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Abstract

The complete genomic sequence of Habenaria mosaic virus (HaMV), that infects a
terrestrial orchid (Habenaria radiata), has been determined. The genome is composed
of 9,499 nucleotides excluding the 3'-terminal poly (A) tail, encoding a large
polyprotein of 3,054 amino acids with the genomic features typical of a potyvirus.
Putative proteolytic cleavage sites were identified by sequence comparison to those of
known potyviruses. The HaMV polyprotein showed 58% amino acid sequence identity
to that encoded by the most closely related potyvirus, tobacco vein banding mosaic
virus. Phylogenetic analysis of polyprotein amino acid and its coding sequences
confirmed that HaMV formed a cluster with the chilli veinal mottle virus group, most of
which infect solanaceous plants. These results suggest that HaMV is a distinct member

of the genus Potyvirus.

Introduction

Habenaria radiata (Thurnberg) K. Spreng. is a wild terrestrial orchid growing in wet
grasslands in both warm and cold temperate regions in Japan. This orchid is cultivated
as an ornamental plant because of its beautiful bird-shaped flower petals [18]. At
present, the occurrence of two viruses, Habenaria mosaic virus (HaMV, unassigned
virus) and watermelon mosaic virus (WMYV, potyvirus, formerly WMV-2), has been
reported from H. radiata plants in Japan [8, 12]. HaMV causes mosaic symptoms in H.
radiata plants [12], whereas the symptoms of WMV are stunting in addition to leaf
mosaics and distortions [8]. HaMV is sap-transmissible to some experimental plant
species, but H. radiata is currently the only known systemic host [12]. Despite the lack
of sequence information on the HaMV genome, the virus has long been believed to be a
potyvirus because of its filamentous particle length of ca. 750 nm, non-persistent mode
of transmission by aphids and formation of typical cylindrical inclusions in infected
cells [12]. Furthermore, HaMV shows distant serological relationships to several
potyviruses including WMV, and is thus suspected to be a new potyvirus species [12].
Here, we report the complete genomic sequence of HaMV. The phylogenetic

relationship of HaMV with other potyviruses revealed that HaMV is sufficiently distinct
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from known potyviruses and is a possible new species of the genus Potyvirus.

Materials and methods

An original isolate of HaMV (Ha-1) was obtained from a commercially available H.
radiata plant showing mosaic symptoms in Okayama Prefecture, Japan in 1974, by N.
Inouye [12]. HaMV (Ha-1) had been isolated by single legion transfer using an
experimental host Chenopodium quinoa. The virus was purified from mechanically
inoculated leaves of C. quinoa, essentially as described by Gara et al. [8]. Viral RNA
was extracted from purified virus particles using proteinase K and SDS followed by
phenol extraction and ethanol precipitation. First and second cDNA strands of HaMV
genome were synthesized using the TimeSaver ¢cDNA Synthesis Kit (Amersham
Pharmacia Biotech, Uppsala, Sweden) with an oligo(dT) primer or virus-specific
reverse primers designed according to the newly determined sequences. Two regions
(nucleotide positions at 530-3710 and 3606-5766) with some sequence ambiguity were
amplified by RT-PCR using virus-specific primer sets and sequenced. PCR was
performed using KOD or KOD FX DNA polymerase (Toyobo, Osaka, Japan). The 5’
end of the RNA genome was determined by RACE using the 5'RACE system
(Invitrogen, Carlsbad, CA, USA). All cDNA and RACE fragments were cloned into the
pGEM-T or pZErO-2 vector (Invitrogen, San Diego, CA, USA) according to the
manufacturer’s instructions. These plasmid clones were used to transform competent
Escherichia coli DHS alpha or TOP10F' cells. The DNA sequences were determined by
the dideoxynucleotide chain-termination method with a DNA sequencer, model ABI377
or ABI3100 (Applied Biosystems, Foster City, CA, USA). Sequences of the primers
used in this study are available upon request.

Sequence assembly was performed using the AutoAssembler program (PE
Applied Biosystems). Sequence data were analyzed using GENETYX-MAC (Software
Development Co., Tokyo, Japan) or Enzyme X (version 3, Mek & Tosj). The putative
translation products were compared with the corresponding regions of other potyvirus
sequences available in GenBank using BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
Phylogenetic tree construction was based on a maximum-likelihood (ML) method as

described previously with minor modification [5, 14]. The potyviral polyproteins or their
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ORF sequences were aligned with MAFFT version 7 [13] and gap-cleaned using
Gblocks version 0.91b [20]. Selection of the best-fit model for the data sets was
performed using jmodeltest 2 [7, 10] and ProtTest 2.4 [1] for nucleotide and amino acid
sequences, respectively. ML phylogenetic trees were generated in PhyML 3.0 using the
appropriate substitution mode [11]. The resulting ML-trees were visualized using

Figtree version 1.3.1 (http://tree.bio.ed.ac.uk/software/figtree/).

Sequence properties

The full-length genome sequence of HaMV Ha-1 is 9,499 nucleotides (nt), excluding
the poly (A) tail at the 3" end (Fig. 1). The sequence has been deposited in the GenBank
database as accession number AB818538. The genome organization of HaMV is typical
of a potyvirus, containing a large open reading frame (ORF, 135-9,299 nt) that would
encode a polyprotein of 3,054 amino acid (aa) residues with an estimated molecular
weight of 345.4 kDa (Fig. 1). Nine putative protease cleavage sites were predicted,
based on a multiple alignment of polyproteins encoded by closely related potyviruses
(supplementary Fig. S1). The HaMV polyprotein is potentially cleaved into ten
functional mature products (P1, HC-Pro, P3, 6K1, CI, 6K2, VPg, Nla-Pro, NIb and CP)
by the viral-encoded proteases [2, 22] (Fig. 1). In these proteins, conserved motifs of
potyviruses were detected, such as the "’HxgDx3:S!3 (x, any amino acid residue) motif
in the P1 protein, the 3PKITC3'® and *“FRNK** motifs in HC-Pro, the
R07GSGKSx3P!?°! and 2°DExH!?%¢ motifs in CI and the »*GDD?%°! motif in the NIb
[22] (supplementary Fig. S1). However, the Ha-1 isolate has 2”7*DAT?"7%, instead of the
DAG motif important for aphid transmission, at the N-terminus of the CP [16]
(supplementary Fig. S1). A point mutation (G to T in the triplet) presumably occurred
during several rounds of transfer through mechanical inoculation under green house
conditions (data not shown). In addition, the presence of a small overlapping ORF
(PIPO, expressed after ribosomal frameshift or transcriptional slippage at motif G12As 7
[2TGAAAAAA?®], Fig. 1, arrow) was also predicted within the P3 cistron [6].

A BLASTp search with the sequence of the polyprotein encoded by HaMV
Ha-1 revealed that it shared significant aa sequence identity (53—58% identities;

95-96% query coverage: QC) to the polyproteins encoded by members of chilli veinal
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mottle virus (ChiVMV) group (subgroup 5) and their two relatives [9, 19], i.e.,
ChiVMYV, chilli ringspot virus (ChiRSV), pepper veinal mottle virus (PVMYV), tobacco
vein banding mosaic virus (TVBMYV), and wild tomato mosaic virus (WTMV) as the
subgroup 5 members, and yam mild mosaic virus (YMMYV) and christmas bell
potyvirus (YMMYV, an unclassified potyvirus) as the relatives. For each gene product of
HaMYV, aa sequence identities to the ChiVMV subgroup (subgroup 5) and two related
viruses are 28-42% (37-96% QC) in P1, 61-64% (100% QC) in HC-Pro, 28-35%
(95-100% QC) in P3, 32-57% (31-98% QC) in PIPO, 67-78% (96-98% QC) in 6K1,
58-62% (100% QC) in CI, 47-58% (98—100% QC) in 6K2, 59-69% (94—100% QC) in
VPg, 52-58% (100% QC) in Nla, 61-70% (92-100% QC) in NIb and 61-70%
(98-99% QC) in the CP region. Based on pairwise comparisons of the complete
genome sequences, HaMV Ha-1 shares identities of 55-59% at the nt sequence level
with ChiVMYV and its related viruses. These values are far below the current species
demarcation criteria (CP aa sequence identity less than about 80%; and nt sequence
identity less than 76% either in the CP or over the whole genome), set by the
International Committee on Taxonomy of Viruses [3, 4], which supports the designation
of Habenaria mosaic virus as a novel species in the genus Potyvirus.

An ML phylogenic tree was constructed by PhyML with GTR+I+G as the
best-fit model selected by jmodeltest 2, based on an alignment of the nucleotide
sequences of polyprotein ORF from the 78 selected potyviruses (see supplementary
Table S1). As shown in Fig. 2, HaMV is clustered within the ChiVMV subgroup
(subgroup 5), which includes ChiRSV, ChiVMV, PVMV, TVBMV and WTMV [9]. A
similar ML-tree was obtained using an alignment of the polyprotein aa sequences
(supplementary Fig. S2 and Table S1). These phylogenetic analyses suggest that HaMV
might have a common ancestor with the ChiVMV subgroup members, which are mainly
distributed in Asian countries and whose primary hosts are solanaceous plants [19].

A search for possible recombination events using the Recombination Detection
Program (RDP3) [17] revealed that no detectable recombination between HaMV and
WMV, both of which could infect H. radiate (data not shown).

In conclusion, this is the first report of the complete nt sequence and genome
organization of a potyvirus isolated from a terrestrial orchid, H. radiata. Sequence
comparisons and phylogenetic analyses indicated that HaMV should be classified as a

new member of the genus Potyvirus, within the previously established ChiVMV
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subgroup (subgroup 5).
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PVMV-P IQHY/S YRVG/G VKHQ/A VNHQ/S VMHQ/S VSHQ/A VEHE/A VQEQ/G VLHQ/A

WTMV-VN MVHE/S YCVG/G VQHQ/A VNHQ/S VMHQ/S VDHQ/A VEHE/A VREQ/S VRHQ/S

TVBMV-YND IEHY/S YRVG/G VEHQ/A VIHQ/S VVHQ/S VEHQ/G VDHE/A VEEQ/S VVHQ/N

ChiRSV-HN INHY/S YRVG/G VEHQ/A VVHQ/S VLHE/S VSHQ/A VDHE/A VSEQ/S VYHQ/A

YMMV-Brazil ITHY/S YRVG/G VEHQ/A VAHQ/S VLHQ/S VTHQ/G VIHE/D VVEQ/S VIHQ/A

CBPV-CB LRQY/S YRVG/G VGHQ/D VGHQ/S VRHQ/S VQHQ/G VGHE/A VECQ/A VYHQ/S

Fig. 1. Schematic representation of the genome organization of HaMV Ha-1. The 5'-
and 3'-untranslated regions (UTRs) are shown as bold lines. Two highly conserved
blocks, the potyboxes ‘a’ (*ACACAAaCAU?%) and ‘b’ (UCAAGCA?) [21], are
present in the 5'-UTR. The box represents a large ORF, encoding a viral polyprotein.
Six polymorphic sites at positions 297 (C/T), 736 (G/A), 1,436 (C/T), 4,995 (T/C),
6,314 (G/A), and 8,466 (T/C) were identified (data not shown). Of those, three sits 297
(P55S), 736 (G201E) and 8,466 (S2,778P) were non-synonymous substitutions,
whereas the rest were synonymous. Numbers below the genome represent the first and
the last nucleotide (nt) position of the ORF and the full-length genomic sequence
excluding the poly (A) tail. The first initiation codon within the genome, at position 135,
is within a favorable context for initiation (3'AGAGAUGGC'’, initiator codon
underlined) as described by Kozak [15]. The polyprotein is predicted to encode ten
mature proteins: P1 (first protein/protease), HC-Pro (helper component protease), P3
(third protein), 6K1 (first 6-kDa protein), CI (cytoplasmic inclusion protein), 6K2
(second 6-kDa protein), VPg (viral protein genome-linked), NIa (nuclear inclusion a
protein/protease), NIb (nuclear inclusion b protein) and CP (coat protein). The numbers
above the genome indicate the amino acid (aa) position of the predicted proteolytic
cleavage sites by the viral proteinases. The aa residues around the cleavage site are
indicated below the diagram in comparison with those of closely related potyviruses
(see Supplementary Fig. S1). A small ORF created by ribosomal frameshift or
transcriptional slippage is shown in the figure above the P3 region as a small box

