCOGATTGTCAATATGCTAAMACGCEGA
CTAGLCCETIGTEAGLLCCTTTEEEGE LT TEAAGAG GUTELCAGCLGEALTICTGLTGEE TCATG GG LLCATCAGGATEETCTT
GGCGATTCTAGCCTITTTGAGATTCATUGGLAATCARGCCATCACTG GO TLTCATCAATAGATGOGGTTCAGTEGRGAARBALG
AGGCTATGOAAACAATAAAGAAGTTCAAGAAAGATUIGGUTGCLATCUTCAGAATAATCAATGLTAGGAAGGAGAAGALGA
GACCAGGCGLAGATACTAGTETCOGAATIGTTGECCTCCTOLTGACLACAGLTATGOLAGCGGAGE TCACTAGACGTGEEAG
TECATACTATATETACTICCALAGARALGATECTOGEGAGGUCATATLTITICCAACCACAT TG G GGATOAATAMGTGTTATAT
ACAGATCATEEATCTTGGACACATETETGATECCACCATOAGCTATGAATGLLLTATGLTOOATGAGG GGG TGHAALCAGAT
GACGTCOATTGTTOETECAACACGALGTCAACTTGGGTTETGTALGGAACCTELCATCACAAAAAAGGTOAAGCACGGAGAT
CTAGAAGAGLTETOACGUTCCLCTCCCATTUCACCAGGAAGLTGCAAACCLGGTCOLAARCCTG G TTGGRATCAAGAGAATAC
ACAAAGCALTTEAT TAGAGTCEBAANATTGEATATTCAGGAACCCTERLTTCRUGTTAGCAGCAGLTECCATCGLITGELTTTIG
GLAAGCTCAACGAGLCAAAAAGTCATATACTTGOTCATEATALTGCTEATIGLCCCGECATACAGUATCAGSTGECATAGEAGT
CAGCARTAGGEACTTTG T GAAGG TATG T CAGE TG EEACTIG GG TIGATET TG TLITGLAACATGLAGETTIGTGTCACCATA
ATGOLACAGGALAMACCGACTGTCCACATAGAGLIGETTACAACAACAGTCAGCAACATEGUGGAGGTAAGATLCTACTELT
ATGAGGUATCAATATCAGALATGELTTCTGACATLCGCTGLLCAACACAAGL TG AAGLECTACCTTEACAAGLAATCAGACALT
CAATATGTLTGCAAAAGAACGTTACTEGALAGAGGCTEGLCAAATCGATCTGOACTTITT TGO CAAAGGOAGTLTGOTGACAT
GEGLTAAGTTITGCATGUICLAAGAMARTGACLOGGAAGAGCAT L CAGCCAGAGARTCTGOAGTACCGGATARTECTETCAGT
TCATEGCTCCCAGCACAGTEEGATGATULTTAATGACACAGGACATGASACTGATGAGAATAGAGLGAAAGTTIGAGATAACG
CCCAATTCACCGAGABLCGAAGLLACCCTGGEOEGETTTTGEAAGCCTAGEACTTGATTGTGAALCOAGEBACAGGLLTTGACTT
TICAGATITGTAT TALTTGACTATGAATAACAAGLACTGETTGGTTCACAAGGAG TEETI CCACGALATTCCATTACLTIGGLAC
GETGEGGEUAGACACLOGAACTCOACALTEGAACAACARAGANGEACTOGTAGAGTTICAAGGACGCACATE CERALAAGEEAS
ACTETCOTEOTICTAGGGAGTC ARG ANGGAGCAGTTCACACGGLCCTTGUTGGAGCTETEGAGGLTGAGATCBATEGTEOAR
AGGGAAGGCTGTCCTCTGECCALTTGAAATGTCGLCTEAAAATOGATAAACTTAGATTCAAGGGLGTETCATACTCCTTGTGT
ACTGLAGCOTTCACATTCACCARGATCCCGECTGAMACALTGCACGEGALAGTCACAGTGGAGGTACAGTACGLAGGGACAG
