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A novel tepovirus, Agave virus T, identified by the analysis of the
transcriptome data of blue agave (Agave tequilana)
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Summary. - The genome sequence of a novel RNA virus was identified by analyzing transcriptome
data obtained from the stem sample of a blue agave (Agave tequilana) plant. Sequence comparison and
phylogenetic analysis showed that the RNA virus, Agave virus T (AgVT), was a new member of the genus
Tepovirus in the family Betaflexiviridae. AgVT genome had three open reading frames: a1605-amino acid
(aa) replicase (REP), 355-aa movement protein (MP), and 220-aa coat protein (CP). Phylogenetic analyses
based onthe REP, MP,and CP sequences of AgVT, previously reported tepoviruses, and other Betaflexiviri-
dae viruses revealed that tepoviruses could be classified into two subclades: “potato virus T (PVT)-clade”
and “Prunus virus T (PrVT)-clade.” PVT, the type species and founding member of the genus Tepovirus,
belong to “PVT-clade” along with AgVT, while the other five tepoviruses belong to “PrVT-clade.” The ge-
nome sequence of AgVT may be useful for studying the phylogenetic relationships between tepoviruses

and other closely related viruses.
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Introduction

Tepoviruses (the genus Tepovirus) are plant-infecting
RNA viruses of the family Betaflexiviridae. The members
of this family have a monopartite, positive-sense, single-
stranded RNA genome of size 6-9 kb, and the virions
exist as flexuous filamentous particles (Adams et al.,
2012; Rubino et al., 2012). Thirteen genera in the family
Betaflexiviridae have been reported and were classified
into two subfamilies: Trivirinae and Quinvirinae (https://
talk.ictvonline.org, last accessed on December 5, 2020).

The subfamily Trivirinae comprises 10 genera, in-
cluding Capillovirus, Chordovirus, Citrivirus, Divavirus,
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Abbreviations: AgVT = Agave virus T; CP = coat protein; GVA =
grapevine virus A; MP = movement protein; ORF = open read-
ing frame; PrVT = Prunus virus T; PVT = potato virus T; RdRp =
RNA-dependent RNA polymerase; REP = replicase

Prunevirus, Ravavirus, Tepovirus, Trichovirus, Vitivirus,
and Wamavirus. Viruses of the subfamily Trivirinae
have three common open reading frames (ORFs) that
encode a replicase (REP), movement protein (MP), and
coat protein (CP) (Adams et al., 2012; Rubino et al., 2012).
Members of the genera Capillovirus and Divavirus have a
fused REP-CP ORF, while those of the other genera have
independent REP and CP ORFs(Yoshikawa et al.,1992; Goh
et al., 2018). The subfamily Quinvirinae consists of three
genera: Carlavirus, Foveavirus, and Robigovirus. Viruses
of the subfamily Quinvirinae have five common ORFs
encoding an REP, three triple gene block proteins (TGBI,
TGB2, and TGB3), and a CP (Morozov and Solovyev, 2003;
Prosser et al., 2015). Members of some genera have one or
more additional ORFs (Martelli et al., 1997; Adams et al.,
2012; Veerakone et al., 2018).

Blue agave (Agave tequilana), also known as tequila
agave, belongs to the genus Agave, which are succulent
monocotyledonous plants native to the arid regions of
North America (Coleman-Derr et al., 2016). Agave species
are highly tolerant to drought and heat stress, because
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they employ the crassulacean acid metabolism in photo-
synthesis, which enhances water-use efficiency (Borland
et al., 2009). Blue agave is an economically important
plant in Mexico used in the production of the popular
distilled spirit tequila (Cedeno, 1995). Because of its
economic importance, blue agave has been subjected to
various molecular genetic studies, including transcrip-
tome analyses (Gross et al.,2013; Coleman-Derr et al., 2016;
Huang et al., 2018).

Transcriptome data obtained from samples of plant
tissue infected with RNA viruses often contain virus-
derived reads (Nibert et al., 2016). Contig assembly of
plant transcriptome data and comprehensive sequence
analysis have yielded numerous complete genome se-
quences of novel RNA viruses (Kim et al.,2018; Park et al.,
2018,2020; Goh et al., 2019, 2020). In this study, we identi-
fied the genome sequence of a novel virus belonging to
the genus Tepovirus of the family Betaflexiviridae in the
transcriptome dataset acquired from the stem sample of
a blue agave plant (Gross et al., 2013).

Materials and Methods

The transcriptome data (a total of 71.8 gigabases) obtained
using the samples from the stem of a blue agave plant (Gross
et al.,2013) were downloaded from the Sequence Read Archive
(SRA) of the National Center for Biotechnology Information
(NCBI). SRA Acc. Nos. are SRR789714, SRR789715, SRR789716,
SRR789717, SRR789718, SRR789719, SRR789720, SRR789724,
SRR789725,SRR789726, SRR789727,and SRR789728. Low-quality
reads were filtered out using the sickle program (version 1.33;
https://github.com/najoshi/sickle) with the parameter “-q30-1
55." High-quality reads from all 12 sequencing runs were pooled
and subjected to de novo transcriptome assembly using the
SPAdes Genome Assembler (version 3.14.1; http://cab.spbu.ru/
software/spades) with the parameter “--rna.”

Thetranscriptome contigs were compared with known viral
RNA-dependent RNA polymerase (RdRp) domain sequences
using the DIAMOND program (version 2.0.4; http://www.dia-
mondsearch.org/index.php). A total of 2565 viral RdRp domain
sequences were selected from 22 families (PF00602, PF00603,
PF00604, PF00680, PF00946, PF00972, PF0O0978, PF00998,
PF02123, PF03035, PF03431, PFO4196, PF04197, PF05788, PF05919,
PF06317, PF07925, PF08467, PF08716, PF08717, PF12426, and
PF17501) available in the Pfam database (release 33.1; https://
pfam.xfam.org).

Sequencing depth of a putative viral contig was assessed by
mapping the RNA-seq reads to the contig sequence using the
URMAP program (version 1.0.1480; https://drive5.com/urmap).
Putative ORFs in the viral genome sequence were inferred
based on BLASTX search results against all known viral pro-
tein sequences. Conserved domains in protein sequences were

predicted using the InterPro web server (version 82.0; https://
www.ebi.ac.uk/interpro).

Pairwise identities of protein sequences were examined us-
ing the needle program of the EMBOSS package (version 6.6.0.0;
http://emboss.open-bio.org) using default parameters. Multiple
sequence alignments were generated using the MAFFT program
(version 7.475; https://mafft.cbrc.jp/alignment/software) with
the parameter “--auto.” Phylogenetic analysis was performed
using the neighbor-joining method in the ClustalW2 program
(version 2.1; http://www.clustal.org/clustal2), after removing
gaps in the sequence alignment.

Results and Discussion

RNA-seq reads obtained from the blue agave stem sam-
ple were assembled into contigs (Gross et al.,2013). When
these contig sequences were compared with known viral
RdRp sequences, numerous contigs were identified to
contain an RdRp domain. Among them, a 6408-bp contig
showed strong sequence similarity to that of the RdRp
domain of the potato virus T (PVT) REP sequence (UniProt
Acc. No. B5ACE2) (Russo et al.,2009). PVT is the type spe-
cies of the genus Tepovirus of the family Betaflexiviridae,
suggesting that the contig was derived from a virusrelated
to the genus Tepovirus.

A BLASTX search of the NCBI protein database us-
ing the 6408-bp contig as a query confirmed that it had
ORFs with the highest sequence similarities to proteins
encoded by the PVT genome sequence. Therefore, this
contig was considered the genome sequence of a novel
virus belonging to the genus Tepovirus of the family Betaf-
lexiviridae,and it was tentatively named as Agave virus T
(AgVT). The genome sequence of this virus was deposited
in the NCBI database (Acc. No. MW323519).

AgVT genome was predicted to have three complete
protein-coding ORFs (Fig. 1 and Table 1): ORF], encod-
ing a 1605-amino acid (aa) REP; ORF2, a 355-aa MP; and
ORF3, a 220-aa CP. The MP ORF overlapped with the REP
and CP ORFs. AgVT proteins were predicted to possess
conserved domains that are typically present in other
members of the family Betaflexiviridae. REP had a viral
methyltransferase domain (InterPro Acc. No. IPR002588)
at aa positions 43-329, a “viral RNA helicase core domain”
(IPR027351) at aa positions 761-1077, and an “viral RNA-
dependent RNA polymerase domain” (IPR001788) at aa
positions 1252-1493. MP had a “viral movement protein
domain” (IPR028919) at aa positions 11-194. CP had a “viral
coat protein domain” (IPRO08879) at aa positions 40-215.

For sequence comparison and phylogenetic analysis,
genome and protein sequences of previously reported
tepoviruses, including four PVT, two Prunus virus T
(PrVT), two Zostera virus T (ZoVT), one cherry virus T
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Schematic representation of the AgVT genome organization
A schematic figure of the AgVT genome sequence is presented at the top. Three ORFs corresponding to the replicase (REP), the movement
protein (MP), and the coat protein (CP) are depicted as boxes. Predicted InterPro domains are marked using lines below the ORFs with
corresponding InterPro Acc. Nos. The sequencing depth is shown at the bottom. See Table 1 for the coordinates of the ORFs and InterPro

domains.

(ChVT), one Ficus tepovirus A (FiTA), and one Trichosan-
thestepovirus A (TrTA), were collected (Russo et al.,2009;
Marais et al., 2015, 2020; Goh et al., 2019). Sequences of
representative members of the other 12 Betaflexiviridae
genera were also retrieved, including grapevine virus A
(GVA), Actinidiavirus B (AcVB), apple stem grooving virus
A, Ribes americanum virus A, grapevine Pinot gris virus
(GPGV), carrot Ch virus 1, Ocimum basilicum RNA virus
1, citrusleaf blotch virus, apricot vein clearing associated
virus, watermelon virus A, cherry rusty mottle associ-
ated virus, Phlox virus B, and apple stem pitting virus
(Yoshikawa et al., 1992; Nakaune et al., 2008; Goh et al.,
2018). Thirty-four known Betaflexiviridae virus genome
sequences were retrieved for sequence comparison and
phylogenetic analyses (Table 2).

Pairwise comparisons of protein sequences revealed
that AgVT REP had 25.7-43.8% aa identity with those of
other Betaflexiviridae viruses. Four PVT REP sequences
exhibited the highest similarity to AgVT REP sequence
with 43.6-43.8% aa identity. Other tepovirus REP se-
quences showed 32.3-33.1% aa identity with AgVT REP
sequence. REP sequences of viruses belonging to other

Betaflexiviridae genera showed 24.7-30.6% aa identity with
AgVT REP sequence. Comparison between the REP pro-
tein sequences confirmed that PVT was the most closely
related to AgVT, among the currently known tepoviruses.

Multiple alignments of 35 REP sequences from AgVT,
11 other tepovirus, and 23 other Betaflexiviridae virus
genomes were generated (Supplementary Fig. S1). The
phylogenetic position of AgVT within the family Betaflexi-
viridae was inferred using the neighbor-joining method
(Fig. 2). The subfamily Quinvirinae was used as the out-
group. AgVT was placed as a sister taxon of the four PVT
sequences within the genus Tepovirusin accordance with
the sequence comparisonresults. Among the genera of the
subfamily Trivirinae, the genus Vitivirus was inferred to
be the sister genus of Tepovirus.

PVT and PrVT are two currently approved species
of the genus Tepovirus (https://talk.ictvonline.org, last
accessed on December 5, 2020). According to the phylo-
genetic analysis, 12 REP sequences from seven tepovi-
ruses were classified into two subclades: “PVT-clade” and
“PrVT-clade.” AgVT belonged to “PVT-clade” as the second
member after PVT, which is the type species and found-

Table 1. ORFs of AgVT genome sequence

ORF .QRF Protein D.OTnain InterPro domain name InterPro
position (nt) length(aa) position(aa) Acc. No.
Replicase (REP) 43-4860 1605 43-329 alphavirus-like methyltransferase (MT) domain IPR002588
761-1077 (+) RNA virus helicase core domain IPR027351
1252-1493  tymovirus, RNA-dependent RNA polymerase IPR001788
Movement protein (MP)  4769-5836 355 11-194 viral movement protein IPR028919
Coat protein (CP) 5616-6278 220 40-215 coat protein, trichovirus/vitivirus IPR0O08879
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Table 2. Sequence comparison of the REP of AgVT and representative Betaflexiviridae viruses
No Subfamily Genus Virus Acronym NCBI Identity®
1 Trivirinae Tepovirus Potatovirus T PVT YP_002019748.1 723/1657 (43.6%)
2 Potatovirus T PVT ADX41471.1 724/1657 (43.7%)
3 Potato virus T PVT AFU55321.1 723/1649 (43.8%)
4 Potatovirus T PVT AXK90539.1 723/1652 (43.8%)
5 Prunus virus T PrvT YP_009051684.1  620/1881(33.0%)
6 Prunus virus T PrVvT AHM92766.1 620/1875 (33.1%)
7 Zosteravirus T ZoVT QBS17025.1 621/1905 (32.6%)
8 Zostera virus T ZoVT QBS17031.1 616/190%4 (32.4%)
9 Cherry virus T ChVT QNG41875.1 618/1893 (32.6%)
10 Ficus tepovirus A FiTA QED42804.1 605/187% (32.3%)
1 Trichosanthes tepovirus A TrTA QED42832.1 607/1865 (32.5%)
12 Vitivirus Grapevine virus A GVA NP_619662.1 560/1830 (30.6%)
13 Actinidia virus B AcVB YP_004935358.1 531/1813 (29.3%)
14 Capillovirus ~ Apple stem grooving virus ASGV NP_044335.1 536/1785 (30.0%)°
15 Yacon virus A YaVA YP_009268859.1  524/1784 (29.4%)°
16 Ravavirus Ribes americanum virus A RAVA YP_009553496.1  514/1971(26.1%)
17 Trichovirus Apple chlorotic leaf spot virus ACLSV NP_040551.1 568/1976 (28.7%)
18 Grapevine Pinot gris virus GPGV YP_004732978.2  551/1937 (28.4%)
19 Chordovirus  Carrot Ch virus1 CtChV-1 YP_009103999.1  572/1959 (29.2%)
20 Carrot Ch virus 2 CtChV-2 YP_009103996.1 568/1946 (29.2%)
21 Divavirus Diuris virus A DiVA YP_006905850.1  552/1857 (29.7%)°
22 Ocimum basilicum RNA virus 1 ObRV1 YP_009408144.1 547/1837 (29.8%)°
23 Citrivirus Citrus leaf blotch virus CLBV NP_624333.1 581/2042 (28.5%)
24 Citrus leaf blotch virus CLBV AFA43536.1 565/2080 (27.2%)
25 Prunevirus Apricot vein clearing associated virus ~ AVCaV YP_008997790.1 532/1825 (29.2%)
26 Caucasus prunus virus CPrv YP_009505632.1  569/2121(26.8%)
27 Wamavirus Watermelon virus A WVA YP_009357235.1 552/1907 (28.9%)
28 Watermelon virus A WVA QEA69426.1 558/1922 (29.0%)
29 Quinvirinae  Robigovirus  Cherry rusty mottle associated virus CRMaV YP_007761581.1 548/2121 (25.8%)
30 Cherry twisted leaf associated virus CTLaV YP_009046478.1  560/2163 (25.9%)
31 Carlavirus Phlox virus B PhlVB YP_001552317.1 554/2155 (25.7%)
32 Garlic common latent virus GCLV YP_004936159.1 54£4/2060 (26.4%)
33 Foveavirus Apple stem pitting virus ASPV NP_604464.1 564/2279 (246.7%)
34 Asian prunus virus 1 APV1 YP_009094347.1 572/2112 (27.1%)

*Protein sequence identity in the form of “number of identical residues/aligned length (percent identity).”"CP regions were removed from

the capillovirus and divavirus REP-CP protein sequences.

ing member of the genus Tepovirus. Bootstrap analysis
strongly supported the placement of both subclades with
100% bootstrap values. However, the Tepovirus clade,and
hence the monophyletic origin of “PVT-clade” and “PrVT-
clade” viruses, was only marginally supported with a
bootstrap value of 72.1%. This suggested the possibility

that “PrVT-clade” might be classified as a novel genus
different from “PVT-clade.”