(PTPO) [6]. The position and nt sequences of the heptanucleotide motif are indicated.
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Fig. 2. Phylogenetic relation of HaMV and other potyviruses. A maximum-likelihood
(ML) tree was constructed using PhyML 3.0, based on the multiple nucleotide sequence
alignment of the viral polyprotein ORF. Virus names and GenBank accession numbers
of their genome sequences (presented as acronyms) are listed in Supplementary Table
S1. Viruses with asterisks indicate unassigned species. RGMYV, genus Rymovirus, is
used as an outgroup. The branch support values were estimated using the approximate
likelihood ratio test (aLRT) with a Shimodaira—Hasegawa-like (SH-like) algorithm

(only values greater than 0.9 are shown as filled circles.
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Supplementary Table S1. GenBank/Refseq accession numbers of sequences compared in Figs. 1
and S1.
Virus names-isolate names, abbreviation (GenBank/Refseq accession no.)

Genus Potyvirus
Algerian watermelon mosaic virus-Algeria: H4, AWMV-H4 (NC _010736)
Apium virus Y-USA: Ce, ApVY-Ce (NC _014905)
Banana bract mosaic virus-Philippines, BBrMV-PH (NC_009745)
Basella rugose mosaic virus-Taiwan:AC, BaRMV-AC (NC_009741)
Bean common mosaic necrosis virus-USA:NL-3, BCMNV-NL3 (AY282577)
Bean common mosaic virus (=blackeye cowpea mosaic virus), BICMV (NC_003397)
Bean yellow mosaic virus-MB4, BYMV-MB4 (NC_003492)
Beet mosaic virus-Wa, BIMV-Wa (NC_005304)
Bidens mottle virus-Taiwan:B12, BiMoV-B12 (EU250210)
Brugmansia suaveolens mottle virus-Brazil, BsMoV-BR (NC_014536)
Canna yellow streak virus-UK, CaYSV-UK (NC 013261)
Celery mosaic virus-USA, CeMV-USA (NC_015393)
Chilli ringspot virus-China:HN/14, ChiRSV-HN/14 (NC_016044)
Chilli veinal mottle virus-pepper vein banding virus, ChiVMV-PVB (NC_005778)
Clover yellow vein virus-30, CIYVV-30 (NC_003536)
Cocksfoot streak virus-Germany, CSV-DE (NC_003742)
Cowpea aphid-borne mosaic virus-Zimbabwe, CABMV-ZM (NC 004013)
Daphne mosaic virus-Czech Republic, DapMV-CZ (NC_008028)
Dasheen mosaic virus-China: M13, DsMV-M13(NC_003537)
East Asian passiflora virus-Japan:AO, EAPV-AO (NC_007728)
Freesia mosaic virus-South Korea, FreMV-KO FreMV-Kr GU214748
Fritillary virus Y-China:Pan’an, FVY-PA (NC _010954)
Japanese yam mosaic virus-mild, JYMV-mild (NC_000947)
Johnsongrass mosaic virus-Australia, JGMV-AU (NC_003606)
Konjac mosaic virus-Japan: F, KoMV-F (NC_007913)
Leek yellow stripe virus-China: Yuhang, LYSV-YH (NC_004011)
Lettuce mosaic virus-E, LMV-E (NC_003605)
Lily mottle virus-China:Sb, LMoV-Sb (NC_005288)
Maize dwarf mosaic virus-Bulgaria, MDMV-BU (NC_003377)
Moroccan watermelon mosaic virus-Tunisia:TN05-76, MWMV-TNO05-76 (EF579955)
Narcissus degeneration virus-China:Zhangzhou, NDV-ZZ (NC_008824)
Narcissus late season yellows virus- China: Zhangzhou2, NLSYV-HZ2 (JQ326210),
Narcissus yellow stripe virus-China:Zhangzhou, NYSV-ZZ (NC 011541)
Onion yellow dwarf virus-China:Yuhang, OYDV-YH (NC _005029)
Papaya ringspot virus-Hawaii, PRSV-HAT (X67673)
Passion fruit woodiness virus-Australia:MU2, PWV-MU2 (NC_014790)
Pea seed-borne mosaic virus-DPD1, PSbMV-DPDI1 (NC 001671)
Peanut mottle virus-M, PeMoV-M (NC_002600)
Pennisetum mosaic virus-China:B, PenMV-B (NC_007147)
Pepper mottle virus-California, PepMoV-Cal (NC_001517)
Pepper severe mosaic virus-South Korea, PepSMV-KO (NC_008393)
Pepper veinal mottle virus-P, PVMV-P (NC 011918)
Pepper yellow mosaic virus-Brazil:Pi-15, PepYMV-Pil5 (NC 014327)
Peru tomato mosaic virus-Peru:PPK13, PTV-PPK13 (NC_004573)
Plum pox virus-NAT, PPV-NAT (NC 001445)
Potato virus A-Hungary: B11, PVA-B11(NC_004039)
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Pokeweed mosaic virus-MS-FR03, PkMV-MS-FR03 (NC 008393)
Potato virus V-UK:DV 42, PVV-DV42 (NC_004010)

Potato virus Y-France:O, PVY-O (NC_001616)

Scallion mosaic virus-China:Hangzhou, ScaMV-HZ (NC_003399)
Shallot yellow stripe virus-China:ZQ2, SYSV-ZQ2 (NC_007433)
Sorghum mosaic virus-China: Xiaoshan, StMV-Xiaoshan (NC_004035)
Soybean mosaic virus-N, SMV-N (NC_002634)

Sugarcane mosaic virus-China:Hangzhou, SCMV-HZ (NC_003398)
Sweet potato feathery mottle virus-S, SPFMV-S (NC_001841)

Telosma mosaic virus-Vietnam:Hanoi, TeIMV-VN (NC_009742)
Thunberg fritillary mosaic virus-China: Ningbo, TFMV-NB (NC_007180)
Tobacco etch virus-HAT, EV-HAT (NC_001555)

Tobacco vein banding mosaic virus-China:YND, TVBMV-YND (NC_009994)
Tobacco vein mottling virus-S, TVMV-S (U38621)

Turnip mosaic virus-UK 1, TuMV-UK1 (NC_002509)

Watermelon mosaic virus-Fr, WMV-Fr (NC_006262)

Wild potato mosaic virus-Peru, WPMV-Peru (NC_004426)

Wild tomato mosaic virus-Vietnam: Laichau, WTMV-VN (NC_009744)
Wisteria vein mosaic virus-China:Beijing, WVMV-BJ (NC _007216)
Yam mild mosaic virus-Brazil, YMMV-Brazil (NC_019412)

Yam mosaic virus-Ivory Coast, YMV-IC (NC_004752)

Zantedeschia mild mosaic virus-Taiwan, Z2aMMV-TW (NC_011560)
Zucchini yellow mosaic virus-Taiwan:TN3, ZYMV-TN3 (NC _00322)

Unassigned related viruses
Arracacha mottle virus- Brazil:C-17, AMoV-C-17 (NC_018176)
Calla lily latent virus-Taiwan:m19, CLLV-m19 (EF105297)
Christmas bell potyvirus-Taiwan:CB, CBPV-CB (EF427894)
Keunjorong mosaic virus-South Korea:Cheongwon, KjMV-CW (NC_016159)
Lupin mosaic virus-Czech Republic:Lu2, LuMV-Lu2 (NC_014898)
Panax virus Y-China:2, PnVY-2 (NC _014252)
Sunflower chlorotic mottle virus-Argentina:Common SCMoV-C (NC_014038)
Sweet potato virus C-Peru:C1, SPVC-C1 (NC _014742)
Verbena virus Y-USA:Michigan, VerVY-Michigan (NC_010735)

Rymoviruses (outgroup):
Ryegrass mosaic virus, RGMV (NC 001814).
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Supplementary Fig. S1. Multiple amino acid sequence alignment of the polyprotein of
HaMYV and closely related potyviruses (ChiVMYV subgroup and their two relatives). The
putative catalytic residues, cleavage sites and other conserved motifs of potyviral

polyproteins are highlighted in blue, green and red, respectively.
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CLUSTAL format alignment by MAFFT v7.029b)

HaMv* MA-— e IQFGTITSDMLAACKVKQHL-~-
ChiVMV-PVB MAA-QVIFSYLKSGSGVTTDAC-RAQAMQ---—-—---— FTFGSFTPGKVNWNTLSSAMIE
PVMV-P MAI-RVSFPCFYNTHNSTLSEC-KSVTMS--------— ICFGSLKPKQIDWNEASNNLLK
WTMV-VN MAT-TVTFPWSANPE-IKQGIC-RSRGFT--------— LQFGSFEPVAIDWVQEGANILQ
TVBMV-YND MAT-TVTTGLVNK---IAITGC-KIERVKIVTPI--PFIQFGTIERRMLNFNDYSDKIIE
ChiRSV-HN/14 MSMFNITYLLGKQ---VSQQSC---NRVTVASSVMAPNIQFGTITSDVLVNGDSKPRITE
YMMV-Brazil* MAAVAMSTTLPKVIFPIEVESIGKYGGVN---—-—-—-—-—— FIFGSFTTE----- ETSAKITK
CBPV-CB* MAG-MITFGSFAP---VPIAGCTHPEMLKVAKPRVAKQVLTTRLGTNLSANRSAGRALIK
* . . .
HaMV* = mmmmm e THDEILDR------ BMIEKYGVAKVS--—----—
ChiVMV-PVB = =  ———mmmmm e EYETRQESFELACEKFRKERTDMRIV----RRK
PVMV-P -EYDDKMDAFEKDCEKFAREMSGQRAV----LKG
WTMV-VN -KYHEAMCDFDEACIDMIRNRSNDRVV----KRH
TVBMV-YND =  ————mmmmmmmmmm e EYEQTMSAFDEQCYDIVRKAH-MRVTGTRMKAN
ChiRSV-HN/14 INELRTVAEPKPLAPIACSQFTANCLSEYNDSQDKFHKMCLAKLNEAH-KRVASVTKDSH
YMMV-Brazil* PTAHVARVMKYEKDRAFSKAQLEAYEEVONKFETECDTLGFKPHVSEMSRLVKGKN
CBPV-CB* = ——-mmmmmmmmmmm e AYDEQQARFEEQLAHM--——--————-—————-———
HaMv* -VLPYIKSLNEQIPKPRIRKVWRVEST--GF--GETQIVESIVDTDNNNVIKMDDTPSVK
ChiVMV-PVB ETFQYSPKTKYQL-KGARRKE-RKEEQERKFLASSDTIVARIVFPPEAMKVEAPVEP--T
PVMV-P GVYKYAPKTRAQL-RKERKHN-RILEERAEFLNGKDSIITGMVFPVEARKAQTEEAP--F
WTMV-VN GVLKYAPKTPTML-RKERRRA-RLERERKDFLNAPDQYVTEICFPPEAPK-RMETPS--I
TVBMV-YND GTLIYKKMGVMKAEKLERRQQRRLDAEK-AFQSGDPYIITEINNAWHCNIKACEPEK--R
ChiRSV-HN/14 GTLKYKRMTHAKYARKVRRNE-RLDKERQAFLNADPYVITSLKIAFGDREAGVDCAP--K
YMMV-Brazil* GT-KYLKEYSARFKKECAIREKNLREEIDWFKNHEPFLVDKIKFESDDREAHIEAGE--T
CBPV-CB* GV-——————————— RSVQQKTPKVCKTFDGF----DSVVTHIVIPSTTRVENDKSLQ--V
. * P