ATGGACCT TECAAGGT TCCAGCTCAGATEGLEGTEEACATECAMMCTCIGACCCCAGTTIGOGAGETTOATAACTGCTAACCEC
GTAATCACTOGAAAGCALTGAGAACTCTARGATGATGLTGEAACTTGATCLACCATTICCOEALTUT TACATTETCATAGBAGTT
GLEGAGAAGAAGATCALCCALCALCTOLCACAGGAGTGEUAG CALCATTRGEAAAAGCATTICAAGCCALTGTEABAGGTGLT
AAGAGAATOGCAGTCT TG GG AGALALAGLCTGGGACTTIGGATLAGTTECAGECGUTUTCAACTCATTEGGEAAGEELATCC
ATCAMATITITGGAGCAGLT T TCARNTEATIGTI TGLAGGAATGTCCTGGTTCTCACAMATTLTCATIGGAMCGTIGCTGATETS
GGG TCTOAACACARA G AR TG GATC TATTTCCCITATGIGLT TG LT AG GGG AGTE T TGATCTTCTTATCCALAGLCET
TG TG AT G TS GGG TETGGTE G ACTTCTCAAAG AN GG AGALCGAGATE LG CTACAGGEO T TICGTETATAALEACETT
GAAGLCTGGAGGGACAGGTACAAGTACCATCCTEACTCCCCCUGTAGATTG B CAGCAGCAGTCAKGEAAGCLTEGGARBATG
GTATCTGUGEGATUTCCTCTGTTTCAAGRAATGGARAACATCATOTGGAGATCAGTAGAMGGEGAGET CARCGUAATCCTOGRA,
GAGRATLGAGTICAALTGACGGTCGTIC TG GEATCTG T AAAAARCCCCATGTGE AGAGGTCCACAGAGATIGCCCG TR
TEAACGAGLTGLCCLATGGUTOGAAGGLTTGEGECAAATCGTATTITCOTCAGAGCAGCAAAGACALMATAACAGCTTITGICET
GGATGGTOALACACTO ARG GAATOUCCACTCARALATAGAGCATGGAACAGETTTCTIG TG AGEATCATGGGTTLG GGG TA
TITCACACTAGTGTCTG GUTCAAGG T TAGAGAAGATTATTCATTAGAGTETGATCCAGLLGTTATTGG AALAGL TG TTAAGGGA
ARGEAGGUTETACACAGTEATCTAGECTACTEGATTGAGAGTGAGAAGAATGACACATCLAGGLTCAAGAGGECICATLIG
ATCOAGATCAARMACNTGCTEAATGELCARAGTUCCACACATTIOTOGACAGATC GAATAGAAGAGAGTEATCTBATCATALCEA
AGTCTTIAGUTGGGCCALTCAGLCATCACAMATACCAGAGAGGGLTACAGGACCCARATE AAAGEELCATEBLACABTGAAGS
GUITGAAATIUGGT T TGAGGAATGLLCAGGUACTAAGE TLCALG TG AGGAMACATEIGGAACAAGAGEACCATCTICTGAGA

TCAACCACTEEAABCEGALMGGETEATCGAGGAATEETEITGLAGGGAGTECACAATECCCCCACTETUGTTLCOOGCTARAG

ATGGLTGTTCGTATGGAATCOAGATAAGE CCOAGUARAG AACCAGAAAGTAACTTAGTAAGGTCAATGETEACTHLAGGATT
AACTGATCACATEGACCALTTCTICLC T T B AGT U TG TGATUCTELTCATGG TELAGGAAGG O CTGAAG RAGAGANTGACCA

CARLGATCATCATARGCACATCAATEGUAGTELTGGTAGCTATGA I CCTEGaAGEAT T TCAATGAGTEACCTEEUTAAGCTT

GLANTTTTGATGEGTGLCACCTTCOCOGAAATEAACACTOGAGGAGATC TAGUTCATCTEOCELTCATAGCGGCATTCAAAGT