The monophyletic relationship between “PVT-clade”
and “PrVT-clade” was further investigated using MP and
CP sequences of all tepoviruses, two vitiviruses (GVA and
AcVB), and a trichovirus (GPGV). Multiple alignments of
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Fig.2

Phylogenetic position of AgVT among Betaflexiviridae viruses
A phylogenetic tree was constructed based on REP sequences of AgVT, previously known tepoviruses, and representative members of
the family Betaflexiviridae using the neighbor-joining method. Tepoviruses can be classified into two subclades: “PVT-clade” and “PrVT-
clade.” AgVT is the second member of “PVT-clade.” The subfamily Quinvirinae was used as the outgroup. The NCBI protein sequence Acc.
Nos. are in parentheses. Bootstrap supporting values calculated from 1000 replicates are shown at the nodes. The bootstrap value for the

Tepovirus clade is highlighted in bold.

MP and CP sequences were generated (Supplementary
Figs. S2 and S3, respectively). Phylogenetic trees of MP
and CP sequences were constructed using the neighbor-
joining method (Fig. 3). In each tree, the sequence of GPGV
was used as the outgroup. In both trees, the monophyletic
origin of all 12 tepovirus sequences was represented. The
monophyletic relationship of “PVT-clade” and “PrVT-
clade” was strongly supported in the MP tree with aboot-
strap value of 94.4%. However, in the CP tree, the place-
ment of the Tepovirus clade was very weakly supported
with abootstrap value of 57.2%. These results indicate the

need for performing more comprehensive phylogenetic
analyses to clearly understand the relationship between
“PVT-clade” and “PrVT-clade” within the genus Tepovirus
as well as within the family Betaflexiviridae.

In conclusion, the genome sequence of AgVT, a puta-
tive novel member of the genus Tepovirus of the family
Betaflexiviridae, was identified from transcriptome data
obtained from the stem sample of a blue agave plant.
Sequence comparison and phylogenetic analyses indi-
cated that AgVT was the closest relative of PVT among all
currently known tepoviruses, thereby forming a distinct



GOH, C. J.et al.: NOVEL TEPOVIRUS IDENTIFIED IN BLUE AGAVE 73

(a) MP

Agave virus T i
5011 Potato virus T (YP_002019749.1)

1000 i
930 |- Potato virus T (ADX41472.1) i "PVT-clade"

Potato virus T (AFU55322.1)
1000

Potato virus T (AXK90540.1)
Prunus virus T (YP_009051685.1)
Prunus virus T (AHM92767.1)
Cherry virus T (QNG41876.1)
1000L Ficus tepovirus A (QED42805.1)
r Zostera virus T (QBS17032.1)
1000 10001 Zostera virus T (QBS17026.1)
Trichosanthes tepovirus A (QED42833.1)
Grapevine virus A (NP_619664.1)
Wi:;\cnnidia virus B (YP_004935360.1)

Grapevine Pinot gris virus (YP_004732979.2)

Tepovirus
944

975 "PrVT-clade"

Vitivirus

01

(b)CP
Agave virus T g
i 511 Potato virus T (YP_002019750.1)

719 |- Potato virus T (AFU55323.1) "PVT-clade"
o1 — Potato virus T (ADX41473.1) H
Potato virus T (AXK90541.1) .
. Tepovirus
572| ﬂ': Prunus virus T (YP_009051686.1)
053 Prunus virus T (AHM92768.1)
- Cherry virus T (QNG41877.1)
ey I: Ficus tepovirus A (QED42806.1) "PrVT-clade’

= Trichosanthes tepovirus A (QED42834.1)
Zostera virus T (QBS17027.1)
10001 Zostera virus T (QBS17033.1)
Grapevine virus A (NP_619665.1) -
£Actinidia virus B (YP_004935361.1) i
Grapevine Pinot gris virus (YP_004732980.2)

01

Fig.3

Phylogenetic relationships of tepoviruses inferred from MP and CP sequences
Neighbor-joining phylogenetic trees were inferred from MP (a) and CP (b) sequences of tepoviruses, two vitiviruses, and a trichovirus. Two
subclades (“PVT-clade” and “PrVT-clade”) were reproduced within the genus Tepovirus. The sequence from the grapevine Pinot gris virus,
atrichovirus, was used as the outgroup. The NCBI protein sequence Acc. Nos. are in parentheses. Bootstrap supporting values calculated
from 1000 replicates are presented at the nodes. The bootstrap value for the Tepovirus clade is indicated in bold.

subclade. The AgVT genome sequence may be useful for
studying the phylogenetic relationships of tepoviruses
and other closely related Betaflexiviridae viruses.
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A novel tepovirus, Agave virus T, identified by the analysis of the
transcriptome data of blue agave (Agave tequilana)
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Summary. - The genome sequence of a novel RNA virus was identified by analyzing transcriptome
data obtained from the stem sample of a blue agave (Agave tequilana) plant. Sequence comparison and
phylogenetic analysis showed that the RNA virus, Agave virus T (AgVT), was a new member of the genus
Tepovirus in the family Betaflexiviridae. AgVT genome had three open reading frames: a 1605-amino acid
(aa) replicase (REP), 355-aa movement protein (MP), and 220-aa coat protein (CP). Phylogenetic analyses
based onthe REP, MP,and CP sequences of AgVT, previously reported tepoviruses, and other Betaflexiviri-
dae viruses revealed that tepoviruses could be classified into two subclades: “potato virus T (PVT)-clade”
and “Prunus virus T (PrVT)-clade.” PVT, the type species and founding member of the genus Tepovirus,
belong to “PVT-clade” along with AgVT, while the other five tepoviruses belong to “PrVT-clade.” The ge-
nome sequence of AgVT may be useful for studying the phylogenetic relationships between tepoviruses
and other closely related viruses.
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Fig. S1. Alignment of replicase sequences of AgVT and related viruses
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PFTNLEASLLRRTIAKEMARDSKV - -L - -ESDLVECQGNGPVSDGVIAYTIRFLGLKVRFFSPE--LNEVRKF - - - -STCTATNFWVDVLHHGNHFDLLYPTNDCVLIALEQ
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ITGTKREITLSIL-LGRD--GTWADWFLKDKGATFDDVFKAVSDLDLNCTICTK--EGSFNAH--VNR----NYKHNFLYLFDEHVSL - -ERPKVMLFEQVRHQK -
ITGTKREITLXXL-LGRD--GTWADWFLKDKGATFDDVFKAVSDLDLNCTICTK--EGSFNAH--VNR----NYKHNFLYLFDEHVSL - -ERPKVMLFEQVRHQK -
ITGTKREITLSIL-LGRD--GTWADWFLKDKGATFDDVFKAVSDLDLNCTICTK--EGSFNAH--VNR----NYKHNFLYLFDEHVSL------- ERPKIMLFEQVRHQK-----
ITGTKREITLSIL-LGRD--GTWADWFLKDKGATFDDVFKAVSDLDINCTICTK--EGSFNAH--VNK----NYKHSFLYLFDEHVSL------- ERPKLMMFEKKKHQV - - - - -
HLCMNRSAVFNLL -FDQD--KSVITNVLEDKGFTLSEVIDHLMNLDIPGRIVSN- -GEVINYL - -EKG- - - -SFKPIDLLMRDGHIGL - --NVQHDVLYDTKEVKVE -
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NYLPDHFESDLGMRLGFAGSGKTFKVLQWIKYTPTI
VEFKADLKMSFFSLMGFAGCGKTKPLMDLILKS---
VQELNFMKVKIYGIFGFAGSGKSHAIQNLIQTEFKG
GSALWNAKINISGIFGFAGSGKSHGIQRLLNEKFSG-
EMTKGDAVVKGAVILGFAGCGKSRPVQMALDSMDSP -
KLIGEEFLIKGAAIIGFAGCGKSRPVQMALSNMDSP -
KRKLTGRSEPIYGFFGFAGSGKSREIQNYINTNYNM- -DGCVTVVSPRVELLKDWEKKISV
EVEIVKRDEPIYGFFGFAGSGKSRAIQGFINSEFNK - -KGFVTIISPRSELLKDWQSKVKT
KDRVKQIGIDVTMVCGFAGSGKSRKLQSWLHSRKKG- --NFCVVSPRTNLAADWAFKLEL
EERPKQIGFDVTAICGFAGSGKSRQLQSWLHARKRG--=--=--=--=------------- ---NFCVVSPRNNLAADWSFKLEL
NERKSDFVEELSFVPGFAGSGKSLGLLNEVKRISREIHLAKEKKGMGKGSGKGHEKKERNRGNLKSMCIISPRRNLADDWETKLGP
VKSDDPFPEEVYFSCGFAGSGKSLSLQSKLKSNFKL -
SKREGDIISDLIVVSGFGGSGKSRSLQELIKEKKRG-
SKREGDIISDLIVVSGFGGSGKSRSLQELIKEKKRG-
TNKLCFEERRVGAIVGTFGSGKSHNVIELIRHNLGY
TNKLCFDERKIGAIVGTFGSGKSHNVIELLRHNLGY
NINDRPNTVQINSVLGTFGSGKSSLFRRFFDANPGK -
--STSLLPRTLNVICGVFGCGKSTLLCKALEKGLGV-
LIPELVHERKLIMILGTFGCGKSSLFKKFIEKSPGK -
DRKLNDNSRNLGVVLGTFGSGKSSLFKRFIVKNPSR

* ok kK.

--KKTLVLSPRKNLIEDWRTKVVK------ GLNGKQMK
-KKTLVLSPRKNLIEDWKTKIIK -GLNGKQMK - -
-SDVLICSPRKILLDDWQSKIER -KLNGKKNL -
--KVLVISPRKVLRDDWVAKISKK-=--=-------- -
---DTLVIVPRKALKADWSEKVKDG- -
---KRMFISPRRMLADEVEPQLKG--
--KRMFISPRRALLSDVAERLKG
-NDNILILVPRKRLGDSWTSKMGH
-SQGIMVICPRRFLAKDWSEKGVDE-
-SNEILLISPRVLLAEDWRDKVKH

-CIFVTPRRSLAEQMTQLVQSV-
AITFVSPRRSLAESINHDLGL--

728
730
730
731
731
905
905
943
943
915
915
926
867
862
709
709
963
951
930
971
968
774
774
1081
1107
747
1114
915
915
1142
1152
1147
1094
1301
1154

785
784
784
785
785
951
951
992
992
963
963
975
911
906
765
765
1015
1043
1022
1051
1048
844
844
1148
1173
827
1178
995
995
1203
1213
1207
1150
1358
1211