HaMv* GRVVATSFKTRSAKIARPIVQSLGEKNSLLHKVCAVAFKRGIPVTFI--GKRTERVRAAR
ChiVMV-PVB RFPPVVVRKVRKQPRPNITRVSTGSFSLFIKELVNTCDDRQIPLEMI--ANKRERVHVRI
PVMV-P KYPPIVQRKPRKTPHMNYVTLNDTQFDQFTRELINACEATSQPMEI I--GKRKVRVQARV
WTMV-VN RFPPVVVRKKRVAPQRQSVAISHAGFDNLLRELTVVCREMNKPLEFV--GSARGLVRANT
TVBMV-YND GLIFCTRSQKVREKNYKNVVHLRHTTTLDLAMNICSSFVKEGKPIEII--GKGKRRAIKCR
ChiRSV-HN/14 GRIHTTPSTKRKKALKKVLKLKRMSVMDLANSICKPFIDSGKPIEII--GRRNKHIAHCR
YMMV-Brazil* KKVFFTRSKRVRHGIKR-THLSQEQVQSLISSVIKI----— TPMNCVIELKHKGAPSVLT
CBPV-CB* KHPAVVYRKRKTPPRONYVTLDERGLSDLFTELSQYILLDRQVMQILQAGKRKPITISRC
H D S

HaMv* HV-TSNFSCMATIATHHHAGKTRNVDVPHMGSLRDTIVSVAHATWKGGKIHERNIKIGDSG
ChiVMV-PVB RRFTPSHRCAQVKTLHHRGIYQONVDFECPIALKSLFGLIAQHAWKGQDVDELKISIGDSG
PVMV-P TRLFSNTRCLQVVTKHHKGKLCEIDVPNMRGIENSLGHLAQAAWKGGFVNEERLGYGTSG
WTMV-VN VKPSPFESRLVCVTKHHEGIIQSIDVHVPNTVRAIFTRIAQLAWKGPITHEWDCKIGDSG
TVBMV-YND SIHADNRRVLKVNTAHERRVKRSIDFKMDPSVSLVLEFLAIHTWKGRIISDQQVKKGMSG
ChiRSV-HN/14 TVWKGDRRVLKVKTHHEESVMRNVDVNLTHDTNKLIEVLAEAAYTGRALRDSEIVRGESG
YMMV-Brazil* KQYFKGRRILKVQTQHEKGEHKVEDYVENTRAIASLOQTFPDTFWRGKPLHERQITRGCSG
CBPV-CB* NV--GPYTTLHVTTKHELGKMAPIDLSLDEDSESILQSFANTLPTTLDIREEDFRPGTSG
* x * . .o P

Pl/HC-Pro
HaMv* CIIPREMIEGTVHCEKDDVF-IVRGRYGNLLLDAQSYLPMSHCNKVIPYSTAEQYWKGED
ChiVMV-PVB LCIPHGKLIGRVLSGDSDFF-TVRGRYGSLLIDSQAYLPKKIISRINHYSAGELFWKGED
PVMV-P CCIPHGLLKGRTFDGGFDFF-IVRGRYGPLLMDSTRYTPKQVLADIQHYSAGDKFWSGED
WTMV-VN VCIPKGKLKSPSRTINENLEF-IVRGAYRNELQDAQQALPLYKYMRMVHFSAGEKFWEGEN
TVBMV-YND FVIPLASFTADIPEASNSVE-IVRGRDGDDLVDAREIVPRHEIDSIEHYSAREQFWKGED
ChiRSV-HN/14 FVIPKSRI-PDLKTADNYKFLVVRGRWRKTLVDARVHISPEILEGINHYSIANKFWDGFE
YMMV-Brazil* FIISRAFLNGYYYCTGTHM--IVRGRHKNLLCDSASYLPASYLNEITHYSVAETFWKGED
CBPV-CB* ATITIRRDCLDNVAHKVPDSDYFIVRGRFAGSLLDARETFNISHRFYLRQYSVADQFWKGED
* . Ak ok P PR e
KITC
HaMv* MAFRANRGNQLIHEPGE-KLDVEQCGAVAAILHQSLLPCCKITCTTCSKILEESSAEETR
ChiVMV-PVB REFKTHRTTPVIHAGMN-TMNVEECGSVAAIVCQALMPCCRITCTVCAKANVDQGTSGLQ
PVMV-P QAFRAHRTTPVIHSGMN-TLDVTQCGEVAAILCQALMPCCRITCTVCATTNADITQLELR
WTMV-VN KGFLTHRTTPTVHAGSN-TIDVVECGFVAAIMCQSLMPCCRITCTVCAKQYVDSDSSEIA
TVBMV-YND ETFRSFRTTTKMHERKNNVLDVVQCGEVAGIICQSLMPCCRITCIQCANEYATKSVDEVR
ChiRSV-HN/14 QAFIKHRSNPVIHERDDSTLDVKQCGSVSGVVCQALMPCCRITCGKCADNYAQMSSTEIR
YMMV-Brazil* EGFRTNRHIPQIHEGKN-TLPVVEVGKVAGIVCQSLYPCRRITCTECAARKHLQASEVEAR
CBPV-CB* TEFRQQRGRRTIHEGMN-TLSVEATGSVAATIACQALYPCCRITCTECGRIYDRMSETQLS
* * L x P P T

HaMv* QRIGQTARKGAQLIRRNFRGFEHVYQLLMNHANMLDCVNGNREACGKVQYIIGERTEAPF
ChiVMV-PVB ERLIHSLETGIKELEDRYKSFPHARQLLKGHLSSYKKPNPNHEATSKVQFLIGDRKEQPF
PVMV-P ERIAHSIKGSISELSEKYPAFPHAVRFLKDYLISLNNLNPNREASGKVHFLIGDRKEQPF
WTMV-VN TRIEHSLADGINEIESKYPSFKHAVKFLKDYRQSLHKSNPNHEASGKVQFLIGERRDQPF
TVBMV-YND THIEDTLNKGISGIQQKYPNFPHTVALLETYKTMLNSVNTNREACGKVHFLIGDRTEQPF
ChiRSV-HN/14 NHITSTLSNGIKILKQQHPDFPHMIAMLESYKTMLNSVNTNREACGKIHFLIGDRTEQPF
YMMV-Brazil* NELTQTLSIGARKIREEHPDFEHVANSLKKIEHLISLRNDNREASGKIQFLIGERTEAPEF

CBPV-CB* DHVQAGLRAGIETLRNRFPEFHHVODILERYSTSFNNSGNNSEAHGRIKFSIGDINEPPEF

* * B R P
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FRNK

HaMV* SHVLRINETLIKGNQATASELSAASAHLLEIARYLKNRTENIQKGSLRSFRNKVSAKAHL
ChiVMV-PVB SYILEVNEVLIRGGRATSEEFSRASDCLLELARFHKNRVESLKKGSLHLFRNKVTSKSHI
PVMV-P SHILAVNETLIKGGRATSDEFAHASDELLQLARFHKNRVESLKKGSLHLFRNKAASKAHT
WTMV-VN MHILNINEVLMRGGRASSEEFARASDDLLELARHHKNRVESLKKGSLHLFRNKVASKAHL
TVBMV-YND IHVLRVNEILIKGNRATNSELNMASNELLEIARYLRNRTDNIKKGSLATFRNKVSAKAHI
ChiRSV-HN/14 IHVLRVNEVLIKGNRATSGELEGASNELLEVARYLKNRTDNIKQGSLTTFRNKVSAKAHL
YMMV-Brazil* THILSINECLLRGTKNTSTDFSRATDHLLELARWMRNRTENIRKGSIENFRNKISGKAHI
CBPV-CB* TYIHQISNTIFKGGRASKVEFETAMNLLLETTRWLRNRHDRIAKDPLSAFRNKVSGKALL
HH . sk oo g % kg ok gkd g gL .p kdkkk g kg g

HaMV* NPQLLCDNQLDADGNFIWGDRAYHAKRFFSNFFEEINPEHGYDKYIVRKFPNGSRKLA-I
ChiVvMV-PVB NPSLMCDNQLDANGNFIWGKRGYHAKRFFSNYFELIQPTDGYDKYVIRKFPNGTRKLATI
PVMV-P NPSLMCDNQLDANGNFVWGKRGYHAKRFFANYFDRIEPTSGYDKYVIRKFPNGSRKLA-TI
WTMV-VN NPSLMCDNQLDVNGNFVWGKRGYHAKRFFSNFFELIQPSDGYDKYIVRRNPNGSRKLA-I
TVBMV-YND NPSLMCDNQLDANGNFVWGKRGYHAKRFFANYFDVIQPADGYDKYIMRKFPNGSRKLA-I
ChiRSV-HN/14 NPSLMCDNQLDVNGNFVWGKRGYHAKRFFSNYFDVIVPSDGYDKYAIRRFPNGTRKLA-I
YMMV-Brazil* NPSLMCDNQLDSNGNFKWGRRGYHAKRFFSNYFDLIEPEHGYEKFKERKHPHGIRKLA-T
CBPV-CB* NPTLMCDNQRDVNGNFIWGKRGYHAKRFFSNYFSVIEPQHGYDAYVTRTFPNGTRKLA-I
B R ST S T S I S S S S S S
HaMv* GOLILSTNLDRLREQLIGEPIKPEPLTDACVSRIHETFIYPCSCVTYDDGTPVLSEMKAP
ChivMV-PVB GNLILSTNLDQLRKQLEGESIEAMPLTQQCVSKRYESFIHPCCCVTYDDGSPVLSEFKAP
PVMV-P GNLILSTNLDELRKQLQOGESIQTYPLTQQCVSKRNETFIYPCCCVTYDDGSPMLSEYKAP
WTMV-VN GNLILSTNLESLRKQLEGEPIETLPLTEQCIGKRHESFIHPTCCVTYDDGTPLLSEFKAP
TVBMV-YND QNLILPRNLDTLMKQLEGESIELQPLTQSCISKRHERNIYPCCCVTLEDGTPEYSEFKAP
ChiRSV-HN/14 QNLILPRDLGQLHRQIEGESIELQPLSTKCISKRHERNIYPCCCVTLEDGTPEYSEFKAP
YMMV-Brazil* GNLILSTSFDVLRTQLEGESIERLPVTIQCVSKRHESFVYPCCCVTYDDGTPVYSTVKTP
CBPV-CB* GSLILSTNLDELKAQLEGESIHKEPLSIKCTSEKNNSYVYPCCCVTNDVGVPIYSGLKTP
B T T S T T £ & S T S S

