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Alphavirus nsP3 co-localization with BIN1 in cytoplasmic granules

While all alphavirus nsP3s (except SAV) have at least one proline-rich motif (Figure 2), it was
experimentally confirmed that CHIKV and SINV can bind BIN1 whereas EEEV and VEEV cannot
(Frolov et al., 2017). To investigate co-localization of nsP3 of additional alphaviruses with BIN1, the
nsP3 proteins of twenty alphaviruses fused to eGFP were transiently expressed in mammalian cells.
The cells were fixed and stained for BIN1 by IFA (Figure S1). NsP3-BIN1 granular co-localization
was quantified and represented as percentage cells with observed co-localization. All twenty alphavirus
nsP3s were grouped based on the number of proline-rich motifs and high-affinity proline-rich motifs
are indicated with an asterisk (Figure S2).

Many alphavirus nsP3s localized with BIN1 in cytoplasmic granules to a certain degree. A high
percentage of nsP3-BIN1 co-localization (>50%) was observed for BFV, BEBV, MAYV, GETV and
RRVML (Figure S2). Moderate nsP3-BIN1 co-localization (20-50%) was observed for SESV-,
CHIKV-, ONNV-, SINV-, and RRV™3, The nsP3s of SAV, VEEV, EILV, EEEV, SFV and WHAV
showed very low to no co-localization with BIN1. TAFV nsP3 showed nuclear localization and MIDV
and UNAV nsP3 showed diffuse cytoplasmic localization, therefore nsP3-BIN1 co-localization in
cytoplasmic granules could not be determined for these viruses (Figure S1). A clear division was
observed regarding the ability of nsP3s to co-localize with BIN1. All alphavirus nsP3s that also
contained an FGDF-like motif co-localized with BIN1 to a certain extent. In contrast, alphavirus nsP3s
with an Agenet-like domain binding motif did not co-localize with BIN1 at all, despite the presence of
a proline-rich motif.

The HVD of nsP3 contains several highly conserved motifs of which PxPxPR is often present multiple
times. A previous study reported that all alphavirus nsP3s contain this motif accept those of African
origin (Aaskov et al., 2011). However, all alphaviruses in our study including those of African origin
(except SAV) contain at least one copy of the PxPxPR motif (Figure 2). Co-immunoprecipitation of
BIN1 with SINV and CHIKV nsP3 indicated direct binding between these molecules (Frolov et al.,
2017). Here we showed that most alphavirus nsP3s indeed did co-localize with BIN1 when expressed
in Vero cells. The nsP3s of BEBV, BFV, CHIKV, EILV, GETV, MAYV, ONNV, RRVME RRVT8,
SESV, SINV, SFV, and WHAYV all showed co-localization with BIN1.

Although the proline-rich motif in alphaviruses nsP3s is often referred to as the PxPxPR motif, multiple
alternative BIN1 binding motifs exist, some of which are present in the HVD of nsP3. The motif
P[I/V][P/A]JPPR[R/K/P][R/K][R/K] was identified having the highest affinity for BIN1 (Gotte et al.,
2018). This is comparable with the results from this study; BEBV-, BFV-, CHIKV-, GETV-, and RRV-
nsP3 all carry the high affinity proline-rich motif and showed a relatively high co-localization with
BIN1 compared to moderate co-localization between BIN1 and nsP3 of viruses carrying other PxPxPR
motifs (Figure S2, co-localization in ~40-70 % vs ~10-40 % of cells). Two exceptions were observed
as the nsP3s of WHAYV and SFV both carry the high-affinity motif, but co-localization with BIN1 was
relatively poor (Figure S2, in ~10-20 % of cells). However, in immunoprecipitation experiments SFV
nsP3 does interact directly with BIN1 and this interaction is also required for effective SFV RNA
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replication (Neuvonen et al., 2011). Many of the cellular functions attributed to BIN1 stem from its
ability to remodel cellular membranes (Habermann, 2004; Wu et al., 2014). Alphaviruses replicate in
cytoplasmic viral factories or spherules, which are constructed from membrane invaginations
(Froshauer et al., 1988). It has been hypothesized that BIN1 and related proteins help form or stabilize
the membrane structures required for alphavirus RNA replication (Neuvonen et al., 2011).

Interestingly, the HVD of nsP3s of EEEV, VEEV and WEEV did not co-localize with BIN1 despite
that all these viruses contained proline-rich BIN1 binding motifs (Figure 2, S1 and S2). Similarly,
immunoprecipitation of EEEV-nsP3 and VEEV-nsP3 did not co-precipitate BIN1 whereas the nsP3s
of CHIKYV and SINV did (Frolov et al., 2017). Why the interaction between BIN1 and V/W/EEV-nsP3
is absent despite the presence of BIN1 binding sites remains elusive. Perhaps the proposed interaction
between BIN1 and the nsP3s of V/W/EEEV is short lived and only exists during a specific stage of
virus replication.
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Figure S1. Alphavirus nsP3 co-localization with BIN1. Vero cells were transfected with alphavirus
nsP3-eGFP, stained with antibodies for BIN1 and visualized by immunofluorescence. Green indicates
localization of nsP3, red represents BIN1. NsP3-BIN1 co-localization is visualized in yellow in the
overlay. The percentages in the overlay images represent co-localization percentage of all counted
cells. An asterisk indicates the presence of the high affinity proline-rich motif;
P[I/V][P/A]PPR[R/K/P][R/K][R/K].
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Figure S2. NsP3-BIN1 co-localization percentages. Vero cells with co-localization of nsP3 and BIN|1
are represented as co-localization percentages. Bars represent the mean co-localization pattern of 30-
50 transfected Vero cells. A distinction is made for alphaviruses with one, two, three or four proline
rich motifs (PxPxPR). An asterisk indicates the presence of the high affinity proline-rich motif
P[I/V][P/A]PPR[R/K/P][R/K][R/K]. In abscene of cytoplasmic granules, no co-localization could be
determined, these nsP3-eGFPs are indicated with an open circle.
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Supp Figure S3. Alphavirus nsP3 co-localization with G3BP in U20S cells. U20S cells were
transfected with alphavirus nsP3-eGFP, stained with antibodies for G3BP and visualized by
immunofluorescence. Green indicates localization of nsP3, red represents G3BP. NsP3-G3BP co-
localization is visualized in yellow in the overlay. The percentages in the overlay images represent
co-localization percentage of all counted cells. A distinction is made for alphaviruses with one or two
FGDF-like motifs or the presence of one or two Agenet-like domain binding motifs.
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Supp. Figure S4. NsP3-G3BP co-localization percentages in U20S cells. Cells with co-
localization of nsP3 and G3BP are represented as co-localization percentages. Bars represent the
mean co-localization pattern of 30-50 transfected U20S cells A distinction is made for alphaviruses
with one or two FGDF-like motifs or the presence of one or two Agenet-like domain binding motifs.
In absence of cytoplasmic granules, no co-localization could be determined, these nsP3-eGFPs are
indicated with an °.
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Supp. Figure SS. Alphavirus nsP3 co-localization with FMRP1 in U20S wt and U20S G3BP
KO cells. U20S wt and U20S G3BP KO cells were transfected with alphavirus nsP3-eGFP, stained
with antibodies for FMRP1 and visualized by immunofluorescence. Green indicates localization of
nsP3, red represents FMRP1. NsP3-FMRP1 co-localization is visualized in yellow in the overlay.
The percentages in the overlay images represent co-localization percentage of all counted cells. A
distinction is made for alphaviruses with one or two FGDF-like motifs or the presence of one or two
Agenet-like domain binding motifs.
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Supp. Figure S6. NsP3-FMRP1 co-localization percentages in U20S wt and U20S G3BP KO
cells. Cells with co-localization of nsP3 and FMRP1 are represented as co-localization percentages.
Bars represent the mean co-localization pattern of 20-80 transfected U20S wt and HeLa G3BP KO
cells. A distinction is made for alphaviruses with one or two FGDF-like motifs or the presence of one
or two Agenet-like domain binding motifs. In absence of cytoplasmic granules, no co-localization
could be determined, these nsP3-eGFPs are indicated with an °.



