Acta virologica 64: 36 - 43, 2020

Identification of Trichosanthes associated

rhabdovirus 1, a novel member of the genus Cytorhabdovirus of the family

Rhabdoviridae, in the Trichosanthes Kirilowii transcriptome

C.J.GOH, D.PARK, Y. HAHN"

Department of Life Science, Chung-Ang University, 84 Heukseok-ro, Dongjak-gu, Seoul 06974, Republic of Korea

Received November 6, 2019; accepted November 15, 2019

Summary. - The genome sequence of a novel RNA virus, Trichosanthes associated rhabdovirus 1
(TrARV1),wasidentified in a transcriptome dataset isolated from a root sample of Trichosanthes kirilowii,
which is a flowering plant belonging to the family Cucurbitaceae. The fruits, seeds, and root tubers of T.
kirilowii have been used clinically in traditional Chinese medicine. The TrARV1 genome sequence was
predicted to have six open reading frames (ORFs) encoding five canonical structural proteins of the
family Rhabdoviridae (N ORF for nucleocapsid, P ORF for phosphoprotein, M ORF for matrix protein, G
OREF for glycoprotein, and L ORF for polymerase), and an accessory protein. Sequence comparisons and
phylogenetic analyses based on L and N proteins confirmed that TTARV1is a novel member of the genus
Cytorhabdovirus of the family Rhabdoviridae. TrARV1 is most closely related to Wuhan insect virus 5
and persimmon virus A. The putative cis-regulatory elements involved in transcription termination and
polyadenylation, commonly found in the gene junction regions of rhabdoviruses, were also identified
in the TrARV1genome having the consensus sequence 3'- ACUAAAUUAUUUUGAUCUUU-5" The genome
sequence of TTARV1 may be useful to study the evolution and molecular biology of cytorhabdoviruses.
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Introduction

Cytorhabdovirus is a genus of negative-sense, single-
stranded RNA viruses and one of the 18 approved genera
inthe family Rhabdoviridae (Dietzgen et al.,2017; Maes et
al.,,2019). Currently, the genus Cytorhabdovirus comprises
11 species, including the type species, Lettuce necrotic
yellows cytorhabdovirus, which is represented by lettuce
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Abbreviations: LNYV = lettuce necrotic yellow virus; NCBI = Na-
tional Center for Biotechnology Information; ORF(s) = open
reading frame(s); PeVA = persimmon virus A; RARp = RNA-
dependent RNA polymerase; SRA = Sequence Read Archive;
TrARV1 = Trichosanthes associated rhabdovirus 1; TTP = tran-
scription termination polyadenylation; WhIV-5 = Wuhan insect
virus 5

necrotic yellows virus (LNYV) (Dietzgen et al.,2006; Maes
et al., 2019).

Cytorhabdoviruses are plant-infecting viruses and
their replication and maturation occursin the cytoplasm
of infected cells (Jackson et al.,2005; Franova et al., 2019).
Some cytorhabdoviruses have also been detected in
insects, mainly aphids, leafthoppers, and planthoppers,
which may be transmitting vectors (Ammar el et al.,
20009; Li et al., 2015; Yang et al., 2017; Whitfield et al., 2018;
Bejerman and Dietzgen, 2019). The virions of cytorhab-
doviruses have a bullet-shaped structure with an envel-
oped capsid, containing a linear, negative-sense, single-
stranded RNA genome, about 13 kb in length (Heim et al.,
2008; Walker et al.,2018). The 3'and 5' terminal regions of
their genomes are partially complementary to each other
(Jackson et al., 2005; Franova et al., 2019).

The cytorhabdovirus genomes have six to 10 open read-
ing frames (ORFs) (Walker et al., 2011; Ito et al., 2013; Bejer-
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man et al.,2015; Dietzgen et al.,2017). The genome of LNYV,
for example, has six ORFs encoding a nucleocapsid (N),
phosphoprotein (P), 4b protein (4b), matrix protein (M),
glycoprotein (G),and polymerase (L) (Dietzgen et al.,2006).
Five genes, N, P, M, G, and L, are canonical structural pro-
tein genes that are shared among rhabdoviruses (Walker
etal.,2011; Dietzgen et al.,2017). The L protein contains an
RNA-dependent RNA polymerase (RdRp) domain and is
capable of viral RNA genome replication and viral mRNA
transcription (Ammar el et al., 2009).

Cytorhabdoviruses produce distinct mRNAs, one for
each of the protein coding genes, which are transcribed
fromthe negative-sense RNA genome (Jackson et al.,2005;
Walker et al.,2011). The conserved cis-regulatory elements,
known as the transcription termination polyadenylation
(TTP) elements, are present in gene junction regions of
rhabdoviruses (Jackson et al., 2005; Heim et al., 2008;
Franova et al., 2019). The TTP element regulates tran-
scription termination and polyadenylation of upstream
mRNAs and may serve as a transcription initiation site
of the downstream gene. The consensus sequence of the
TTP element is known as 3-AUUNUUUU-5!, where N is
any nucleotide (Jackson et al., 2005; Franova et al., 2019).

Transcriptome data acquired from plant samples by
the high-throughput RNA-seq method often contain se-
quences derived from RNA viruses, which can be identi-
fied by a comprehensive sequence analysis (Nibert et al.,
2016; Pecman et al., 2017; Nibert et al., 2018). Analyses of
the publicly available transcriptome datasets hasrevealed
many novel RNA viruses (Kim et al.,2018; Park et al., 2018;
Leeetal., 2019).

In this study, we analyzed a transcriptome dataset
acquired from a root sample of Trichosanthes kirilowii
(also known as gualou), of the family Cucurbitaceae,
and identified the genome sequence of a novel member
of the genus Cytorhabdovirus, belonging to the family
Rhabdoviridae. Fruits, root tubers,and seeds of T. kirilowii
contain pharmacologically active substances and have
been used clinically in traditional Chinese medicine (Sha
et al., 2013; Ye et al., 2016; Yu et al., 2018). Many of these
substances show promising pharmaceutical potential
for treatment of cancer and other diseases. For example,
trichosanthin, a ribosome-inactivating protein isolated
from T. kirilowii root tubers, exhibits anti-tumor and
anti-human immunodeficiency virus activities (Sha et
al.,2013; Ye et al., 2016).

Materials and Methods

Transcriptome dataset. A transcriptome dataset (4.1 gigabas-
es) obtained from the root sample of T. kirilowii was retrieved
from the Sequence Read Archive (SRA) of the National Center

for Biotechnology Information (NCBI). The SRA Acc. No. for
the RNA-seq data is SRR2084104. Raw reads were trimmed
and filtered out using the Sickle program (version 1.33; https://
github.com/najoshi/sickle), with the parameters, “-q 30 -150.”
The resulting high-quality reads were assembled de novo, into
contigs using the SPAdes Genome Assembler (version 3.13.1;
http://cab.spbu.ru/software/spades), with the parameter, “-
rna” (Bankevich et al.,2012). The mapping of sequence reads to
acontig for examination of sequencing depth was achieved us-
ing the BWA program (version 0.7.17-r1194-dirty; https://github.
com/lh3/bwa) (Li and Durbin, 2009).

Known viral RdRp motif sequences. The Pfam database (re-
lease 32.0; https://pfam.xfam.org) was used to collect known
virus-derived RdRp motif sequences (El-Gebali et al., 2019). A
keyword search was performed with the search term “RNA-
dependent RNA polymerase”, and the resulting Pfam families
were manually inspected to collect virus-derived sequences.
A total of 2,539 RdRp motif sequences were obtained from 22
Pfam families (Pfam Acc. Nos. PF00602, PF00603, PFO0604,
PF00680, PFO0946, PF0O0972, PFO0978, PF00998, PF02123,
PF03035,PF03431, PF04196, PF04197, PF05788, PF05919, PF06317,
PF07925, PF08467, PF08716, PF08717, PF12426, and PF17501).
The USEARCH program (version 11.0.667; https://drive5.com/
usearch) was used to reduce sequence redundancy, with the
parameters, “-cluster_fast input -id 0.9 -centroids output -sort
length” (Edgar, 2010). As a result, 2,195 non-redundant viral
RdRp motif sequences were obtained.

Identification and annotation of virus genome contig. BLASTX
searches of the viral RARp motif sequences were performed
using assembled transcriptome contigs as queries to identify
novel viral genome sequences. The nucleotide (nt) and protein
sequence similarity searches of putative viral genome contigs
were performed using the BLAST web server at NCBI (https://
blast.ncbi.nlm.nih.gov/Blast.cgi). Based on the sequence com-
parison with related virus proteins, the ORFs were predicted.
The Pfam web server was used to predict functional domains of
viral proteins. Signal peptides and the transmembrane domain
of proteins were predicted using SignalP (version 5.0; http://
www.cbs.dtu.dk/services/SignalP) and TMHMM (version
2.0; http://www.cbs.dtu.dk/services/ TMHMM), respectively
(Moller et al.,2001; Almagro Armenteros et al.,2019).