843
842
842
843
843
1011
1011
1052
1052
1022
1022
1034



S8 GOH, C.J. etal.: NOVEL TEPOVIRUS IDENTIFIED IN BLUE AGAVE

AgVT ITK--AQVIVIDEISLYPPGYLDLCLALKKKE-- AQVVVLGDPLQTRYHSKDDALTL -KGQADV 914
PVT:YP_002019748.1 -VQK--SSLIVIDELSLMPNGYLDMLINM- - NEEATFITLFDPLQARYHAKSDVLRV-SPENDV ~ 912
PVT:ADX41471.1 - VKVMTFEAGLRR - - -VQK--SSLIVIDELSLMPNGYLDMLINM NEEATFITLFDPLQARYHAKSDVLRV-SPENDV ~ 912
PVT:AFU55321.1 --VKAMTFEAGLRR------- VQK--SSLIVIDELSLMPNGYLDMLINM- - NEEATFITLFDPLQARYHAKSDVLRV-SPENDV ~ 913
PVT:AXK90539.1 --VKVMTFESGLRR------- VQK - -SDLVIIDELSLMPNGYLDMLINM NREATFITLFDPLQARYHSKSDILRV-SPENDV ~ 913
PrvT:YP_009051684.1 - IKLKTFELAISAIT-RMVKKEQDGKLTVIIDEATLLPGGYLDLVNSLVPEG- --STIILLFDPLQSHYYSKSDVR---VNLGPV 1088
PrVT:AHM92766.1 - IKLRTFELAVSAIT-RMVLKEGDVKLTVIIDEVTLLPGGYIDLINSLIPEG- STIILLFDPLQSHYYSKMDVS---ANLGPV 1088
ZoVT:QBS17025.1 - IKLRTYETGIIEINKRRDYTND--KPIIIIDEVSLLPGGYIDLINSIIPEG- STMVLIFDPLQSSYYSPKAVH---HSLPDI 1128
ZoVT:QBS17031.1 - IKLRTYETGIIEINKRRDYTND--KPIIIIDEVSLLPGGYIDLINSLIPEG- STMVLIFDPLQSSYYSPKAAH---HSLPDI 1128
ChVT:QNG41875.1 - VKLRTFEIGISALS-RLAIRGE--PLNITIIDEVTLMPGGYLDLCSCLAPEG- SIIVVIGDPCQAGYYSKDDVG---RNLGKA 1097
FiTA:QED42804.1 - VKLRTFEVGISALS -RLAIKGE - -PLNVVVDEVTLMPGGYLDLCSCLAPEG- SIIVVIGDPCQAGYYSRDDSG---RNLGKA 1097
TrTA:QED42832.1 - IKLRTFELAIKTLQ-SRSRKRL--ETFLIIDEVSLLPGGYLDLCNSLLVEG- SVMIMIFDPLQASYFSKKDHT---RNLGDV 1109
GVA:NP_619662.1 - HRVWTFEVAFMD- - ----- DYG--CKDIVIDEIGLLPPGYIDLVIAAHQPR- -TLVLLGDPLQSTYHSKRDNVVLEASQEDV 1040
AcVB:YP_004935358.1 - AIVRTFESAFNG- - -RKG--YENIIIDEVGLLPPGYIDLVHANFQYD---------=--------omomm o TMLLLGDPLQSEYYNKGDSLFLEPISESV 1035
ASGV:NP_044335.1 - CQVHTWETALKK -~ -IDGT--FMEVFVDEIGLYPPGYLTLLQMCAFRKIVKGQSENF - - - LKGKLLELSKTCLNIRCFGDPLQLRYYSAEDTNLL-DKTHDI ~ 917
YaVA:YP_009268859.1 - CHCETLEVALGK-- -VDLS--YTEIYIDEIGLMPPGYLTILAAAMVGKSIKSFSDKK - --KFEAFKEMLPKLPRFNCLGDPLQCRYYCETDNALL-DKVDEI ~ 917
RAVA:YP_009553496.1 - VRVNTYERMCKL - - -SFAN--YDYVIVDEIFLFPSGFEDLLTLKWASA--------------mmoumo GANEKKMIFVGDPLQAGYYSPKDHRLL --VARDA 1149
ACLSV:NP_040551.1 - KDIKTFESALKS-- -DVKG--KRLFILDEISLLPKGFTDLLMLKMHME - -GILKKSTIVCIGDPLQAGYFCPKDDNYL-SREGEI 1180
GPGV:YP_004732978.2 - LKTMTFESAIKG-- -CLAG--YKWIILDEVTLFPNGYLDLLVLKLAHY- ----NEINLKHITLVGDPLQANYFNERDCNLL -GSVKMV 1158
CtChv-1:YP_009103999.1 NLSK--FSLITIDEFPLTPRGYTDVIAYKSKVD-- NLTCRLEKKVTKLLLIGDPLQASYYSESDDDLL -AQGGEL 1193
CtChv-2:YP_009103996.1 NFAE - -FSMIVIDEFLLVPRGYLDVAAFKSKMD---~----------- CKVCKSKPRIPKFLLLGDPLQAGYYNALDDHLI-PEKSEM 1190
DiVA:YP_006905850.1 -SYYE--DELVVVDEIGLLPPGYISLLSLVTAFR-VNKISHNIRLSKRNYSKYVENQSSRLVLLGDHLQGRYYNESDFRSL-SQPDEI 1002
ObRV1:YP_009408144.1 - -TYQE--SELIVIDEIGLMPPGYMSLLNIITSIK-FEEVSNNFRLSRRNFRNFIGSPRSRLVVLGDHLQCRYYNDSDVRSL-DPKDEI 1002
CLBV:NP_624333.1 - -DKSK--LDLIVIDELTLFPNGYLDLLVYELADV- NRHCQIILLFDPLQARYHNKMDESIL-TFEHDV 1285
CLBV:AFA43536.1 --RKVATFESFIKM------ DKSK--LDMIVLDELTLFPNGYLDLLIYELDKF-- NSHCHLILLFDPLQARYHNKMDEAVL-NFEHDV 1310
AVCaV:YP_008997790.1 --CSVTTFEVLFKA------ SISK--IKLIVVDELTLFPNGYIDLLIFRIRTE-- SPDCKLILIFDPLQARYDSAQDRAIL-GSEHDV ~ 993
CPrV:YP_009505632.1 -NLSR--VELIVIDELGLFPRGYLDLMIFKLRTE- -KNFKGKVMLLFDPLQARYHSDSDERFL-HETIHEC 1313
WVA:YP_009357235.1 -NLGK--SDVIVLDELSLYPNGYLDLLIHSLSGL - -NVNMPRLVVIGCPFQARYHSKLDEHIL-TFDHEI 1143
WVA:QEA69426.1 -NLGK--SDIIVLDELSLYPNGYLDLLIHSLSGL - -NVNMPRLVVIGCPFQARYHSKLDEHIL-TFDHEI 1143
CRMaV:YP_007761581.1 -GLLK--KARIFIDEAQLLPPGYLDLICLIAGSD- ---SSILVMGDPAQSSYDSAEDRMMFAGDKGCL 1345
CTLaV:YP_009046478.1 -GMLK--KVRIFIDETQLLPPGYLDLVCLIAGPD- ASILVMGDPAQSSYDSADDRMAFIGDRGCL 1355
Ph1VB:YP_001552317.1 -LVKP--GMALILDEIQLYPPGYLDLICALCAEG- VHIVIGGDPIQSDYDNEKDRNWLSNLPPCI 1375
GCLV:YP_004936159.1 -NVKE--GSTIIFDEFQLYPPGYFDLVCSQLTDG- ISLHLLGDPCQSDYDNAKDRGVFEGLLPDH 1285
ASPV:NP_604464.1 -SIKE--GHTVVIDEIQLFPPGYIDLIILGLKPN- VNIIIAGDPCQSDYDCSSDRHIFAGSESDI 1506
APV1:YP_009094347.1  ----------VRVLTLESFIKAV----- FTFK--AASVVLDEVQLYPPGYLDLVMLCLSLN-- CQIYLAGDPCQSDYDSAKDRALFDGLKGDI 1351

sk ok ok k. . * %
AgVT DRF - - --KIERYLLRSHRLSSE - -LSYM-------FEFPCLSSEKLHELH-GKIYRQEEAL - - - - SVDLKGSDVQWLVASQNMKRKY - - - - - - - SHRGVPKTFGEVQGLTFNF-C 1003
PVT:YP_002019748.1 -FDVRCSSDQKKWE LH-GKQYREPAAL - FRDIKGQEFTILSPSFETAREMSKYAD-IKDGCKSMTFGESQGLTVNK-A 1006
PVT:ADX41471.1 -FDVRCSSDQKKWE LH-GKQYREPAAL - FRDIKGQEFTILSPSFETAREMSKYAD-IKDGCKSMTFGESQGLTVNK-A 1006
PVT:AFU55321.1 DRI----KVPKYLFFSKRMSSELDF - -FDIKCSSDQKKWELH-GKQYREPAAL - - - -FRDIKGQEFTILSPSFETAREMSKYAD - IKDGCKSMTFGESQGLTVNK-A 1007
PVT:AXK90539.1 DRI----KVPKYLFFSKRLSSELDF - -FDIGCSSDQKKWELH-GKQYREPAAL - - - -FRDIKGQEYTILSPSFETAREMSKYAD-ERNGCKSMTFGESQGLTVNK-A 1007
PrVT:YP_009051684.1 LTPIFG-QEFRYRGYSYRFPKLFDLE- DFE-YGHGDVDPNH-MRVFAQPQA -VREAIKRPVFLCPSDDKRSEL - - --SNFGEAYTFGTSQGLTFDF-V 1176
PrVT:AHM92766.1 LTPIFG-QEYRYRGYTYRFPELFKVE - GFE-FGKGEIDKNH-MRIFAQPQA -VREAVKKPVFLCPSEDKRNEL - --SNFGEAYTFGTSQGLTFDF-V 1176
ZoVT:QBS17025.1 FEPLYG-QSFDYKYYSYRFGDLFKIE - GLSMMGGMEISEHH-MKIFKQPEA -VKKVFSDPIFISPSEAKANEL - --RRYGDSYTFGTSQGLTFDF-V 1217
ZoVT:QBS17031.1 FEPLYG-QSFDYKYYSYRFGDLFKVE --GLSMMGGMEISEHH-MKVFKQPEA- - - - - - VKKILNDPIFISPSEAKANEL-------RRYGDSYTFGTSQGLTFDF-V 1217
ChVT:QNG41875.1 MDPLNN-CEFPYLFRTHRFPKLFDVE --GLQFLGKQEISEFH-MHEFGSPEA------ VLKKIEKPIFLCPSDAKRAEL-------SHYGDAYTFGTSQGLTFDF-V 1186
FiTA:QED42804.1 MDPLNN-CEFPYLYRTHRFPKLFDIE- GLQFLGKQELSELH-MHEFGSPEA -VLKKIEKPIFLCPSDAKRVEL- --SHYGDAYTFGTSQGLTFDF-V 1186
TrTA:QED42832.1 FEPLYG-TSFKYLYQTYRFKNFQNFE - NLVSMSAAALDENH-MKFYLQPEA -VRAAIRRPIFLCPSEEKREEL- --KRYGDAYTFGTAQGLTFDF-V 1198
GVA:NP_619662.1 FNRVRG- -KLPYLCYSHRLPRNCKL - - -FEIECMGAESEKRWV------- YRSNRLKDEPTICATRAMKE - --EKGSGWYTVSETQGLSFKS-C 1118
AcVB:YP_004935358.1 FDRLMG- -KKNYLYKTHRLPSNQKL - - -FDVPSKGERSENYLK------- GAEGDANYDLIITASRAAKE- --KRGQKGSTIGESQGLSVRR-V 1113
ASGV:NP_044335.1 DLMIKT-IKHKYLFQGYRFGQW--FQEL-- -VNMPTRVDESKFS - --RKFFADIS - -SVKTEDYGLILVAKREDKGVF- --AGRVPVATVSESQGMTISKRV 1005
YaVA:YP_009268859.1 DFIRKSFKNFKYLFQGFRFGKW--FSEI-- -VNIPTRDDESKHS - - -RKFFPDMS -KVDISKYKAVLVGPREAKISL-------ASGLPVYTVMESQGLTFNGRV 1006
RAVA:YP_009553496.1 GRLIA--KEQPYSLSTRRNEGW--IERI-- -FDVESRREGGHGA- - - INWYSG- - - -DFKSVSMDAKVVLVPSFRLKELLISEAKCIGVNLEIMTYGESQGLTFERGY 1243
ACLSV:NP_040551.1 KRLFKG--GVNYKWYSYRINKF - - TIAKK - - -LAIETMNDFIGIDEQ-SSIYKDMPSAHH-FMEKKGNHIEVILVASMVEKELY-------SNYGNVMTFGESQGLTFNC-G 1274
GPGV:YP_004732978.2 DSVF - - -KDVKYQYQSYRIPAN- -VAGR- - -FDVWDKNRHEPIDCH-GTFYSDLSSAKL -HAKRCNQKIDVVLVASELEKKYF - --SNQCKCITYGESQGLTFDY-G 1251
CtChVv-1:YP_009103999.1 SSLEI--DYPRYLLYSHRLPKG--MKSM-- -MDINMLGSFEGETK--WKLYNSAAA- - -AFSEKAFDVILVAGRQEKTFF- -GNFTVMTFGESQGLTFNK-V 1280
CtChV-2:YP_009103996.1 ETLEI--RKPKYLYYSHRLSSS--LGGI -LDVPMLGPINELNQ--LNLYNSAAA -AFSERAFDVILVAGRQEKSFF- -SNYTVMTFGESQGLTFDK-V 1277
DiVA:YP_006905850.1 DFIMMN-EEILYLNYSHRLNKMHFYK - - -PGVEMLGEDENII---SRRFSNVFS -AKKTIPEAQLLVASRDEQVRF- -KELDAKTFGESQGLTFDE-I 1089
ObRV1:YP_009408144.1 VFLMEN-EEIIYLNYSHRMSRSHHYK - - -PGVVFLNDADSVP - - -TKRFLNTLV- - -AKKSIPNAQVLVASHDEQIRF- -RDLGAKTFGESQGLTFDE-S 1089
CLBV:NP_624333.1 DRLIGG-QNIEYIYSTHRMSRY --FNRF -FDVPCFNQADRTEEQRLWIFDDVYSIPS -ICSDRQEPCDVLLVESDLEKKAF - --SPIINVMTFGESQGLTFNH-V 1381
CLBV:AFA43536.1 DRLIGG-QDLRYIYSSHRMSKY --FNRF-------FDVPCFNQAETTKEQRLWILDDVYSITS-VCIDQGEPCDVLLVESDLEKKAF - ------SPVINVMTFGESQGLTFNH-V 1406
AVCaV:YP_008997790.1 DLILGD-SEVDYMYQSKRFESEELFNLFEDLKKNEVDAESRETGKGAKFR-PRMYTNLLTMKV-EEENQGNPIDVLLVGSFDEAGLF-------ASSIKTMTFGESQGLTVDH-A 1097
CPrV:YP_009505632.1 DRITSG-AKINYLFESWRLSKKFFGNFF------- VDIELRNSGSVNYE- - LDFFDNHIVAAN - EAKKRGFPIDLILVASRDEKNSF- --AGKVNVLTFGEAQGLTVKH-S 1409
WVA:YP_009357235.1 DRIFKGNSAINYLAFSHRLGTG--FNCV-- FEGIECLGESEEMEGS - INVFKSFNNAIA-WSEKQEQFFDLILVDSREEKKAY - --SGLINVLTFGEAQGLTVNN-S 1240
WVA:QEA69426.1 DRIFKGNGAINYLAFSHRLGVG--FNCV FEGIECLGESEEMGGS - INVFKSFNNAIA-WSEKQEQLFDLILVDSREEKKAY - - --SGLINVLTFGEAQGLTVNN-S 1240
CRMaV:YP_007761581.1 DRLLEG-KKYVYLSESKRFRNPMFVG---------- RLPCTFDSSRLTLE-KEEYAVFDSFKAFKADYLSPKIKTFLVSSFTEKTVVKANM- - -GRNVSIFTFGESTGMNFDY-V 1444
CTLaV:YP_009046478.1 DVLLDN-KRYVYLSESKRFRNPMFLG --RLPCTFDQSRMTLE-KEEYAVFSSFKDFKNDYLSPKIKTFLVSSFTEKTVVKANM- - -GRNVLVYTFGKSTGMNFDY-V 1454
Ph1VB:YP_001552317.1 DSVLEG-AEYKYVIKSRRFKNGNFQG- RLPCEFGTQMEGQA-TEEHLLYSGLEH-LHVIPQEFSKVFLVSSFEEKKIVEAHFP--GSNPTVLTFGESTGLNFKY-G 1474
GCLV:YP_004936159.1 QRILQG-IQFRYATRSYRFSNPNFVG- RLPCAISNTNEDD--FEDFEILEGI----EQVQEIDVECYLVSSFIEKQAVRALV---GLDKVVQTFGESTGLTYDC-V 1379
ASPV:NP_604464.1 MRILSG-RSYKFNILSQRFRNPVFYG- RLPCNLNKTRLTLD-EEEYTLWDSIQE -FSMMGRKDCPVVLVSSFEEKKIVAAHL - - -GLKMKCITYGESTGLNFQK-G 1604
APV1:YP_009094347.1 FEVLSG-KKYKFNVSSRRFQSEMFVG --RLPCRMDTKAMTE - -NENFHWLESIES -AAEVSNTEYDVVLVSSFEEKKIVWAHL - - -GRDLEVLTFGESTGLTFNR-G 1448
. * . * * .