Supplementary Material

NsP3 gene sequences of the 20 alphaviruses used in this study.
> SAV

atggcaccgggttacagagtcctcaacaggaacatcatcactgccgaagaggaagtcttggttaacgccgctaacagtaac
ggcagacccggcgatggtgtgtgtggtgcecgctctacggecgegttecggggacgcattcececccaacggtgecgatcggegeggga
aacgcggtcttggtccgaggactcgaggccaccatcatacacgcagccggagctgacttcagagaagtcgacgaagaaacce
ggcgcgcgacagctaagagcagcataccgtgcggcggctaacctagtcactgeccaacggtatcaccagtgectgeccatcececce
ttgctgagtacacacatcttctccaacggtcgaaacagactggaacagtccttcggecgcattggtggaggecgttecgacacg
acagaatgcgacgtcaccatctattgcttggccaacaacatggccgtaaggattcagcaactgatcgacgatcacgcccge
gaagagttcgacgaggaggtggttgtagaagaggaagaggaacatgaagctgatgcgatgagtgatacggagacgcectgtcecc
agtttcggtgacgaaacggtgtgggtgcccaaacatagcactctagctggaaggccaggatatagtgcecctcttacggecgac
cgcagatccctttttgtcggcacgaagttccaccgecgeccgecagttgectatgtegtcaattgaagecggecttggectaagacce
aaagaagccaacgccaaactcatcgagtacatacgagggcaacacctcgtcgacgtcctaaagagctgtccggtcaacgac
atacctgtaggcagaccgccttctagectgecctgecggetgtatttatgeccatgaccccggaacgggtcacagtgectgaag
caaaggccgcaggaaggttttgtggtatgcagcgcattcaaattgccgectcactaacatccaagatgtcaccaaagtggag
tgcacggtgagagcacctgcagaagaacctagacccgtgcgctatctgcaagagagacgcccagtccaggecgecgtgggg
caacctaggccggcaactgtggctgccagagtcgeccgecgagtcatgcageccagtgggaccagcacagccacgagccgecac
acacccgcgceccgggcectcggtgecgggtgegectgectgecgccaagagacggtacggtatcecececgecagetcectegcacgggtteg
cagtccagcgtcacctcatcagcgggatccatactgccagtgecceccgaagggcgccagttacgecagecggcatcattggeg
ggcagcgtccacggccatagtgtacgcagcgceccctgeccatgagggcececgecagcacaggtgeccagaagegtgegecagtgte
cagtccggttcagccgggcatagaactgacgtcgeccagegtcgecggctcageggggctgectagagggctaacacgggac
cagttcggcgccgtgagagctagggcccgcagggacttagagctggagggatcagagcatggcagtcagactagetteegt
tccggctcgctgatggtggagagcaccgctagtggctatageccaatgttctgacgatcaggacacgggctccgaaccatca
agccgcggcgcectctgtgaggacgcggcgcagagggcaacgagacggecctggagggecattga

> SESV

atggccccgaactatcgtgttgtcagageccgacatagctaaaacgacaactgaagcagtggtcaacgccgccaacccecctyg
ggagtgccgggcgcaggtgtgtgtggggctatcgctagacagtggecctaaaggattteccggcaggtaaaatgcaggttggt
gagtgtaaagcggtagtaacagatgatatcaccatactgcatactgttggccctgacttccgtaagactggggaaaaggag
ggcgacgagctgctggcgatggcctaccagaattgecgectgcagaggcgtcecteccttagggttceccacaccttagectatcececca
ctattatccaccggcatatattcagctggagtagatagattagatcagtcgctaaaacatttgctgaatgecttttgatgag
accaacatagaggttcatatatattgtagagataaaacatgggagtctcgcattttgagagtgattagtacgcgggacact
gtggaggaattggtagaggaaaatgtggaactgtcagatgaaatcgtaagagtccacccagctagctcattggagggaagg
gaagggtatagctccaccactggatcaatctactcatttttgecctggtaccaagtttcatcagacagectgtggacgtggcyg
gagatcaaagccctgtggccaaaggaaccagaggcaaatgagcagatatgtaattacattctcggggatagcatgaaccag
atacgagacaaatgcccggtggaagatataggcactacatcccctccatgtacggtaccatgtttatgtceccttatgecatg
actgcagaaagagtgtacagagtgagagctacagcgcctaagagcttcattgtgtgttcatcattccagctaccaaaatat
cgtattactggagtgcaacgggtgccctgtacgcgaccttttaaacaagttaggtcctectggagcaagtaaagaagtggceca
gaggaggtttcgctgagacctgcgagtagcttctcaggeccgctacggagaaagactgacggttaaggcggatgtctactcece
ttgatagacagtcgctgggattccattgactccgtcaagttgccgagtttggatactgatagtaccacgectttectgagact
cctccaccgcgctatgatacacctgcggttgcgaccacaccgccagtaccecccecgecgegtctgaagaagectagcacggcaa
caagcgctgtcgcaaatttcttttggtgattttgaaccaggagagcccgatagactagetgccgaaagcagggcatctaga
gaggccccgtctattacatttggagatttccaggaaaatgaggtggacagtatagttagecgecgeccgeccgattactaagtcea
caacgtaggcgtaggagacgcaaggcgcgaagatccgecgtctaggcagectttgetggactcececcecgecattatga

> SEV
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atggcaccatcctacagagttaagagagcagacatagccacgtgcacagaagcggctgtggttaacgcagctaacgeccgt
ggaactgtaggggatggcgtatgcagggccgtggcgaagaaatggeccgtcagectttaagggagcagcaacaccagtgggce
acaattaaaacagtcatgtgcggctcgtacccecgtcatccacgctgtagecgectaatttcectectgeccacgactgaagecggaa
ggggaccgcgaattggccgctgtctaccgggcagtggeccgeccgaagtaaacagactgtcactgagcagecgtagceccatcececg
ctgctgtccacaggagtgttcagcggcggaagagataggctgcagcaatccecctcaaccatctattcacagcaatggacgec
acggacgctgacgtgaccatctactgcagagacaaaagttgggagaagaaaatccaggaagccattgacatgaggacggct
gtggagttgctcaatgatgacgtggagctgaccacagacttggtgagagtgcacccggacagcagecctggtgggtcecgtaag
ggctacagtaccactgacgggtcgctgtactcgtactttgaaggtacgaaattcaaccaggctgctattgatatggcagag
atactgacgttgtggcccagactgcaagaggcaaacgaacagatatgcctatacgcgctgggcgaaacaatggacaacatc
agatccaaatgtccggtgaacgattccgattcatcaacacctcccaggacagtgecctgectgtgecgectacgcaatgaca
gcagaacggatcgcccgcecttaggtcacaccaagttaaaagcatggtggtttgectcatecttttecceccteccgaaatacecat
gtagatggggtgcagaaggtaaagtgcgagaaggttctcctgttcgacccgacggtaccttcagtggttagtccgecggaag
tatgccgcatctacgacggaccactcagatcggtcgttacgagggtttgacttggactggaccaccgactcgtcecttccact
gccagcgataccatgtcgctacccagtttgcagtecgtgtgacatcgactcgatctacgagccaatggctcccatagtagtyg
acggctgacgtacaccctgaacccgcaggcatcgecggacctggecggcagatgtgcaccctgaacccgcagaccatgtggac
ctcgagaacccgattcctceccaccgegeccgaagagagctgecataccttgecteccgegecggecggagcgaccggtgecggeg
ccgagaaagccgacgcctgccccaaggactgegtttaggaacaagctgectttgacgttecggecgactttgacgagcacgag
gtcgatgcgttggcctccgggattactttcggagacttcgacgacgtecctgcgactaggeccgecgecgggtgcatga