C
HaMV* TSNHLVLGNAGDSKYLDLPTGKGDRMYITKEGYCYMNIFLAMLVNVEKDKAKDFTKWVRD
ChiVMV-PVB TKNHLVLGNTGDSKYLDLPAEISENLYIAKEGYCYVNIFLAMLVDVDEKDAKDETKWVRD
PVMV-P TKNHLVLGNSGDFKYLDLPTEISENLYIAKEGYCYINIFLSMLVEVDENEAKDYTKWVRD
WTMV-VN TKNHLVLGNSGDSKYLDLPTEISENLYIAQEGYCYVNIFLAMLVEVDEKDAKDFTKWVRD
TVBMV-YND TKNHIVLGNSGDSKYLDMPADISENLYIAKEGYCYINIFLAMLVNVDEKDAKDYTKWVRD
ChiRSV-HN/14 TKNHIVLGNSGDSKYLDMPADISENLYIAKEGYCYINIFLAMLVNVDEKDAKDYTKWVRD
YMMV-Brazil* TRNHLVIGTTGDSKYLDLPTEISEKLYIAKEGYCYINIFLAMLVEVDEDEAKDY TKWVRD
CBPV-CB* TRNHIVVGNTGEARKYLDLPVEISEKLYIAKEGYCYINIFLAMLVNVDEKDAKTFTKWVRD
P I T L RN R R R R R R E T T E T T
H
HaMV* TIVTQLGOWPTITDVAIACFQLSIMFPRVRDAELPRILVDHHTKTLHVLDSYGSLTTGFH
ChiVMV-PVB IIVQQLGQWPTMTDVALACYQLSVLFPSTRSAELPRILVDHKTMTMHVIDSFGSLTTGYH
PVMV-P IVVQOLGOWPTMTDVALACYQLSVLFPSTRSAELPRILVDHKTKTMHVIDSFGSLTTGYH
WTMV-VN IIVRQLNKWPTMTDVALACYQLSVLFPSTRSAELPRILVDHKTKTMHVIDSFGSLTTGYH
TVBMV-YND VVTEQLKEWPTMIQVALACYQLSVLFPSVKSAELPRILVDHKTQTMHVIDSYGSATTGYH
ChiRSV-HN/14 VVSEQLGOQWPTMLDIALACYQLSVLFPSVKSAELPRILVDHKTQTMHVIDSFGSATTGYH
YMMV-Brazil* VVATQLGOWPTMSDIALACYQLSVLFPSTRCAELPRILVDHATKTMHVIDSYGSLTTGYH
CBPV-CB* VIATQLKTWPTMHDVALACYQLSILFPSVRSAELPRILVDHHTTTMHVIDSYGSYTTGYH
L R L R R R R ek T T T S
HC-Pro/P3
HaMV* ILKMNTVDQLIKIANETLESEIKHYRVGGTNYNGTDFHTRSLKQ-VIRGVYRPNELRSIL
ChivMV-PVB VLKANTTSQLILFASDTLESEMKMYRVGGE-ETQSIP---GFKTRLMRSVYRPSVFEQLM
PVMV-P ILKANTVSQLLMFASDTLESEMRMYRVGGS-DPRTLT---DYRKRLFQSVYKPAVFKQLM
WTMV-VN ILKANTVSQLILFASDTLESEMKLYCVGGS-PTDFSTETEGYKRRLFRSVYRPKEFKNLM
TVBMV-YND ILKANTVSQLEKFASDTLESEMKHYRVGGL-IEDNVGHHAAVKL-LIQSVYKPKVLRTLL
ChiRSV-HN/14 ILKANTVTQLEKFASDTLDSEMKYYRVGGL-IDGSETDVAARLQT-VIKTVCRPKLLKELL
YMMV-Brazil* ILKAQTVSQLIDFAHDTLESEMKHYRVGGI -MNATTVNAETIKL-LIKAVYRPKILKEIT
CBPV-CB* ILKANTVEQLIEFASDALKSEMKHYRVGGD-MTNNLMLHSSLRT-LIKSIYRPELMHST
gkk gk, kk gk gk kdgg K kdkk : HER HAE IR
HaMV* SHDPYILTMALLSPAILTSLFTTGSLYQATLSLIPEDTSARHLVCLLTSLAGRVSRLEDL
ChiVvMV-PVB IDEPLTLTLALASPTLLNEFYTNGSLYERAMEFVGHTQMPVRVAVTKILELRAQKVNRAEST
PVMV-P LEEPVILTLAIASPTLLSEFYHNVSLHRAMGLVGQAEMPVRIAVTHIVELAKKVTRAESL
WTMV-VN LEEPIIITLALMSPTLIHEMYWSGGLHRAMQIVNKSDMNIKMVVSTILDMSKKVVKADDL
TVBMV-YND MEEPYLIILSIISPSVLIALYKSGSLYRAVQLLHNKEPTLRMVLSLLTMLATKVSRADDM
ChiRSV-HN/14 MDHPYLIVFSIMSPSVLLAMFRSGSLHRALLSVRGOEHTLKVLVSLLTLLATKLSRSDTI
YMMV-Brazil* ENEPYILTLCIVSPAIMREMYRNGAFKLALLSQVKCDMNIKLLSSLLESLSLKVTRAQQY
CBPV-CB* MDEPYLITLSILSPSVVIEMCKSGCLFEAFKHIKTKEMPLRMIINILHGLARRISRAESY
L ke s PR . . P

HaMV* HDQVNIIEENLGAFLEILSVGDRCSYARAFMORTIEARLESISADEELDASGFRTLRWKS
ChiVMV-PVB YEQASLISNHLSELHGIIDQMPCRSASICCVLEFLLTSQLDTECDGELNAIGFRTLKHKS
PVMV-P YEQSAIIESNAQELYAILDSVPYKTEALEHILAYLLTVVLDADSDATLEDIGFRTLKYKS
WTMV-VN FNQAATIINAYTDSLLEITIKNAPHQSLAKDIVLEFLLVHQSTNEIDGDLSALGFRTLKFRS
TVBMV-YND YSQYQLIQDHAERFREVLNGGDKHSISRRLAEQFIEVQIAVAESNYDTESLGFRTTKLKG
ChiRSV-HN/14 FKRFDIIQNHVHKFRDVVLDGDVHSMSRKLAERYLEVQVSITIESQNETEALGFRTTRFKG
YMMV-Brazil* IEQMATIINKDVHVIRDVLSNGSMLNHSRSQALRYVETITAMOOMNONLLRDGYYTTQSIQ

CBPV-CB* VEQVAIIDGELAQFQHVLTNADRCNISRCLAYRYIQTRMSLAVVNQRLEANGYYEGQMVS
L . . . . .