Sequence comparison and phylogenetic analysis. Pairwise
identities of protein sequences were calculated using the
GGSEARCH program, in the FASTA package (version 36.3.8g;
https://github.com/wrpearson/fasta36). Multiple alignments
of viral protein sequences were produced using the MAFFT pro-
gram (version 7.450; https://mafft.cbrc.jp/alignment/software),
with the parameter, “--auto” (Nakamura et al., 2018). Phyloge-
netic trees were constructed using the IQ-TREE program (ver-
sion1.6.12; http://www.igtree.org), with the parameter, “-s input
-bb1000” (Nguyen et al.,2015). Putative cis-regulatory elements
conserved in gene junction regions, were detected using the
MEME web server (version 5.0.5; http://meme-suite.org/tools/
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Schematic representation of the TrARV1 genome organization
The genome organization of TrARV1(12,783 nt) is schematically depicted. The six protein coding ORFs for the nucleocapsid (N), phosphopro-
tein (P), 4b protein (4b), matrix protein (M), glycoprotein (G), and polymerase (L), are represented as boxes. The predicted protein domains
are marked by lines below the ORF: Ncap, Rhabdovirus nucleoprotein; SP, signal peptide; TM, transmembrane; RARp, Mononegavirales
RNA dependent RNA polymerase; and mRNAcap, Mononegavirales mRNA-capping region V. Sequencing depth of the TrARV1 genome
contig is shown at the bottom. The X and Y axes represent the genomic position and sequencing depth, respectively.

meme) with the default setting (Bailey et al.,2009). A sequence
logo representation of aligned sequences was prepared using
the WebLogo server (version 3; http://weblogo.threeplusone.
com) (Schneider and Stephens, 1990; Crooks et al.,2004).

Results and Discussion

Atotal of 4.1 Gbp of the T. kirilowii RNA-seq reads pre-
pared from a root sample were assembled into contigs.
The contig sequences were compared with the Pfam viral
RdRp motif sequences. A 12,783 nt contig showed high
sequence similarity tothe RdRp region of the L protein of
Wuhan insect virus 5 (WhIV-5) (Liet al.,2015). WhIV-5is a
member of the genus Cytorhabdovirus, belonging to the
family Rhabdoviridae (Jackson et al., 2005; Li et al., 2015;
Dietzgen et al., 2017; Walker et al., 2018).

A sequence similarity search of the NCBI protein data-
baserevealed thatthe 12,783 nt contig contained multiple
ORFs, showing sequence similarities with proteins of the
known members of the genus Cytorhabdovirus, such as
WhIV-5, persimmon virus A (PeVA), Trifolium pratense
virus A (TpVA), tomato yellow mottle-associated virus
(TYMaV), raspberry vein chlorosis virus (RVCV), and
strawberry crinkle virus (SCV) (Ito et al., 2013; Xu et al.,
2017; Koloniuk et al., 2018; Franova et al., 2019; Jones et
al., 2019). Therefore, the T. kirilowii contig was assumed
tobe a genomic sequence of a novel member of the genus
Cytorhabdovirus in the family Rhabdoviridae and was
named Trichosanthes associated rhabdovirus1(TrARV1).
The nucleotide sequence of the TrARV1 genome is avail-
able in the Third Party Annotation (TPA) section of the
DDBJ/ENA/GenBank databases under the accession
number TPA: BK011194.

Table 1. Open reading frames (ORFs) of the TrARV1 genome sequence

ORF Protein P°(s:t‘)°“ ORF(:I'i‘)‘gth Pmte(‘;‘;)e“gth Pfam domain AIC’Z‘:"II\‘I‘O_ P°(‘°:;‘)°“
N Nucleocapsid 117-1487 1371 456 Rhabdovirus nucleoprotein PF03216 67-399
P Phosphoprotein ~ 1601-2503 903 300 - - -
4b  4bprotein 2614-3294 681 226 - - -

M  Matrix protein 3515-4045 531 176 - - -

G Glycoprotein 4301-5962 1662 553 Signal peptide - 1-20

- - - - - Transmembrane - 502-524

L Polymerase 6216-12530 6315 2104 Mononegavirales RNA dependent PF00946 79-1062
RNA polymerase

- - - - - Mononegavirales mRNA-capping PF14318 1074-1309

region V
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The TrARV1 genome was predicted to have six ORFs
(N, P,4b, M, G,and L) based on sequence comparison with
ORFs of the WhIV-5 genome (Table1and Fig.1top). These
five ORFs (N, P, M, G, and L) encode canonical structural
proteins commonly found in viruses of the family Rhab-
doviridae (Walker et al., 2018). The L ORF is the longest
and encodes a 2,014 amino acid (aa) polymerase protein,
which is involved in replication of the viral genome and
transcription of viral mRNAs (Jackson et al.,2005; Walker
et al.,2018). The L protein was predicted to have a “Mon-
onegavirales RARp” domain (Pfam Acc. No. PF00946),and
a “Mononegavirales mRNA-capping region V” domain
(Pfam Acc. No. PF14318). The N ORF encodes a 456 aa nucle-
ocapsid protein that encapsidates the viral RNA genome.
A“Rhabdovirus nucleocapsid protein” domain (Pfam Acc.
No. PF03216) was predicted in the N protein. The P ORF
encodes a 300 aa phosphoprotein, which is a component
of the nucleocapsid core and forms complexes with N
and L proteins (Jackson et al., 2005; Walker et al., 2018).
The M ORF encodes a 176 aa matrix protein which forms
a layer encasing the nucleocapsid and interacts with the
viral envelope. The G ORF encodes a 553 aa glycoprotein,
which is embedded in the viral envelope. The G protein
was predicted to have a signal peptide at the N-terminus
and a transmembrane domain near the C-terminus. The
4b ORF encodes a 226 aa accessory protein that may act
as a movement protein (Ito et al., 2013).

The sequencing depth of the TrTARV1 genome sequence
was examined by mapping high-quality reads to the con-

tig (Fig. 1 bottom). A total of 3,445 reads were mapped to
the TrARV1genome contig. Interestingly, the sequencing
depth varied among ORFs. The average depth was found
to be highest in the M ORF and lowest in the L ORF. This
variation may indicate the transcription activity of viral
ORFs,which areindividually transcribed by the L protein.
A similar pattern of differencein sequencing depthamong
ORFs was also observed in other cytorhabdoviruses
(Franovaetal.,2019). The uneven distribution of sequenc-
ing depth indicates that the TrARV1 genome contig was
assembled from arelatively larger amount of viral mRNAs
together with viral genomic RNAs.

A sequence similarity search was performed against
the NCBI protein database using the TrARV1 L protein
sequence as a query, for the phylogenetic analysis of
TrARVL. A total of 20 representative viruses from the
genus Cytorhabdovirus were collected. The pairwise se-
quence identities between TrARV1 L and N proteins and
their respective orthologs were calculated (Table 2). The
TrARV1L and N proteins showed the highest aa sequence
identities of 60.9% and 57.8%, respectively, with ortholo-
gous WhIV-5 proteins. The PeVA L and N proteins showed
the second highest similarities, with sequence identities
of 49.3% and 35.3%, respectively.

A multiple sequence alignment of L proteins of TrARV1
and representative cytorhabdoviruses was generated
(Supplementary Fig. S1). A maximum-likelihood phyloge-
netic tree was inferred from the multiple alignment of L
protein sequences (Fig. 2). TrARV1 and WhIV-5 formed a

Table 2. Sequence identities of TrARV1 L and N proteins and their respective orthologs

Virus Acronym NCBI Acc. No.? L protein N protein
Wuhan insect virus 5 WhIV-5 NC_031227 1286/2111 (60.9%)® 267/462 (57.8%)
Persimmon virus A PeVA NC_018381 1045/2118 (49.3%) 164/464 (35.3%)
Wuhan insect virus 6 WhIV-6 NC_031232 903/2119 (42.6%) 156/468 (33.3%)
Trifolium pratense virus A TpVA MH982250 937/2141 (43.8%) 147/462 (31.8%)
Tomato yellow mottle-associated virus TYMaV NC_034240 874/2129 (41.1%) 132/464 (28.4%)
Strawberry associated virus 1 SAV1 MK159261 870/2141 (40.6%) 133/467 (28.5%)
Alfalfa dwarf virus ADV NC_028237 882/2124 (41.5%) 157/491 (32.0%)
Raspberry vein chlorosis virus RVCV MK?257717 883/2136 (41.3%) 150/490 (30.6%)
Strawberry crinkle virus SCV MH129615 884/2132 (41.5%) 147/472 (31.1%)
Wuhan insect virus 4 WhIV-4 NC_031225 868/2157 (40.2%) 153/496 (30.8%)
Cabbage cytorhabdovirus1 CCyV-1 KY810772 865/2123 (40.7%) 152/470 (32.3%)
Lettuce necrotic yellows virus LNYV NC_007642 897/2119 (42.3%) 148/464 (31.9%)
Lettuce yellow mottle virus LYMoV NC_011532 909/2123 (42.8%) 159/463 (34.3%)
Trifolium pratense virus B TpVB MH982249 893/2120 (42.1%) 158/462 (34.2%)
Bean-associated cytorhabdovirus BaCV MK202584 616/2188 (28.2%) 103/499 (20.6%)
Rice stripe mosaic virus RSMV NC_040786 618/2183 (28.3%) 110/510 (21.6%)
Colocasia bobone disease-associated virus CBDaVv NC_034551 661/2163 (30.6%) 107/496 (21.6%)
Maize-associated cytorhabdovirus MaCyV KY965147 680/2180 (31.2%) 119/495 (24.0%)
Maize yellow striate virus MYSV KY884672 671/2164 (31.0%) 119/487 (24.4%)
Barley yellow striate mosaic virus BYSMV NC_028244 663/2168 (30.6%) 123/487 (25.3%)

aNCBI Acc. No. for genomic sequence. "Amino acid sequence identities in the format: “identical residues/aligned length (% identity)".
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Phylogenetic relationship of TrARV1 and other cytorhabdoviruses
A phylogenetic tree constructed from multiple alignment of L protein sequences of TrARV1 and other members of the genus Cytorhab-
dovirus. The WhIV-5virusisthe closest to TrARV], and the second closest is PeVA. Cytorhabdoviruses are clustered into two clades (clade I
and clade IT). TrARV1 belongs to the clade I. Bootstrap branch support values, calculated from 1,000 replicates, are shown at the tree nodes.

strong subclade, with a bootstrap value 0f100%. Cytorhab-
doviruses analyzed in this study were clustered into two
clades named here as ‘clade I’ and ‘clade II. TrARV1 was
placedin cladeItogether with PeVA, TpVA, TYMaV, RVCYV,
and SCV.Amultiple alignment of N protein sequences was
also generated (Supplementary Fig. S2). A phylogenetic
tree based on N proteins showed almost identical topol-
ogy with the L protein tree, except a small difference in
Wuhan insect virus 6 and RVCV (Supplementary Fig. S3).
The phylogenetic analyses based on L and N proteins
confirmed that TrARV1 is a novel species of the genus
Cytorhabdovirus, which is most closely related to WhIV-5.