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CAGACCAGCOTTGCTGGTATCTT TCATCTTCAGAGCTAAT TGGACACLCCGTEAAAGCATGCTGUTGGLCTTGOLCTCGTETCT
TITGCAAACTGIGATLICOGCUT TELAAGRLGALCTGATGETTCTCATCAATGE TTITGLTTTOGLLTGGTITGGLAATACEAGE
GATGGETTETTCCACGCACTGATAACATCACCTTGGEAATCCTEGLTGCTLTGACACCACTGGLCCGEGHECATALTELTTETEEL
GTEOAGAGLAGGLCTTOUTACTTIG GO GEGETTTATGLTLCTLTCTCTCAAGEGAAAAGGTAGTOTGAAGANGAACTTACCA
TTTETCATGGCCCTOOGACTARCUGCTATEAGGLTGGTLGACCCLATCAACGTEETEEGALTEUTGTTGCTCACAAGGAGTGE
GAAGCEEAGCTGECLCCCTAGCGAAGTACTCACAGCTGTIGLCCTEATATGLGCATIGELTGGAGGGTTCGCCANGGCAGAT
ATAGAGATGGLTEEELCCATEGLCGUGETUGETCTELTANTIGTCAGTTACGTGETETCAGGALAG AG TG TGEATATETACK
TTGARAGAGCAGETEACATCACATEGEANALRGATECLEAAETCACTCBAAACAGTCCCCGECTCGATETGELGUTAGATEA
GAGTGETGATTICTCCCTOGTEGAGEATEACGL TCLLCCCATGAGAG AGATCATACTCAAGG TG TCCTGATGACCATCTETG
GUATEAACCUARTAGCCATACCCTTTGOAGCTGGAGCG TGO TACE TATACG TEAAGACTGEABAAAGEAGTEG TELTCTATG

GEATETGLCTGCTCCCAAGGAAG TARAAARGEGEGAGALLACAGATCGAGTGTACAGAGTAATGACTCGTAGACTGUTAGG

TTCAACACAAGTTCEAGTGGGAGTTATGCARGAGGGGETCTTTCACACTATG TGGCACGTCACAMAGGATICGEGLTGAGA
AGCGETEAAGEGAGALTTGATCCATACTGGGGAGATETCAAGCAGGATCTGETGTCATACTGTGATCCATGGAAGCTAGATE
CCGCOTGGGATOGEGECACAG CEAGGTELAGLTL TGO UCG TG LCLCCOGEAGAGAGAGCGAGGAACATELAGALTCTGLLLG
GANTATTTARGACAAAGGATGEGGACATTOGAGLGE TTECELTBGATTACCCAGCAGGAM TTEAGGATETCCAATCCTAGA
CAAGTCTGGEAGAGTGATAGGACTITATCE CAATGCEETCETEATCARAALLGGGAGTTATETTAGTGCCATCALCCAAGES
AGGACGOAGGAAGAGACTCLTGTIGAGTGLTICEAGLCCTCGATELTGAAGAAGAAGLAGCTAACTETCTTAGACTTGEATE
CTEEABCTEGEAANMACCABGAGAGTICTICCTEARATAGTLCG TG AAGLCATANAAACAABACTCCGTACTGTEATCTTAGET
COABLCAGGET TGTCELTGLTGAMATEGAGGACGLLCTTAGAGGGUITCCAGTGCAT TATATGACAACAG CAGTCNATETCAL
COALTCTOGAACAGAMATCGTCGACTTAANTGTEGCCATGLCACCTTCACTTICACGTCTACTACAGLCCARTCAGAGTCCCCARCTAT
HATCTGTATATTATGGATOAGGCCCACTTCACAGATCCCTCAAGTATAGCAGEAAGAGGATACATTTCAACAAGGGTTGAGAT
CEGIGAGGLGECIGLOATCTTCATGACLOCCALGULATCAGGAACCCGTOALGLATTTLCOGACTCCAALTCACCANTTATEE
ACACCORAGTGGAAGTCCCAGAGAGAGLUTGGAGCTCAGGUITTGATTGGGTGACGGATCATTICTGGABALACAGTTIGETT