o .
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HaMv* VRVLEKIYTEDLEASWRELQFVEKCYIMLQRLRWRRRI IVELSQESAISFKKVFEHCSTG
ChiVMV-PVB LHIMEKIYKEDLRALWCELSWSEKLRFKLHVLRSRKQYIRDSREI ISGTLKEALHCSTRF
PVMV-P LSVLEKICRDDLDAQWRDLSLSAKSRITWQSLRSRKSCTGGLRDTACSIFKKVFESSTAY
WTMV-VN LHLMEKIYKADLEAQWCELSWLERSYVIYYTFKSRIQCMRDLSQDKSQILKQTFKCSTAF
TVBMV-YND LALIEKIYQQODLEELWQGLPLLEKCSCILWQLRHRRKLOVELGENGTQDLSKALVTFKHY
ChiRSV-HN/14 FHLVEKIYQEDLEAQWRELPLFQKLYFTAWQLRHRRALEVMLGEKDTKEHCKLLHSLKRN
YMMV-Brazil* NSLTEKIYVEELKASWRELTLSEKLLSTCRSLQVCERFGRKCREERQETLRNVSKSVTQY
CBPV-CB* NQFVEKIYQDELAMCWDELPLSSKLSATIVRYKWRAYIENFSKTIDKGTLSTPCKLYMKP
sk L o
HaMV* LHLAARPIVKIAKCCTDKFSAIVRSTHTRLLSGFIYGFRCVFRDLFTFVQVLAICNIFLT
ChiVMV-PVB VQEKIVLIPTPLRYVSGKIGCGIAKVRKNVWSIIYGRAVHNFRDALRFIHTLAILSILLT
PVMV-P VOGKAQKIPAPFMYMLSKASKSASYIRSSVLNRMYSYIAYSFHDAFQFIHTLAILSVLLT
WTMV-VN VODRMKVIPNSVQSVCSKSVCIAKSIRHRVYKRLYRCAVNTFSDAFQFLOQTMAIISILLS
TVBMV-YND AQDNFDRILSPIHKRSHYVTGAPMRILRGVRCKVVGTFSYLFSDLLRFVQVLAILSVLLA
ChiRSV-HN/14 ASHCLRKTLVPFKAGYSKCTQVPGFVHKRMRCKLLHSLSYFFSDALRFIQVLAVISILMS
YMMV-Brazil* LCGGLTKMKTGVKVSTEKCTYKVVSMSLRTVGGAFNILNYVTPEFLRTARVVAILSLFLS
CBPV-CB* LYMAKEKFKQARQRGRNRMSTYREMFKQRYFMQSFSMLRYIAPELSTLVRTITIFSTLIG
HaMV* ILDSLLRLRSAYIANARQVQYMRERQNRDKLEKLYNILKCKLGVEPTFEEYKEFVAGVNP
ChiVMV-PVB VYTNIVDIKNKHKKMNLLHIEEQEMKIQSRINKHYNDLTLLHNSPPSEVEFIQYVREHDP
PVMV-P IYTNILNIRNLNKKRALLLVKEADRLKSERIERCFEEISKKLNGAPTEQQFVQFIQEKDP
WTMV-VN VFANLIDIKNKYRNSVRISDKEKMDELDKSIFKHYTDLKIKNGVKPSEDEFSEYLKERDP
TVBMV-YND IFNNIYAFTCQYREFKMMEASREEEKKLESLDKLYAHLSYKLGESPTFEEFRQFVSACNP
ChiRSV-HN/14 ILQQLYDSMVKYRSYKILAIRQEDSKKDEALERLHSHLYYKLGVLPTYDEFCKFVQEQSP
YMMV-Brazil* VFSKLOQRIVNEQLHORALLRDVQLATNWKKIETHYETLTKKLONTPTIDEFAQYLKESNA
CBPV-CB* MLNAAKMVVVQIQOHKGRMAQOKEEEQFARLEKLYHIYCGKIGDQPTYEEFYEFVKGTNS
. . %1 ss 39
P3/6K1
HaMVv* ELAKQLESSEE-LEVKHQANKRESETRLEQIVAFIALVLMVEFDNERSDCVYRVMNKLKNV
ChiVMV-PVB SALAYWSTQE--KSVDHQASKRPSEAKLEQIVAFVALMMMVEFDTDRSDCVYKVLNKLRNV
PVMV-P QALQYYSEQN--DGVKHQASKRPAEAKLEQIVAFVALMMMVEDTDRSDCVYKVLNKLKNV
WTMV-VN DAFVHWFGKD--LKVQHQASKRPSEAKLEQIVAFIALLMMVFDGDRGDCVYKVLNKLRNV
TVBMV-YND QLVEFLEVSYA-PVVEHQAVKRASEVRLEQIVAFIALVMMIFDNDRSDCVYRVLNKFKNI
ChiRSV-HN/14 ELLDHMGGYHGNEVVEHQA-KRESEVRLEQIVAFMALVMMIFDNDRSDCVYRVLNKFKNI
YMMV-Brazil* ELYKEFVEVYEQLPVEHQA-KRESEQRLEQIIAFTIALVMMVEDNERSDCVYKVLNKLKNL
CBPV-CB* SLLCILESFSS-EFVGHQDFKSENK-RIEQILAFVVLIMMLIDAERSDCVYKILNKFKGV
roEr ¢ oradkdaddkg kg gdg gk gk dkdkdkkg g gkdks g,
6K1/CI
HaMV* MSVAEQD-VNHQSMDDEMEAFDD-NATISFELECEDPVRAYPSSSTLEQWWDNQLALNRT
ChiVMV-PVB MGVVDNDAVNHQSLDTILENFDERDEMIEFEITAPDAKSIAYKSSTFQVWWDNQLALNNV
PVMV-P MGVVDNDAVNHQSIDTILDDFESKNEMIEFELTAPDAKSLAYKSSTFQKWWDNQISTNNV
WTMV-VN MGSVDNEAVNHQSLDTIVENFEETNEMIEFEITAPDAKSLSYKSSTFQTWWDNQITMNNV
TVBMV-YND VGVADQEVI-HQSLDDIKTNFDESNETIDFELVTGETAPTPYKSTVFSDWWSNQLNMGRT
ChiRSV-HN/14 VSTAEQDVV-HQSLDDIQTNFEERNETIDFELTTEDTPATPFKSATFESWWDKQLEMGHT
YMMV-Brazil* MNTAEP--VAHQSLDDIIPIFEK-EQLIDFELDTHDSISYAYKSSTFSKWWDNQLOMNHV
CBPV-CB* IRSIEP-—VGHQSLDDIAPDFEF NETIEFSLDTEGLPEPLHKLTTFSGWWNAQLIANRT
RS R T T T
GSGKS P
HaMV* IPHYRTEGYFMEFTRANCAQVINEIVHNEHKDILLRGAVGSGKSTGLPAGLSTRGKVLLL
ChiVMV-PVB ISHYRTEGHFVEFTRDTSAQVASDIANSDMKDFLVRGAVGSGKSTGLPSALCKRGRVLLL
PVMV-P ISHYRTEGHFIQFTRETSAQVASDISSSEIRDFLIRGPVGSGKSTGLPSLLCKKGRVLLL
WTMV-VN ISHYRTEGRFIEFSRDRARQVANEISTSDIRDYLIRGAVGSGKSTGLPHHLCKKGKVLLL
TVBMV-YND IPHYRTEGHFMEFTRDAVATVVSNIIQSEKRDFLIRGAVGSGKSTGLPAQLAKKGKVLIV
ChiRSV-HN/14 VPHYRTEGHFMEFSRDTVVSVVQONIVLSEKRDFLIRGAVGSGKSTGLPAQLAKKGKVLIV
YMMV-Brazil* IPHYRNEGHFMGFTRSGAAGTASEIACSDHKDILLRGAVGSGKSTSLPFLLSKHGHVLLV
CBPV-CB* TSHYRTEGHFLEFTRATCASVANQIITSEHTNFLIRGAVGSGKSTGLPNMLARDGRVLLL
T T I R o B LI L A T SR L
HaMVv* ESTKPLSRNVFNQLRQDPFHLSPSLMMRDSTTFGSTPITIMTSGYAFHYFANNARKLHDY
ChiVvMV-PVB EPTRPLAENVHAQLSASPFHLNPTLMMRNKSVFGSTPITVMTSGYALHYLANDAQRLKEF
PVMV-P EPTRPLAENVHAQLSSAPFHLNPTLMMRNKSVFGSTPISVMTSGYALHYLANNAHRLKEF
WTMV-VN EPTRPLAENVHSQLSQOPFHHNPTLMMRNKSVFGSTPITIMTSGYALHYLANNSHRLQEF
TVBMV-YND EPTRPLSENVFTQLRSQPFHLSPTLLMRNSSHFGSTPISIMTSGYALHYLANSGTALSTFE
ChiRSV-HN/14 EPTRPLSQNVFNQLRSQPFHLSPTLMMRNSSHFGSTPISIMTSGFALHYLANSGTALSTFE
YMMV-Brazil* EPTRPLVENVYTQLRGAPFHASPTMMMRHATSFGSPPVTIMTSGFVIHYLANNRSKISSY
CBPV-CB* ESTRPLAENVFTQLQCSPEHLNPTLMMRDVSSFGASPITVMTSGFALHYEANNYNKLQDF
T T T T D e R L T E T TR T
DE H
HaMV* QFIMIDECHVLDANAMAFRSLLEEHEYQGKIIKVSATPPGREVEFTTQHKVEIRIEDSLS
ChiVMV-PVB SFILFDECHVLDASAMAFKSLLVDREFEGKILKVSATPPGRETEFSTQYPVQLKTEEHLS
PVMV-P SFIIFDECHVLDASAMAFRSLLADRAFEGKILKVSATPPGRETEFTTQFPVKLRTEDHLS
WTMV-VN AFIMFDECHVLDASAMAFRSLLADRAYEGKILKVSATPPGRETEFKTQYPVTLKTEETLS
TVBMV-YND DFIIMDECHVLDANAMALYSLLHDREYTGKILKVSATPPGREVEFKTQFPVKLKIEESLS
ChiRSV-HN/14 DYVILDECHVLDSNAMALYSLLLERDFNGKILKVSATPPGREVEFSTQFPVELRVEESLS
YMMV-Brazil* GYVIFDECHVEDANAMALRCLLDSVAFDGKVIKVSATPPGREVEFTTQYPVELRTEDKLS

CBPV-CB* KYIIIDECHVQDATAIAFNNLLVARSFEGKLLKVSATPPGRETEFTTEHPVALRTRDSLT

R R ok P L S *
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HaMv* FOQFVAALGTGGNADVTSKADNILVYVASYNDVDKLSKMLOEKSYLVTKVDGRTMKNGVS
ChivMV-PVB FQOFVDAQGTGVNADVTSIADNILVYVSSYNEVDQLSKLLTDKKFKVTKVDGRTMKSGAT
PVMV-P FOQFVDAQGTGSNADVISDADNILVYVASYNEVDQLSKMLVERHHKVTKVDGRTMKSGAV
WTMV-VN FQQFVDAQGTGTNADVTSDADNILVYVSSYNEVDQLSKMLAERHHKVTKVDGRTMKSGAT
TVBMV-YND FOQQFVEAQGTGTNSDVTDEADNILVYVSSYNEVDQLSKMLGLKGYKVTKVDGRTMKNGST
ChiRSV-HN/14 FQQFVDNQGTSVNSDVTQVANNILVYVASYNEVDQLSKMLAARARNFKVTKVDGRTMKNSTT
YMMV-Brazil* FEQFVQONLGSCSNSDITTKGDNILVYVASYNDVDTLARMLVDKHYLVTKIDGRTMKNGLT
CBPV-CB* FKQFVDELGTGSNVDVTKVANNILVYVASYNEVDALAKLLVEAKFLVTKVDGRTMKNGST
dk * o AR A Ak kR R Ak Rk B E e
HaMVv* DVVTKGTHTKKHFIVATNIIENGVTLDIEAVVDFGTKVVPTLDIDSRRITYCQTAISYGE
ChivMV-PVB EIKTVGSKHRKHFIVATNIIENGVTIDIEAVVDFGLKVSAVVDADLRMVRILKVH-SIME
PVMV-P EIKTVGTKQRKHFIVATNIIENGVTLDIEAVVDFGQKVGADVRSDERMICYTKGAINYGE
WTMV-VN EIKTYGTKTKKHFIVATNIIENGVTIDIDAVVDFGLKINADIDIDCRMIRYAKGSINYGE
TVBMV-YND SIKTSGTSTKKHFIVATNIIENGVTLDIEAVVDFGMKVSPSLDVDGRRIMYSKVCINYGE
ChiRSV-HN/14 NISTSGTTKKKHFIVATNIIENGVTLDIEAVVDFGTKVVPSLDVDCRSIRYCKGPINYGE
YMMV-Brazil* GIQTHGTAKRKHFIVATNIIENGVTLDIECVVDFGVKVVPELEIDQRRVIYKKVPVSYGE
CBPV-CB* NIETKGTEALKHFIVATNIIENGVTLDIEAVVDFGQKVQPYLDMDLRRVMYSKVGISYGE
P B S R S .
HaMv* RIQRLGRVGRFKPGVALRIGHTQKGICAIPSIIATEARFLCFIYGLPVMTSQVSTSLLRK
ChivMV-PVB KNSALGRVGRTKPGCALRIGHTNKGVEAIPTMIANEAARFLCLIYGLPVMTAQVSTSLISN
PVMV-P RVQRLGRVGRTKPGCALRIGHTNKGIEAIPTVIANEAARFLCFIYGLPVMTAQVSTSLLSS
WTMV-VN RIQRLGRVGRTKPGVALRIGHTNKGIEGVPTMIANEARFLCFMYGLPVMTAQVSTSILSQ
TVBMV-YND RIQRLGRVGRVKPGVALRIGSTQKGIEAIPNIIATEAAFSCFVYGLPVMTSQVSTSLLSR
ChiRSV-HN/14 RIQRLGRVGRVKPGVALRIGYTQKGIEAIPNVIATEARFLCFVYGLPVMTSQVSTSLLGK
YMMV-Brazil* RIQRLGRVGRHKAGTALRIGQTIREVIPLNTIVATEAARFLSFVYGLPVMTAQVSTAILGH
CBPV-CB* RIQRLGRVGRTKSGTALRIGHSEKNLTPIPEMIATEARFYCFIYGLPVTTAQVNTTMLSE
R T T T T T L L R L R T I
HaMv* CTVQOARVMKLFELPTYFMLDLVRHDGTMHPDVHRLLAKYKLRESEIVLNRMAIPHARTY
ChiVMV-PVB CTVQOARTMALFELPFYFTQDYVSADGSLHPAIHALL-RIQLRESEILLNNFQYHTQQSA
PVMV-P CTVQQOARTLALFELPFYFLQDFVARDGSMHPAVHALVKKFKLRESEVILNKLAIPHAAVN
WTMV-VN CTVQOARTMALFELPIYFMMDFVASDGTMHPAIHALLKKYKLRESEILLTKLAIPHAAVH
TVBMV-YND CTVQQAKTAMLFELPSYFMINFIDANGSMHPHVHEVLKKFKLRESEIQLNKMAIPYAVVN
ChiRSV-HN/14 CTVQOARTAKLFELPPYFMINFIDSNGSMHPQIHELLKKYKLRESELQLNRMATIPYAQTS
YMMV-Brazil* CTVQOARTMKQFELPTHFMVDLVCYDGTMHPLIHNVLKQYKLRESEITLNKRAIPHSVVT
CBPV-CB* CTVPQARTMHLFELPLYFMMNLVHYDGTMHPAVYAQVKKYRLRESEVILNKRAIPHASVS
ok k Ak D T L T
HaMVv* HWMDVRTYNACGTNIALDPDVKIPFFCKDLPEQLLANLWNIIQKNKGDAGFRTLKSHDAA
ChivMV-PVB SGCQCASTTNAPKQLDMDPDVKLSFYVKEVPEELYEKLWHCVQENKGDAGFKKLRTHNAA
PVMV-P KWMSVREYNQCSKQOMDLDPDIKLSFLVKEVPESLYEKLWHCVQSHRGDAGFKKIATHNAA
WTMV-VN KWMSVREYNQCTRQLEMDPDIKLSFHVKDVPEELYEKLWQCVLNHKGDAGFKRISSHNAA
TVBMV-YND QWLTVTEYNRSGSSLOQIAPECRIPFLVKEIPDTLYEKLWQVVIDNKGDAGFRRLTTHNAA
ChiRSV-HN/14 KWISVRDYNRSGHVLOMDPDCKIAFLIKEIPDETYEKLWKTTNDCRGDAGFKKLATYNAA
YMMV-Brazil* SWHKVRDYDNDAQLVNMAPNDKIPFLCKDIPGAARYEKIWKVVVEHKSDAGFKNLTSVNAA
CBPV-CB* SWISVKEYSQCGVVLALEPNVKLPFFVKDIPDKLYSSLWEVVVKHKSDAGFKPLKSSNAA
S kg k A PO IS Gahalok N T T Rk
HaMv* KIAYKLHTDEHSVQRTVA-IIDALIVEEQTKKAYFDSLVVNTCSNASFSLOSISNRIRAR
ChivMV-PVB KIAHKLRTDDMAIQRTIL-LIDQLIANEMOKKEHFDSLVNANTSSLSFTLQSVSNLIRSR
PVMV-P KIAHKLRADNASIQRTVCSSIND--AAEMOKKEHFDSLVNANTTSLSFSLOSISNMIRSR
WTMV-VN RIAHKLRTDDMAIQRTIC-YIDQLIASEMOKKEHFDSLVNAGTSSLSFTLQSVSNMIRSR
TVBMV-YND RVAYKLRTDEHSLOKTIG-ILNQLIIAEREKQAHFESLAGFSLGSQCYSLOSICNAYRSR
ChiRSV-HN/14 KISYKLRTDVHSIQRTIR-IIEQLITAEREKQAHFESLTSFSLSSQCYSLQOSICNAYKSR
YMMV-Brazil* KIAYKLKTDPQSIPRTIR-VIDELIKMEMEKKAHLDTVSSFTCSSSNMSLHSIGLLIQSR
CBPV-CB* KIAYVLKTDPLSITRTCA-HIDELIRIEMOKKATFDSLANYSVSHSFFSLESITRAIRSR
*pek  gr 1k HH * kg HER sk kg R
CI/6K2
HaMv* YKQNNTTENISVLAAAKAQLLDFQHSCYEDSIIINPSSKRVVDKIMDNGALETVLHQSRD
ChiVMV-PVB HARIFGA-NPSVLHAARRAQLVEFNNLHSDEIHEVCHQYMPLRDHIIDCGAMETVMHQSTD
PVMV-P YAKDYSVQNLSILHEARAQLVEFNNLYSEDIISGAASIWTMRDSIVECGAMETVMYQSTE
WTMV-VN YAKDYSVQONLSILHAARAQLVEFSNLHNEYINDGVPELHLMRDNVMDCGALETVMHQSKQ
TVBMV-YND YAKNHTTENISVLEAARAQLIEFSNVYGESIYVGEMTELQIRDEVVEFGALETVVHQSKD
ChiRSV-HN/14 YAKNHTTENISVLEAARKSQLVEFFNVHSADILVGDLSDRRVQDEVKDFGALEAVLHESKE
YMMV-Brazil* YVHDHTAANISTLOAARKAQLKSFPVSTFFEGVONDFTDRVEVDAIEHNGALETVLHQSOD
CBPV-CB* YASNYSVENITILQSAKAQLIEFSQTYSTGNGDFGMHIKALEHQISSYGAFDAVRHQSVD
I TR T o Akoiak ook
6K2/VPg
HaMv* GIIKTLNLQGKWKGTLITRDLLVCAGLACGGVWLLYQYIRNFMNEPVEHQA--KNKRQKQ
ChivMV-PVB GISKCLKLKGTWNGSLITRDVLIAARGVACGGAWMIYQYFIDN--ERVDHQAQKKNKRQKQ
PVMV-P EIGKFLGLKGFWNKKLLTRDVLIGAGVACGGAWMLYQFVMDSFGDDVSHQAQGRNKRQKQ
WTMV-VN DISKFLEKLKGVWNGALLTRDVLIAAGVACGGAWMMYQYLMDSFSDNVDHQAQONKSKRQRQ
TVBMV-YND EIATALKLKSRWNKSLITRDLLVCFGVAAGGAWMIYQYLMNKCNEVVEHQG--RNKKGAQ
ChiRSV-HN/14 GVSKALKLKSRWNKSLLTRDVLVCAGVAVGGVWLLYQYLVDQFKAPVSHQA~-RNKRSNQ
YMMV-Brazil* DILRTLDIRGKWKGSVLARDILITAGVAAGATWMLYEYFTTKL-ESVTHQG--KNKRQNQ