> SINV

gcctcataccgcaccaaaagggagaatattgctgactgtcaagaggaagcagttgtcaacgcagccaatcecgetgggtaga
ccaggcgaaggagtctgccgtgccatctataaacgttggccgaccagttttaccgattcagccacggagacaggcaccgea
agaatgactgtgtgcctaggaaagaaagtgatccacgcggtcggcecctgatttccggaagcacccagaagcagaagecttyg
aaattgctacaaaacgcctaccatgcagtggcagacttagtaaatgaacataacatcaagtctgtcgccattccactgcta
tctacaggcatttacgcagccggaaaagaccgccttgaagtatcacttaactgcttgacaaccgecgctagacagaactgac
gcggacgtaaccatctattgcctggataagaagtggaaggaaagaatcgacgcggcactccaacttaaggagtctgtaaca
gagctgaaggatgaagatatggagatcgacgatgagttagtatggattcatccagacagttgcttgaagggaagaaaggga
ttcagtactacaaaaggaaaattgtattcgtacttcgaaggcaccaaattccatcaagcagcaaaagacatggcggagata
aaggtcctgttccctaatgaccaggaaagtaatgaacaactgtgtgcctacatattgggtgagaccatggaagcaatccge
gaaaagtgcccggtcgaccataacccgtcgtctageccecgeccaaaacgttgecgtgectttgecatgtatgeccatgacgeca
gaaagggtccacagacttagaagcaataacgtcaaagaagttacagtatgctcctccaccccececttectaagcacaaaatt
aagaatgttcagaaggttcagtgcacgaaagtagtcctgtttaatccgcacactccecgecattecgttecccgececgtaagtac
atagaagtgccagaacagcctaccgctcecctcecctgcacaggccgaggaggcecccccgaagttgtagecgacaccgtcaccatet
acagctgataacacctcgcttgatgtcacagacatctcactggatatggatgacagtagcgaaggctcacttttttcgage
tttagcggatcggacaactctattactagtatggacagttggtcgtcaggacctagttcactagagatagtagaccgaagg
caggtggtggtggctgacgttcatgccgtccaagagecctgeccctattceccaccgeccaaggctaaagaagatggecccecgectg
gcagcggcaagaaaagagcccactccaccggcaagcaatagctctgagtccecctceccacctetettttggtggggtatccatyg
tccctecggatcaattttcgacggagagacggecccgccaggcagcggtacaaccecctggcaacaggecccacggatgtgect
atgtctttcggatcgttttccgacggagagattgatgagctgageccgcagagtaactgagtccgaaccecgtectgtttgga
tcatttgaaccgggcgaagtgaactcaattatatcgtcccgatcagecgtatcttttecctctacgcaagcagagacgtaga
cgcaggagcaggaggactgaatat

> BeBV

atggcaccctcgtacagggttaagcgtgcagacatcgctactagcgaggaagaggcagttgtaaacgccgccaacgcaaaa
ggtagaccgggagacggagtgtgcagagccatccaccgaaagtggecctgaggeccttecgtgggecgetgeccacggcgaccggce
acggcaaaaaccataaaggtcggacagacatacatcatccatgccgtcggaccgaacttttcctcgacccaagaacaggag
ggtgataagttgctggccggagcgtaccgagcggtagccgaagaagtaattaaatacgggtgeccgcagegtcecgecattecg
ctgctgtctacgggcatttatggcggtggtaaagaccgaatgtaccagtcgttgaaccatctttttaccgegttggatgeg
accgacgcagatgtggtgatctattgcagggacaagacgtgggagacgaagatccaggaggcgatagatcgcagactggceg
gtggagctagtgtccgatgaaatggaactgcagacagacttagtccgecgtccatceccgatagcagecttagtgggacggecgg
ggttacagcactactgacggtaagctgtattcatacctagagggcaccaagttccatcaatgtgccgtcgatatggcagag
attctggtattatggccgaacaccagggaggcgaatgagcaaattgcattatatgccctaggagaaagtatggacactata
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agatctaggtgcccagtagatgacaatgattcgtcttcaccaccgcggacggtgeccatgtctgtgtaggtatgectatgaca
gccgagagggtgaccagattacgcatgcaccatactaagtcgttcacagtctgttcttcattecceccttgectaaatacaac
gtggaaggggttcagagggtgaaatgcgagaaggttctactgtttgatccgacggtteccttecgectggtgagecctaggaag
tacgtgtgtaacaccactatacaggccgatgatctctcecctcgatcacggagtgtteccttatcgtcacgtagaccatctgte
tcaatatctgtctcctccatttctacaacagatttcatgccgecgaaacacttceccgtggacaacatactacgggtcattgec
gagattcaccctgtcccaaccgaggtacagacgctgecctgtgecccgagcaaggggatgteccecctgeggecacattaccggtg
gagcatcaagcacccgtgccccecctectagaccgaagcgcecgceccagggcattggecggectgeccaggataccaccagtteccggeg
ccgagacattcaaaggcacgtcccgttccggeccccgaggaccattttcagaaccagtaggececgttgtecgagcageegtt
gaactaccatggaaaatacaggttgtgcctgggctgactttcggecgatttgeccggagecctcgagcacaccagecgttgag
ctgccatgggagccggaggagtcgtcaggactatcatttggecgacttcgggacgttctga

> BEFV

atggcaccggcgtacagagtcaaacgtggagacatttcgaacgccccagaggatgcagtggtcaatgcagcaaaccaacag
ggagtgaagggtgctggagtttgcggtgcaatttaccgtaagtggeccggacgectttecggtgatgtecgectactceccaaccgga
acagcagtttcgaaatccgtccaagataaattggtgatccacgctgtcggecccgaatttctcaaaatgttcagaagaggaa
ggggacagagacctagcatctgcttacagagctgcagcagaaatagtgatggataaaaaaattacaacagtggccgtcccc
ttactctccaccggcatttatgccggaggaaaaaacagagtagaacagtcactcaaccatctcttcacggcattcgacaat
actgatgcagatgtgaccatatattgcatggacaaaacatgggaaaagaagattaaggaggcaatcgatcaccggacttcg
gttgagatggtgcaggatgacgtgcagttggaggaggaactggtacgagtacaccctttgagtagtttagcaggtaggaag
ggttacagtacggacagcggccgagtgttttcctacctggaaggtaccaaattccatcagactgcggtggacatagccgaa
atgcaagtgctgtggcccgccctcaaagagtctaatgagcaaatagtggcatacaccttaggagaatcaatggaccagata
cgtggcaagtgcccgacagaagatactgacgcctccacacctccacggactgtgeccgtgectectgtcgatacgceccatgaca
ccagagagagtgtaccgacttaaatgcacgaacactacccaatttacggtttgctcatcttttgagttgccaaagtatcac
attcagggagtgcagagagtaaaatgtgaaagaatcatcatcttagatcccactgttccaccaacttacaaacggccatgce
atcagacggtacccctccacaatctcttgtaactcectctgaggactccaggagettgtctactttectectgtcageteccgac
tcctcgattggttctctgeccggtcggagacacgagacccattccagececccgaggaccattttcagaccecgteecctgecceg
agagcacccgtgctcagaaccacaccgcctcecctaaaccaccgcgcacattcaccgtgegtgcagaagtgcaccaagecacce
cctacacctgtacctccacccagaccgaagagggctgcaaagttggctecgtgagatgcaccccgggttcacctteggggac
ttcggagagcacgaggttgaggagcttacggcctctecccttaaccttcggagattttgectgaaggagagatccaggggatg