AgVT VVVICSDAHLVSNFAWMVALTRGRSGFCFLVDSVNDKEAVRINLQGRLIEKAMSKKKVTNTFLRAMAGVSLETAEFIED---VETFKTTESVEEKLEGDPWLKSLVPLLEYPEAF 1115
PVT:YP_002019748.1 VIVVDQDLVATSVLHWIVALTRSRQGFVILVHKVFDMKTLIQPVQNSIIGLVLRGVKVQENIFINTAGKCLSEAEIVEE ---LETFKRTEEDEDLLEGDPWLKGQLFLCQSVELD 1118
PVT:ADX41471.1 VIVVDQDLVATSVLHWIVALTRSRQGFVILVHKVFDMKTLIQPVQNSIIGLVLRGVKVSREHLINTAGKCLSEAEIVEE ---LETFKRTEEDEDLLEGDPWLKGQLFLCQSVELD 1118
PVT:AFU55321.1 VIVVDQDLVATSVLHWIVALTRSRQGFVILVHKVFDMKTLIQPVQNSIIGLVLRGIKVSREHLINTAGKCLSEAEMVEE ---LETFKRTEEDEDLLEGDLWLKGQLFLCQSVELD 1119
PVT:AXK90539.1 VIVVDQDLIATSVLHWIVALTRSRQGFVILIHKVFDMKTLIQPVQNSIIGLVLRGVKVSKEHLINTAGKCLADAEIIED---LETFKRTEEDEDLLEGDPWLKGQLFLCEAVELD 1119
PrVT:YP_009051684.1 CISIDMDGSVTSDFHWMVALTRARRGFCFLTCASTSMRTFMDNNRAKLIGKVLKKEQISKKFWWNLGGRALEGARAVKKDEFSKLGKTREEFEESLEGDPWLKGMLNYLEGDDAN 1291
PrVT:AHM92766.1 CISLDMDGSVTSDFHWMVALTRARKGFCFLTCASTSLRNFKESNRAKLIGKVLNKEIISKKFWWNLGGRALDNARCVDKDEFVKLGKTREEFEEALGGDPWLKGLLNYLEGDDAK 1291
ZoVT:QBS17025.1 VISVDMDGPLVSNAHWMVALTRARKGFAFVVCSSITLNDFKAKVKTKIIGKVLNKAVVSKDFMRASGGKIMDHANLIGD - - -SKKGRTREEFEDTLENDPWIKTQLIFLENPELQ 1329
ZoVT:QBS17031.1 VISIDMDGPLVSNAHWMVALTRARKGFAFVVCSSITLNDFKAKVKTKIIGKVLNRTIVSKDFMRASGGKIMDHANLIGD - - -SKKGRTREEFEDTLENDPWIKTQLVFLESPELQ 1329
ChVT:QNG41875.1 IISIDMDGPVTDNCHWMVALTRAKRGFAFLNCPTIRRCDFLRQSEGKLIHKILKKQKVSMDFIKFMGGKIMRKARML ----- EAVGRTREEFEEACEGDPWMKAQLSFLEINIPE 1296
FiTA:QED42804.1 VISIDMDGPVTDNCHWMVALTRAKRGFAFLNCPTIRRCDFLRQSEGKLIHKILKKQKVSMDFIRFMGGKVMKKAQML - - - - -EAVGRTREEFEEACEGDPWMKAQLSFLEINIPE 1296
TrTA:QED42832.1 VISLDLDGPITSDAHWMVALTRGRKGFAFLSCPTIKKKDFLDRTEGKLINKVLNGMKISLSYLRGLGGKVMENVTFYDEN--EKVGRTREEFEDILEYDPWLKAQINFLELNDV- 1310
GVA:NP_619662.1 LIYLDEHWAKKEDEDVMVALTRSRGEIGIHVT -PALKKKLITNAKSTLLKKVLKGETYRRSEIVAMVRKHIPETTVLFE ---ESRLAETVDYEARLAGDPYLKSLLALYDEIEME 1229
AcVB:YP_004935358.1 KLVIDRDWGLLNDKAVMVALTRARNTLSVEVD -KSMKEHLKVHAKSSILKMFLRGQMIKRELIMEMMGTDNGDVELIEK - - -ETRFADSDDMEDKLSGDPYLKGLLRLYDDVEME 1224
ASGV:NP_044335.1 LICLDQNLFAGGANAAIVAITRSKVGFDFILK -GNSLKEVQRMAQKTIWQF ITIEGKSIPMERIVNM- - - -NPGASFYESPL - - - -DVGNSSIQDKASNDLFIMPFINLAEEEVDP 1111
YaVA:YP_009268859.1 LICLDEQILAGGPSVAITAITRATDGFDFVMR -GSSPNDLRRSANKGIWQF LMEQKEVPMERIVNL -LPGASFYEDSF - - - -EVGNSSIQDKASSDPMIMPFINLAEEECDP 1112
RAVA:YP_009553496.1 VVMVSDETKKVSFGHLLVALTRSVRPPLIWTRRTFDL - - - -VMRGNPLLDAIRERRIVKVSEM- - - - - -~ VKDMGFKVDF - -EKIGRLE-FAEEKLHGDEHLLCIMDINESALPE 1344
ACLSV:NP_040551.1 VIVLSEEAKLCSDAHIMVAITRFRRGFCFALGSKGSKEDYMRSMKSGLLQRICSGVGASKEFILGSSSV ---NLILSEKDIAKGAGIDEMDREARLEGDVWLKSMIYLGKRYHMV 1386
GPGV:YP_004732978.2 LISLSEESRLCSDNHIYVALTRFKKGFGFFQNFRGDLGTFKSNLGSKLLGRYINLRDNLKPFMMQMLDI - - -NLDFMDD - - -RNQVGAGIEMENKMSGDPWLKGLLDLQAVEEVE 1360
CtChV-1:YP_009103999.1 CIALTEDSLLASDNHMMVGLTRAKETINFIKGFGYPLNEYVKKAGNKLIGKVLQGKVIKRAELENMSGM--EDVTFITEPP- -TFGGHEDKVQGDPWMKSLLTLTQREDSQ 1387
CtChV-2:YP_009103996.1 AIALSEDTLLCSDNHIVVALTRARKQISLIKCFGYDEKEFFKRAGTKLIGKVLNKKKIKRVQLENMLAL --EDLKLISSEP------ KFGTQEERTEGDPWMKGLLTHIQEVIME 1384
DiVA:YP_006905850.1 IIVLSPPAVNCSINMWNVAMTRARKGVHFALNGFDTVDDF INRVKGTPVNAMILGSPFEIHRTPGGKDK - - -EIKIIKV---CRLGMSNEDVEMKLMGDPFLKSIIPSLDEGLSI 1198
ObRV1:YP_009408144.1 IIVLSPPSTNCSLFMWNVAMSRSIKGVHFALNGFDSIDDFLNRVKGTPVAAMILGMKFDIHAQPMSTPE - - -DCKIICS---DRLCLSSSDVENKLEGDPFLKSIIPSMDEGLCY 1198
CLBV:NP_624333.1 CILLSESSAASNEFRWMVALTRARTRFSLCSTFLGGIEEFKVKRKESLITSILQGEKITFNRLNLML -----KCNLIRREK-ENGCRDEVDREERLEGDPFLKPFIFLGQRVEKD 1490
CLBV:AFA43536.1 CILLSESSAASNEFRWMVALTRAKTRLSFCSTFLGGMDEFKIKRGESLVTSILEGKQITFERSNMMV -----KCNLIKQEK-KNGCSDEVDREERLEGDPFLKPFIFLGHRIQKS 1515
AVCaV:YP_008997790.1 AILLSENSALSDDHRWLVALTRARKKVTFLCLHLSGLNGFLSTMENRLVAAVINKGLVTKKRLSSMVRA - - -KLNYVKFK - -GLAGKDEVDREDRLEGDLFLKGVIFLGQRCEIM 1207
CPrVv:YP_009505632.1 CIVLSEYAEKQDDYRWVVALTRAKEKISFITSHRSGLTGFMSSMIGRPIHAFLTGLPFTSNRMNWMY -- -~ - NCELVECHR-ATGGRDEVDREDRLEGDPFLKPFVFLGQRINSE 1518
WVA:YP_009357235.1 LIVLSENSANSEEFRWVVALTRARRTLSFLVVHLDGIEGFMAETDGKMINALLRGEKVNVKEFSKKKGF - - -NLNFIEFNEIKNGGNDEQDRELRLEGDPWLKPFINLHQRENVE 1352
WVA:QEA69426.1 LIVLSENSANSEEFRWVVALTRARRTLSFLVVHLDGIEGFMAETDGKMINALLKGEKVNVKELSKKKGF - - -NLNFIEFNEIKNGGNDEQDRELRLEGDPWLKPFINLHQRENAE 1352
CRMaV:YP_007761581.1 CVLLTQDSMLVDERRWVVALSRAKINISFINLSGLTLPEFCTQMMGGVVHKFFTSTATFNDLRELLPGD - - - -PIFSKRF--QRLGKDEVDREARLLGDPWLKAKVFLGQREEKI 1553
CTLaV:YP_009046478.1 CVLLTQDSMLVDERRWVVALSRAKINMSFVNLSGLSLPEFCTQMVGGVVHKFFTGTATFNDLRSLLPGD - - - -PIFSKKF - -QRLGSDEVDREARLSGDPWLKTKVFLGQREVRP 1563
PhlVB:YP_001552317.1 TIIITNVSAHTSEKRWVTALSRFSENICFVNLVNLSWSELARMYATRVLGRFLGKRAKLSDLLEHLPGV -AVFTDSYD-ENIGKDEGVREEKVQGDPWLKGMVDLFQIEDVE 1584
GCLV:YP_004936159.1 AVVVSEASKLASERRWITALTRARKRVTFITNLGCSKHLIAEIFSNRALGRFLSCTASIDNLRCLLPGE -PNFVEELV-PTIGANLGVVEEKVSGDPWLKTMLFLGQVADVA 1489
ASPV:NP_604464.1 AILVTYESALTSDRRWWTALSRFSHDIHFINGMGVTWDNAITHFVGKPLHKFFTKRACNDDIIDLLPGR -PELIEGFQ-SQVGADEGVREAKLVGDPWLKTKIFLGQNPDFE 1714
APV1:YP_009094347.1 1558

IILISHESTLTSERRWITALSRFRLNIIFVNLVGNCLEDACQVFHDRTLDRFLTKRATIANIVDQLPGL - ---PELTNDFG-DKVGRSEGVMEAKLSGDPWLKTEIDLLQDEDQE
.. . * . .

.
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AgVT
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PVT:ADX41471.1
PVT:AFU55321.1
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PPrVT:YP_009051684.
PPVT: AHM92766.
ZoVT:QBS17025.
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CRMaV:YP_007761581.1
CTLaV:YP_009046478.1
Ph1VB:YP_001552317.1
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AgVT
PVT:YP_002019748.1
PVT:ADX41471.1
PVT:AFU55321.1
PVT:AXK90539.1
PrVT:YP_009051684.
PrVT: AHM92766.
ZOVT:QBS17025.
ZoVT:QBS17031.
ChVT:QNG41875.
FiTA:QED42804.
TrTA:QED42832.
GVA:NP_619662.
ACVB:YP_004935358.
ASGV:NP_044335.1
YaVA:YP_009268859.
RAVA:YP 009553496 .
ACLSV:NP_040551.1
GPGV:YP_004732978.

RRRRRERE
RrRE R =

N

CtChv-1:YP_009103999.1
CtChv-2:YP_009103996.1

DiVA:YP_006905850.1
ObRV1:YP_009408144.1
CLBV:NP_624333.1
CLBV:AFA43536.1
AVCaV:YP_008997790.1
CPrVv:YP_009505632.1
WVA:YP_009357235.1
WVA:QEA69426.1
CRMaV:YP_007761581.1
CTLaV:YP_009046478.1
PhlVB:YP_001552317.1
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DIE-PREELKHDSPPKTHLCMASKAHT-SILMNEAKGREGREFRSIS-------- GWSEQFSDLDHKKGR-KFPDVSYAEAYETIYPKHTLSDDVTFWAAIQKRIVKSNPQKEAR
EVT-PEEPLRHESPPRTHLPLPVEGLT-PLLMSNVKAREDREFITPS - -GWSKQFRDDKENV - - -DWRNVSYADAFETIYPKHEASDDITLWAAIQKRIVMADPFRNAM
EVT-PEEPLRHESPPRTHLPLPVEGLT-PLLMSNVKAREDREFITPS - -GWSKQFRDDKENV - - -DWRNVSYADAFETIYPKHEASDDITLWAAIQKRIVMADPFRNAM
EVT-PEEPLRHESPPRTHLPLPVEGLT-PLLMSNVKAREDREFITPS-------- GWSKQFRDDKENV - - -DWRNVSYADAFETIYPKHEASDDITLWAAIQKRIVMADPFRNAT
EAV-PEEPLRHESPPRTHLPLPVEGKV-PLLMSDIKAREEREFVTPC-------- GWSKQFRDDKENV - - -DWRNVSYADAFETIYPKHEASDDITLWAAIQKRIVLADPFRNAM
DPE-PEEPIRKDSPPRTHLMIAPVEHQFAEEMHLLRAREFREFRNSN- -LWSEQFDDCRKTRKV- - - -THNRAETFEQIYPSHKNSDTLTFWAAIKKRMKMSDPYSERR
DPE-PEEPVRKDSPPRTHLMLAPVEHQFAEEMHLLKAREFREFRNSN- -MWSDQFDDSRKTRKV- - - -THNRAETFEQIYPSHKNSDTLTFWAAIKKRIKMSDPFSERR
KEE-MNEMVFKSSPPRTHLMISSEGNAF INGPHLNRAREFREFKGRG- -MWSEQFDDCRKERKF - - - -KYNRAETFETIYPNHNGTDSLTMWAAIKKRLKMSDPYTERR
KEE-TNEMVFKSSPPRTHLMISNEGNAF INGPHLNKAREFREFKGRG- -MWSEQFDDCRKERKF - - - -RYNRAETFETIYPNHNGTDSLTMWAATKKRLKMSDPYTERR
EPM-VEEPVRKDSPPRTHLLHGCESTAQIQGPGMNKAREHREFKSKD -
EPM-VEEPIRKDSPPRTHLLHGCESTAQIQGPGMNKAREYREFKSKD-
EVE-VEEPNRKESPPRTHLSIQPEGQAFVDGPSLLKSRESREFRGLG-
DIE-IEEPVTLE-PTKTHLALSTKMNELAP--FDLKAKEHREQHTEA-
EEE-VPDVSLPE-PQKTHLPISTKENELAP--SLLRAREHREARTPA-
EEV-VGDVIQPVEWFKCHVPVFDTDPTLAEIFDKVAAKEKREFQSVL -