The cytorhabdoviruses have conserved cis-regulatory
elements known as TTP elements in gene junction re-
gions (Jackson et al., 2005; Heim et al., 2008; Franova et
al.,2019). These elements are known to be involved in the
transcription termination and polyadenylation of viral
gene mRNAs, which are separately transcribed by the L
protein (Jackson et al., 2005; Walker et al.,2011). The gene
junctionregions of the TTARV1 genome were investigated

tofind putative TTP elements. Two closely related viruses,
WHhIV-5 and PeVA, were analyzed to identify shared mo-
tifs among them. A total of 7 junction regions, 3'/N, N/P,
P/4b, 4b/M, M/G, G/L, and L/5', were extracted from each
genome sequence. A total of 21 junction sequences col-
lected from TrARV1, WhIV-5, and PeVA were subjected to
a motif search analysis.

A20ntsequence motif wasidentified in gene junction
regions of TrARV1, which was shared in WhIV-5and PeVA
(Fig.3).In each genome, the motif sequence was found in
6 out of 7junction regions: N/P, P/4b, 4b/M, M/G, G/L,and
L/5' No shared motif sequence was found in the 3'/N junc-
tion. The deduced consensus sequence of putative TTP
elements of TrARV1is3'-ACUAAAUUAUUUUGAUCUUU-5,
where the underlined sequence matches the known rhab-
dovirus consensus sequence 3'-AUUNUUUU-5' (N, any
nucleotide) (Jackson et al., 2005; Franova et al.,2019).

To conclude, the genome sequence of a novel RNA
virus named TrARV1 was identified from the T. kirilowii
transcriptome data obtained from a root sample. The
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TrARV1 genome was predicted to encode five major
structural proteins of the family Rhabdoviridae and an ac-
cessory protein. Sequence comparison and phylogenetic
analysis indicated that TrARV1is a novel member of the
genus Cytorhabdovirus in the family Rhabdoviridae. The
TrARV1 genome sequence reported in this study may
be useful to investigate the evolution of plant-infecting
rhabdoviruses.
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Fig. S1. Multiple sequence alignment of the TrARV1 L (polymerase) and related proteins