TETTCCAAGCOTEAGGAALGGCAATGAGATEGCAGLTTGTCTCACAAAGGLTEGARRALCEGTCATACAG CTCAGLAGARAGR
ACTTTTGAGACAGAGT TCCAGAMAACAAAACATCAAGAGTEOGACTITGTUGTCACAACTGACATTTCAGAGATGGECEOTAN
CTITAMGLTGACLETETCATAGATTCCAGEAGATGLLTAMAGLCGETCATACTIGATG U LGAGAGAGTEATTCIGGLTEGAC
CCATGLETGTCACATATGCCAGCOUTGLCCAGAGGAGGEELUGLATAGELAGGAATCCCAACAAACCTGGAGATGAGTATCY
GCTATGEAGGTEEGTEEGLAGAGACTGACGAAGACCATECCACACTEGETTEANG CAAGANTGCTOCT ITEACANTATTTALTICE
AAGATGGCCTCATAGECTCGETCTATCGACCTGAGGLLGACARAGTAGCAGCCATTGAGEEAGAGTTCAAGLTTAGGACGGA
GEAABGGABGACCTTITGTGEAACTCATGRAARGAGEGAGATLTTCCTGTTTGOCTGGLCTATEAGGTTGCATCIGLOGGAATAR
CCTACACAGATAGAAGATGETGLTTTGATGGUACGACCANCAACACCATANTGEAAGACAGTGTCECEGLAGAGGTETEGAD
CAGACACEGAGACANALGAGTGCTCARALLGAGGTGOATECALGCLAGAGTTTETTCAGATEATGCOGLECTGAMGTCATTC
AAGGAGTT I GG CTEGGRAAAGAGGAG GG CTTTITGOAGTGATEGAAGLCCTEEEAACACTHLCAGBACKCATGACAGAG
AGATTCCAGGAAGCUATTOACAALCTUGCTOTELICATGCGGEUAGAGALTEGARGLAGGLLTTACAASGLLBCEBLGELLC
AATIGCCOGAGACCOTAGAGALCATAATELTTTITEEGLTTGLICCGAALAL TCTUCUTGLGAATUTTOTTEGTETTGATGAGS
AACARGORLATAGGGARGATCEELTTIGEAATGETEACTCTTGREGLCAGLEGLATGGLTCATGTGCUTLTCOEAANTTGAGT
CAGCOAGAATTIGEATGTGTCCTEATTGTIGTETICCTATTIGETG G TGATGUTCATACCTEGAGCCAGAAMAGOAAAGATCTCCCT
AGGACAARCCAAMTCLUAATCATCATOATEGTAGCAGTAGETETTLTEEHCTIGATTACCGLLAATOAACTCGEATEGTTEGAG
AGRACAAAGAGTEACCTARGCCATCTAATGGGAAGGAGAGAGCAGELELUAALCATAGGATICTCAATEGIACATTGACLTE
CEECCAGECT ARG TG e AT TATGCTGECTTGACAAL TTTCATTACCLUAG COG TECAACATOCAG TGACCACCTEATADK
ACRECTACTCCT TAATEGUGATGGUCACGCAAGLTGGAGTETTGTTIGBLATGEGCAMGEGATEECATICTALGCATGRGAL

TEGGAGTECCGLTECTAATCATAGG TTGETACTCACAATTARCACLECTGALTLTAATAGTGGLUCATCATTTTGCTEETEGELET

ACTACATGTACTTEATCLCACGELTIG CAGGUAGCACUTGLGLOTGUIGLICAG AAGAGAALGGOACCTEG CATOATGAAGAA
I IO TG AT AN TAG TG TOALTGACATTGACACAATGACARTTEACCCCCANG TOGAGAAAARGATGEGACAGETG
CTACTCATAGUAGTAGLCG TCTCOAGCOLCATACTA TCGCEEACLGCCTGEEEETCLGOGEAGGLIGHOECTLTENTCACAG
COGCARCTTCCACTT TG TG AAGECTCILLG AACAAGTACTE GAACTOCTUTACAGLCACTTCACTG TG TAACATITTITAGGE