CBPV-CB* GVASALELKGQWNTTLITNDILIGLATVTGEARMLYEYVREGLIQPVQHQG——FNRRQRQ

T * ‘s LR . *
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HaMv* KLKFRDARDRKVGRIVDAENGSEAVEFLFGDAYTKKGKKGGKTRGMGTKTRREVNMYGED
ChiVvMV-PVB KLKFRDAHDQKVGRII-VDDDSGAVEHFFGSAYTKKGKSKGKTHGMGKKNRRFVNMYGED
PVMV-P KLKFRDARDAKLGRVV-IDDDSGAIEHFFGSAYTKKGKSKGKTHGMGKKNRRFVNMYGED
WTMV-VN KLKFRDARDSKVGRVV-VDDDSGAVEHFFGSAYSKKNKSKGKMHGMGKKNRREVNMYGED
TVBMV-YND RLKFRNARDAKIGRVV-FDDDSGAVEHLFGAARYTKKGKKTGRAVGLGKKTRREFVNMYGED
ChiRSV-HN/14 KLKFRNARDAKVGRVI-IDDDSGAVEHFFGARYTKKGKKSGKQVGLGKKTRRFVNMYGED
YMMV-Brazil* KLRFREAADRKIGHVV-FDDDSGTIEHYFGTAYAKKGKSKGKTVGMGKKTRREVNMYGED
CBPV-CB* KLKFRSHRDSKIGRIV-DDVGDGSVEYHFGEAYAKKAKGKGKKIGMGVKTRRFMNMYGED
B T S e T L T L T R T G Y
HaMv* DSEYKYVRFVDPVTGEILDENVMTDISLVQDHFGELRSEYINEDKISPQALYSNPGIKAY
ChivMV-PVB PTEYSFIRFVDPVTGEMLDESVMADVMLVQEHFNDLRFEYLGDDKIESARLYSNPGIQAY
PVMV-P PTEYSFVRFVDPITGEMLDESVMADIMLVQEHFDDLRHEYISEDKIGVQALYKNPGIQAY
WTMV-VN PTEYSFIRFVDPLTGEMLDESVMADIMLVQEHFNDLRHEYLSDDKIQAQALYSAPGLTAY
TVBMV-YND PTEYAFVRFVDPVTGEMIDENPVTDIKLVEEHFDDIRFQHIQNEKVPMQALYSNPGLTAY
ChiRSV-HN/14 PTEYAYIRFVDPITGEMLDENPMADIMLVKDHFDDLRHEFLMDDKIDMQALYSNPGLEAY
YMMV-Brazil* PAEYQLIRFIDPLTGEILDESPHVDIMLVKDHFDTIRMEKIADDEIEPQKVYKNSGIQAY
CBPV-CB* PVDYSFIRFVDPITGAQLDQGVLADIGLVQEHFDEIRTKHVEEDIVSIERINYSPGIQAY
P Rk £ T T P PRI . L]
HaMv* FVKDKTSPVLEVDLTLHEPLKLCDNSSTIAGFPEKEGILRQTGPAKQIKYEDMP-~~-EHD
ChiVMV-PVB FVKDKVSPVLKVDLTQHVPLKVCDNSSTIAGFPEREGEFRQTGQATKVNYDELP-S-REG
PVMV-P FVKDKVSPVLKVDLTQHEPLKVCDNSATIAGYPEHKGMLROTGOATLVTHAELP-S-SEK
WTMV-VN FVKDKVPPVLKVDLTAHVPLKVCDNSSTIAGYPEHENVLRQTGQGKLIDPNELP-K-SES
TVBMV-YND FVKDKTSPVLKVDLTHHVPLKLCDNSSTIAGFPEMENILRQTGARKPIDFSELPIL-VEG
ChiRSV-HN/14 FVKDKTSPILRVDLTGHIPLKVCDRASTIAGFPEKEGILRQTGPAQKLPFEKLPTS-KES
YMMV-Brazil* LIKDKVSPVLKIDLTEHLPLAVCNNFETIAGFPERERELRQTGQAVKVSYTDVP-Q-KST
CBPV-CB* FVKDKTTPVLKVDLTQHAPLKICD- TGNIAGFPERENELRQTGQGILIRYDEIPKPVEEN
T T T P Lk Ak L kkkk ]
VPg/NIa
HaMv* VAHEAKSLNRGLRDYTPISKSICLLONTSDGRSTTIHGVGYGSLIVSNAHLLMRNNGTLT
ChiVMV-PVB VEHEARSLNRGLRDHNQVSKLICKLENDSDDCVTSIHGVGFGSIIITNRHLLKRNNGTLR
PVMV-P VEHEAKSLNKGLRDHNQISKVVCKLENESDSYVTSIHGVGFGSVIITNRHLMKRNNGQLR
WTMV-VN VEHEAHSLHRGLRDYNNISKIVCKIENNSDAVSTAIHGVGFGSVIISNRHLFKRNNGELK
TVBMV-YND VDHEAKSLNKGLRDYNSVAKCICLLENDSDGSSISIHGIGFGPLIITNRHLFKRNNGTLI
ChiRSV-HN/14 VDHEAKSLTRGLRDYNGVSKSVCLLVNDSDGCTTTIHGVGFGPLIITNRHLFKRNNGVLT
YMMV-Brazil* VIHEGDSLVKGLFDHNNISKAVCKITNASEGFSTTLYGIGFGALIIANRHLFKRTGGELF
CBPV-CB* VGHEAYANIKGLRDYNPIAKSVCQLTNKSDGVDTRMYGIGFGPYIITNRHLEFVRNNGTLI
R e A A Cokokok ko ok k. Kk
H D
HaMv* IKSMHGEFTIQNTTAIRIAPIPNCDLIILRLPKDFPPFSTKLKFRVPEPNEQVCMVGTNE
ChiVvMV-PVB VKTAHGDFKVANTKEMKVFPVEKHDILLIRLPKDFPPFPVKSKFREPKVNDSICLVGTNFE
PVMV-P VKTAHGDFKIANTKEMRIHPVDKHDLILVRLPKDFPPFPTKIKFREPKLTDSICLIGSNFE
WTMV-VN VKSTHGDFKVVNTKELKIHPIDKYDIVLIRLPKDFPPFPTKAKFRKPTLTDSICLIGTNFE
TVBMV-YND VKSLHGEFKVVNSASIRVFPVENCDILILRMPKDFPPFPSKLKFRAPKTSDVVCLVGSNE
ChiRSV-HN/14 IRSMHGEFKVVNSAAIKVYPVGNCDIVLLKMPKDFPPFPMKLKFRVPOSNDLVCLIGSNFE
YMMV-Brazil* VRTTHGEFTCPDVGKLKIHPIENRDMVIIQMPKDFPPFATKLEFRAPRASDKVKIVGTNE
CBPV-CB* LQTTHGEFTCKNTTQLNILPVEDRDIIIVRMPKDFPPFPMTLKFRSPRRDDQICLVGTNF
wk gk, : E $ . Frroggokkdckdedk, | gkk ok I R R
[} H
HaMv* QEKWMSSTVSSTSYIQHIPDTQFVKHWIDTKDGHCGLPLVSAKDGAILGLHSLTNTKQEY
ChiVvMV-PVB QEKFLSSLISADSTTSPVSGSKFWRHWIDTKDGHCGLPLVARDDGAIVGFHSLTSINTEQ
PVMV-P QERFLSSLVSASSETSPVENSKFWRHWIDTKDGHCGLPLVSTNDGAIVGFHSLTSMNTDQ
WTMV-VN QEKFLSSLVSSFSSTGPVENSNFWRHWIDTKDGHCGLPLVAQEDGAIVGFHSLTSTSSDK
TVBMV-YND QEKYTSSMVSSSSNISHVANSSFWRHWIDTQSGHCGLPLVSLSDGYLIGIHSLMSVHSEH
ChiRSV-HN/14 QEKFASSTVSGSSNISHVANSNFWRHWIDTKDGQCGLPLVAQNDGHLLGIHSLTSTHSDQ
YMMV-Brazil* QEKYISSLVSGVSAIYPVANSDFWKHWIKTDFGHCGLPVVSEIDGFIVGIHSLASTQQONH
CBPV-CB* QEKYMSSMVTSQSHIAAVSGTQFWRHWIETKHGHCGLPAICSSDMHIIGLHSLSSNTDAS
Ak Ak : T T T T T T, T
HaMv* NCFASVTSVLTEILGAPEHAEWRKGWMYNPNDISWGFMRLKESTPSGLFKPVKSINDLEL
ChivMV-PVB NYFAAVPEAFMELIAQVETLEWRKSWVYNPNEIGWGSLKLKSDOQPTGMFKIEKLIEDIQS
PVMV-P NYFASVPSDLAQMIKDFETLEWRKCWVYNPNEIGWGSLKLQQDKPGGMFKVDKLIEDLQS
WTMV-VN NYFAAVPENMHEILKSVESLEWRKGWLYNPNEIGWGSLKLTSDTPNGMFKVSKLVEDLHS
TVBMV-YND NMFTGFPETFSECIAKTDNIVWARGWKYNPSEISWGNLKLKTSAPAGLFKTSKLIEDLHR
ChiRSV-HN/14 NFFTAFPENFKECLDQTDSISWAKGWLYNPNEIGWGSLKLKESSPKGLFKIEKLIEDLNT
YMMV-Brazil* NYFTGMIEHMNDLLTTAEQLEYTKLWKYNPREISWGTLDLONSTPSEPFVLSKLLMDLEQ
CBPV-CB* NFITTFPPNFNEILRTCDNGCWSQKWRYNPNEISWGSLELQKNVPQSPFSISKIITDLFH
T T A I T * * * .
NIa/NIb
HaMv* DIVCEQAHI-~---QDRWFGDQLHCNLKAIGYSESQLVTKHVIKGKCPLFERYLCETPSAS
ChiVMV-PVB AFVREQAS-----— DKWLYAQFQGFLKAVPKSESQLVPKHIVKGPCPLFHLYLSTHREAR
PVMV-P TEFVQEQGE------ EKWLYAQLYGNLKAVGKSESQLETKHVGKGQCPLFQLYLSTHKEAK
WTMV-VN TFVQEQSG--—---~ EAWLYPQLTGNLKAVGRCESQLVTKHVVKGPCQLFQLYLQTDSEARK
TVBMV-YND EMVEEQSH------ EKWVYDALHGNLKAVAASESQLVTKHIVKGECQLFQLYLNNHSERA
ChiRSV-HN/14 EVVSEQSK------ TNWVFEQLSGNLKAVCKSESQLVTKHTVKGECQLFQLYLNTHEEAN
YMMV-Brazil* TPVVEQSL------ QTWMYSSLEANLKAVGRSQAQLVTKHVVKGECVLFQQYLATHPERQ
CBPV-CB* EPVECQAEVARREHDDWLYGSIKGNIQAVGKSTSHLVTKHVVKGRAELFQLYLSLNATAE