TrARV1I ------ MDFLELND--QFGSGDGNEVKHETDQLPDFHLRSPLHPLRGLY - - -LPPNRVPRRIRDSIEILRSIRSN-LVEG 68
WhIV-5:YP_009300875 ------ MDFLDFAD- -DFRNEDGAQRGSRTDQLPDFHLRSPLKPMTYLY - --DDTVR-SLRNQEAIELLTEIRRD-LKEG 67
PeVA:YP_0065765066  ------ MDYMAFCTGGAGDGETDVKANDKFDNLPDYHLRNPLHPMKYLY - - -TEANRSPIRIRKSLSSLRSHKKT-LTEG 70
WhIV-6:YP_009301361 ------ MDFLSLI----- NEDDCSQQPKKSVPLPDYHLRSPLKPLDWIH---MDHNRITSRNRLDLNYLRNYVRH-FIVG 65
TpVA:AYH53279 ------ MSYFFGN----- GDDDGEAPVIQKTILPDYHLRNPLKQPLWLS- - -DGKRKLPMRQRKDKAFLRSYYPD-AKWG 65
TYMaV:YP_009352236  ------ MDFISKLM----DDTEGLAQSISETPLADYHLRNPLKRLEW- -~~~ WDKQFVPSRQHKDRLRIRQSYPRAEPLK 65
SAV1:QDJ94287  ------ MDFREKLE----DDISDTQAIVSETALADYHLRNPLKEITW- -~ -~ WEKERLPARLYKDRLKIREIFGDRITLG 65
ADV:YP_009177021 = ------ MDFLV-=------ FNDDEHQAKVNKAPLPDYHLRNPIKPLLWLH- - --DDSRLTSRSRVDKAYLKKLGMGRIELG 63
SCV:AWK49433  ------ MDFAEK------ ANDTEDTSVRNKDPLPDFHLRNPVRPLDWLN- - - -NNMRATSRNRIDQAYINKIGNQRVRVG 64
RVCV:QBS46644  ------ MDYVN- == =---- HNTGEGGNVRKEDSLPDFHMRNPITQLEWLH- - - -DKTKLTSRNKFDLGVINSIGKHKVKVG 63
WhIV-4:YP_009300689 MFYLVKMDFH-------- DINDESEFRQKYDGLPDFHLRNPLRSFPHHIIE-IKNKSTDKRVKSSLEALRGVRKT-LKGG 70
CCyV-1:ATS17313  ------ MNFE--------- IESEGIKKKLYDPLPDFHLQNPLYSLNERIQAWKNKKRLPVRLYKSFHALSSASNN-LEEG 64
LNYV:YP_425092  ------ MDLW=-====-=-=--- NEETTPKKNAYDSLPDYHLQNPLYAITDQLSMLKRGKRLNYRLTSSYKLMKSQSTD-IKEG 64
LYMoV:YP_002308376  ------ MEIY--------- QDEDAPRKNIFDPLPDYHLQNPLYSISGLLDKIKKKERVNYRFHQSCRVLSKECSK-LVEG 64
TpVB:AYH53273  ------ MEIF--------- NEDGGRRKNQFDSLPDYHLQNPLYSISDLISKVLNRQRVNNRFYQSYRAMQRESSQ-IEES 64
BaCV:QAU20941 = ------ MSFFF----- EEGLVDEDGAQVFMRGLGDFHLRSAITLPKLAQ- - -LERGHGRKREVKSTIAKVKEKK - - -LFAA 63
RSMV:YP_009553369  ------ MDL-=--=-===---- DDGGLWRRARGLGDYHLRSALVTPSLER- - -FRSRKGRHREQLCFDRMKSLGWM- LRWV 58
CBDaV:YP_009362280 M----- ADF----------- DPFDEIRRPMKGLGDFHLRSALVPINLER- - -LKLGEGRWRERRAFTQMRQAFDD-ISVG 60
MaCyV:ARS22495  ------ MDFG----=-=----- LDDDELKKPLRGLGDFHLRSAIVPINISE- - -LLLGQGKRREQRSFNSIIRQIPN-IVAG 60
MYSV:ATN96453  ------ MDF------muuon- LDDEVKKRMRGLGDFHLRSAIVPIDING- - - LKEGKGRARELKSFKKIIRNYPD-VYKG 58
BYSMV:YP_009177231  ------ MDL-=--=-===---- LEDDVKRRMRGLGDFHLRSAIVPIEINS---LRAGIGRARELRAFRRIMQYHPN-VFCG 58
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TrARV1 LCIGYLQSTCP-SEITECERFLSNTIADLILEDITYKDHVDRLIRILSK--LTSPHHVTQLYGLHRIWGHPIVDNEKGME 341
WhIV-5:YP_009300875 LCIGTIQSRHS-SQIIGCRTFLENTINDLLLEDSRYEHHVILLLELFES--VESPHHMTQLYGMHRIWGHPIVDSTKGMS 340
PeVA:YP_006576506 ICIGELLSRGDPDSIVDNFRFLNNTVSDLYLESHIFGSKAEELIQILRG--HASPHHITQVYGLHRLWGHPIVDNRKGME 342
WhIV-6:YP_009301361 IVIGVLQARGN-DSITNPGAFLGNTLTDILMENPKMHNFAMKLVRILET--VSNPHHMTQLYGLHRAWGHPIVDSTKGMD 332
TpVA:AYH53279 LVVGCLQTRGE-GSLVDNKRFLDNTLKDLSGENVEYLYYGKRLVERIDK - -LESFHHISQVYGMHRVWGHPIVDSGKGMD 331
TYMaV:YP_009352236 LIIGYLQCKGV-NELVPSDRFLRNTLKDLRMSSTTHSEYASRLLEIMSR--VENKHHIIQIYGLHRSWGHPTVDSEAGMM 332
SAV1:QDJ94287 LMIGYIQCGGE-GSMVPPDRFLRNTMKDLREADVRFSTHAKGLLQCVAG--ITNRHHLVQLYGLHRSWGHPTVDSKAGME 334
ADV:YP_009177021 LVIGVIQLKGE-AGVVNPARFLNNTLQDLFDDSPTYHRHATEVVKILQD--ISNLHELTQLYGLHRIWGHPMVNSAKGME 329
SCV:AWK49433 IVIGVIQEKGE-RGIISPGLFLSNTIQDLFDDRMIYKEYAEQLIEIIRA--VDNLHYLTQLYGMHRIWGHPMVDSKKGME 330
RVCV:QBS46644 LVIGVIQTRGK-GDIIEPDRFLKNTLQDLFDDSIELHKRAEEIVSILMN--IGNLHHLTQLYGMHRIWGHPMVEPLKGMQ 329
WhIV-4:YP_009300689 LCIGYLLKSGD-DKIVDNSAFWMNTIRDLVAEDDRWCLDLAELTDILHS--LDSIHWFSQVYGLHRIWGHPEVNSDDGMT 342
CCyV-1:ATS17313 IVLGVLQTKST-GTFVDNHRFLNNTLADLIDENVDFGVRAKSLVSYISQ--FESPHHLTQLYGLHRIWGHPIVDPAKGMI 333
LNYV:YP_425092 LVLGVVQGKSE-SDFIDPDRFLRNTLNDIIDDDKDLGAYAVLLIQRLQQ--IDSAHHLIQLFGLHRIWGHPLVDPAKGME 333
LYMoV:YP_002308376 IVLGVVQMKCT-SEFIDSGRFLRNTLNDIWDEDFWLGERAVELVKYLEG--IESPHHLIQLFGLHRIWGHPIVNPSKGME 333
TpVB:AYH53273 LVLGVLQNKSQ-SNFVDPGRFLRNTLNDILEEDLWLGEQALLLVDHLSN--ISSAHHLIQLFGLHRIWGHPIVDPGKGME 333
BaCV:QAU20941 IVTGVILDKKR-SPFSGKVSFLNSTLEGLEPEFQEI---SQKLVNLLWD-DSLTIHHLTQFFGLFRIWGHPVVDTKKGID 365
RSMV:YP_009553369 IINGMLIKNND-GTYYDPSAYLRETIMGLPVRLRDY---AQTLVSYLDS-LPFNPHHLSQIGGLFRLWGHPIVDPNAGVR 333
CBDaV:YP_009362280 LTTGVLLSHES-SLFNDTELFLKNTLIGLEEDERKV---ALSYITLLRSIKNLTPHHITQIMGLFRLWGHPVVDAKKGMK 332
MaCyV:ARS22495 LLTGIILRRDT-SPYLDTSEFLRNTINGLKDNEQEI---AWKLIQYIES-RSPTPHHLTQLMGLFRLWGHPEVDAKKGVE 331
MYSV:ATN96453 LITGVILQTET-SPYHNSSDFLENTILGLDHGEQEV---ARRLVDILTD-ANPTPHHLTQIMGLFRLWGHPEVDAKKGVE 329