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GAAGTTACTTGGCTEGAGCTTCTCTAATCTACACAG TAACAAGANACECTGELTTOETCAAGAGALGTG GG TEGAMIAGG
AGAGALLCTEEGAEAGAARTEEANGELCOGETTEAACCAGATE TCGGULCTEGAG TTCTACTCCTACAMA ARG TCAGGLATE
ACCGRGGTOTGCAGAGAAGAGECLCGLLG LG CCCTCAAGGALGETOTGECAACGGEAGGLCATECTE TG TCOOC AGGRAGT
GAAAGCTEAGATGGTTGE T GGAGLGGEGATACCTGCAGLLCTATGEAARGE TCATTGATCTTEEATGTEGEAGAGGEEEE
THGAGTTACTALG TCECUACCATCUGCAANG TTCAAGAAG TEAB MGG ATACACAAAAGEAGLCCCTGETCATGALGARTLLG
TG TTEGTGOAAAGCTATE G TEGAACATAG TCOETCT TAAGAG TE GGG TEGACGTLTITCATATGEUGGCTCAGCLGTETEA
CACGTTECTG TG TEACATAGG TEAGTCATCATCTAG TCCTGAAG TGS AAGAACCACGGALGLTCAGAGTCCTLTCCATEETES
GGEATTEEUITGANAAAAGACCAG GAGCCTTTIG TATAAAAGTG TG TECCOATAACAGLACTATGATGBARACTETGBAG
O TG A OO TAGE TATE GGG GAGGACTE G TCAGAG T L AL TCTCLCOCAAL TCTACAC AT AGATETACTEGGTCICTS
GRETGAAMAGEARCACCATARAAAGTETETCCACCACGAGLCAGCTCCTOITGG GGG CATEGACEGEUITAGGABGECAGT
GAAATATG ACGAGGATG TG AAT TG LT TG G LALG LG GO TGO TE G T ARG TG OB LT GAAGETCCCAACATGAAGATCATT
GETAACCGUATTEAAAGBATCLGCAGTGAGCACGOGGAASL TGO TTCTTTGACGAGANCEACCCATATAGGACATGGGOTT
ACCATGGAAGETATGAGGLCUCLACALAAGGG TCAGLGTCUTCTC TAATAAACGEGE TTG TUAG GCTCCTGTCAANALCLTGE
BATGTGETGACTGEAGTCACGGANTAGCCATGACEGACACCACACCGTATEGTCAGCAAAGAGTTTICAAGBAAAAAGTES
AEACTAGGE TG COABALCCLCAAGAAG SCALTL G TCAGS TTATGAGCATEETCTCTILC T GG TTETE GARAGAGITAGGCAA
ACACAAACGECCACGAGTCTGCACCARAGARGAGTTCATCANCAAGETTCETAGCARTGCAGCATTAGERGEAATATTIGAA
GAGGARAAAGAGTEEAAGACTGCAGTCGANGCTG TEAACEATCCARGE TICTEGGCTCTAG TEGACAAGGANMAGAGAGEAC
CACCTEAGAGGAGAGTECCAGAGLTGTETGTACAACATGATHCEARAAAGAGAARMGANACAAGCGEGAATTTGEARRGELL
AAGGECAGLCECEUCATC TGO TATATE TG BT AGGEELTAGATTTCTAGAGTTCGAAGLCCTTGEATTCTIGAACGAGEATCA
CTGGATGEGGAGAGAGAACTCAGGAGETGBTOT TGAAG GG I G EEATTACARAGACTCORATATE TCCTAGALGAGATGAG
TG TATACCAGGAGGAAGEATG TATGLAGATGACACTGCTEGCTGGHACACCLGUATTAGCAGG T TTGATCTGGAGAATEAR