-GYKMEPENPMTHKALYLHHRNSDVATFFLSVKKRLRFMDREKNHR
-GLSNQFLDMEKN- - - -GCKIDILPFARQNVFPHHQASDDVTFWAGVQKRIRKSNWRREKS

EEV-VGEIVEAPEWFKCHVPVFDCDPMLAEMFDKIAAKERREFTSML - ------- GYSNQF LDMEKK - - - -GSNIDVYPMSRQSVFPHHQGSDDVTFWAGVRKRIKKSNWRREAT
EEV-VEAVRLDMNILQTHSPFYPIESGKAKLDASIRLKEEREQMVVVGSGPDYSIYYTNQFNDM- - - -~ -~ DYGEDNKAVNFTSVFPRHKCEDTATFWMAVRKRLRFADPSVNHA
EPL-GQVIKLTDDAIKCHIPVCSSQTL-GPELDNIQAREYREFKGKN----~---- GWSNQFREEAGPNWK - FPYKVNQAMSYEAVYPRHKMDDDLTFLAAIKKRLRFDNVANNYA
DMF -FEDLNITEPTGKVHLPLASRNDE - - - -FEKIRARESRELKKLD- FDWSMQF EDCGVKIK - -RVLNGNLCENFSAVYPVHQACDEMTFLAAVKKRLRFSNPAKNLT
EVE-LIEPDIVESKMKVHINITDKSYALMIINDQLRAKENREFKSKD---~---- SWSNQFKDNDQNLNL - - -ETSTGPVNFEAIFPRHQTFDDVTFWMAVKKRLSFSNPLVESE
ECE-PQMAKPDDVKMKVHVPITDKSFALTIINDQIRAREYREFKVGD- - -~ -~~~ SWSTQFKDDNKNLKL - --ESSTGPVNFESIFPRHTSFDDVTFWAAVKKRLSFSNPITEGE

EQE-YHDIICESPVPKIHLPIESIQGHVSYVSSMLKERGEREFKGDG- -CMSEQFPDFWKTGE - -PGHYLSQSERFQSIFPKHQNSDSLTFLAAVKKRLKFSSPSVERE
HHE -YQDVNFELPTPKIHLPIESIQSHVAFVSSMIRNREFREFIGDG- -EMSEQFPDFFKQSE - - TGSFLSQAERFQAIFPKHSNGDSLTFFAAVKKRLKFSSPQIERE
EDE-VEEVKIREPTCQTHLYITEPNFGLCYNFDFIREKEQREYREDM- -LVTNQFCDSYDKVHINGKRETPGPLRFKAIYPKHSADDDMTFWMAVRKRLVFREEEENYQ
HDE -VGEIEVREPTCQTHLYITEPNFGLCYNFDFIREKEQREYREDM-------~ LVTNQFCDSYDKVHINGKRETPGPLRFKAIYPKHSADDDMTFWMAVKKRLVFREEEENYQ
EPE-IVEPVMAKEDMKTHFFVCQENFAQCYNFDNIRAKELREFRIGH-------- RVTNQF IDNYEIVQHVQKKHTAGPLRFEATYPRHCADDDVTFLMAVHKRLRFSNEMKERE
EYE-IIEPEVIEPKGRVHLCISQENYALARNFDLIRAKEYREAKLMG- - LETNQFCHDYNRVGAQGSRHVASPLRFESIFPRHRSDDDLTFWMAVKKRLRFSEEFLERA
EVI-VDEVFIKEDKEKTHLYLAEPNFSQALNFDLILDKEVREFRLGE - -EQTNQF TDNYNVNHWGGKRINAAPFRHKAIYPRHEMKDDLTFKMAVKKRLRFEEPAVNYQ
EVI-VDEVFVREDKEKTHLYLAEPNFSQALNFDLILDKEVREFRLGE - -EQTNQF TDNYNVNHWGGKRINTAPFRHKAIYPRHEMKDDLTFKMAVKKRLKFEEPAVNYQ
ESIHVNDEGLKDIKVKVHCPIGSIGSTLADIQAGVRVKEAREFRIDN- -LVTEQFSEVHKGK - - -GKVLTAAPDNFEATYPRHKAGDTATFVMAARKRLKFSFPARERQ
VEEPISVENLKDIKIKVHCPVGSMGATFAEVQSKLKVKEAREHRIDT - -IVTEQFAEVHKGR - - -GKILTAAPDNFEAIYPRHKAGDTATFVMAARKRLKFSLPAKEKQ
EEE-EQLEEMQTEWFKVHLPQAELESVRAKWVHKILAKEFREVRIGH- -LVSEQFTDEHPREQ--GKQLTNAAERFEATYPRHKANDTVTFMMAVKKRLKFSRPATEKA
DEI-DVDEALQIEPFKTHVARSNLEGVRALWHDKIRLKEHREKRMGY - -LVSEQF TDMHSKNM- -GKKLTNAAERFETIYPKHKGSDTVTFIMGARKRLRFSKPAVEAR
IEI-ADEVEAAEDWFKTHIPIMSLEAVRAQWVHKLISREDREFRIGD- -ITTEQFTDDHSKNR - -GQELTNAAERYEAIYPRHKGTDTATFLMAVKKRLSFSSPAAEHA

MEE - LAEEVKHEPWFKTHLPLFELESIRASWVHRIMNREYREVRCGS - - -- -~~~ ETTTQFPDDHPSGA - -KITLANAAERFEAIYPRHRGSDSVTFLMAVKKRLSFSQPSKESA
. ox P .ok, PP * k. kK.
KLERDMPIGK----- EILNEVLKVYPLENIW--VDLAEHEKNFFKRRVEKSKGLIQSHSNRSDPDWKLDHFFLFMKSQLCTKKEKRFCDAKAGQTLACFAHQLLCRFGVPFRVFE
KLQKVEPISA- -EIFNEMNKILLLNPHV-SVDRDQVYKEFLRKRLNKSKKLIESHSERSSDDWPIDHFFLFMKSQLCTKFEKRFVDAKAGQTLACFSHKLLTRFGPAFREFE
KLXKVEPISA- -EIFNEMNKILLLNPHV-SVDRDQVYKEFLRKRLNKSKKLIESHSERSSDDWPIDHFFLFMKSQLCTKFEKRFVDAKAGQTLACFSHKLLTRFGPAFREFE
KLQKVEPISA----- EIFNEMNKILLLNPHV-NVDRDQVYKEFLRKRLNKSKKLIESHSERSSDDWPIDHFFLFMKSQLCTKFEKRFVDAKAGQTLACFSHKLLTRFGPAFREFE
KLQKVEAISA----- EIFNEMNKILCLNPHV-SVDRDQVYKEFLKKRLNKSKKLIESHAERSSDDWPIDHFFLFMKSQLCTKFEKRFADAKAGQTLACFSHKLLTRFGPAFREFE
KLERCMPVGE - -NLCRLFVEEYGLKRGW-QVDIESTEREFLLKRVEKAKKMIEAHSERSDPDWMVNHFFLFMKTQLCTKFEKRFSDAKAGQTLACFSHQVLARFGVPIRVAE
KLERCMPIGE- -NLCKIFIEEYGLKRGV-IVDVESTEREFLLKRVEKAKKMIEAHSERSDPDWLVNHFFLFMKTQLCTKFEKRFSDAKAGQTLACFSHQVLARFGVPIRIAE
KLERLMSTGK - -SLFEIFKKEYGLRRDV-RVNTDEIYADFIDRRLNKSKALISAHSERSDPDWICNHFFLFMKTQLCTKYEKRFSDAKAGQTLACFSHSVLTRFGVPIKEVE
KLERLMSTGK - ---- SLFEIFRKEYGLRRDV-RINRDEIYADFIDRRLNKSKALISAHSERSDPDWVCNHFFLFMKTQLCTKYEKRFSDAKAGQTLACFSHSVLTRFGVPIKEVE
RLERARSVGM- - - - - SLFEIFCKEYGIKRRR-FRDVEMVEQTFIEKRLSKSKKMIECHATRSDPDWPIKHFFLFMKSQLCTKFEKRHVDAKAGQTLACFSHKVLWRFGIPIRAFE
RLERVKSVGI- -SLFEIFCKEYGIKRRR-FRDVEVIEQTFIEKRLNKSKKMIECHATRSDPDWSIKHFFLFMKSQLCTKFEKRHVDAKAGQTLACFSHKVLWRFGVPIRAFE
KLESLRGAGE - -NLFEIFKKTYEINNLF-KPDMELIEKTFIEKRLNKSKKMIEAHSERSDPDWKVNHFFLFMKSQLCTKYEKRFCEAKAGQTLACFSHRVLMRFGIKIREAE
KYKTCHGIGH- -QMFSVFKDTYQLKEIDSLPELERCEMEFMKKRIEKSTGLIEKHAGRSDPDWPSNYLKIFLKQQTCTKMEKRGVDAKAGQTIACFAHSVLCRFGPILRQTE
RFNKVKGFGK - -QLFKVLKETYNLRQPDKLPDLDRIEAEFARKRLNKSKNLIEKHSYRSDPDWPSHYLKIFLKQQVCTKMEKRGVDAKAGQTIACFCHAVLCKFGPLLRRTE
KFEEFESQGK- -ELLQEFISMLPFEFKVNIKEIEDGEKSFLEKRKLKSEKMWANHSERSDIDWKLDHAFLFMKSQYCTKEGKMFTEAKAGQTLACFQHIVLFRFGPMLRAIE
KLESVQEDGK-----. ALLREFLKMLPKDFKVNTDDIDAGEKSFIEKRKQKTEKMWEAHSNRSDIDWNLDHVFLFMKSQYCTKEAKMFTEAKAGQTLACFQHIVLFRFGPMLRAIE
DFEADMAGGNGMVADMLLCNLLKVLRPSKLNVQDFLEEAQIELVEKKILRSAEMIANQSERSDPNWSLTEILLFMKSQYCKKVDKMYVDAKAGQTLACFHHQILVRFGPWCRALE
KFKAAESRGK - ---- YLTKIFLKHVPIKCGRDQRLLDQCRQEFEETKLSKSAATIGAHSQRSDSDWPLDKIFLFMKSQLCTKFEKRFTEAKAGQTLACFPHKILVEFSPWCRYTE
KFRGATAAGK - -ILLKNFLKFIPIPSETFPELLSEAKREFQEVKLKKSEGTIAGNSGRSDPDWSWDRVFLFMKSQQCTKFEKRFCEAKAGQTLACFSHEILCHFSPWCRYME
KLNKAWIKGS- -ILHKEFTRLIRVNSHFRPDLFEKALNDFEDVRMRKSEKLIMAHAGRSDPDWDIRNFLLFMKSQLCKKAEKAFCDAKAGQTIACFAHGVLFKFSAWCRYAE
KLKSAFVKGS- -ILYKEFRKIIRVQGDFRPDLFDKALSDFERVRVAKSKKLIEAHAGRSDPDWDVKKFLLFMKSQLCKKAEKAFSDAKAGQTIACFAHGVLFKFSAWARYAE
RFEKVRHLGN- -EMLDIFLDKIKIDNKLNSEMMARSYNEYVLKKVSKTANTIASHSSRSEPDWKLNEIFLFMKTQLCTKFEKRFSDAKAGQTLACFSHIILNRFAAPTRYVE
KFEKVRHLGS - -EMFELLLEKIPLDNKNDDLMMQICVNEYIERKVSKPAGTIKSHSGRSDCDWKLNDVFLFIKTQLCTKYEKRFSDAKAGQTLACFSHVILNRFAAPARYIE
RLSRAHLVGG- -LLYTNFKKKMGLEFTFDQGLLEESINAFEKKKLEKSCGTIKSHSIRSDIDWALNDVFLFMKSQLCTKYEKQFVDAKAGQTLACFQHLILVQFAPWCRYLE
RLSRAHLVGG----- LLYRNFKNKLGLEFTFDQGLFEESVNAFEKKKLEKSCGTIKSHSIRSDVDWALNDVFLFMKSQLCTKYEKQFVDAKAGQTLACFQHLILVQFAPWCRYLE
KLERAHGTGS----- ILFHNLIQKLGLNFTWDNQLFEECVNDFECKKLEKSKAVLANHSIRSDNDWSPNWVFLFMKSQLCTKYEKQYVDAKAGQTLACFQHMILVTFAPYCRYME
KLKDSYSVGN- -LLYQNLKEKLSLSFSWDQGLLDECLNDFETKKLLKSKATLANHSIRSDIDWSMDKIFLFMKSQLCTKYEKQYVDAKAGQTLACFSHLVLAKFAPYCRYME
KYMEARCTGR- -LMYEHFKEMFGIEWNHDQALLEECRNDFEVKKLQKSAETIKCHSNRSDCDWYLNDIFLFMKTQLCTKYEKQFVEAKAGQTLACFQHLLLAHFAPYCRYIE
KYMEARCTGR- -LMYEHFKETFGIEWNHDQALLEECRNDFEVKKLQKSAETIKCHSNRSDCDWYLNDIFLFMKTQLCTKYEKQFVEAKAGQTLACFQHLLLAHFAPYCRYIE
KYMAAIPYGV----- SMLQVFLKRIKLQSNFDHRLFEEARADFEEKKLQKSMATLENHSGRSDPDWSVEKALIFMKSQLCTKFDNRFRNAKAGQTLACFHHDVLCRLAPYIRYIE
KFMSAIPYGD----- TMLKVFLNKVRLKPNFDHRLFEEARNDFEEKKLQKSMATLENHSGRSDPDWEIEKALIFMKSQLCTKFDNRFRDAKAGQTLACFHHNVLCRLAPYIRYIE
KLVEAMPYGK - -FMLKEFLKKIPMNKSRDTKMMEQSKLEFEEKKLSKSAATIENHSGRSCRDWLIDIGLIFSKSQLCTKFDNRFRVAKAAQSIVCFQHEVLCRFAPYMRYIE

-FMLQEFLKHVPLKKPHNQAFMDASLADFEEKKTSKSAATIANHAGRSCRDWL IDTGLVFMKSQHCTKFDNRFRDAKAAQAIVCFQHAVLCRLAPFVRYIE
-FLLDTFLKRVPLNSSHDEKMMQEAVHAFEEKKLSKSMATIENHSGRSCEDWPVDKALIFMKSQLCTKFDNRFRSAKAGQTLACFQHSVLCRFAPYMRYIE
KLNRAKPYGK----- FLVSEFLKRIPLRGNLDPILFAKAKRDFEEKKTSKSAAVIENHSGRSCRDWLADVGFIFMKSQF CSKWDNRFRDAKAGQTLACFHHSILCRFAPYMRYIE