BYSMV:YP_009177231 LVTGTILKRDK-SNYHNSEDFLENTIAGLEQDEQEV---ARKFVHILDD-SKPSPHHLTQIMGLFRLWGHPQVDAKKGVE 329
L HE P . * oKk, Rk okkekk ok *:
TrARV1 KVRLIGRKEITRSSVIAVEAGRSFKIMFCREYRKKNGIYPPIVPGN----SVLHNLIESNHADALESRVCDLTLWDEVQF 417
WhIV-5:YP_009300875 KVMLIGRKEISRSGVVAVDVGRSFKIMFCREYRKKNGVYPKFVDNG- ---SQLCEAMKKNDGSILDSRLMSNAEWDELSF 416
PeVA:YP_006576506 KVKIIGRKEVTRDINIGKIASRYFKINFCKEYRKKYRKYPNIQPSE - ---SNLGKLINSNDPGALSVSHVDEQEWDEINF 418
WhIV-6:YP_009301361 KVIRIGRKDIVMRTDLSEDSGRMFKRLFAKEFKARNGMYPPIYNGH----TLLHTKLQEGDSSATDLRVHPLIEWDRVKF 408
TpVA:AYH53279 KLRLIGKKEIIKDDSLSKDAGRMFKFLFAKEYLKKYGHFPRIREGS---FTLLETKILDNDSSAVNKNTHLLTEWDRITF 408
TYMaV:YP_009352236 KLMNIGKKNIIKDDTLSLNAGRMFKLLFSKEYRAKYGAYPKIHDSG----TLLATELEQNDPSATSKRLHDLKEWDRIKF 408
SAV1:QDJ94287 KLMKIGKKDIIKDNKLSINAGRMFKLLFCKEYRHKFGTYPRIVESG----TLLSTEILENDPSAVMKGSHDLEAWDRIRF 410
ADV:YP_009177021 KVMMIGQKEIIKDDRLAADAGRMFKLLFCKEYKAKHGQFPPIREYP----SRLVTELLEGEGSAVYLGRHSLEDWGRVKF 405
SCV:AWK49433 KVISIGRKNIIRNSSLSQDAGRMFKMLFSREYRSKHGMYPAVHEYP- - --SELVTKLLENDGSATNVKVHRIEEWDRVVF 406
RVCV:QBS46644 RVITIGRKEIIKDSSLAADAGRMFKLLFCKEYKAKNGHYPPVIPGP----ELLITELSEGDQKATSKNGHPLKSWDRVKF 405
WhIV-4:YP_009300689 KVIKIGRKDITLSDKTPKEAGNHFKKMFMSEFLKRNRRYPNLYYSG--SDKEVVSMIDTNNPNLVDLQKGYDNVFEEITL 420
CCyV-1:ATS17313 KMITIGQKDIIEPGPLPEVLGVHFKKMFIKSYKDKNGVYPKVRDQG----TTLEQLLLGNQDWGLCSSLDLEGQWSTLKF 409
LNYV:YP_425092 KMIIIGQKDIVRETSRPEVMGVHFKKLMAQGYREKHGVYPNVKGNG----- ELETLIKNNHDWKEVGSLDNDNHWRLLRF 408
LYMoV:YP_002308376 KMIIIGQKDITKAGKMPQLMGIHFKKMFLGAYKSKQGVFPHVKGET----- PLSRALRANEDWADIEKSFEESEWAELEF 408
TpVB:AYH53273 KVIIIGQKDITKEGNMVRNISNHFKRMLLGSYKSKHGVYPNISSTG----- KFSDKIRNNEDWASIESEATEEDWEDIHF 408
BaCV:QAU20941 KVFQIGGVKKRIDEETSTNAGRKFKEIFFTNYRSKEGVYPNCDVTE - - -DNYVCNSIRDNSVINLKDISYNILMWDFVKI 442
RSMV:YP_009553369 KVRLLGTADKMNLTHIPTLAERKFKEIFYLSYYEKHRVYPNHNLNGEIEGSYLLSQLAQMALVNPKHANYSLVDWDSVNT 413
CBDaV:YP_009362280 KVRTIGSKRKIISDHTAKTAGRKLKEIFMSEYYRARHQYPEYSVLD--SDNWIIKLLETQLPINLSDPRYHLSDWDSIQI 410
MaCyV:ARS22495 KVRKIGTASKTISEHASIIAGRKFKEIFYREYFQRNRCYPKCRVLD---SCWFKENITSETPINFKDPRYHISDWDSVSS 408
MYSV:ATN96453 KVRLIGTKRKYISEHASLIAGRKFKEIFFSEYFRKNRVYPACEVNP---DCWLHEFITSSLGINFKDPRYHISDWDSVEP 406
BYSMV:YP_009177231 KVRTIGTKKKYISEHASQIAGRKFKEIFFSEYFRKNRVYPACIVEE ---DCWLNEFIVQNLGINLKDPRYHLSDWDCVEP 406
TrARV1 MPCFEIPETFNLSMVVADKAISLTKDELIRNIRTRKTVMNQKKRRGVLRWIDDQSVKPREFLQDVNDGH--FPDDHKIIG 495
WhIV-5:YP_009300875 DKCFEIPETFNLSMVVADKSISLTRSELRENVRRRKTVMNQEKRRGVLRWINDQSIHPREFLKQVNDGD--FPDDHKIIG 494
PeVA:YP_006576506 GKTFVIPETFNLSMIVSDKAISLTRSELVKNVRSKKSVMNPEKRRGVLRWINDVTLNPKEFLQKVNDGQ--MEDDHKIIG 496
WhIV-6:YP_009301361 KKVFDIPETFNLSMIVADKSISPSRTELVSIIKRKGTVMDAGKRRGVNRWLNDNSLRPKEFLKDINEGK--FPEDHQIIG 486
TpVA:AYH53279 IQTFDLPESFNLSMIIADKAISPTKSELVRSIKARNTVMDPDKRRGVKRWLEDTTLRPKDFLSEINDGI--FDDDHKIIG 486
TYMaV:YP_009352236 RQAYKLPETFNLSMIVADKAISPTRSELVDCIRRKGTVMDSDLRRGVKRWLNDKSLDPIAFLQQVNDGL--FPKDHLIIG 486
SAV1:QDJ94287 QRTYKLPETFNLSMIVADKAISPTRSELVRIIETKGTVMDSDLRRGVKRWLNDRSLNAIEFLENINDGI --FPKDHLIIG 488
ADV:YP_009177021 QQCFQLPETFNLSMIVADKSISPTLSELRTLIKTKRTVMSQDKRRGVKRWLEDTTLDPKVFLEQVNRGE - -FPDDHKVIG 483
SCV:AWK49433 KQMFQLPETFNLSMVVADKSISPTRSELATIIKTRRTVMSPEKRRGVIRWLEDTTLNPREFLKTVNEGN--FPDDHKIIG 484
RVCV:QBS46644 RQLFQLPETFNLSMIVADKSISPTRSELRTLIRTKRTVMSPDKRRGVKRWLEDTTLNPREFLDSVNEGM- -FPDDHKVIG 483
WhIV-4:YP_009300689 SKNFQIPETFNLSMIVADKSVSPTVSELKRNIKSRKSVMNSELRRGVLRWLNDDSVDPREFLIKVSEGK--FPEDHKIIG 498
CCyV-1:ATS17313 EKNFEIPESFNLSMIVADKSVSPTLNELKANVLTRGTVMNSELRRGVLRWINSESIDPREFLKDTAEGK--FPHDHKIIG 487
LNYV:YP_425092 DKTFSIPESFNLSMIVADKSVSPTLSELKENILRKKTVMNQELRRGVLRWINHDSIDPREFLEQVNDKK--FPDDHKIIG 486
LYMoV:YP_002308376 DKTFAVPESFNLSMIVADKSVSPTLSELKENILTKKTVMNQELRRGVLRWINHESIDPREFLEQVNKGE - -FPHDHKIIG 486
TpVB:AYH53273 DKTFAVPESFNLSMIVADKSVSPTLSELKENILSKKSVMNMELRRGVLRWINHESIDPREFLEQVSNGN--FPHDHKIIG 486
BaCV:QAU20941 KKTFEIPKTFNLTMIIADKAVSADRDEIDELKGDATKILDPFKRRGVLKWIKQGMVNCKALLHYVNYNRCGLPKKCRIIG 522
RSMV:YP_009553369 LETFPFPKSFNLSLITADKAVSPNREEWLELRRKGGTQMDPHIRRGPLKAMKDGVIDCEKLLRKINRNPSGLAKKHRIIG 493
CBDaV:YP_009362280 EKTFVSPNTFNLSMIVSDTAISPTREEILKCQAEGKPVTDPMVRRGVLKWMKDGVINCDELLKEIDKSPLGLDLNNRIIG 490
MaCyV:ARS22495 DETYQSPTTFNLSMIVSDTAISPTRREIYQCKTEGRPPMDPFIRRGVLKWMKDGLIDCQELLSEIDENPEGLDKEYRIIG 488
MYSV:ATN96453 KETFSIPTTFNLSMIVSDTAISPTREEIYECQEQGVPPMDPFIRRGVLKWMRDGLIDCDSLLRGINDHPKGLDKNNRIIG 486
BYSMV:YP_009177231 486