ggagtggagtttgaatga

> CHIKV

atggcaccgtcgtaccgggttaaacgcatggacatcgcaaagaacgatgaagagtgtgtagtcaacgccgccaaccctegt
gggctaccaggcgatggcgtctgtaaagcagtatacaaaaaatggccggagtceccttcaagaacagtgcaacaccagtggga
accgcaaagacagtcatgtgcggtacatacccggtaatccatgcagtaggacctaatttctcaaattactctgagtccgaa
ggagaccgggaattggcagctgcttaccgagaagtcgctaaggaggtgactagactaggagtaaacagcgtagctataccyg
ctcctttccaccggtgtgtactctggagggaaagacaggctgactcagtcactaaaccacctttttacagcattagactca
actgatgcagatgtggttatctactgccgcgacaaggagtgggagaagaaaatagctgaggccatacaaatgaggacccaa
gtggaattactagacgaacacatctctgtagactgcgatatcatccgagtgcaccctgacagcagtttggcaggtagaaaa
gggtacagcactacagaaggttcactgtactcctacttggaagggacacggttccatcagacggcagtggacatggcagaa
gtatacaccatgtggccaaagcagacggaggctaatgaacaagtttgcttgtacgcattgggggaaagtatagaatcaatc
aggcaaaagtgcccagtggatgacgcagatgcatcgtcgecccccaaaaaccgtceccecgtgectectgecgttatgecatgaca
cccgaacgagtcaccaggcttcgtatgaaccatgtcacaagcataatagtatgctcatcattccceccttccaaagtataaa
atagaaggagtgcagaaagtcaagtgttctaaagtgatgctgttcgaccataacgtgccatcacgcgttagtccaagggaa
tataaatcgcctcaggagaccgcacaagaagtaagttcgaccacgtcactgacgcacagccaattcgaccttagegttgac
ggtgaggaactgcccgctceccgtctgacttggaagctgacgctcececgatteccggaaccaacaccagacgacagagcggtactt
actttgcctcccacgattgataatttttecggectgtgtcagactgggtaatgaataccgecgeccagtcgcaccacccagaaga
agacgtgggaaaaacttgaatgtcacctgcgacgagagagaagggaacgtacttcccatggctagecgttcggttcttcaga
gcggatctgcactccatcgtacaggaaacggcagagatacgcgatacggccgecgtceccctceccaggecgececctgagtgteget
acagaaccgaatcaactgccgatctcatttggagcaccaaacgagactttccccataacgttcggggattttgatgaaggg
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gagattgaaagcttgtcctctgagttactgacctttggggacttctcgecgggcgaagtggatgacctgacagacagcgac
tggtccacgtgttcagacacggacgacgaattatgactagatagggcaggtgggtga

> EEEV

atggcacctgcgtatagagtggtgcgcggtgacataacaaagagcaatgatgaggttattgttaacgcggcgaacaacaaa
gggcaacccggtggcggtgtgtgtggcgcecctttacaggaagtggectggagcttttgataagcageccggtagcaactggt
aaagcgcacctcgtcaagcattctccgaacgtcatccatgeccgttggeccctaatttttectecggectatcagaaaacgaagga
gaccagaaattgtctgaagtgtacatggacattgccagaattatcaacaacgagaggtttactaaagtctccattcegttg
ttatctaccggcatctatgcaggtggtaaggacagggttatgcaatcgctgaaccatttatttacagccatggatactacc
gacgcagacattaccatttactgtctagataagcaatgggagtcaagaataaaggaagctatcacgcggaaggaaagcgtt
gaagagcttactgaggatgacagaccagttgacattgaactggtacgggtgcacccgttgagcagcttggcaggtagacct
ggttattcaaccaccgagggcaaggtgtattcgtacctagaggggactaggtttcatcaaactgccaaagacatagctgaa
atttacgctatgtggcctaacaagcaagaagcaaacgagcagatttgcttatacgtgctgggagagagtatgaacagecatc
cgctctaagtgtccagttgaagagtcggaggcctcttcceccececctcacaccateccegtgtectgtgcaactatgcaatgact
gcggagcgagtttacagattacgtatggcaaagaatgaacaattcgcagtttgttecgtectttcagttaccgaaatacagg
attacaggggttcagaaaattcaatgcagcaaacctgtgatattctctggcactgtacccccggccatacatccaagaaaa
ttcgcatctgtgacagtggaagacactccggtggtccaacctgaaaggttggtgecctaggecgacctgcaccgectgtgcecce
gtacctgcaagaatccccagccctccatgtacatcgaccaacggatcgacgaccagtatacaatcactgagggaggatcaa
agcgcatctgcctctagcggagctgaaatcteccgtagaccaggtttecgectatggagcatacccagecgctactgggttecgat
gtgcgtacctcctcatcgttgagtctagagcagccaacctttcececgacaatggttgtcgaagctgagattcacgeccagtcaa
ggatcactgtggagcatacccagtatcaccggatctgaaatccgtgectcececgtcacctccaagtcaggatagtagaccttee
accccatctgcaagtggttcacacacgtccgtggacttaatcacgtttgacagecgttgcagagattttggaggatttcagt
cgttcgccgtttcaatttttgtctgaaatcaaacctattcccgcacctcecgtacccgagttaataacatgagcecgcagegea
gacacgatcaaaccagttccaaagccgcgtaaatgccaggtgaagtacacgcagccacctggcgtcgeccagggccatatecg
gcagcggaatttgacgagtttgtgcggaggcactcgaattga