. PR ceokEk ok Sk ok ok ok k. sk ke kk K ok . P

EKVKKQLPKNVYIHTMKNFDQLNDWVKENV - -DEHL -GTESDYEAFDRSQDSLILAFELHLLKHMGWDENL LQDYKVIKMYMGCRLGSLAIMRFTGEFGTFFFNTMANLAFTVLR
KKFTANLPPSWYIHTMKNFDQLNNWVINYV--DQEE-GTESDYEAFDRSQDAIILGLEIECLKLFGWDQDLIDDYRKLKLRMGCRWGAIAIMRFTGEFGTFFFNTIANIAFTCLR
KKFTANLPPSWYIHTMKNFDQLNNWVINYV--DQEE-GTESDYEAFDRSQDAIILGLEIECLKLFGWDQDLIDDYRKLKLWMGCRLGAIAIMRFTGEFGTFFFNTIANIAFTCLR
KKFTANLPPSWYIHTMKNFDQLNNWVINYV--DQEE-GTESDYEAFDRSQDAIILGLEIECLKLFGWDQDLIDDYRKLKLWMGCRLGAIAIMRFTGEFGTFFFNTIANIAFTCLR
KKFTANLPPSWYIHTMKNFDQLNNWVINFV--DQEE-GTESDYEAFDRSQDAIILGLEIKCLELFGWDQDLIDDYRKLKLWMGCRLGAIAIMRFTGEFGTFFFNTIANIAFTCLR
KKLRAQLGENIYIHSGKQLDELNEWCMGYA---KGY-GTDSDYESFDRSQDALILAFELHLLRFLGWSVDQVEDYVTLKLRLGCRLGYLAIMRFTGEFGTFFLNTCCNMLFTCLR
KRLRSQLNDNIYIHSGKQLDELNEWCIRYS---QGY-GTDSDYESFDRSQDALVLAFEIHLLRFLGWNTDLIDDYVAIKLRLGCRLGYLAIMRFTGEFGTFFLNTCCNMLFTCLR
EKMRFCLKDNIYIHSGKKLDELNNWCIKYA---TGY-GTDSDYESFDRSQDALILAFEIHLLEFFGWTKDLIYDYVSIKLRLGCRLGNLAIMRFTGEFGTFFLNTCCNMLFTCLR
EKMRFCLKDNIYIHSGKKLDELNNWCIKYA---TGY-GTDSDYESFDRSQDALILAFEIHLLEFFGWTKDLIYDYISIKLRLGCRLGNLAIMRFTGEFGTFFLNTCCNMLFTCLR
QNLREQLSDKIYIHSGKQLDELNEWAIKYC---KVN-GTDSDYEAFDRSQDALILAFEIPLLEHLGWSQDLINDYVEMKLNLGCRLGNLAIMRFTGEFGTFILNTCCNMLFTCLR
QNLREQLSDKIYIHSGKQLDELNEWAIKYC---KVN-GTDSDYEAFDRSQDALILAFEIPLLEHLGWSQDLIDDYVEMKLNLGCRLGNLAIMRFTGEFGTFILNTCCNMLFTCLR
AKLRACLGENIYIHSGKKLEELNEWSKRYC---SDC-GTDSDYEAFDRSQDALILAFEIPLLRFLGWDESLVAEYIDIKLNLGCRLGYLAIMRFTGEFGTFFLNTCCNMLFTALR
KALRELLPEKLMIYSQKKYMDLDKWAKTWV - -ESMM-GTDSDYEAFDRSQDEKVLDLEVEVLRFFLWPEDLIREYEELKLMMGCALGDLAVMRFSGEFGTFFFNTVCNMVFSCMR
KALRAQLGDNVLIYSQLNYTDLDKWCKNFV--PSML-GTDSDYEAFDRSQDERILDFEMEVLKFFLWPEEVINEYKELKLMMGSSMGS LAVMRFSGEFGTFFFNTICNMAFTCLR
SAFLRSCGDSYYIHSGKNFFCLDSFVTKNASVFDGF -SIESDYTAFDSSQDHVILAFEMALLQYLGVSKEFQLDYLRLKLTLGCRLGSLAIMRFTGEFCTFLFNTFANMLFTQLK
AAFLRACGESYYIHSGKNFFALDTFVTRNASFFDGE -SIESDYTAFDSSQDHTVLAFEIELLKHLGVSNEFIMDYKKIKLTLGCRLGSLAIMRF TGEFCTFLFNTFANMLFTNLK
KLLLEMLPVNWYIHSGKNFNCLNDFVKTHL - -KDGMECVENDYEAFDSSQDHSILAFEVKFLRLIGWPADVVDDYIHLKCTLGCKLGGLAIMRFTGEFCTFLFNSLSNMAFCCTQ
KVLTANLPDNYYIHQRKNFSELEDFARRFS --NGSI-CVESDYTAFDVSQDHTILAFEVELLRHFGWDDRVLQSYIKMKCTLGCRLGGFAIMRFTGEFSTFLFNTLANMVFTFCR
KVFSKYCPENFYIHQRKDFDKLAEFSRKYC - -KGGF -CIESDYVAFDVSQDHNVLAFEVQLMEHIRIPECVISDYIRMKTELGCKLGNFAIMRFTGEFCTFLFNTFCNMAFTFMR
LKINEVMPEAFYVHSKKNFDELERWVKGNF - -IGPI-CVESDYEAFDASQDSTILAFECLILKDVGWPHDLIEDYKTLKLELGCKLGMLAIMRFTGEFGTFFFNTLANMAFTFCR
LKMMEKMPDSFYTIHSRKNFDELEKWVKMNF - - IGPI-CVESDYEAFDASQDATILAFEVQFLKEVGWPQDLIEDYIELKVNLGCKLGNLAIMRFTGEFGTFFLNTLANMAFTFCR
KKISEGLGKNFYIHQKKNFDVLNDWVVANN--FDSY-CLESDYEAFDSSQDCLILAFEYELLKYLGWDQSLLDDYLDLKFNLGCRLGNLAVMRFTGEFGTFLFNTLANMVFTFMT
KKLSLCLPDNYYIHQKKNFDMLNAWVVRND - - FSDE -CLESDYEAFDSSQDCLILAFEYELLKYMGWSQSLLDDYLDLKFNLGCRLGNLAVMRFTGEFGTFLFNTLANMVFTFMS
TQIRNQLPEEIYIHSNKNFDDLNAWVKKFF - -QRDI-CVESDYEAFDASQDEYILSFEIHLMKDAHFPQKIIDAYIDLKCKLGCKLGHFSIMRFTGEFCTFLFNTLANMAFTMCR
AQIRNQLPEEIYIHSNKNFDDLYRWVKNFF --QKDI-CVESDYEAFDVCQDEYILSFEIHLMKDAHFPQRVIDAYIDLKCKLGCKLGHFSIMRFTGEFCTFLFNTLANIAFTLCR
KQLRAQLPGEIYIHSNKNFNDLNEWVKKHA--GDDL -CVESDYEAFDASQDQYILSFELFMMRHMHIPEQIIQAYIDLKVNLGCKLGHFAIMRFTGEFSTFLFNTLANMAFTMCR
KMLRRNLKEEIYIHSNKNFNDLNDWVVKFF - - EEGE -KVESDYEAFDASQDHYVLAFEVCVMEDMGLPNWF INDYIDLKCTLGCKLGHFAIMRFTGEFSTFLFNTLANMAFTFAR
KQLTRMLPDEIYIHSSKNFDELNEWVIKHF --QNDI-CVESDYEAFDASQDQYILAFEMALMKDAGMPDHILDDYLKLKCELGCKLGKFAIMRFTGEFCTFLFNTLANMAFTISR
KQLVRMLPDEIYIHSSKNFDELNEWVIRHF --QNDI-CVESDYEAFDASQDQYILAFEMALMKDAGMPDHILDDYLKLKCELGCKLGKFAIMRFTGEFCTFLFNTLANMAFTISR
KKVFKALPSNLYIHSARNFDDLRDWVIKNN--FTGV-CTESDYEAFDSSQDVNILAFEVSLMEYLRLPRDLIEDYKYLKFHTHSKLGQFAVMRFTGEAGTFLFNTLANMVFTFMR
KKVFDALPRNLYIHSGKNFDDLRDWVINSN--FSGM-CTESDYEAFDSSQDANILAFEVSLMNYLNLPRDLIEDYKHLKFNTHSKLGQFAVMRFTGEAGTFLFNTLANMVFTFMR
KKLHQALPGNFYIHSGKGLEELNEWVMRGR - - FDGV -CTESDYEAFDASQDQYIMAFEIEMIKYLGLPADLISDYEF IKTHLGSKLGNFAIMRFSGEASTFLFNTMANMLFTFLR
RKIAEVLPEKFYIHSGKGLEELNAWVTRGR--FEGV-CTESDYEAFDASQDQYILAFELHVMKYLGLPRDLIEDYKFIKMHLGSKLGNFAIMRFSGEASTFLFNTMANMLFTFLR
SKVTEVLPKNLYIHSGKNIDDLAAWVTTSK - - FNGV-CTESDYEAFDASQDHFILAFELEVMKFLGLPSDLIADYTFIKTHLGSKLGSFAIMRFTGEASTFLFNTMANMLFTFLR
YKLQAASPSNLYIHSGKNLEDLNEWVIRNK - -FSGM-STESDYEAFDSSQDHFILSFEIEIMKHLQLPWDLIEDYVYIKTHLGSKLGNFAIMRFTGEASTFLFNTMANMLFTFLR
.. . * ok *

* . s Rk kR k.. ok K ogakkk kR kka ke ko

1219
1220
1220
1221
1221
1393
1393
1431
1431
1397
1397
1412
1326
1321
1213
1214
1451
1490
1461
1490
1487
1302
1302
1596
1621
1313
1624
1458
1458
1657
1667
1688
1593
1818
1662

1327
1329
1329
1330
1330
1502
1502
1540
1540
1506
1506
1521
1436
1431
1323
1324
1566
1600
1571
1600
1597
1412
1412
1706
1731
1423
1734
1568
1568
1767
1777
1798
1703
1928
1772

1439
1441
1441
1442
1442
1613
1613
1651
1651
1617
1617
1632
1548
1543
1437
1438
1679
1712
1683
1712
1709
1524
1524
1818
1843
1535
1846
1680
1680
1879
1889
1910
1815
2040
1884
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i

e
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PRRPRRE
=

-

1
1

CtChVv-1:YP_009103999.1
CtChv-2:YP_009103996.1

DiVA:YP_006905850.1
ObRV1:YP_009408144.1
CLBV:NP_624333.1
CLBV:AFA43536.1
AVCaV:YP_008997790.1
CPrV:YP_009505632.1
WVA:YP_009357235.1
WVA:QEA69426.1
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GCLV:YP_004936159.1
ASPV:NP_604464.1
APV1:YP_009094347.1

YNVN-RNTRLALAGDDMYAVGKLQ- - LRRDREDLLDK - FTLKAKVQFTESPMFCGWYMTPFGIIKEPRLVLERWLIAEEKGTLKECIINYAIEVSYGYRLGEYQYEVIK---NIE
YNIT-RDTVIAFAGDDMYASGKLE --IRKDREDLLAH-LTLKAKVQFTEKPMFCGWYIKKMGIVKEPRLVLERWLIAERKKVIDQCFINYSIEVSYGYRLGEYLWEYFD---NLE
YNIT-RDTVIAFAGDDMYASGKLE --IRKDREDLLAH-LTLKAKVQFTEKPMFCGWYIKKMGIVKEPRLVLERWLIAERKKVIDQCFINYSIEVSYGYRLGEYLWEYFD---NLE
YNIT-RDTVIAFAGDDMYASGKLE --IRKDREDLLAH-LTLKAKVQFTEKPMFCGWYIKKMGIVKEPRLVLERWLIAERKKVIDQCFINYSIEVSYGYRLGEYLWEYFD---NLE
YNIS-RDTVIAFAGDDMYASGRLE --IRKDREDLLSH-LTLKAKVQFTDKPMFCGWYIKKKGIVKEPRLVLERWLIAERKKVIDQCFINYSIEVSYGYRLGEYLWEYFD---NLE
YKIN-KNTPTIAFAGDDMFSPGRLE --VRRDREFLLNR-FSLKAKVNFSKEPMFCGWRMTPYGIVKEPKLVLERFKIAEERGCFKECLINYCLEVSFAYRLGERLYDVIK---NIQ
YKIN-RRTPIAFAGDDMFSPGRLE --VRRDREFLLNR-FSLKAKVNFSKEPMFCGWRMTQYGIVKEPKLVLERFKIAEERGCFKECLINYCLEVSFAYRLGERLYEVIK---NVQ
YRFD-SKTPFAFAGDDMF SPKRLD - -VRHDREFLLKR-FSLKAKVSFSRRPMFCGWRMSKYGIVKEPRLVLERFETAKERGILKECLINYCLEVSFAYRLGDKLYEVID---NIE
YKFD-SKTPFAFAGDDMFSPKRLD - -VRYDREFLLKR-FSLKAKVSFSRKPMFCGWRMSKYGIVKEPRLVLERFETAKERGILKECLINYCLEVSFAYRLGDKLYEVID---NIE
YEIN--GLPIAFAGDDMFAPGLLK --IRKDREFLLDR-FSLKAKVNFSRKPMFCGWRMTRYGIIKEPKLVLERFRIAKERGAFQECLINYCLEVSFAYRLGDRLYDLIE---NIE
YEIN--GLPIAFAGDDMFAPGFLK - -IRKDREFLLNR-FSLKAKVNFSRKPMFCGWRMTRYGIIKEPKLVLERFKIARERGTFQECLINYCLEVSFAYRLGDRLYDLIE---NIE
YKID-CKTPICFAGDDMFSPGRLS--LRHDREFLLER-FKLKAKVNFSLNPMFCGWRMTKFGIVKEPKLILERFRIARERGNFRECLINYCLEASFAYRLGDRLYDVIK---NIE
YHID-RNTPMCFAGDDMYSPGILR--VKKDYEATLDQ-LTLKAKVHISEEPLFCGWRMSPFGIIKEPNLILDRWKIALRSGNLSLCLVNYAIEASFGYRLSEHLYDV---NIDVD
YKIN-KDTPICYAGDDMYAPGHLI - - ISKEHEGTLDQ-LSLKAKVRVSTEPLFCGWRMSPYGIVKDPNLLLDRWKIAKRGGNLDQCMVNYSLEACYGYRLGEYLFDI---NIDID
YKIDPRRHRILFAGDDMCSLSSLKRRRGERATRLMKS -FSLTAVEEVRKFPMFCGWYLSPYGIIKSPKLLWARIKMMSERQLLKECVDNYLFEATIFAYRLGERLYTILK-EEDFE
YKIDPHRCRILFAGDDMCSLTRLRKRNSKESQRLLSQ-FSLEAVEESRKFPMFCGWYLSPYGILKSPKLLWARIAMMRERNLLAECVDNYLFEAIFAYRLGERLYRILK-EEDVE
YSGA-EGFPILFAGDDMCIFGQIS - -ESKGGKELLDRCLRLKSKTFRKYDPEFCGWRLTPLGIFKDPILMYTRTKLHHEQGRLKEVINSYALELAFGYRLGDYCYEFMT-EEQMG
YEVP-DGTPICFAGDDMCALRNLR--EIDTHEFILSK-LSLKAKVNRTKVPMFCGWRLCCDGLIKEPCLIYERLQVAIENGRLMDVIDSYFLEFSFAYKLGERLYSHLE-IEQLN
YQMS -GHEPICFAGDDMCALADLK - -ESDEYNAFFKS - FSLKAKVCRTVKPLFCGWRLTKFGLYKEPVLVYERLKIATEKDKLDLVIDSYFLEFCYAYKLGSWLDWVLD-EEQAD
YNVN-RTTPICFAGDDMCILTNAK - - IRNEMNDFIGS - LKLKAKVEWKINPIFCGWILSRRGILKLPSLVYYRLNIAKEKGNLKDCIDSYMIEAGYAYRKGAFIEELLD-EDQMS
YNVN-RTTPICFAGDDMCILTDAK - -VRHDLDEFINS-LKLKAKVEWKINPIFCGWILSRYGILKLPSLVYYRLCIALEKGNLKDCIDSYMIEAGYAYRKGAFIDELLT-EEQMN
YDLN-GTESICFAGDDMCCNRGIKARVDGKYDHILKR-LTLKAKAVITKEPTFCGWRLTKYGIFKKPELVLERFLIATEKGRLLDVIDSYYIECSYAYNLGERLFECFS-EKDFS
YDLT-GKEAICFAGDDMCCNKGIRRRTDGRFDHILNR-LSLKAKAVITTEPTFCGWRLTKYGIFKKPELVLERFLIATEKNKLKDVIDSYYLECSYAYSLGERLFECFS-EKDFV
YEWR -RGQPTAFAGDDMCALNNLA - -VCHDFDDLFEL - ISLKAKVERTETPMFCGWRLTPYGIVKEPELVYNRFQVAIEEGKVLECLENYAIEVSYAYSLSERLYEVLKSERQVQ
YEWR-RGQPIAFAGDDMCALNNLP - - ICHDFDDLFEL - ISLKAKVERTESPMFCGWRLTPYGIVKEPELVYNRFQIATEEGKVMECLENYAIEVSYAYSLSERLYEVLKSERQIQ
YEWN-SGDPTAFAGDDMCALKNLK - -VTDQFNNVFEK - ISLKAKTQITEVPMFCGWRLSRFGIVKEPELVYNRFMVALERGNVKDCLENYATEVSYAYSLGERLFDILKREEQLE
YECD-HKTPTAFAGDDMCMLKACK - -VSDKFEDVLSK-LSLKAKVIRTEMPMFCGWNLSRYGIVKEPELVFNRFMVAKKRGNIDECLENYAIEVSYAYSLGEKLYEVLKREEQVE
YEWR -RGMPTAFAGDDMCSLSNLK - - LSDRFEDLFDK-ISLKAKTQWTEEPMFCGWRLSRHGIVKEPELVFNRFMVALEEGKVELCLENYAIEVSYAYRLGEKLYEVLKSERQIE
YEWR -RGMPTAFAGDDMCSLSNLK - -VSDRFEDLFDK-ISLKAKTQWTEEPMFCGWRLSRHGIVKEPELVFNRFMVALEEGKVELCLENYATIEVSYAYRLGEKLYEVLKSERQIE
YEIN-GREAICFAGDDMCANKLLR--KKSEFEHILDR-MTLKAKVQHTTEPTFCGWRLGNFGIVKRPQLVQERILTIALEKGNFHECIDNYAIEVSYAYNLGERLISIMS-EKELD
YETN-GRESICFAGDDMCANKLLR --KKKEYEHVLDR-MTLKAKMQHTTEPTFCGWRLGPFGIIKRPQLVQERIPTALEKGNFNECIDNYAIEVSHAYNLGDRLISIMS -EKELD
YEIR-GNEFICFAGDDMCASKRLP --LSRAYEGFLSK-LKLKAKVFFVKSPTFCGWHLSPDGIYKKPQLVMERMCIAKEKGNLIDCIDNYAIELSYAYKMGELALCRMD-EEETE
YEIK-GHERICFAGDDMCANARLR --HRLDQEKFLGL-LKLKAKVSFTQKPTFCGWNLCSDGIYKKPQLVLERLCIAKETNNLACCIDNYALEVAFAYKMGERAVLRMD-EEELQ
YDLN-GREAICFAGDDMCANSRLK - -VTNRFSNFLDK - IKLKAKVQFTATPTFCGWGLCEHGVFKKPDLVLERLQIARETRNLENCIDNYATEVSCAYKMGENLNLYLT-PQEVD
YDLN-GSEAICFAGDDMCANRRLR - -VSKKNENFLGK - IKLKAKVQFTEKPTFCGWNLCMDGIFKRPQLVLERLCVAREKDNLANCLDSYAIEVGYAFALGEKILQYMD-EEALQ
* o kkskokk . Lox . * kkkk . ke ok ok ks k. * ok .