RETFSIPTTFNLSMIVSDTAISPTREEIFSCQEKGIPPMDPFIRRGVLKWMKDGLIDCDSLLKGINSCQTGLDKDNRIIG
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TrARV1
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PeVA:YP_006576506
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TrARV1
WhIV-5:YP_009300875
PeVA:YP_006576506
WhIV-6:YP_009301361
TpVA:AYH53279
TYMaV:YP_009352236
SAV1:QDJ94287
ADV:YP_009177021
SCV:AWK49433
RVCV:QBS46644
WhIV-4:YP_009300689
CCyV-1:ATS17313
LNYV:YP_425092
LYMoV:YP_002308376
TpVB:AYH53273
BaCV:QAU20941
RSMV:YP_009553369
CBDaV:YP_009362280
MaCyV:ARS22495
MYSV:ATN96453
BYSMV:YP_009177231

LTPKERELNPTPRMFALMSHLMRIYVVITEQMLSDHVLPFFPQITMTDSLLDLTKKLYTTVKPQAQKGGARKKRATWTSR
LTPKERELNPTPRMFALMSHLMRIYVVVTEQMLSDEVLGMFPQITMTDSLLDLTKKLYSTVKPQSDGASVRRRNKTWTSK
LTPKERELNPTPRMFALMSHPLRIYVVVTEQMLSEHILPMFPQITMTDSLLDLTKKTYSIARRQSPTLKLPSKGKLWASR
LTPKERELNPTPRMFALMSHLMRVYVVITEQMLSDHVLNMFPQITMTDTLLDLTKKMYVTVKQQSNVGRKTGVKHRWASR
LTPKERELNPTPRMFSLMSHQLRVYVVVTEQMLSDHVLKMFPQITMTDSLLDLTKKMYATVKNQSSRVKRHNKSGNWVSR
LTPKERELNRVPRMFSLMSHLLRVYVVVTEQLLSDHILEMFPQITMTDSLLDLTRKMYNTVRNQSSLKKRHNKEKGWASK
LTPKERELNSVPRMFSLMSHLLRVYVVVTEQLLSDHILEMFPQITMTDTLLDLTRKMYSTVKNQSSLKKNMSKERGWASR
LTPKERELNPTPRMFALMSHLLRVYVVLTEQLISDHILKYFPQITMTDSLLDLTKKMFSTVKHQSVQNKKRGKDKTWASK
LTPKERELNPTPRMFALMSHLLRVYVVLTEQLLSDHILKYFPQITMTDTLLDLTKKMYSTVRHQSVLNKKRGSDRTWASK
LTPKERELNPTPRMFALMSHLLRVYVVLTEQLISDHVLRYFPQITMTDTLLDLTKKMYSTVKHQSIQNRKRGKDNLWASR
LTPKERELNPTPRMFALMSHLMRVYVVITESMLSEHVLPMFPQITMIDSLLDLNKKIIGNSKKQLSNFKD- - -GRRVGKK
LRSKERELNPTPRMFALMSHLMRVYVVITESMLSEHILPHFPQITMTDDLLSLTKKTYTTVRNQSANKAK - - -SRLMASK
LRSKEREMNPTPRMFALMSHLMRVYVVITESMLSEHILPYFPQITMTDSQLDLTKKTYSTVKNQAAKIRR--SGALYDTK
LRSKERELNPTPRMFALMSHLMRVYVVITESMLSEHVLPYFPQITMTDSQLDLTKKMYSTVKNQSVRKKQ- -IGAIFDSK
LRSKERELNPTPRMFALMSHLMRVYVVITESMLSEHILPYFPQITMTDSQLDLTKKMYSTVKNQSVRTRA--AGSIFDSK

LYPKEREINPVARMFSLMSLMMRAYIVVTESMLADDILRYIPGVTMTFDLLELTKSMVQATRDMFYQGEH--~~~-~-- SR
LYPKEREENMVPRMFALMSFDMRAFSVVSESMIADHIIPHIEGVTMTKSMLALQKEMIISTKSQASSTQS------~ DSI
LYPKERELNPTARMFALMSLKMRSYVVVTENMLSENVLRYIPGVTMTYNLLDLAKEMIHSTSSQRLQGAT - -~~~ -~~~ SR
LYPKEREMNPIARMFALMTLKMRSYVVITENMLSDNILPNVPGITMTYNMLDLAKEMIKITRAQGSQGEF-------- SR
LYPKEREMNPVARMFALMSLKMRSYVVITENMLSENILPYIPGITMTYSMLDLAKEMIRSTRAQSKQGDF -------- SR

LYPKEREMNPTARMFALMSLKMRSYVVITENMLSENILPHVPGITMTYSMLDLAKEMIKSTRSQGKQGDF ———————— SR
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TVCVSLDFEKWNGHMRMESTFYVFLALGELFGMSHLYNRTYEIFEQSYLYLADGSYLPSVLDG--QLV--EDPPKSFSGH
TVCISLDFEKWNGHMRYESTYHVFKALGELFGLPNLYNRTYEIFQESLIYLADGSYLPRYSGN--EMI--MEEPLSFTGH
TVCMSLDFEKWNGHMRKESTEPIFTCLGDLFGMKELYNVTYDLFSESYLYLADGSYVPIVKNG--ELI--EEGTLSFSGH
VVCMSLDFEKWNGHMRKTMTKPVFTSLGDLFGLSELYNMTYDIFEGSYYYLADGTYIPKVDSSG-NLE--VTEPYSFTGH
VICMSLDFEKWNGHMRKDMTLGVFSALGTLFGLPELYNRTYDLFEECYYYLADGSYVPRVDGD--TLI--VEEPMSFTGH
TVCISLDFEKWNGHMRKSMTSGVFTAIGDLFGLSELFNVTYDLFSESYYYLADGSYVPSIDDDG-NLV--VDEPKSFINH
TVCISLDFEKWNGHMRKEMTQGVFTAVGELFGLPELYNMTYDLFSKCYYYLADGSYVPAVSEDK-ELI--VEEPLSFENH
VICMSLDFEKWNGHMRKSMTSGVFTALGDLFGMSELYNQTYDIFGECYYYLADGTYVPGIEGD--KLK--VENPSSFTGH
VICMSLDFEKWNGHMRKEMTLGVFTPIGDLFGMTELYNVTYDIFSECYYYLADGTYVPDIHKG--DLL--VSEPFSFQNH
VVCMSLDFEKWNGHMRKEMTSGVFTALGDLFGLTEIYNVTYDIFKDCYYYLADGSYVPTCTDDHVGLS - -IDEPKSFIHH
TICMSLDFEKWNGHMRKSSTYYVFEELGNLFGMGNLYNATYDIFEQSYIYLADGSYVPSIDHEG-ELE--VSEPRSFKGH
TVCMSLDFEKWNGHMRQEATLHVFKSLGELFGLDDLYHVTYDIFKESYFYLADGSYVPVFNANG-DFA--PEPPLSFTGH
TVCMSLDFEKWNGHMRKESTFHVFEALGDLFGMENLYNETYDIFKDSYFYLADGSYVPSMDAQG-NFT--PEPPYSFTGH
TVCMSLDFEKWNGHMRKESTYHVFKALGELFGMTDLYNMTYDIFKDSYFYLADGSYLPKINESG-DFV--PEPPFSFTGH
TVCMSLDFEKWNGHMRKESTLGVFRSLGELFGMPELYNMTYDIFKDSFFYLADGSYVPMINEEG-DFV--PEPPYSFTGH
TFSINIDFEKWNLNFRKEATYHVFKNLGELYGLTQLYNRTYDIFRNSVLYLSDGSYLPLFDENL-NLVD-DGKGLAKTGH
TFCLNIDFEKWNLNFRRWMTEGVFREMGRLFGLPEIFNRTYDIFKKSIIYLADGSFDLLLTDEL-EIEPGTNPDCAYTGH
TFCINMDFEKWNLNMRKESTQYVFENLGRMFGLPSLYNKTYDIFRNSLIYLADGSYTPKLSEGL -ECME-KDPDLAYTGH
TFCINMDFEKWNLNMRKEATYYTFLELGRLFGMPNLYNRTYDIFRNSIIYLADGSYTPDIDEDL -NLHE-KDNNLAYEGH
TFCINMDFEKWNLNMRKESTYYTFLEVGRLFGLPQLYNRTYDIFRNSLIYLADGSYTPSLDDKL-ESLE-KDLDLCYTNH
TFCINMDFEKWNLNMRKEATYYTFLEIGRLFGLPQLYNRTYDIFRNSLIYLADGSYTPKLDDNL DSLE- KDQNLCYTDH
‘‘‘‘‘‘ SkokkkKK 4 ek * * ok wake  aae Kk Kk kK,