GUTCTAATCACCAACCAANTE G AGAMG GECACAG GELCTTOSLATTGGLLATARTCAAGTACATATATCANAACARANETEGT
ARAGETCCTTAGACCAGETEAAMAGG GAARACAGTTATGGACAT TATITEG NG ACANGACCAA AGGELGAGCGGACAAGTT
GTCACTTACECTCTTAACACATTTACCANCCTAG TG TBCAACTCATTCGGAATATGEAGECTGAGGAAGTICTAGAGATGUAA
GALTIGTGGLTGLTGLGRAGGTCAGABARAGTEACCAALTGETTGUAGAGUAACGLATGLEATAGGLTEARALGAATEE CA
GTCAGTGGAGATGAT TG T TG TG ANGCAATTEA TG ATAGETTTECACATGLCCTCAGGTICTTGAATGATATGGGAARAGT
TAGGAAGGACACACAAG AGTEGARALCLTCAACTCEATCEGACAALTGOGAAGAAGTTCCETTITECTCCEACCACTTCANLS
AGCTCCATOTLAAG AL GGGAGGTCCATTGTEOTTCCCTBECGCCACCAAGATEAACTGATTCGLLGEGCCCBUATCTCTOEA
GEGECEEEATEEAGLATICGGEAGACTEETTIGCLTAGCAARATCATATGOGCAAATG TG GLAGUTCLTITATTTCCACAGBAA
GEGACCTCIGALTCATCGUCAATGCCATTTGTTCATCTG TGLCAGTTGACTOEGTTLCAMI TE GO AGAACTACCTEETCANTCL
ATGEAAAGEEAGAATGEATGACCACTGAAGACATGUTTGTEG TG TEGAACAGAG T TEGATTGAGGAGAACGACTACATEG
ABGACAAGACCCCAGTTACGAAATGGACAGACATTCCLTATT TGEEAMAAGGEAAGACTTETGETETEGATCTICTCATAGG

GCACAGACCGLGOALTALCTOEECTBAGANCATTANMAACACAGTCAACATGE TG UGUAGEATCATAGGTGATGARGANRAG

TACATGGACTACCTATCCACCCAAGTTCOCTACTIGLETCAMGAAGGETLTACACCTGOCACTGL TG TAAGCACCAATCITAATS.
TTETCAGGCCTGCTAGTCAGLCACAGLTTOEGOAAAGLTOTECAGLLTGTEACCCLCCCABGAGAAMGLCTOE GAAALCANGCE

TATAGTCAGGULCGAGAALGLCATOGCACGGARGAAG CONTECTGLCTETEAGCLCCTCAGAGBACACTGAGTCAARANALCC

CACGCOLTTEOABGLECABGATGLEAAAAGAAGETOELGACCTITCCCACCUTICAATUTO GGG CCTOAMLTEGAGATIAGE
TETGGATCTCCAGAAGAGEGACTAGTGETTAGAGGA

KU509988.1 Ziks virus strain Halti/1225/2014, Haith, complete perome [SEQ 1D NO: 5)

GITETTACTGTTGLTGACTCAGACTEUGACAGTTCGAGTTTGAAGC COARAGCTAG CAACAG TATCAACARGTTTTATTIGRATT
TEOARALGAGAGTTTLTGETCATCAABRAACCOMAARAGAMT CCOCACCATTLCOUATTCTCAATATGLTAMMALGLLTAG
TAGCLCGTGTOAGCLLOTTTCGECGCTTCAAGAGGUTEECACCCGEACTICTGOTEGEGTCATCEGCCCATCAGGATGETCTTG
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GUAATTCTAGLCTTTTIGAGATTCACGGUARTCAAGCCATCACTGG G TCTCATCAATAGATEG GO TTCAG TEGEGAARAAAGH
GECTATGGAAATAATAAAGAAGTTCARGAAAGATCTGELTGLCATGE TGAGAATALATCAATGCTAGGAAGGAGAAGAAGAS