> EILV

atggccccatcatactcggtgatcagaggcgacataaccgcgactaactcccacgccattgtegtececctgtcacgeccggag
Ccgaaaagacggcgtgtatcgcgcttgtagcaagaaatggggccccectacctcecgectggagtggaccgaaggtgccaccttyg
ttctcgeccecggttcaccagceccactcectgcaagtatgtgtaccctecgcectccagaatacggacactacatcaacccagcaagcece
taccgcgccatcgccaaagttgtcgtcgacgagcagattcecgtcactatctcectaccegtectcaccatgaagaagaccgge
acagcagacaccgtatcagaatccttgaaccacctagttaccgctctggaccaaaccgatgcaaatgtaactatttactgt
ctcgacaaaagcaggctcataaaaatcaaggaagtaattgcacgcaaggaagccgtcaccgagcttatcgacgacgaccta
gaaatcgacgaggaactgacatgggtccaccccgatagctgecctacgcaaccgcaccggttttagcaccgacaaaggaaaa
ctgtactcatatctggaagggaccaagttccaccagatggccaaggacttcgcagagattaggtcactattcecctgacgag
atggaagctaacgaacacatctgctcactcatcttaggggaaacgatagatggcatccgagaacgctgtccagtgacagac
aatccgccatcatcaccgcccaagactgtaccecctgcecttgtgcatgtacgccatgaccccagaacgecgceccctacggctcaag
agcaattctgtcacccaaatcacagtctgctcgtecttecgttctcaagaagcaccacatcaaaggggtacagaagatccaa
tgcacggcacctatgttattcaacccgacaccattaacttccaggacggtccgcactcececgeccacaagtctcagcacgagec
gcactcgatcttcctccecgttgcacctatgecttcectgtacctgcaccggttagectgacgectacgaggecgtgcaccacca
ccgccccttaccaaacgacccegttgtegtacgtececgtcgacgectceccaccgeccgeccaccagtacgccagacaccaacgceca
gtgctcgcgccacggactggttctacggcagcacccactccgacgceccacgcectectegttatctacggaccagecatececgta
gacatttcgttcggagacttttccececcgcagaaacgatgtectttgatgetgtecgtececectggetcectgacaccgecagtate
accttcggtgacttcgacgaggacgaggtagaatctatagtaggacgggaatat

> GETV

atggcaccatcatacagggtccgccgcgcagatatatcaggacacagtgaggaagcggtcgtaaatgctgccaatgceccaaa
ggtaccgtgagcgacggagtgtgcagggcggttgctaagaagtggccatcatctttcaaaggggctgcaactccagtcgge
acagccaaaatgatccgcgcagatggcatgaccgtaatccacgcagtgggaccaaacttctccaccgtaacagaagccgaa
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ggggacagagagctagcggccgcgtatcgagctgtggctagcataattagtaccaacaacataaagagcgtcgcagtaccg
ctgctgtccacaggcaccttcteccggecggtaaggacagagtgacgcagtceccttgaaccacttattcacggcactggacgcea
accgacgcagacgtggttatctactgcagagataaaaactgggaaaagaagattcaggaagccatcgacaggcggacggca
atcgagctcgtatctgaagacgtgaccttggaaaccgatctggttagagtacacccggacagttgcttagtcggcagaaat
ggttacagtgcaactgacggtaaactgtactcttaccttgagggcacgaggttccaccagacggcggtcgacatggctgaa
atatcaactttatggccaagactccaagatgctaacgagcagatctgcctatacgccctaggggagacgatggatagecata
cgcactaaatgcccagtagaggacgcagattcgtctacgccgeccgaaaacggtaccgtgtctatgtecggtatgecgatgacce
gcggagcgggttgccagacttaggatgaataacaccaaaaacatcatcgtgtgctcectecttteccattaccgaagtacagg
atagaaggcgtgcagaaggtgaagtgtgaccgagtgctaatttttgaccagaccgtccecgtcactagtaagtcecccagaaag
tacatacagcagccgccggaacagctggataatgtgagectgacttctacgacgtcgacgggatccgcatggtcatttceca
tcggaaacgacctacgaaaccatggaagtcgtagccgaggtacataccgaacctccaatcceccteccgectecgecgacgtaga
gcagccgtcgcccaacttagacaggatctggaagtcaccgaggagatcgageccgtacgtggcacagcaagcagaggtcatg
gtcttggagagggtcgcgacgacagacatacgcgctatcccagtceccggecacggecgggeccatcacaatgeccagtecccaacce
cccagggttcgtaaggtcgctactgaacctccattagaaccggaagctcecctatcccggcaccaagaaagagaagaaccact
agcaccccacctccgcataaccccgaggatttegtteccagggtacctgttgagttaccgtgggageccggaagacctagac
atccaattcggtgacttggagccacgccgccggaacaccagggaccgagatgtcagcacaggaatacagttecggtgacatce
gactttaaccagtcc

> MAYV

atggctccagtgtatgccgttaaaagggccgacattgcaaccgctattgaggacgcggtggtcaacgcggccaaccaccge
ggacaagtgggcgacggtgtctgcagagctgtagcacggaagtggcctcaagceccttccgcaacgcagcaacaccggtcgga
accgcaaaaaccgtcaagtgcgacgagacctacatcatccatgcggtggggccgaactttaacaatacatccgaggecgag
ggagatcgtgacttggcagcggcataccgagccgtggcagcagagatcaaccgactgtccataggtagtgtggcaatccca
ctgctttctacaggtatatttagtgctgggaaagacagagtgcatcaatcactctcgcatctgttggcagcaatggatacc
aytgaggcacgggtcactatctactgccgcgataaaacgtgggagcaaaagattaaaaccgtcctgcaaaaccgcagtgec
actgaactggtgtcagatgaattacagtttgaagtcaacctgactagagtccatccggacagtagcctggtgggacgtcca
gggtacagcactaccgatgggactctgtactcctacatggaaggtactaagttccaccaggcggctcttgacatggctgag
atcacgactttgtggccaagagtccaggatgcaaatgaacatatttgtttgtatgcgctgggcgagaccatggacaatatt
cgtgccaggtgcccagtggaagacagtgattcatcgactccacccaagacggtcccatgectatgeccgatatgeccatgaca
ccggagagagtcacaagactacggatgcaccacacaaaagatttcgtggtttgectcgtecttttcagectgccaaagtategt
atacctggcgtgcaacgagtgaagtgtgagaaagtaatgctttttgatgcagctccaccagectcececgtcagteccagtgecag
tacctgacaaaccaaagtgaaactaccataagtttgagttcattttcaattacatctgacagcagctccctcagcactttt
cctgatctggagtcagcggaagaatttgaccatgactctcagtccgtgecggccagecgectgaatgaacccgatgaccatcaa
cctacgccaacggcagaacttgccactcatccecgtaccaccgectecgecctaaccgtgcaaggeggttggeggecgetegt
gtgcaagtccaggtggaagtacatcaaccacctaccaaccaaccaacgaagccaatcccagcaccacgtaccagectacgce
cccgtcccagcectcectagaagatacgtgccaagaccggtggtcgagttaccectggeccgectggagaccatcgatgtagagtte
ggggcaccgactgaagaggagagcgatatcactttcggtgacttctcecgectcggagtgggaaaccattagtaattcatcet
tga

> MIDV

atggcaccatcatatagagtcgtaagaggcaatatcaccgactccgacgccgatgtgctagtaaatcagectgggegtgaac
aacaaggtctgcgacggagtttgtagggccatggtcaagaagtggccttcctgectaccaacgacaactggaaaagtaggce
gacgccgtgctgaccactgagccccgaaaaatcgtgcacgecttactgtectaatttecggaaccagtagagaggaggttgcec
gatgccgacctagcagctgtgtatagagccgtggegteccttggectgatgagacagtccgcacaatggccataccactectg
tcaacggggacgttcgctgggggaaaggaccgcgtgectgcagtecgttgaaccacctatttacggecctggacaccacggac
gtcgatgtaacgatatactgccgggataagtcgtgggaaaagaaaatccaagaggccattgatatgaggacggcaaccgaa
ctgctagatgacgacacaacggttatgaaagagctaaccagggtgcatcctgatagctgcctagtggggecgcagtggattce
agcacggtggacggacggctgcattcgtaccttgaaggaactaggttccaccagactgctgtcgacgtggcagaaatagcec
actctgtggccaaggagagaagaagcgaacgagcagataacacactacgtccttggcgaatccatggaggccataagaacc
aaatgcccggtggatgacaccgattcgtcggcaccaccatgcaccgtcecececgtgectttgecgetacgceccatgaccceccgag
cgcgtacatagattgcgcgccgecgcaggtgaagcagttcacggtectgcectectegttececgetgccaaagtacaagatacca
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ggcgtgcagagagtggcgtgttcggctgtaatgttgtttaatcacgacgttccagecgectggtaagcecctcgcaagtacagyg
gaaccgagcattagcagcgagtcgtcatcctctggactgtctgtgttcgacctggacataggctctgattcagagtacgaa
ccaatggaacccgtgcaacccgaaccgctgatcgacttggcagtecgtagaggagacggecccccgtcagactagaacgggtg
gcccctgtggctgcacctcgcagagecccgecgecgacaccctttactttggagcagegggttgtagecaccagttectgegecg
cgtacgatgccagtcagaccccecctcecgccggaagaaagcggcgaccagaacacctgaaaggatttecgttecggegatttagat
gccgagtgcatggccatcatatatgacgacctgactttcggggacttcggecgcgggcgagttcgaacgtttaacgtcagea