DQQAIVRKIIKKSKFLPLSVFRLFHTV---- - - -DNGFGSSEHFSEEMG- - -VESEHHGCCGLEC-HLH---------------- 1605
DFQAIVRLVIKKKKQLPPAIRRIFETS- --NGVDFSGEVQETMG- - -GEGEHHGSCGLWC-NLH- 1606
DFQAIVRLVIKKKKQLPPAIRRIFETS- -NGVDFSGEVQETMG- - -GEGEHHGSCGLWC-NLH- 1606
DFQAIVRLVIKKKKQLPPAIRRIFETS---- --NGVDFSGEVQETMG- - -REGEHHGSCGLWC-NLH---------------- 1607
DFQAIVRLVIKKKKQLPPAIRRLFETS---- ----NGVDFGGEVQEAMG- - -GEREHHGSCGLWC-NLH---------------- 1607
DKQALVRIVVKNKKFLPKKIRKEFESF - -DHEFGGCGSVQEEGE - - -CDRVHRFGCGLEC-NI-- 1778
DQQALVRIVVKNKKFLPRKIRKEFESF - -DHEFGGSESVQEEGE - - -CDRVHRFGCGLEC-NL - - 1778
DQQELVRFVVKKKHLLPPKVRKEFESY - -DHEFGGCESVQEEGE - - -CNRVHSFGCGLEC-NL - - 1816
DQQELVRFVVKKKHLLPPKVRKEFESY---- ---DHEFGGCESVQEEGE - - -CNRVHSFGCGLEC-NL----------------- 1816
DLQLLVRIVVKNKHLLPKKIRSEFESF---- ---DHEFGGCESVPEESD- - -CLRVHSFGCGLEC-SV----------------- 1781
DLQLLVRIVVKNKHLLPKKIRSEFESF - -DHEFGGCEPVPEESD- - -CLRVHSFGCGLEC-SV-- 1781
DFQEVVRLIVKEKDNLPAQVKSEFESY - -DHEFGGHSQISEKSE - - -CRRVHSFGCGLEC-NI 1797
AQQELVREIVIKKHLLPKKISDLFSED- -ECERHSDGDEDFLSN--DVARLYRIE---------- 1707
AQQELVREIIKIKHKLPKGIRKLFSSD--- -PTECGSDGEELEFRV-------- RNEGGIESPTETE- 1707
YHYLVIRFFVRNSKLLTGLSKSLIFEIG-EG--IGS-KWLSSTSTASSRRSNLQ-TSKL- 1604
YHYMVVRFFVKNSKLLRGASKSLILEIG-EG--IGS--WPLSMSTHSLQKPNQK-TLRL 1604
YQKMTVDLFLRHKNMLFEVSLKGLRDSLYEGDLV 1826
YHQVLTRFFIRNKHLLRGDSRHNISEL ---- -EWLSDEDGDNDKGSQIEDRRRGYSNCWGEKLQNLF - 1884
YQQRLSRFFVKKRHLLKGKSLDYITHC- -DYLSDGSDEEDSKGFWEDCNRGYSN-CGVAF-KFYI- 1855
FHQLVIRSMIKSKHLMKGSSIHILEDL---------VDSYSDGV---------------------------- 1857
FHQLVIRRMIKAKHLMKGSSVEILKEI---------QDCFSDGVDD------- 1856
AHYCCIRIVHKNKSLLKGLSLERYREN- -RRFKHSCKSWIQRPSYR 1699
AHYCCIRLVHLHKDLLRGQSLDKYISN- -QRFGLGCKLLGQKHLSK-=--=---=---------Sl----------------- 1682
YHQAVVRFIVTHIDKLKTKVRDLFLEQ- 1962
YHQAVVRFIVTHIDKLKTRVKDLFLEQ---- 1987
YHQAVVRFIVKHLGNLRTKVKDLFAEQ---- 1679
YHQAVVRFIVQRLDKLKTKVKDLFSDQ- 1986
FHQAVVRFIVLHLNKLKTSARELFEEQ- 1826
FHQAVVRFIVLHLNKLKTSARELFEEQ- 1826
AHYFCVRTFLQNKKLFSSNALEFFSES---- EGCLSPER-- 2027
AHYFCVRTFLQHKSLFSSNALEFFSEG---- ESCKSPDR-------- 2037
AFYNCVRIVVKNKHLLKSDIKNLFTTR- --- 2051
SHYNCVRIILQNKNLIKSNVLTYFSA-- 1951
AHYNCVRFIVQHNHLLKSNIRDLFKGE- 2183

2022

NHYNCVRFIIKHSHLLKSSVRDLFLSGM---

1547
1549
1549
1550
1550
1721
1721
1759
1759
1724
1724
1740
1656
1651
1550
1551
1790
1822
1793
1822
1819
1636
1636
1929
1954
1646
1957
1791
1791
1989
1999
2020
1925
2150
1994
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Fig. S2. Alignment of movement protein sequences of AgVT and related viruses

LVPVNTFLKKWESSQSITDA------ VDSSVIYTESPFNNLKGKMVSNKTEFKMPLNITE-DGRGISEAVPLFDRSEVQTMLNDKETEYVHI
LISVEKFRRQWEERESITGP------ VDSGAIYTNSAFHNLKTKWHVYKSECSIGLDLPD-NGKIISKDIPLFDQEEIDNIMKDDKQVFVHL
LISVEKFRRQWEERESITGP------ VDSGAIYTNSAFHNLKTKWHVYKSECSIGLDLPD-NGKIISKDIPLFDQEEIDNIMKDDKQVFVHL
-LISVEKFRRQWEERESITGP -VDSGATIYTNSAFHNLKTKWHVYKSECSIGLDLPD-NGKIISKDIPLFDQEEIDNIIKDDKQVFVHL
-LISVEKFRRQWEEKESITGP -VDSGAIYTSSPFHNLKTKWHVYKSECSVGLDLPD-NGKIISKDIPLFDQEEIENIMKDDKQVFVHL
- LVDVGQFRRKVNATGSIASA -VDSSAIYKLSPFHALQSDTYVRKSEFKVKMQQTG-ERGVACMSVPLFDDHDKQT - IRESKMPYVHI
VDSSAIYKLSPFHALQSDTYVRKSEFKVKMQQTG-ERGVACMSVPLFDDHDKQT - IRESKLPYVHI
VDSNAVYKLSPFHSLKNDTYVRKTEFKVKLQQSS - ERGVASISVPLFDDLDKNN-IRESKLPYVHV
-VDSNAVYKLSPFHSLKNDTYVRKTEFKVKLQQSS - ERGVASISVPLFDDLDKNN-IRESKLPYVHV
-VDSSAIYKLSPFHNLKSDTYVRKSEFKVKLQQTS - ERGVCSMAINLFDESDKAV - IRESKMPYVHV
-VDSSAIYKLSPFHNLKSDTYVRKSEFKVKLQQTS - ERGVCSMAINLFDESDKAV - IRESKMPYVHV
-VDSSAIYDLSPFHRLSRSTYVRKSEFKVKLEQSG-EKGVASMSIPLFDEIDKAT - IKDSGMPYVHI
MS - -QEGSLGTKASSFEPQ- - - -DIKVFHVKRSTRDLETLNKS -LHRGDVYNTELIEKVFPR---RTKKCVIHKDVIV-KDGRVDCDLDIMDEG-LDD-INEEEFPLYHV
MSSISRGSSSMTSSSTVPRAIAKSTKIFDVPKG-EDGRSVARA------ LNRNRVYKMDAFEKIFHQ- - -STLKSCVHDELIV-ENGVVDQNIDLVDEKTIDG-LNEEKQPYLHL
MA-------mmmmm oo L----- MKRIAKVSGRIATGATPIAELPSSFIYNDTKSLKGSAGILLERNEIVYQVEPSSISEDFRVTTIPIVPMEQLKL -LNGSNMNYIHF
* . . . ok . . .. . *

GALIFGIEALF--KVDQDLEVYCFI--VDRRRTDLESAIIGSSKLNMGMGRAAFCVRPNFSVAKEDLEDCMSISATIVYARNLRMRAGYRPFALSGGATYRCTNTSFARSKLKK -H
GAFVFGLVAHF - -PVDEEVEGLVSI - - IDKRRTDLRRATLACRKIKFVNGRCAFMMKPNFSVRKEDLRDGDTFCAAIKIKNLGF EGGFFPFSACGGVIYRTSNVSFAHAVDKT -F
GAFVFGLVAHF - -PVDEEVEGLVSI - - IDKRRTDLRRATLAXXKIKFVNGRCAFMMKPNFSVRKEDLRDGDXXCAAIKIKNLGF EGGFFPFSACGGVIYRTSNVSFAHAVDKT -F
GAFVFGLVAHF - -PVDEEVEGLVSI - - IDKRRTDLRRATLACRKIKFVNGRCAFMMKPNFSVRKEDLRDGVTFCAAIKIKNLGFEGGFFPFSACGGVIYRTSNVSFANAVDKT -F
GAFVFGLVAHF - -PVDEEVEGLVSI - - IDKRRTDLRRATLACRKIKF INGRCAFMMKPNFSVRKEDLRDGDTFCAAIKIKNLGFEGGFFPFSACGGVIYRTSNVSFAHAVDKT -F
AVVLIQISCLFDWAISEGMEGTFAL --MDTLFDNVQDNVIRACHFRFEEGRAACCFKLNFPICAEDALKGRPIVPYIKVVGANVREGLRGFSVSVGTIFSLNKTEFPSVPMKI - -
AVVLIQISCLFDYSMSEGMEGIFTL--MDTLFDNVKDNVIRACNFRFDEGRAACCFKLNFPVCAEDALKGRPIVPYIKVTGANIREGLKGFSVSVGTVFSLNKTEFPSVPMRI - -
AVVLIQISCLFDWSMTNGMEGTFAL - - LDTLFDNVKDNIIRACNFKFVDGRAACCFRMNFSICAEDAMSGRPIVPYIKVLGANIRDGLRGFSVSVGTIYSLNRTEFPSVQLKV --
AVVLIQISCLFDWSMTDGMEGTFAL - -LDTLFDNVKDNIIRACNFRFVDGRAACCFRMNFSICAEDAMSGRPIVPYIKVLGANIRDGLRGFSVSVGTIYSLNRTEFPSVQLKV --
AAVLIQISCLFDWAISEKMEGIFAL --MDTLFEDPEENVVRACNFRFVDGRAAGCFRMNFSICAEDAIKGRPLIPYIKVKGVNIREGLHGFSVSIGTIFSLNKTEFPSVPLKI -~
AAVLIQISCLFDWAISEKMEGIFAL --MDTLFEDPEENVVRACNFRFVDGRAAGCFRMNFSICAEDAIKGRPLIPYIKVKGVNIREGLHGFSVSIGTIFSLNKTEFPSVPLKI --
AAVVVQISCLFDKEKAENMKGTFAL - - FDTLFDNLDDNLIRACRFEFENGRAACCFKLDFSICANDAMSGRPVIPYVRVEGANIRSGLHGFSVSLGTIFSVNKTEFPSVPLKT - -
GCIVVALM- - - - -PHGKNLQGKVSVEVLDTRLVDGA-SRISRTLMDMSKPLSACADFPGYFISTSDLLNGYTLHLSITTTDLQFVDGVHPFSVQLMSIGRFCGEDMKTRYAITET
GCVAIAVI - - - - -PHGRAMKGTVQIKVEDQRFKEGH-GTVCSFKCDLKDALSAYASFPGYFVSTTDVKNGYALNLKVKAEGMCMVEGVHPLSTIQMHCIMKMCDANFEHRYALAKL
GALSISIDPLF--RRDSGVKGVAFV--YDSRWDNASQALLQAFHFDLNNGTASMVCSPNYSVQLSDPRLSTCLSAVLLFENLNFKSGSYAISVRIGITYRPFNSNIGRSLMS - - -
. .. . * . . . . PR * . * .. .