ACGAGGLGOAGATALTAGTGTCOGAATTGTTGGUCTLCTGLTGACCALAGLTATGOUABUGEAGGTCALTAGALGTEEGAGT
GEATACTATATGTACTTGGACAGARACGATGUTGEGEAGGLEATATCTTTICCAACCACATTGOOGATGAATAAGTG TTATAT
ACAGATCATGGATCTTGGACACATGTETGATGLCACCATEAGCTATGAATEGLCCTATGUIGGATGAGGGGETEGEAACCAGAT
GACETCGATTETTEGTGLAACACGACGTCAALTTEGETTGIGTACGGAACCTG COATCACARAAARGETGAAGCACGGAGAT
CTAGAAGAGCTGTGACGLTCCCCTCLCATTCCACTAGGAAGL TG LARACELGG TCOCAAACCTEGTIGGAATCALBAGAATAC
ACAAAGCACTIGATIAGAGTCGARAAT TG GATATTCAGGAACCCTCOCTTCGLOTTAGCAGCAGCTGLCATCGCTTGGETTITTD
LOAAGCTCARALGAGLCARAARGTCATATACTTGETCATGATACTGLTGATTGCCLCGG CATACAGCATCAGG TGCATAGGAGT
CAGCAATAGGGALTTTGTECAAGETATGTCAGETGGEACTTEGGTTGATOTTGTCI TG AACATGEAGETTIGTGTCACLGTA
ATGGUACAGGACAAACCGAL TG TUGACATAGAGCTEETTACAAUAACAGTCAGCMACATEGOLGAGETAAGATCCTACTRETY
ATGAGGLATCAATATCAGACATGELTTCOGACAGLLGL TG LCLAACACAAGETGAAGCUTALUTTGACAAGCAATCAGACALT
CAATATGTCTGUARSAGAACGTTAGTGGACAGAGECTGEGGAAATEGATGTEGACTITTTGGLAKAGGGAGTCIGETEACAT
GLGCTARGTTITGCATECTCCAAGASRBATGACCGOGAAGAGTATCCAGCLCAGAGAATLTGGAGTALUGGATAATGCTGTCAGT
TCATGGLTCCCAGCACAGTEGEATOATCGT TAATGACACAGGACATGAAALTEG ATCGAGAATAGAGCGANGG TTGAGATAALS
CCCAATTCACCAAGAGCCOAAGCCACLCTGOGOOGTTTICGAAGLCTAGGACTTCGATTCTECAACUCAGGACAGGLLTTGACTT
TTCAGATTTIGTATIACTTIGACTATGAATAACAAGCACTGETIGETICACAAGEAGTGG TTCCACCACATTCLATTACCTIGECAL
GCTGGEELAGACALCEGAALTCCACACTGEAACAACAAMGAAGUALTOGTAGAG TTCAAGGACGLACATG LUARBAGEUAN
ACTGETCETGETICTAGGEAGTCAAGAAGGAGCAGTTCACACEGCLLTTELTGGAGCTCTGEAGELTGAGATGGATGETEOAN
AGGEAAGGLTGTCCTCTGELCALT TG AMTO TLGLCTGAMANT GOATAMLCTTAGATTCAAGGG LETETCATALTCCTTGTGT
ACCGLAGCETICACATTCACCAAGATOOCEBGUTGAARMCACTECALGEEACAGTCACAGTGEAGG TACAGTACGLAGGGACAG
ATGUACCTTGCAAGGTTCCAGCTLAGATCGCEOTEGACATECAAACTCTGACCLEAGTTEGGAGG TTGATARLCG LT ARCECE
GTAATCACTGAARGUACTGAGAACTCTAAGATEATGCTEGAACTIGATCCALUATTTCGGGACTCTTACATTIGTCATAGGAGTE
GOGGAGAAGARAGATCACCEACCACTOECACATGAGTCGUAGUACCAT TGO AAAAGCATITOAAGCCACTGTCGAGAGETGLE