> ONNV

atggctccgtcataccgtgtgaaacggatggacatcgcgaaaaacactgaggaatgcgtggtaaacgccgccaatccacgce
ggagtaccaggcgatggagtatgtaaagccgtgtatagaaaatggccagagtcattcagaaacagtgcaacaccagtgggg
actgcaaagacaatcatgtgcggccaataccccgtcatccacgcagtaggtcctaacttctcaaactattctgaggctgaa
ggggatagggaattggcttcagcgtatagagaagtggcgaaagaagtgtctaggctaggagtgagcagtgtagccatcect
ttgctttcaaccggtgtgtactcaggaggcaaagacagattgctgcaatcactaaaccatcttttcgcagecgatggattcg
acagatgcagatgttgtcatctattgcagggacaaggaatgggagaagaagatcactgaagccatatcactaagatcccag
gtagaactactagatgatcacatctcagtggattgcgacattgtacgcgttcatccagacagcagecctggcaggccgaaag
gggtacagcacagtagagggagcactctactcttacctagagggaacaagattccaccaaactgctgtagatatggectgag
atatataccatgtggccaaaacaaactgaagccaacgaacaggtctgcctatatgctctgggggagagtatagagtccgtce
aggcaaaaatgtcccgtagacgacgccgacgcctcattecccteccgaaaacagtcececgtgectatgeccgttatgeccatgacg
cctgaacgagttgcacgcctacgcatgaatcatactactagcatcatagtgtgctecgtecttttccgectgeccgaagtacaaa
atcgagggcgtgcaaaaagtaaaatgttcaaaagcactcttgtttgatcacaacgtaccgtctcgagtgagecccgagaacyg
tacaggcctgcggacgaaatcatacagacacctcaaatatcaactgaagcgtgtcaggacgcacaactcgtgcagtcaata
aatgatgaagcagtgccagttccctcggacttagaggcttgtgacgcaactatggactggceccctctatcggcaccgtacca
acaagacaaagacacgactcatttgacagcgagtatagttccagaagcaacatacagctagtgacggcggacgtgcatgca
ccaatgtacgcaaattcgctggcgtccagcggaggttcaatgctgtecgectgtccagtgaaccagctcagaacggcataatyg
atactacctgactcagaagacacagatagtataagcagagtaagcacaccgatcgccccgecccaggagacgtttgggaagg
accataaatgttacttgtgacgagcgggaagggaaaatactccctatggccagcgacaggttcttcactgctaageccatac
actgtcgcactgagcgtatcaacagcagacataactgcgtaccccatccaggcaccgctaggattgacacaaccacctacce
ctcgaacagatcactttcggagattttgccgaaggtgaaatagacaacctcecctgacaggggcattgacatttggggactte
gagccaggtgaagtggaagagctgacggatagcgagtggtcaacatgctcggacacagatgaagagttacgactagacaga
gcagggggttga

> RRV-QML

atggcaccctcataccgtgtgcgcaggaccgacatttccgggcacgctgaagaggcggttgtcaatgeccgeccaatgecgaag
ggcacagtcggtgatggggtttgcagagcggtggcaaaaaaatggccagactccttcaaaggtgecgecgactecececgtgggt
acggccaagttggtacaggccaacggcatgaatgtcatccacgcggtaggecccgaatttctccacggtgaccgaggcagag
ggagacagagagttggccgccgcataccgtgeccgtggecgggtatcatcaatgccagtaacattaagagtgtagceccatcecect
ctgttgtcgacgggagtgttctccggaggtaaagatagagtcatgcagtcactaaatcatctgtttaccgcaatggacacc
acggacgctgacgtagttatctactgtcgcgacaaagcctgggagaagaaaatccaggaggctatcgaccgecgecaccgec
gtggaattggtatctgaagacatctcactcgagtctgacttgatacgggtgcacccggatagttgcttggtaggcagaaaa
ggttacagcataacagatgggaagctgcattcatacctggaaggtacccgcttccatcagactgecggtggacatggectgag
atatctaccttgtggccgaaacttcaggacgcaaacgagcaaatatgcttgtatgcattgggtgagagtatggacagtatc
agaacgaaatgccctgtcgaggacgccgattcgtccacgectccaaaaacagttececgtgtectgtgtaggtatgctatgact
gctgagagagtggcgaggctccggatgaacaacactaaggccataattgtgtgetcecctecttecctttaccgaagtacagg
attgaaggcgtccagaaggtcaagtgcgaccgagtgctgatttttgaccagacggtgccatctctggttageccaaggaaa
tacataccagccgccgcecctceccatgcacgcagataccgtgagtttggactctacagtattgcacgcagataccgtgagtttg
gattctacggtatctacaggatctgcgtggtcattcccatctgaggccacgtatgagaccatggaagtagtagcagaggtg
caccactcggaaccaccagtcccaccaccgcecgcagacgtecgtgecgcaggtgacgatgcaccaccaggagctgttggaagtce
tccgacatgcacacccecgattgecggcaagggtcgagatcececctgegtacgataccgectgttgtagtggagagagtggcaatt
ccttgcataagcgagtatgcaaccccaataccagcaccgcacgcagcaagggtcecgttecececgtgecggcaccgegecattcag
cgagcgtcgacgtacagagtctctcctacacccacgcctecgegttcectgaaagectcagtatgcagtgtgaccactageget
ggggtagagttcccttgggcacctgaagatttggaggtacttaccgagecctgtgcactgcgaaatgecgecgagecggttgag
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ttaccgtgggagccggaggacattgacatccaattcggagattttgaaacacccgacaaaatccaattcggecgacatcgat
tttgaccaattctga