EE o kk ko Ak A
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HaMv* NYFRPLMGAYQKSRLNRIAYAKDALKYATIIECGLVEPNAFEQAIANVIQTLKKVGFSEC
ChiVMV-PVB QFFQPFMGAYGKSRLNRIAYAKDILKYSTEIEVGKVDTCALELPVDDVIADLHAVKFDTC
PVMV-P EYFKPLMGAYAKSRLNRIAYAKDILSMORKLKWAKLDVACLELAVEDVICDLHAVNETTC
WTMV-VN DFFKPLMGFYGKSRLNRTAYAKDILKYSTEIEVGKVDTDLFERAIRDVIADLHAVQFNEC
TVBMV-YND AFFRPLMGFYQKSKLNKVAYLKDFLKYATVIEVGVVDPETFELAVSDTVQDLKRVGFPEC
ChiRSV-HN/14 NYFQPLMGHYQKSKLNKVAYLKDLLKYATVIEIGKVNSDTFELAVSDTIADLINAGFEEC
YMMV-Brazil* TFFKPFMGHYGKSRLNKEAYIKDIKKYAQPITIGMVDTSVFECAVMNVKTMLSNLDEFGQF
CBPV-CB* SFFKPRMGFYQKSRLNRQAYIKDIMKYSTTIPIGDVQTDIFETAVSLVVDTLKEFGMDTC

R

HaMv* AYVTDPEEIFSNLNMKAAVGALYAGKKKDYFLEYTQEQREEI LQQSAERLYRGLKGVWNG
ChivMV-PVB NYVTDEEEIFQSLNMKAAVGALYKGKKREYFETYTQQDKERILFESCLRLYKGNLGVWNG
PVMV-P EYITDEEQIFQSLNMKSAVGAMYRGKKRDYFETYTTEDKERILYESCLRLYTGKLGIWNG
WTMV-VN EYVTDEEAIFQSLNMKSAVGALYKGKKREYFETYSSEDKRRILEESCLRLYTGRLGVWNG
TVBMV-YND DYVTDENTIFQALNMKSAVGALYKGKKRDYFSTFTPEQMEQIVQDSCERLYSGKLGVWNG
ChiRSV-HN/14 EYVTDEQAIFGALNMKAAVGALYKGKKRDYFEAFTEQEKEQIIQDSCERLYTGKLGVWNG
YMMV-Brazil* EYITDSEVIFKSLNMKAARVGAMYSGKKKEYFEGKTASELDEFLKESCKRLYTGKKGVING
CBPV-CB* TYITDEDEIFDSLNMKAAMGALYTGKKREALADISQQAKEDYIAASCHRLYKGQMGVWNG
Nookk s kk ok kkk ki kk ok kkk. . . K okkk K kL kkk
HaMV* AIKAELRTREKVEADKTRTFTAAPIDTLLAGKICVDDENLQFYSLHTKAPWSVGISKFSR
ChivMV-PVB SIKAELRPIEKVRANKTRTFTAAPLDTLLAGKVCVDDFNNQFYSKHTLAPWSVGISKFSG
PVMV-P SIKAELRPMEKVQANKTRTFTAAPIDTLLAGKVCVDDFNNQFYSKHTIAPWSVGISKFSG
WTMV-VN SIKAELRPMEKVQANKTRTFTAAPIDTLLAGKVCVDDFNNQFYSKHTEALWSVGISKFSG
TVBMV-YND SIKAELRPKEKVLQNKTRTFTAAPLDTLLAGKVCVDDFNNFFYSFNLEGPWSVGMSKFTR
ChiRSV-HN/14 SIKAELRPKEKVAQNKTRTFTAAPLDTLLAGKVCVDDFNNTFYALHLKGPWSVGMSKFSR
YMMV-Brazil* SIKAELRPIEKVHANKTRTFTAAPIDTLLGAKTCVDDENNFEYMOHTKGPWSVGMTKFSQ
CBPV-CB* SIKAELRPLEKTLANKTRTFTAAPLDTLLSGKVCVDDFNNQFYAMNTKAPWSVGISKFHL
Cdokkkokok ok kkokkkkokk ks kkkk K Rk kkkk Rk L kkkk s kk
HaMv* GWDALLRKLPDGWTYCDADGSRFDSSLTPYIINAIPIIRLAFMEKWDLGETMM-RNLYTE
ChivMV-PVB GWDRLLRKLPDGWIYCSADGSRFDSSLTPYLINAVASIRLKFMEPWGIGEQMLMRNLYAE
PVMV-P GWDKLLRKLPDGWIYCSADGSRFDSSLTPYLINAVAQIRLAFMEKWDIGEQMI-KNLYAE
WTMV-VN GWDKLLRKLPDGWVYCSADGSRFDSSLTPYLINAVLHIRLHFMEKWS IGEQML-RNLYAE
TVBMV-YND GWNTLLGKLPNGWLYCDADGSRFDSSLTPYLINAVLQIRLTFMESWDIGEQML-KNLYAE
ChiRSV-HN/14 GWNHLLSQLPDGWVYCDADGSRFDSSLTPYLINAVLRIRLHFMENWDIGIQML-KNLYAE
YMMV-Brazil* GWDKMLRKIPDGWIICDADGSRFDSSLTPYLINAVAHIRQYFNEDWDIGDQML-RNLYTE
CBPV-CB* GWNNMLKQLPKGWVHCDADGSRFDSTLTPYLLNAVLQIRLRFMEDWALGAQML-SNLYTE
Wk ik ok Rk ok dkkkkkk ko kkkk s ks ok ok ki k k. kkksk
HaMV* IVYTPILTADGTIVKKFKGNNSGQPSTVVDNTLMVLLAMQYSLERLGVEFSTQEQTCIYF
ChiVMV-PVB IIYTPILTADGTIVKKSKGNNSGQPSTVVDNTLMVLVAMKYSLRRLGIIIRIKNDRGVFF
PVMV-P IIYTPILTADGTIVKKFKGNNSGQPSTVVDNTLMVLIAMRYSLRRLGMNYKDQIKRCVEF
WTMV-VN IIYTPILTADGTVVKKFKGNNSGQPSTVVDNTLMVLLAMRYSLQRLGLNYKEQCKECVEF
TVBMV-YND IIYTPILAADGTIVKKFKGNNSGQPSTVVDNTLMVIITMHYALRRAGISYENFSEHCAFV
ChiRSV-HN/14 IIYTPILTADGTIVKKFKGNNSGQPSTVVDNTLMVIITMHYAARRAGLNYQEFCDNVKEY
YMMV-Brazil* IVYTPILTADGTIVKKYRGNNSGQPSTVVDNTLMVLLAVQYAMLKNGIN-DVEQKECVYF
CBPV-CB* IIYTPILLADGTIVKKFKGNNSGQPSTVVDNTLMVLISVRYALLRAGIDPEKHKDICKYF
Kok kokk ok Aok ko ok ok ok ko ko ok ok Ak kR ks s ks
GDD
HaMV* ANGDDLIVAVAPGHEHILDALQGYFSELGLNYDFSSRHTDRTKLWFMSHKGIIRDDLYIP
ChivMV-PVB ANGDDLIVSVPPSDEWILDSLQDRSSELGLSYDFNERTTDRSELWFMSHQGILIENQYIP
PVMV-P ANGDDLIVAVRHEDEWVLDSLQAPFQELGLSYNFDDRTTNRSELWFMSHQGKLIEDMYIP
WTMV-VN ANGDDLIVAVKPHNTWILDNLSDIFSELGLSYDFSERTKDRSELWFMSHQGKLIDDMYIP
TVBMV-YND ANGDDLIIAVAPGSEHILDTLQGSFHELGLNYDFSSRTHNKEELCFMSHYGVLREGCLIP
ChiRSV-HN/14 ANGDDLIIAVKPCRESLLDTLQDTFSELGLTYDFTNRTRDKKDLCFMSHNGVMRDGIYIP
YMMV-Brazil* ANGDDLVIAIPPEREHVLNTMAEFFAELGLSYDFGNRHKRKEDIWFMSHKAITREGIFIP
CBPV-CB* ANGDDLLISLHPDFEWILDTMSESFAELGLSYDFTSRHRDVCDLWFMSHKGILLDGAYIP
Wkkkk kL Sae KRk Rk K P L
HaMV* KLEPERIVSILEWTRANEPAHRLEAICAARMVEAWGYDNLLHEIRLFYSWILKQQPYATLA
ChivMV-PVB KLEPERIVSILEWDRAEQPEHRLEAICASMIEAWGHKELLYEIRLEYKWVIEQAPYSQIV
PVMV-P KLEEERIVSILEWDRAEQPEHRLEAICAAMIEAWGHSELLHNIRLEYKWIIEQAPYSMLYV
WTMV-VN KLEEQRIVSILEWDRAEQPEHRLEAICAAMIEAWGHPELLHQIRREYKWILEQAPYSTLA
TVBMV-YND KLEQERIVSILEWDRATEPQHRLEAICAAMVEAWGYDELLYNIRLEYAWVLEQAPYNELA
ChiRSV-HN/14 KLEKERIVSILEWDRASEPQNRLEAICASMIEAWGYDELLYQIRLFYAWVLEQAPYRELA
YMMV-Brazil* KLEEERIVAILEWSRTENYEHRLEAICAARMIEAWGYDELLKQIRLFYSWVLEQEPYKTLA
CBPV-CB* KLEEQRIVSILEWTRASEPAHRLEAICAAMIEAWGYPELLHQIRLFYYWVLQQEPYHTLA
Wokck L kkok ok kkk ko kkkokkok ko ko kkkk: o kk s kk kk kL ok Kk .
NIb/CP
HaMv* QEGKAPYISECALRRLYM-DKLIEPHEHATYLEKLVASVQIF--DDSANCVLHQAS-EQR
ChivMV-PVB SEGKAPYISETALRCLNM-SEHGE-NDINPYLRALIEGAKREELDDDGGEVAHQAG-E-S
PVMV-P ANGKAPYISEVALRRLYT-NGEND-DDVSEYLKALSRSQKEIERLEGDDFVLHQAG-E-T
WTMV-VN EVGKAPYISETALRNLYM-NQTNG-ASIDAYIRSLIEAGRLNEHSSDDLDVRHQSG-E-T
TVBMV-YND RQGMAPYISENALRRLYL-DEEGD---ISLYLQSLVQNQW----KDEQEEVVHQOND-EQT
ChiRSV-HN/14 KQGKAPYISEGALKKLYT-GEDSD---FQIYLRSLIQSQW----KDEDTIVYHQAD-TQA
YMMV-Brazil* SEGRAPYISEYALRRLYLGNDDNDAELYNRYLRALIDNYT----HDDSDVVIHQASKEQI
CBPV-CB* TEGKAPYISECALRKLYT-DQDISEEKNLTYLESILASYI----DDSHVSVYHQSG--SS
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vHaMV* VDATNSFGKQAQAKGSETDGSSSRDGQOKNDSVRREGSTPIAPIP-~--DRDINAGTTGTFE
ChiVvMV-PVB VDAGSVKGEDSSSKSAD--KQATEKKNKVSGQAQPQSROSEMEVPQVRDRDVNVGTSGTE
PVMV-P IDAG-========—=—— = KSSGKEVTASKQPTTSQPTEAKTVL-DRDVNAGTQGTE