ARGAGAATEGLAGTCT TGO EAGACACAGICTGEGACTTTEGATCAGTTGGAGGEGCTCTCAACTCATTGOGCAAGGGCATLC
ATCAARTTTTTGGAGCAGCTT TCAAATCATTGTTTCGAGGAATG TCLTCOTTE TCACAAATTCTEATTGEAARLGTTEUTGATGTE
GTTGEGETCTGAACACAAAGAATGBATCTATTTCCCTTATGTGUTTGECCTTAGGGGEAGTETTEATCTICTTATCCACAGLLGT
CTCTGCTGATGTGEOETGLTECGTGGACTTCTCAAAGAAGGAGALGAGATGLOGTACAGGCETGTTCOTCTATAACGACGTT
GAABCCTGGAGEGALAGGTACAAGTACCATCLTGACTCCCOCCGTAGATIGECAGCAGCAGTCAAGCARGCLTGEEAAGATE
GTATCTGLGEEATCTCCTCTETTTCAAGAATOOALRACATCATETGEAGATCAL TAGAAGGGGAGLTCAALGCAATLCTOGAR
GAGRATGGAETT AL TCACGE T T O TG GG AT TGO T AAAARACCCCATG TG GAGAGC TECACAGAGATIGLLEGTECTIG
TEAACGAGLTOCCCCATGRLTOGAAGGLTITGOGEGAAATCELACTTCGTCAGAGUAGUAAAGACAAATARCAGETTTGTCGET
GEATEE TG A AR T G ARG G AR TG OO AL T MR A T AG A G A TG G AACAG L TTTC I TG TG GAGGATCATG GG TICEEEETA
T CACACTAG TG TC I GG CTCAAG G TTAGAGARGAT TATTCATTAGAGTG TBATCCAGLLGTTATIG B AAAGCTIG TTAAGEGA
AAGGAGGUTGTACACAGTGATETAGGLTACTGEATTGAGAGTCGAGAAGAATEGACACATGEAGGLTGAAGAGGLECCATETG
ATCGAGATGAARACATGTEAATEECCAAAGTCICACACATIGTGOACAGATCEAATAG AMAGAGAGTEGATLTGATCATALCEA
AGTCTTPAGCTGGEUCACTOMCCATCACAATALUAGAGAGEOCTACAGEACCCAARTGARMGGEUCATCGUACAGTEARGA
GUTIGAAATICEGTTTGAGGAATGLCCAGECALTAAGETCCACG T GAGEANACATE TEGAACAAGAGEACCATCTETGREA.
TCAACCACTGLANGLCOAAGEGTOATLGAGEANTGE TEUTGCAGGGAGTOLACAATGCLCCCALTETUGTTCCLGLUTARALG
ATGGCTGTTGGETATCGAATGEAGATAAGGECCAGGAAAGAALCAGANAGEAALTIAGTAAGGTCARTEETCACTGCAGGATE
ABCTEATCACATEGATCACTTCTECC I GEAG TGLT TG TOATICTELTUATOETGLAGGARGELUTOAAGAAGAGAATEALLA,
CAAAGATCATCATAAGCACATCARTGOCAGTEUTGETAGETATGATCCTG G GAGGATITICAATGAGTGACCTEELTAAGCTT
GOAATTITGATG GG TECCACCTTLGLEGARATGAACACTGOAG GAGATETAGCTCATCTGECGUTGATAGL GG DATTCAAAGT
CAGACCAGCETTELTGG TATCTTTCATCITCAGAG CTANTTEEACACCCUGTEAAAGTATCCTBCTOELCTTGELCTCATETCT
T TG CAAAL TG LG ATC TG LTI G AN GG LG A TG ATEE TTCICATCAATE G T TIIGETTTE G LCTGG TTG GEARTACGAGT
GATGGTTGTICCACGLACTGATAACATCALCTTEGCAATLCTEGUIGLTCTGACALCACTEGCCLGGE G LACACTELTIGIEGE
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