> RRV-T48

atggcaccctcataccgtgtgcgtaggaccgacatttccgggcacgctgaagaggcggttgttaatgeccgeccaacgcgaag
ggcacagtcggcgatggggtttgcagagcggtggcgagaaaatggccagactceccttcaaaggtgeccgecgactecececgtgggt
acggctaagttggtacaggccaacggtatgaatgtcatccacgcggtaggcccgaatttctccacggtgaccgaggcagag
ggcgacagagagttggccgccgcataccgtgceccgtggecgggtattatcaatgctagtaacattaagagtgtagccatcecect
ctgttgtcgacgggagtgttctccggaggtaaagatagagtcatgcagtcactaaatcacctgtttaccgcaatggacacc
acggacgctgacgtagtcatctattgccgcgacaaagecctgggagaagaaaatccaggaggctatcgatcgecgecacecgec
atggaattggtatctgaagacatctcactcgagtctgacttgatacgggtacacccagatagttgcttggtaggcagaaaa
ggttacagcataacagatgggaagctgcattcatacctggaaggtacccgctttcatcagactgecggtggacatggectgag
atatctaccttgtggccgaaacttcaggacgcaaacgaacaaatatgcttgtatgcattgggtgagagtatggacagecatc
agaacgaaatgccctgttgaggacgccgattcgtccacgcectceccgaaaacagttecgtgtetgtgtaggtacgetatgact
gctgagagagtggcaagacttcggatgaacaacactaaggccataattgtgtgctceccteccttecectttaccgaagtacagg
attgaaggcgtccagaaggtcaagtgcgaccgagtgctgatttttgaccagacggtgccatctctggttagtccaaggaag
tacataccagccgccgcecctctacgcacgcagataccgtgagcttggattctacagtatccacaggatccgegtggtcecattce
ccatctgaggccacgtatgagaccatggaagtagtagcagaggtgcaccactcggaaccaccagtcccgceccaccgcgcagyg
cgtcgtgcgcaggtgacgatgcaccaccaggagctgttggaagtctctgacatgcacaccccgattgecggcaagggtcgag
atccccecgtgtacgataccgctgttgtagtggagagagtggcaattccttgcacaagcgagtatgcaaaacccataccageca
ccacgggcagaaagggtcgtacccgtgccggcaccacgcattcagcgagecgtcgacgtacagagtctctectacacccacg
cctcgcgttctgagagcecctcecggtatgcagtgtgaccactagecgectggggtagagttecceccttgggecgectgaagatctggag
gtactcaccgagcctgtgcactgcaaaatgcgcgageccggttgagttaccgtgggagectgaggacgttgatatccagtte
ggagattttgaaacatccgacaaaatccaattcggcgacatcgattttgaccaattctga

> TAFV

atggccccatcctacacagtggtcaggggcaacattacggccacccgegcacatgececgtegtcatteccagtcacaccagac
cacaaagacggcgtgtacagatcctgttctaaaaaatggggaccgcttccacctatggagtggtcggaaggaggtacgetg
ttctcgeccecggcacgectgceccacactgcaggtatgecgtacccgecctceccataacgceccgactcgaccgcaactcagcaggceg
taccgtgccatagcaaaggtggtcgttgacgaacaaataccgtccectttecgcteccggtattagcaatcaagaaaaatgge
gcatctgatgtcgtgacggagtcactcaaccatctcgtaaccgcattggaccaaactgacgcggacgtcaccatatactgce
ctggataagggacggcaccgaaagatcgcggaagttatcgcacgcaaagaggcagtaacggagctagtggacgacgacctce
gagatcgacgaagagctgacttgggtacacccggacagttgecttaagaaccgtaacggcttcagtaccagcaaaggcaaa
ctgtactcctacctcgagggtacgaaattccaccaaatggcgaaggactttgctgaaataaggtcgectgttcecccatcecggaa
gcagaggccaacgaacacatttgctcactaatactaggggagactattgaaggtatccgcgagagctgccecggtatcecgac
aaccctcecgtctaccceccceccecccaagacagtaccecgtgecttgtgcatgtacgceccatgacaccggagagagcecttgegectcaaa
agcaattccgtgacgcagatcacagtttgctcecctcattcaccttagggaggcatcacatcaaaggggtccagaagatagceca
tgcttgtcaccgatgctcttcaacccecgcaccgctecgtegeccgecaccatccggaagecteccagecgectggeccacacgggea
cctatcgatctgcagatgccagcgacacggcccacgecctgcacggttggtgecccacgecgcagageccccgtcaccteccage
tacaaaaccgttaagcgacccacagcaccgcctceccgecgecgcectacctecgecgeccgecgaccceccgteccggecaccgagyg
ctgtcgctccttcagacgcecctgtcecccggecgecgegcecgcecacgttageccececgecttecggaggaaggcagectgcaacta
cctgctacctccgaggacaccgtcagcecttctcecattcggggacttcagecgaagatgaggtttcatccctgacgggaggagag
tattga

> UNAV
atggcaccagcctatcgggtgatcagggctgatattgcgaccagcaaggagcaggctgtggtgaatgcggcaaaccatcegt

ggcatcatcggcgatggagtatgtcgtgcgatcggtcgcaaatggccacaggcgttecgtgaattctgectacaccagtgggt
actgcaaagacagtggagtgtgacggtgttcatattatccatgccgtcggacctaatttcagtaacacatcagagcaggaa
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ggtgacagagacctggcggccgcctacagagctatcgcageccgaagtcaaccggcecttegtataaccacggtggcaatcecceccyg
ctcctttcgacaggggcgttcagcgeccggcaaagacagagtccgeccaatcactgaaccacctecttcacagcactagataca
acagatgcagatgtaacgatctactgcagggacagagactgggaaaagaggattaaggacgccatcgacatgaggaccgcg
caagagctggtcagtgacaccacggacctggaagtggacctggttagagtccaccccgacagcagcctageccggecggaga
ggctacagcaccactgatgggtcactatactcctacttggaaggcacaaaatttcaccaggtgtcaatagatatggcagaa
ataataaccatgtggcctaaattggcagaagcaaacgagcagatatgtctatacgctatgggcgagacaatggacaatatt
agagctagatgccctgtggacgattgcgaatcgtccacaccaccaaaaacagtgeccecctgtttgtgcaggtacgeccatgacc
gcggagcgcgtgacacggctaaggatgcaccatagcaagggattcacagtctgctcatcecctteccaactgeccgaagtacecge
atagagggcatacagagagtcaagtgtgacaaagttttgctgtttgacccgacggtaccttceccttagtgagtcctagaaga
tacgtggagcgccgaacctcactgatatctgcgggcagcgacgaacttgteccecgecactcacccagtecgegagtcagtgaat
gcagagaccatgtcgacggatggggagttcgtcccgeggtecgectcagecatgcacctgtggacttgggttctaacageccat
ttgtatgtatctatgcacaatgttaccgcaatgtcccctcecccattccaccacccaggeccgaagagagcacgacgecttget
gctctgttggcgcgtcccatcccggegeccaggactcgaataacggtcacagcagacatacatgtaccagcagaaccacct
gtgcccatccccagaacacgcgtceccgcagaccatcggaggactcecggcagtttectttaccgtgggacctcaaggaaacgcecce
ctaccggcaggggcgccggtgcecctgcecccaagaagtgttcgcagaccatcagagggcactgtagtcactggttcaatggtt
tccttgeccgtgggatccagaggatattgatttggaatttgaggecgectttggatgatatcatcaccttecggagactttace
gaagaagaggtggcgtctctcgacagtgaaggagtggaaatgccatgggatgcacagcccgagattaggcatatgectctyg
actttcggagatttctctgatgacgagtgggaaaccgtaagctcttcatcatcctga