SACSVDDLLQSEILELSDLSDESVNSL - ---REDVERRVPLLEY--PDEKDY-~------- IPRRGLFRTKPSITRRTYGKR ---RRVDHVRS----------
ASRTVHDLVGTDILSLDQLDRATLEDL ----EE--VRRSPILRLTAPDERVM- - IERGNWFQKKPAIRRRSFGKRRP --QKSSSVRSASLPRFSCSE
ASRTVHDLVGTDILSLDQLDQATLEDL ----EE--VRRSPILRLTAPDERVM- - IERGNWFQKKPAIRRRSFGKXRP- - --QKSSSVRSASLPRFSCSE
ASRTVHDLVGTDVLSLDQLDQATLEDL - - --EE--VRRSPILRLTAPDERVM- - IERGNWFQKKPAIRRRSFGKRRP- - --QKCSSVRSASLPRFSCSE

ASRTVHDLVGTDILSLDQLDQATLDDL -
-DHDFVNIVGTEFLPKEKLSELTCEEI -

-EE--VRKSPILRLTAPDEKVM- - IERGNWFQKKPAIRRRSFGKRRP- - - - - - ---QRSSSVRSASLPRFSCSD

SLPRG----RKEPTRIRDYSVMSSSGCLIEKDGSNKEGKVGNATGG - - - -RRSVDN

-EHDFVNIVGTEFLPKEKLSELTYEEI- SLSRG- KKEPIRIRDYSVMSSSVDLMNRDGSDKERKIKDEERG----RCSLDN
-SNDFINIVGTDFLPKEKISELCYEEI- TISRG- RKEGVRLRDYSIRSSTCNLI-KNGDHKKGEAGNNERG- - - -RRSVDY
-NNDFINIVGTDFLPKEKISELCYEEI- TISRG- RKEGVRLRDYSIRSSTYNLI-KDGNYKKGEAGDNERS - - - -RRSVDH

-KDEYMDIVGTDFLDKKSIDELTINEM----TEAQTEMQAL
-KDEYMNIVGTDFLDKKSIDELTINEM----TEAQTEMQAL
-EDNFIDIVGSDLMNKEELLKKERRDL -

CVSRG- - --RKDPIKLRDYSIRSNSKKPIIYNGSSSERKRRDEERS - - --IKHFEE

CVSRG- - --RKDPIKLRDYSIRSNSKKPIIYNGSSSERKGRDEERG----IKCFEE

QIKRG- RKAPIRVRDYSFRSSCKSSI-EDGCHKERERCDEERS - NFSADS

SKMLHQNILNTEG-DGELI QK----VPDTLVMPEVFETIKKFGLKTNGTLRQEGRD - ----

KPGAYQEL LNSQQVPGFET Qf --NNETGGIKDTLVMPNVYDAIRKLHPNHVGGYIKDGQS -

-DQTNYKIDGKD------ INDLDLKEFGLQPGDNIDRYFSLV----PSDSSSIVKSFVDSYKRKGLFTLKSDVRL---------------------- HRNDVGPL----------
. . . * .

—————————— DLGRRLLSIKDGPSNSQRSEGRSSGDDGHNVLRELQINRGEQGPRGT - -~
RLERGFES -ESLAGLVLDQKYGPNNFCADKRRSPESDSGS - LQQSMGRSSHSGSEGW- -
RLERGFES -ESLAGLVLDQKYGPNNFCADKRRSPESDSGS - LQQSMGRSSHSGSEEW- -
RLERGFES -ESLAGLVLDQKYGSNNFCADKRRSPESDSGS - LQQSMGQSSHSGSEGW- -
RIERGFES-ESLAGIVLDKKYGPNNFRSDKGGSSESDCGS - LQQPMGRSGHSSPERW- -
KVQTSSKTGPAVLRRCSSFSQGDDLWEHSTEGSKRTNRVR-RSGSVKRLVRSGVRGA- - - - - - -PRADGPGKGISRG------------- GEQSSSGRSLQIQGEFLQSGSESDS
KVQTAGEAGSTILRRSSSISEGNGVREHRSERGKRTDRIR -GSRSVKRLVRAGVRGA- - -REQNSEGGGIQIQSEFFQPGSESDS
KIQGASASGAAVLGRSASFSSGIHLREHSSERGVRVNRMG-GRRGFLRKVGKQ-HGL - - -DQSGAEGSSFQLQSESAHSDSESDS
KIQGTSTSGAAVLNRSASFSSGVHFREYSSEGGVRVDRMG -GRRGHLRKVGKQ-HRF - - - - - - -SHSKEPGTGTSRG------------- DQSGAKGSSLQLQSESAHSDPESDS
EVWKS-ASRFSLDKRPVLASSSVRIREYCSEGSKSDDGIR-ELCSGERRVFGGRRGTGREFTGTSWADFRGRGTDGGSSSNNNKEDQIEGTNSSSKGSECGVQSELLHSSK -- -~
EVWKS-ASRFSLDKRPVLASGSVRIREYCSEGSKSDDGIR-ELCSGERRVFGGRRGTGREFTGTSWSDFGGRGTNGGSSSNNNKEDKVEDASSSSKGSECGLQSELLHSSK ----
EVQTSDASRHSLRRSNSATHSGIHLRKHSSEGSFKFNGMG - GHRGSNGPLYSG-SGWG- - - - - -SLHKELGGTSSGG------------- REQGNEGCLFQTEGKLPSNDYEPDS
—————————— KGDNRRVGVGESPTN mmmmm----- e
—————————— EEGDRGVGADRG
—————————— SFKGNSLFLQEGTSNKEMAPVRTENESCPNVFSKGSGDPMVKMVKSK - - - - - - - - - - - -SGCAENSAEFERYLKQDYNFGRYVDSSGAE INSQERADRKVERGES

———————— 355
———————— 358
358
358
358
383
383
381
381
398
398
382
278
290
STSWADRR 369

197
197
197
197
197
197
197
197
197
197
197
197
206
212
196

272
284
284
284
284
287
287
286
286
287
287
286
263
274
268

355
358
358
358
358
381
381
379
379
396
396
380
278
290
361
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Fig. S3. Alignment of coat protein sequences of AgVT and related viruses
AgVvT M--DPQTLKDLKAEVLEMTATMYSGSFKSIEGNKDLEELAMQYLLEFIFGMIAIRGASEKVK -WENSGIESETFN--FEVERKKTTPGAGAASASVTI-------------=--- 93
PVT:YP_002019750.1 M--DPTTFVQIRDEVLNLTVAAYSSQWDG-QATQALKDGAKEQMLRFLFGRIAISSASRNTI-WPD----------- TEIASEDLQIGMSAASA--- -GPPPV- 84
PVT:AFU55323.1 M--DPTTFVQTRDEVLNLTVAAYSSQWDS -QATQALKDGAKEQMLRFLFGRIAISSASRNTI-WPD --VEITSEDLQIGMSAASA- --GPPSV- 84
PVT:ADX41473.1 M--DPTTFVQIRDEVLNLTVAAYSSQWDG-QATQALKNGAKEQMLRFLFGRIAISSASRNTI-WPD --TEIASEDLQIGMSAASA- --GPPPV- 84
PVT:AXK90541.1 M--DPTTFVQIRGEVLNLTVAAYSSQWDG-QATQALKDGAQEQMLRFLFGRIAISSASRNTL -WPD --TEISSEDLQIGMTAASA--------- GPPPV- 84
PrVT:AHM92768.1 MGLTKKERSKMRKEVDVLLITKFKPQV ---KQGQQFSDAAQAFLKEMVFGNIALKGASEQTE-FED --QEVSSGWFVPGLGGRHGQMDLEAEFPGEENR - 93
PrVT:YP_009051686.1 MGLTKKERSEMRREVDALLITKFKPQV ---KQGQQFSDAAQAFLKEMIFGNIALKGASEQTE-FED----------- QEVSSGWFVPGLGGRHGQMDPEKEFPGEENK - ------ 93
ChVT:QNG41877.1 MGITKKERQEIMKEVDGVLTTKFKGQV ---PQGQQFSVEVLHFLQEYIFGNIALKGASESTE-WED----------- VEVSSGKWANNT-GFHTARNLDLELPGETSR------- 92
FiTA:QED42806.1 MGITKKERLEIMKEVDGVLTTKFKGQV ---PQGQQFSIEVLHFLQEYIFGNIALKGASELTE-WED --VEVTSGKWANNT-GFHTARNLELELPGEINR- 92
TrTA:QED42834.1 MGVTKKERDVMRREVTSLLILKFKPQM---PQGIPFDEATLQFILEYIFGNIALKGASSSTE-WED IEVQTGLYTPGVGGAHFTRSLEELLPGEENK------- 93
ZoVT:QBS17027.1 MGLLLKEKEEMRKEVSNILRKKFGNQL ----QGLVWTNDLFLHLAQFVFGNIALKGASQMTE -FGNYVLESEGCLVAVEAQAGSSQEQAGQTSGDEEPTEGAVATTTRRTRSRVQ 110
ZoVT:QBS17033.1 MGLLLKEKEEMRKEVSNVLRKKFGNQL - - --QGLVWTNDLFLHLAQFVFGNIALKGASQMTE -FGNYVLESEGCLVAVEAQAGSSQEQAGQTSGDEEQTEGAAATTTRRTRSRMQ 110
GVA:NP_619665.1 MA-HYAKRVEIRAIIEELVLAKAQPTDDA----- SESGYDRNMYLNTLFGYIALVGTSKKAIHYGE 69
AcVB:YP_004935361.1 MSGATSRTGNLRKEIEELVLTGVVLAPDA----- KTAGVDKGMYLRTLFGYIALNGTSKKTTHYDD 70
GPGV:YP_004732980.2 M----SIRQELRSTVRRELIAKLSEAN---QVLHGLTEGNKDLVLDHIFANIAVEGTSGETI-YPT 66
* . .k LY .k .

AgVT --EKETVGVSFKVNFLTYTQAVRVLLTSSKNKRIKGKTFRQACIPFAEHAKNYLLGHPEC - -KTAIFAKAPKSAGRAPHVAFDFAEGLNYN- - -TLKNEEKSVIQWMSARLFKTQ 201
PVT:YP_002019750.1 --AAAPISLIFRVNFNSYVKMLIALSNTSTNSFVKNKTLRQMCMPFAKYAYGYLS - - -EMGYATWAYEKMPKLCRKAKWVAFDFASGLLIDTTMQLNDDEKTVIQGLGARLFKTQ 194
PVT:AFU55323.1 --AAAPVSLIFRVNFNSYVKMLIALSNTSTNPFVKNKTLRQMCMPFAKYAYGYLS - - -EMGYATWAYEKMPKLCRKAKWVAFDFASGLLIDTTMQLNDDEKTVIQGLGARLFKTQ 194
PVT:ADX41473.1 --AAAPISLTFRVNFNSYVKMLIALSNTSTNSFVXXKTLRQMCMPFAXXXXGYLS - - -EMGYATWAYEKMPKLCRKAKWVAFDFASGLLIDTTMQLNDDEKTVIQGLGARLFKTQ 194
PVT:AXK90541.1 --PAAPVSLVFRVNFNSYVKMLLALSNTSTNSFVKSKTLRQMCIPFAKYAYGYLS - - -EMGYATWAYEKMPKLCRKAKWVAFDFASGLLIDTTTQLNDDEKTVIQGLGARLFKTQ 194
PrVT:AHM92768.1 --TLREGAYKFKVNFFSLVQSLTVLLRSSGSVFVHNKPFRRMCVAYASEAKAYLEAKKVDGEFTNLVLKMPATCKHAPEVCFDFNEGLDVL - - -RLTDVQAQVMQRLSRRLFATE 203
PrVT:YP_009051686.1 --ALRDGAYRFKVNFFSLVQSLIALLRGSNNVFVNNKPFRRLCVAYASEAKAYLEAKKVDGEFSNLVLKMPATCKHAPEVCFDFNEGLDVL ---RLTDVQAQTMQRLSRRLFATE 203
ChVT:QNG41877.1 --ELRAAAFNFKVNLHTLTQSLTALANSSSNVFVSNKSLRRLCVPYAERAKTYLSIRKVDGEYTNLVQKMPDTCRLAPEVCFDFNEGLDVL - - -KLTDVQARVMQKLQRRLFATE 202
FiTA:QED42806.1 --ELRAAAFSFKVNLHTLTQSLTALANSSSNVFVSNKSLRRLCVPYAERAKTYLSIRKVDGEYTNLVQKMPDTCRLAPEVCFDFNEGLDVL - - -KLTDVQARVMQKLQRRLFATE 202
TrTA:QED42834.1 --AMRDASFKLKVNFHQMIMSLTALLKSSNSPFVRNKTFRRLCAPFAEEAMNYLNYRKTEGEYSNLVMKMPETCRAAPEVCFDFNEGLDVL - - -RLSATQTKVMQKLQRRLFASE 203
ZoVT:QBS17027.1 IPVPREVNVVFRVNFFTLVKSFNMLLSTSENTFVRNKTLRRLCLPFADEAKTYLEIAKGYGEYTTLVTKMPGTCKHAPEVCFDFNEGLDVG - - -RLTDVQTSVMQKIQRRLFHTE 222
ZoVT:QBS17033.1 VPAPREVNVVFRVNFFTLVKSFNMLLSTSENTFVRNKTLRRLCLPFADEAKTYLEIAKGYGEYTTLVTKMPGTCKHAPEVCFDFNEGLDVG - - -RLTDVQTSVMQKIQRRLFHTE 222
GVA:NP_619665.1 --KKTGIDPRGKMVVSELVGRMRTLSVAVSEGPVKGATLRQMCEPFAQNAYDFLVVMAEMGTYSQLATKMTRSGFKEPQVMFDFASGLDLK - - -ALTLQEATVIQAMHSRLFRTE 179
AcVB:YP_004935361.1 ---ETSIDSRGKINVATAVRQMLSFSRITPTGAAKGATLRQMCEPFAEEARECLAILASKGIYSQLATKLSKLGQKEPQVMFDFNGGLDLG---RMSATEAATTQSLNSRLFRTE 179
GPGV:YP_004732980.2 176
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