KGGMEGLRQKGWTIFTVCCLNMVCSKYNCTYKIMGMGDNQVLQITLYTYKIDHRG-APTAEGNNEMREILLSLFDDLVYT
KGGMEGLRQKGWTIFTVCGLNMVCSKYNCTYKIMGMGDNQVLQITLYTYKVAASG-EATEAGSYEMKLTLESLFADLIYT
KGGMEGLRQKGWTIFTVCCLDMICSKYNCTYKIMGMGDNQVLQITVFTYSVDGAG-VATDKGKREMRGIIYTLFDDLVST
KGGMEGLRQKGWTLYTVCCLEVILSKYNCTYKIMGMGDNQVLQITLYTNKIDLRG-SPTVEGLSDMKTTLGLIFDDLINS
RGGMEGLRQKGWTIYTVCCLEVILSKYDCTYKIMGMGDNQVLQITVYSKKLDTEG-KVTDEGVEEMRRLIKTIFDDLVHS
QGGMEGLRQKGWTLYTVCGLEVILSKYDCEYRIMGMGDNQVLQITVYSNIVDESG-KATAEGLLQMSGILDDIFKDLVRS
RGGMEGLRQKGWTLYTVCGLEVILSKYDCEYKIMGMGDNQVLQITVYTKFTDHTG-KASDAGVRQMAATLQRIFSDLVES
KGGMEGLRQKGWTLFTVCGLEVILSQHDCTYKIMGMGDNQVLQITLYTNKVDNAG-LPTDEGLREIKLSMNDIFHKLIET
QGGMEGLRQKGWTIFTVCALEVVLSQYDCTYRIMGMGDNQVLQITLYTGKLNDDG-SASDEGLSEMKETMRRIFEALVNT
KGGMEGLRQKGWTLFTVCALEVVLSRHDCSYKIMGMGDNQVLQITLYTNKVTDSG-APSEEGLTEMKNNMALIFKELVST
KGGMEGLRQKGWTLFTIVCLDMICKRHNCIYNSMGMGDNQILMLTYYTYKVNLDG-SIKESGIQEIKEKHKRLFDDLIDV
KGGQEGLRQKGWTIFTVVGLDKICSEHNCSYKIMGMGDNQVLQLTMYTNKVDIQG-APTEQGMKDMQRTLKNVFSDLLET
KGGQEGLRQKGWTIFTVVCLDWICRKHNCTYKIMGMGDNQVLQLTMYTYRVDASG-KATERGREDMRRVLFGLFDDLLDV
KGGQEGLRQKGWTIFTVVGLDWICRKHNCTYKSMGMGDNQVLQITMYTYQVDSSG-KATKMGLEEMKTVLFGLFDDLLDG
KGGQEGLRQKGWTIFTVVGLDWICRKHNCTYKIMGMGDNQVLQLTFYTYRVDASG-KATTKGIEEMRKVLFGLFDDLLDV
LAGLEGLRQKGWTVFTAVVIAQVCDKLGIDYKLMGQGDNQVLVVKIYSSRARFLG-IEHPRSVQEIEEKMEQLVKDLSTE
VGGFEGLRQKGWTVFTAVLISSICDEMGIKTHLMGQGDNQVLMLTIYSRAARETGDLKSAPAVLEITNTLETFKSRLVSL
IGGFEGLRQKGWTIFTVVLIAYVCDELGIHYKLMGQGDNQVLMVTIYSQHAKLSG-LDSPGSISEITSSLQTLQTXLIEV
IGGFEGLRQKGWTIFTVVMIAHICDQLGIQYRLMGQGDNQVLMVTIHSKHARLSG-IDSGASISEISSTLNKLLIALQEN
IGGFEGLRQKGWTIFTVVLIAHVCDQLGIQHRLMGQGDNQVLMVTIHSKNARLCG-IDSQASKNEISDKLKILIRRLQET
IGGFEGLRQKGWTIFTVVLIAHVCDQLGIQYRLMGQGDNQVLMVTIHSKHARLNG IDSPGSKNEIAGKLQMLLRSLQDT
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TrARV1 FRQLGLPLKPLETWMSEDLYLYGKYPLLKGVPLSMDLKKIMRMFHNSNDDIMTIENGMGTVYGNAASATQLSCCTIVPYM 810
WhIV-5:YP_009300875 FRQLGLPLKPLETWMSEDLYLYGKYPLLRGVPLSMDLKKIMRMFHNSNDDVMTIENGMGTVYGNAASATQLSCCSIVPYM 809
PeVA:YP_006576506 FGKLGLPLKPLETWMSEDLHLYGKYPVWRGVPLCMDLKKIMRMFAYSNDDIMTLENALGTIYGNAASATQGTCFCLLPYI 811
WhIV-6:YP_009301361 FTLSGLPLKPLETWLSEDLYLYGKTPLWKGVPLSMDMKKLMRTFPWSNADVMTLENALGTISGNASSATQSTSCVWLPYL 802
TpVA:AYH53279 FTQAGLPLKPLETWMSEDLYLYGKVPMWKGVPLTMDMKKLMRTFPMSNEDIMTIENALGTVSSNSTAATQASPCVWTAYC 801
TYMaV:YP_009352236 FTESGLPLKPLETWMSEDLYLYGKVPIWKGVPLTMDLKKLMRTFPMSNEGVMTLENALSTVSSNAMAATQASPCIWTAYC 802
SAV1:QDJ94287 FTASGLPLKPLETWMSEDLYLYGKVPIWKGVPLTMDLKKLMRTFAMSNEGIMTLENSLSTVSSNALAATQASPCIWPAYV 804
ADV:YP_009177021 FTDAGLPLKPLETWMSEDLYVYGKVPVWRGVPLPMDLKKIMRMFPFSNADVMTLENALSTVSGNALSATQASACIWTPYV 798
SCV:AWK49433 FTSAGLPLKPLETWMSEDLYVYGKIPLWKGVPLSMDLKKIMRMFPFSNAEVMTLENALSTISGNALASTQATSCIWTPYL 799
RVCV:QBS46644 FTDAGLPLKPLETWMSEDLYVYGKIPVWKGVPLPMDLKKIMRMFPFSNADVMTLENALSTISGNALSSTQATSCIWTPYV 800
WhIV-4:YP_009300689 FGELGLPLKPLETWASECLFLYGKFPVWKGMPLSMDMKKLMRVFSFSNMDIMTIENMLNTVAGAAAAATQSSPCVLVSYL 811
CCyV-1:ATS17313 FNSLGLPLKPLETWISEDLFVYGKYPVWKGVPLSMDIKKIMRIFSNSNQEMMTAENMFNTVGGNAQAATQASPVLGVSYM 800
LNYV:YP_425092 FSDLGLPLKPLETWISEDLFVYGKYPVLKGVPLSMDLKKIMRIFPFSNQETMTIENALNTIAGNAQAATQAAPFLGVSYL 800
LYMoV:YP_002308376 FAELGLPLKPLETWISEDLFVYGKYPVLKGVPLTMDLKKVMRIFPFSNQETMTVENVLNTIAGNAQAATQAAPFIGVSYL 800
TpVB:AYH53273 FSELGLPLKPLETWISEDLFVYGKYPVLRGVPLTMDLKKVMRIFPFSNQDTMTVENVLNTIAGNAQAATQSAPFIGVSYV 800
BaCV:QAU20941 FLKLGLPIKPLETWVSDQFFSYGKVPIFKGLPCAMSLKKIARVFAFSNEDLMTTDNALGATIIANSQAAAMSSLSYVVPYI 831
RSMV:YP_009553369 FANLGLPIKPLETWVSEELFAYGKTPIYRAVPLAMSLKRISRVFAFSNEDLMTLSNALGATISANAQAASMCDVHPMVSYA 805
CBDaV:YP_009362280 FGDVGLPLKPLETWVSDTFFSYGKFPIYKGVPLCSSLKRISRVFYFSNEDLMTVDNALGAVTANSQSASMADVHPAVPYA 799
MaCyV:ARS22495 FQMVGLPLKPLETWVSDTYFSYGKIPIHKGVPLCSSLKRISRVFFFSNEDLMTIDNALGAVTANAQAAVMADVHPVIPYF 797
MYSV:ATN96453 FDCVGLPLKPLETWISDIYFSYGKMPIYKGVPLCSSLKRISRIFYFSNEDLMTIDNALGAVTANSQAAVMADTHPAIPYF 795
BYSMV:YP_009177231 FSEVGLPLKPLETWVSDTYFSYGKMPIYKGVPLCSSLKRISRIFYFSNEDLMTIDNALGAVTANSQAAVMADIHPAIPYF 795
* kR e kokokokokok ok . kokk keoo. ek Jokes xox k% Kk o ke ee e e Uk
TrARV1 VGIFMASYCACSFLDYHPLLGYGIMKEID------------ SSHTWSLYMPGERTERYEMGARH--YSIQCL-RLLMQTV 875
WhIV-5:YP_009300875 VGMFMASYCASCFLEYHPLLGHGILKEVE------------ AKSTWDLFMPGKPRQFIPIGRRT--FNIQCL-RLLMQLV 874
PeVA:YP_006576506 VGIMMSSLCVMDFMDYHPFLGEGLNKHMA- - - - == === - - - SDMAWNLSGKDIKTSKIKIGEHG--MNNSMI-RLMIQIV 876
WhIV-6:YP_009301361 IGLIMSSLCITDFLSYHPLIGSSLSRRGS------------ ELGHWILAMSKLNKKKYRTEMRG--LSTDHI-RLVIQIM 867
TpVA:AYH53279 VAIFMSSLCIQDFGSYHPLLGNGITSISY------------ DKNKWVLAMSHNEKIAYKIRTDG--VNEDHL-RILIQMI 866
TYMaV:YP_009352236 IYVLMTSLCIDDFLDYHPILGDSLYKTLD------------ KDKHWVLRSHRFSAIRYQLPKESWTMTRHSL -RRAISII 869
SAV1:QDJ94287 IYVMMTSLCIEDYLDYHPILGRGMLQEKEAW------- K--KNDSWVLKSRTSSNIYYQLQPDSWKLGREKL-RLLISMI 874
ADV:YP_009177021 MCILMNSLCIKDFMTYHPLLGEGLMSGMT------------ GQEGWTLRTASGERYDFSAAGLTL-PGIRSV-SLCMQMI 864
SCV:AWK49433 VAILMNSLCIRDFLEYHPLIGQGLMHVTG------------ HCKEWRLRLPNGERHNFLINTDTV-PSRRKL-TLVMQMI 865
RVCV:QBS46644 MCVMMHSLCIHDFLEYHPLLGEGLSNSVD------------ GEGTWTLRTSEGESFSFELPKQKG-LTNRHL -NMLMQII 866
WhIV-4:YP_009300689 VGIFMLCFTARQILHYHPLMGKSVIVKTYQYDYAMRKGKNIDARMWKVAISG-RLRSFGLNNQQ--VGISDL-VLLMITV 887
CCyV-1:ATS17313 IGLFMMSVCADDLLDYHPLLGEGLLKSLA------------ DQPEWVITIKKEKPRKTKLGTWR--PSRMLI-RRLMSMV 865
LNYV:YP_425092 VGIFMISLCSHDMLVYHPLIAKGLREVLR------------ ENRTWGLKFKGAHQVKTDIKGEM--VDETNL -RRLMMNV 865
LYMoV:YP_002308376 VGLFMSSVCTEDLLTYHPLIGKGLMEVLR-----------~ DDDCWGLKFRGGHSVQTKVGKVR - -ITRGEI-RRLMQTV 865
TpVB:AYH53273 VGLFMGGLCSADLLKYHPLIAKGLMEVLK-=======---~ DDNEWGLKFKEGRSISTPVGPVR--ISKEDL-RRLMFLV 865
BaCV:QAU20941 MLKLQSLMCIGLFQSYHPLVGDAPTDFNKPG------------- HFKTRRTTEARPKSYVNDS - - -LTDPSLFRKLAVSV 895
RSMV:YP_009553369 IAKWQHLCCAIIFSNYHPLCGCAPHVSGEEW------------- AIKLRLPSGKKIQETSDEE---IDERDL-MKLIVTI 868
CBDaV:YP_009362280 IAKWQQLQCLNVFSKYHPLVGGPPAVLGAPF - ---==------- SFSMRTKAGEFLKFYGEPI---ENQRSL-IKVFATI 862
MaCyV:ARS22495 IAKWQHLQCLSIFSKYHPLVGDSMINTDEEI------------- NFYMKLKGDESWNAKETRR---YSIDIL-LMVMATV 860
MYSV:ATN96453 IAKWQHLQCLSVFSRYHPLVGEPMMSQESII------------- KFRMRLDKGEMWESETDQT - - -FPRETL -LMVYASV 858
BYSMV:YP_009177231 IAKWQHLQCLSVFSRYHPLVGEPMMEHEGTV------------~ KFQMKLDKGEKWESESDQI---FSRETL-LMIYASV 858
TrARV1 PRTLGGYNSLNIFEIIMRGFPDNLSRDLTYIYQITRSGK-EDSLDITLKNWMYPIYMRTKNYKLLIEDVTSVNLMVPRSP 954
WhIV-5:YP_009300875 PRTLGGYNSLNIFEIIMRGFPDNLSRDLTYIYQIVRLDK-RDALDEALTNWIHPIYMPDKNFKLLIEDVSSVNLLSPRSP 953
PeVA:YP_006576506 PRTLGGYNSLNMYELMMRGFPDNLSRDLSYIYKILMGS--PPGFENCLKNWLAPLYMPTKNYQLLIEDVSSVNVISPRTP 954
WhIV-6:YP_009301361 PRTLTGHNGLNLYEFMMRGFPDNLTRDVSYLTAVLKCPSAPKWLKSVIENWLSPIFMPDTNYSTLLQDVTSVNLMSPRAP 947
TpVA:AYH53279 PKSLGGYNGINIYELMMRGFPDNASRDLCYLSKILTHGVMPDWMRSCIECWVTPMYMPGINYSTLLEDVTALNLLSPRSP 946
TYMaV:YP_009352236 PKSLSGYCGANIYEMMVRGFSDRLSRDLSYLNNIVNGGNTSGETATLINNWINPLYMPECNYSMLLEDVYAVNLLSPRSP 949
SAV1:QDJ94287 PKSINGYCGANIYEMMVRGFSDRLSRDLSYINNIRLSSATPAWIVEYLERWISPIYMPEKNYSLLLEDVCAVNLLSPRSP 954
ADV:YP_009177021 PRTLTGYNGVNILEMMMRGFPDNLSRDVSYIMSVIKSAAAPHWLAEILRRWVKPIYMPSINYATLVQDVTAVNLLSPRSP 944
SCV:AWK49433 PRTLMGYNGINILEMMMRGFPDNLSRDVSYLRSVEDCTSCPDWLKKITHAWLQPIYMPHINYATLIQDVTAANLLSPRSP 945
RVCV:QBS46644 PRVLTGYNGINILEMMMRGFPDNLSRDVSYLTAVKLSDKTPSWLRELITNWIYPIYMPQINYANLVTDVTAVNLISPRST 946
WhIV-4:YP_009300689 PRSLGGYVTYNLPSIMIRGFPDPLSRDLYSIMGMIRSSL-NLRISAYLENWSRVIFMPEINYKMMMEDILSVNHLNPITP 966
CCyV-1:ATS17313 PRVLGGYVSFNLFGLLMRGFPDPVSLALSQLYAYGVKDADDDALLVILKRWCDPIYMPDVSLKLLIEDVSSVNLLAPVTP 945
LNYV:YP_425092 PRILGGYVSFNLYGLMMRGFPDPVSLAYSQLFSWGVPTG-GSDQRDYMLRWLKPIFMPERSMRLLVEDVSSVNLLAPVTP 944
LYMoV:YP_002308376 PRILGGYVTFNLWSLLMRGFPDPLSLSLSQLYAWDLQSA-TDRTSKYLLRWVKPLFMPERSMKLLIEDVSSVNLLAPVTP 944
TpVB:AYH53273 PRILGGYVSFNIWGLLMRGFPDPLSASLSQLYAWKVRNP-RTTTESYLLRWMKPLYMPERSMKLLVEDVSSVNLLAPVTP 944
BaCV:QAU20941 PKIFGGFNSANAFHMIMRGFPDRASMDASWIYAMVQQT - -DTPFTRSLMNMLRVVFDSVKDYSYLIQDPESINIVMPPST 973
RSMV:YP_009553369 PRSLGGYNTLTLYEMIMRGFSDPVSRDMCWLFAIASES--TGKLRGYLINWIKPIVSPEVNAQHLIQDPTALNLLVPPNA 946
CBDaV:YP_009362280 PKTLGGLNIITYFDMIMRGFSDPPCRDYQWLSLLVDHS--PADIRPYLRNWHHLLLNDSVDYLHLLQDPTSINIFSPPNS 940
MaCyV:ARS22495 PKTLGGLNIVTFFDMILRGYSDPPMKDLQFLYLMYKGT --RGELKHATIKNWLRVCLSPSIDYLHLIQDPTALNILCPPNS 938
MYSV:ATN96453 PKTLGGLNIVTYFDMILRGYSDPPMKDYQFLTLLTEGA--TGNLRRGLINWGKILLSPSVDYLHILQDPTSLNILCPPNS 936
BYSMV:YP_009177231 936