> VEEV

atggcaccctcatatcatgtggtgcgaggggatattgccacggccaccgaaggagtgattataaatgctgctaacagcaaa
ggacaacctggcggaggggtgtgcggagcgctgtataagaaattcccggaaagecttcgatttacageccgatcgaagtagga
aaagcgcgactggtcaaaggtgcagctaaacatatcattcatgccgtaggaccaaacttcaacaaagtttcggaggttgaa
ggtgacaaacagttggcagaggcttatgagtccatcgctaagattgtcaacgataacaattacaagtcagtagcgattcca
ctgttgtccaccggcatcttttccgggaacaaagatcgactaacccaatcattgaaccatttgectgacagectttagacacc
actgatgcagatgtagccatatactgcagggacaagaaatgggaaatgactctcaaggaagcagtggctaggagagaagca
gtggaggagatatgcatatccgacgactcttcagtgacagaacctgatgcagagctggtgagggtgcatccgaagagttct
ttggctggaaggaagggctacagcacaagcgatggcaaaactttctcatatttggaagggaccaagtttcaccaggcggcec
aaggatatagcagaaattaatgccatgtggcccgttgcaacggaggccaatgagcaggtatgcatgtatatcctcggagaa
agcatgagcagtattaggtcgaaatgccccgtcgaagagtcggaagecctccacaccacctaccacgectgecttgettgtge
atccatgccatgactccagaaagagtacagcgcctaaaagcctcacgtccagaacaaattactgtgtgectcatectttecea
ttgccgaagtatagaatcactggtgtgcagaagatccaatgctcccagectatattgttctcaccgaaagtgectgegtat
attcatccaaggaagtatctcgtggaaacaccaccggtagacgagactccggagccatcggcagagaaccaatccacagag
gggacacctgaacaaccaccacttataaccgaggatgagaccaggactagaacgcctgagccgatcatcatcgaagaggaa
gaagaggatagcataagtttgctgtcagatggcccgacccaccaggtgctgcaagtcgaggcagacattcacgggeccgecce
tctgtatctagctcatcctggtccattcecctcatgecatccgactttgatgtggacagtttatccatacttgacaccctggag
ggagctagcgtgaccagcggggcaacgtcagccgagactaactcttacttcgcaaagagtatggagtttectggecgecgaccyg
gtgcctgcgcctcgaacagtattcaggaaccctccacatceccecgcecteccgegcacaagaacaccgtcacttgcacccagcagg
gcctgctcgagaaccagcctagtttceccacccececgceccaggegtgaatagggtgatcactagagaggagctcgaggecgettacce
ccgtcacgcactcctagcaggtcggtctcgagaaccagectggtctceccaacccgeccaggecgtaaatagggtgattacaaga
gaggagtttgaggcgttcgtacacaacaacaatgacatcttctag

> WEEV

atggctccagcgtacagagtgatcagaggtgacattagcaagagcgctgaccaagctatcgttaatgctgctaatagcaaa
ggtcaaccaggttccggagtgtgcggtgcactgtaccgaaaatggccggctgettttgatagacageccaatagectgtecggg
acggctagacttgtgaagcacgaaccgctcatcatacatgctgtaggacccaatttttctaagatgccggaaccggagggce
gaccttaagctcgcagctgcecctacatgagcatagcecgtccatecgtcaacgctgagecggattactaaaatatcagtacecgeta
ctgtcaactggcatctattctggtggcaaagatcgagtgatgcaatcattgcatcacctgttcactgctttcgacactacg
gatgccgatgtcaccatatattgcttggataaacaatgggagaccaggataatcgaggccattcaccgcaaagaaagcgtce
gaaatactggatgatgatgacaagccagtagacatcgacttggtcagggtccacccaaacagctctttggcaggcagacca
ggttactccgtcaatgagggcaagctgtattcatacctggaaggtacacgattccatcagaccgccaaggacattgeccgaa
atccatgcaatgtggcccaacaaatctgaggctaatgagcagatttgcttgtacatcctgggggagagtatgtccageatce
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Supplementary Material

cgctccaaatgcccagtagaggagtcagaggcgtctgctccacctcacacacttccatgectgtgtaattacgectatgacg
gctgagcgcgtatacaggttgcgctctgcgaagaaagaacagttcgececgtatgctcatcattecececgttgecgaagtacagg
atcacaggcgtgcagaagctacaatgcagcaaaccagtcctgttctcaggecgtecgtaccaccggctgtacaccccaggaag
tacgcggaaataattctagaaacgccaccatcgccaacaacgacaaccgtaatatgtgaaccaactgtgccagaacgtata
cccagtccggtgatttctagagcaccaagtgcggaatcactgectatcecgtttggecggegtctegttectectagetectgecaca
cgctcgtcaaccgcctggagcgactatgacaggecggtttgtggttacagectgacgtgcatcaagcgaacacgtctacgtgg
agcatccctagtgctcctggecttggacgtccagctgecttectgacgatactgattcccactggagtattccaagtgcatcea
ggctttgaagtgagaacaccatctgtacaggacctaactgcagagtgtgcgaggcctcgtggactggeccgaaataatgcaa
gacttcaatactgctcctttccagtttectttcggaccacagaccagtaccagcaccacggagacgccccatcecccatcacct
agatcgacggcttccgcacctccagttccaaagccacgcagaactaagtaccaacaaccaccaggagtcgectagggecgatce
tcagaagcggagttggacgagtacatacgtcaacattccaactgacatatg

> WHAV

atggcgccatcgtacaaatcaaggagaggaaacatcatcgaatgcaccgaagaagccgtcgtgaacgctgccaacgcacta
ggacgccccggagaaggggtctgcaaggcgatttacaagaagtggeccgaacagcttcaccggttccgcaacagaagtaggg
actgcaaaaatgaccacaagcctaggcaagaaagtcatacatgccgtcggaccggattttaagaagcactctgaagaagaa
gcccttaaactgctgcagaatgcecctaccacgccatcgcagatattattaatgagaacaacatcaaatcagtggceccattcecca
ttgctatcaactggtatatacgctgcagggaaggacagactagagacttctttgcactgtttgaccacagcgatggacagg
acggacgccgacgtaacggtatactgccttgacaagaaatggcagcagcgaattgacgcagtceccttagattgaaagaagag
gtaacggagctaaaagacgacgacatggaaattgatgaggagctggtttggatccaccctgacagctgtttgaaaggacgt
aaaggctttagcaccaccaaaggcaaactgtattcatacttcgaaggaactaaatttcaccaggcagcgaaagacatggca
gaaatcaatgtattgtttccagacaccattgaggctaacgagcaaatctgtatgtatatccttggagaaagcatggaagcet
atccgcgaaaaatgccccgtcgactacaacccttegtcaagteccgeccaaaaaccttaccctgectgtgecatgtatgetatg
acacctgagagggtgcatagactcagaagcaacaatgtcaaagaaattacggtatgctcctcgactccacttccaaaacat
aaaatcaagaacgtacaacgaatccagtgttcaaaaatcgtcttgtttaatccccagactccagecttttgtacctgcacgt
aagttcatagaaaccgaacccaaagaaacagaagacgatgcggctcagccggacccgacaccggcagtgcaggecgagtgtt
tcgaccccggtcccacaacgtcagcaagacccgttagagttgataatatcecgcagactectttaaccgaagtaaacgacacce
tctgacgacatttccgacataccctttgacacatctgtatatgctagtacttecctcactgagectecggttttggactgecac
aatgtagtcgaggtcgaggcggaaattcacgtcgtcccgcagactccggtggcaccgeccgagaaagaagaagttagcacgt
ttagcggcgctatcaagagcatctagcatttecctccatcgaatccaacccaccaatcacttttggatcatttgaggatgga
gaaatagacaacttgcagaagaagtgcacttcagaaccatttatgttcggctcgttcgaaccaggcgaagtcaacagectyg
atagaaaccaggtcggagccaccacgtagggggcgcagacgtcgcaacaagaaccgacaggagtattga
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