WTMV-VN VDAG-
TVBMV-YND VDAG-

~KNTGLVKDPTPNKDKQVMQOSQPPTK-==~=~~ ~DKDVNVGTTGTF
----KNAQSNQKQRNAQAGNTSSGVVKDK DKDVNVGTSGTF

ChiRSV-HN/14 VDAG- -~KSTQSSEKKPANPASVSKVVAETPR- DRDVNVGTAGTFE
YMMV-Brazil* LDAG- ====QFSGKQPQSQGOTNSSEGS -~ GRDVNVGTKGTF

CBPV-CB* VDAG----===—==—-— VLGOSKGTAGQOSGSGSQAQMR-——————-—-— DKDVNVGTHGTF

IS T T

HaMV* TVPKLKGMSTKLTIPKVKGKVVVNLQHLLQYTPDOEKLSNTFATDEQFAIWYNGVKSDYE
ChiVMV-PVB TIPRLKGIFSKLTIPKVKTKAVVNLEHLLDYAPDQIHLSNTRALQSQFASWYEGVKNDYD
PVMV-P TIPRLKGMSSKLTLPKVSSQSVVNLEHLLNYKPDQVHLSNTRALQSQFASWYNGVKNDYD
WTMV-VN SIPRLKGISSKLTLPKTSAGMVVNLEHLLEYKPDQIHLSNARALNSQFQSWYDGVKNDYD
TVBMV-YND SIPRLRGLSTKLNLPRIKGKEVVNLQHLLEYTPDQVSLSNTRALNSQFASWYTGVKSDYD
ChiRSV-HN/14 SVPRLKGISSKLNLPMINKKAVINLDHLLKYTPDQVTLSNTRALNSQFASWYEGVKTDYD
YMMV-Brazil* SIPRIKTPMSKLTLPKLKGKVLVNLEHLVEYEPDQTDISNKRASQEQLGQWVEARVKTSYD
CBPV-CB* AVPRLRHLTSKLSVPKLKGESVVNLEHLLHYQPNQDRISNTRATDSQFQLWYDGVKSDYD
Dot Hiad PO B A RS R L A L L Y L I
HaMv* VSDDEMQIILNGLMVWCIENGTSPNLSGVWVMMDGDEQITYPIKPLLDHAQPTFRQIMHH
ChiVMV-PVB VTDEQMQOIILNGLMVWCIENGTSPNINGYWVMMDGDEQVEYPIKPLIDHAKPSFRQIMAH
PVMV-P VDDEQMKIILNGLMVWCIENGTSPNINGMWVMVDGEEQIEYPIKPLIDHAKPSFROIMAH
WTMV-VIN VDDEQMKIIMNGLMVWCIENGTSPNINGMWVMIDGEEQVEYPIKPLIDHAKPSFRQIMAH
TVBMV-YND LDDAQMEIVLNGLMVWCIENGTSPNLNGMWVMMDGDEQVEYPIKPLLEHAKPTFRQIMAH
ChiRSV-HN/14 LNDSQMEIVLNGLMVWCIVYGTSPNLNGMWVMMDGDEQVEYPIKPLLDHARPTFRQIMAH
YMMV-Brazil* VDDEQLKIILNGLMVWCIENGTSPNINGFWYMIEDGEQIKFPLKPIVENAKPTLRQIMAH
CBPV-CB* VNDEEMKIILNGLMVWCIENGTSPNINGFWVMLENDEQIEFPIKPLIDHARPTFRQIMSR
T S T e TR e
HaMv* FSNLAEAYIEKRNYTSPYMPRYGRNRNLTDMSLARYAFDFYAITSRTPERAKEAHMOMKA
ChiVvMV-PVB FSNLAEAYIEKRNSEKPYMPRYGLQRNLTDMSLARYAFDLYEMTSKTPVRAREARHIQMKA
PVMV-P FSNLAEAYIEKRNSEKSYMPRYGLQRNLTDMSLARYAFDFYEMTSKTPVRAREAHIQMKA
WTMV-VIN FSNLAEAYIERRNSEKPYMPRYGLOQRNLTDMSLARYAFDFYEMTSKTPSRAREAHIQMKA
TVBMV-YND FSNLAEAYIEKRNAEKPYMPRYGLQRNLTDMTLARYAFDFYEINSRTPVRAREARHIQMKA
ChiRSV-HN/14 FSNLAEAYIEKRNAEKPYMPRYGLORNLTDMTLARYAFDFYEINSKTPARAREAHIQMRA
YMMV-Brazil* FSDLAEAYIEKRNAKKAYVPGYGLKRNLNDYSLARYAFDFYEITSKTPVRAREAHMOMKA
CBPV-CB* FSDLAEAYIEKRNFERAYMPRYGLQRNLTDMSLARYAFDFYEMTSKAPARAREAHIQMKA
Ak ok kA Ak Ak B R T T N R A L T e R
HaMV* AALRNTSSRMFGLDGKVGTQVEDTERHTAEDVNRNMHNLLGVRGV
ChiVvMV-PVB AALRGVSNRMFGLDGRVGTQEEDTERHTAEDVNRNMHNLLGVRGL
PVMV-P AALRNANNRMFGLDGKVGTQEEDTERHTAEDVNRNMHNLLGVRGV
WTMV-VN AALRNANNRMFGLDGKVGTQEEDTERHTAEDVNRNMHNLLGVRGV
TVBMV-YND AAVANSKNNLFGLDGNVSTKEENTERHTATDVNRNMHHLLGVSGV
ChiRSV-HN/14 AAVMHAKNNMFGLDGNVSTKEENTERHTATDVNRDMHHLMGVRGV
YMMV-Brazil* AALRNTRTRLFGLDGSVGNNDENTERHTSDDVNRDMHSLLGVRNI
CBPV-CB* AALRNTKNRMFGLDGKVGTQEEDTERHTSDDVTGGIHSLHGVRGL

EE Lk Ak k Ak k & Lok ok ik kk kL Ak IE
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Supplementary Fig. S2. Phylogenetic relation of HaMV and other potyviruses. A
maximum-likelihood (ML) tree was constructed using PhyML 3.0, based on the
multiple amino acid sequence alignment of the full-length viral polyproteins, as
described previously with minor modification [5, 14]. Subgrouping of the clades (eleven
groups) is based on the report of Gibbs and Ohshima [9]. Distantly related species that
formed well-supported monophyletic clades were collapsed into a triangle (subgroup
8-11). Virus names and GenBank accession numbers of their genome sequences
(presented as acronyms) are listed in Supplementary Table S1. Viruses with asterisks
indicate unassigned species. RyMV, genus Rymovirus, is used as an outgroup. The
branch support values were estimated using the approximate likelihood ratio test
(aLRT) with a Shimodaira—Hasegawa-like (SH-like) algorithm (only values greater than

0.9 are shown as filled circles).
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