PKTLGGLNIATYFDMILRGYSDPPMKDYQFLNLLTEGS--TGQLRQGLVNWRRVLLSPSVDYLHLLQDPTSLNILCPPNS
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TrARV1 SSGIRQAVERFISG--GRAVKNHEFRDLMSSKIKEQAERLAEKLCSGKDLHIRLLHDIYASTIIGYVDGIISKVTKASTI 1032
WhIV-5:YP_009300875 SSGIRQAVEKFIGS--GRTVKNLEFKDLMNSKIKHQADMLAEKLCSGSDIHIRLMHDIYASTIIGYVDGILSKVTKASTI 1031
PeVA:YP_006576506 LAGIKQTVEKFISD--PKRIRNPEFRGLMSGKIRDQAQELAASLCEGDDLHIRLLHDIYEATIIGYIDSILSKVTKSSTI 1032
WhIV-6:YP_009301361 TAGIKQTVERYMTD--ERLIKNKEFRDLMATKVKEHEEYLSECLCEGKILHIRLLHDIYEATIYGYVNSILSKVTKTSTI 1025
TpVA:AYH53279 TSGIRQLVANYMSS--GVNITNEEFKELMSSKYKNMSDYLSECLCEGEELHIRLLHDIYEATIFGYVDGILSKVVKTSTI 1024
TYMaV:YP_009352236 LSGVRQVVQRYLNS - -GMKIENPEFMQLVRAKNDQDCRYLAECLCEGRELHIRLLHDVYDATIYGYVDSILSKVTKTTTI 1027
SAV1:QDJ94287 LAGVRQVVARYLSG--GMRIENPEFMQLVRAKGDEDSRYLAECLCENDELHVRLLHDVFDATVYGYVDSILSKVTKTTTI 1032
ADV:YP_009177021 SSGIKQVVTTYMSS--GASIKNEEFKDLMLTKDKLHEEFLSELLCTGDDLHIRLIHDIFDATIYGYVDGILSKVVKTNTI 1022
SCV:AWK49433 SSGIKQVVTQYLGT--GTKIRNQEFKGLMEVKNKNHEEFFSELLCEGEELHIRLLHDIFEASIYGYVDSILSKVVKTTTI 1023
RVCV:QBS46644 SSGIKQVVTKYLSS--GKDIRNEEFRNLMQTKQKKHEEFMAELICCGPELHIKLIHDLIDATIYGYVDSILSKVVKTNTI 1024
WhIV-4:YP_009300689 MSHIRQTVAQFLSS--HRKVKNKEFVDLMAVSKDPNKELLSNMLCSGRKLHIRLLHDIYESTIIGYVDGIISKVTKTSTI 1044
CCyV-1:ATS17313 TAGLRRVVEKYLAE - -GRAIRNQEFKDLMKTRVADVEDVIADQLCKGDTLHIRLLHDIMEATIFGYIKSIVSKVTKSSTI 1023
LNYV:YP_425092 TAGLRRVVEQYLTD--GRVIKNAEFRDLMMSRDNELEDVISEHLCSGEHLHIRLIHDIMESTIFGYVKSITSKVTKSSTI 1022
LYMoV:YP_002308376 TAGLRRVVERFLSD--GRVIRNSEFRDLMTSRDPDMEDVISEHLCSGDHLHIRLIHDIMESTIFGYIKSITSKVTKSSTI 1022
TpVB:AYH53273 TAGLRRVVEQFLSD--GRVIKNSEFRDLMTSRDPEVEEIISEHLCSGRTLHIRLIHDIMEATIFGYIKSITSKVTKSSTI 1022
BaCV:QAU20941 KTIIKNMVRDQLRGIKGNTEASELFFNVLDHTSRTHVEDLCVRLTSNDSLNVRFLHDIMGSTLFGYCDSVSSKIDKTVTL 1053
RSMV:YP_009553369 TSVIKRMIDKSLEALPKRSQFAVWFSEILEISGDKEISKLAEALTRTDSLNPRFLHDILGATLYGYCTAITSKVDKTVTL 1026
CBDaV:YP_009362280 NTIIKRMIQQTIAKLPKDSEFASWFQELMGISADKAVEPIVEKLTASAEINVRLCHDILGSTLFGYADSIASKVDKTVTL 1020
MaCyV:ARS22495 NTIIKRMIHSTIDSIDSESEFSTWFKELMGISAEKKVEGIVAKLSAGPEINVRLCHDILGATLYGYSEAISAKVDKTVTL 1018
MYSV:ATN96453 NTLIKRMIHNTIEEMESESEFAGWFKELISISAEKKMDGIVEKLTSGEEINARLCHDIMGATLFGYSDAIASKVDKTVTL 1016
BYSMV:YP_009177231 NTMIKRMIHSTIEGIDSNSEFSGWFKELIGISSEKKMDGIVEKLTSGEEINARLNHDIMGATLFGYSDAIASKVDKTVTL 1016
TrARV1 QRLAVQTDQRDIMKTVAADEVNFFRYFVWRSGVR-PDGNIEECPSVMAQRMRREGWGKLLRGVSTPFPMAYLSPTDCNSN 1111
WhIV-5:YP_009300875 QRLAVATNEKDIMQVVVNDEINFFRFFLWRSSTR-PNNEISECPTEMAKRLRSESWGKSLRGVTTPFPMAYLSPTRCGET 1110
PeVA:YP_006576506 QRLAVSKSKFDSMSAVYKDEINCFRFFLWRCSVR-SDEAISPCPTTHAKKMREKSWGKNLRGITTPFPMSYLARTECGEN 1111
WhIV-6:YP_009301361 QNLAMAKSSFDVFDVICRDEVNCYNYVIWRSSAK-GMQLSLSCPTEFCKEIRLIGWGKDLRGVTTPYPASYLIESNCDVT 1104
TpVA:AYH53279 QKLAINDSRGAVFKSIERDEVNFHRYFRWRCVQM-ESAFADECPTERCKRIRREGWRKELRGVTTPFPASFIDKSNCGRQ 1103
TYMaV:YP_009352236 QKLAIQSDSVKVFDTIMKDERNYFAFFVWRCFQS-GTPFETRCATTQCKLMREQGWKKIIRGVTTPFPLSYMQETNCSTA 1106
SAV1:QDJ94287 QKLAIQSDSVRVFETIESDETNYFKFFRWRCFAE-GDPLVSNCATTQCKVMREKGWGKTIRGVTTPFPLSYLIETDCGRQ 1111
ADV:YP_009177021 QRLAMSQSSKDIFDVIESDEKTYFKFFRWRCAQE-GDTLRSDCPTEMCREMRQEGWKKNLRGITIPHPHSFMKETLCDHI 1101
SCV:AWK49433 QRLAMKSSSRDIFDVITDDEMGYFNYFKWRCTVS-GEETGIRCPTEICRNIRASGWQKTLRGVTIPHPHSFMREQTCNEV 1102
RVCV:QBS46644 QKLAMQHSEDDIFKTIYRDEKTYYKFFKWRSCTR-GEVPSSLCPTDICREMRLIGWQKELRGITIPHPFSYMEETSCDHR 1103
WhIV-4:YP_009300689 ANLAVRHAQKDINDAISNTEINYFHFFNWRSFHF-GQPWETDCPTRYAKHVREFGWKRELKGVTVPFPLSYMDRTACYSN 1123
CCyV-1:ATS17313 LSIAVDKSTRDPLAKVIEDERNYFKFFVWRCSVE-GGNLLPDCPTDLAKSMRLNGWGKSLIGVTVAFPLSYLTKTTCYRK 1102
LNYV:YP_425092 VSLAIGKAKGDPLTRLMSDEENYFRFFMWRSVIN-PHYDIPACPTDLAKQVRRIGWGKELIGVTVAYPWSFLKKTDCYES 1101
LYMoV:YP_002308376 VSLAIGKTKGDPLRRLMLDEENYFRFFLWRCSVE-PTFELPDCPTDLAKQMRYLGWGKELIGVTVAFPWSFLTKAQCMEN 1101
TpVB:AYH53273 VSLAIGKSRGDPLRRLMMDEENYFKFFVWRCSVE-PDYDLPPCPTDLCKSMRREGWGKELIGVTVAFPWSYLRKTECFDQ 1101
BaCV:QAU20941 SRMTS - -FSHNVVGVLAKGEKNVWDYFKWRILHHKGRKVKETCPTEFVRNIRDEGWKKHIIGVTTPFPFHFLTTDPSLA- 1130
RSMV:YP_009553369 SRMAL - -ASKDVVGALIKGEMRLYSYFGWRTLQSRGLPLTTRCPNKWVRIIRDISWQKQIKAVSVPYPTHFLSEDIS--- 1101
CBDaV:YP_009362280 SRMTV--GKEDVIEALVMGERRRWNYLGWRSTSSAGEAPPSSCPSFNIRYYRDKGWKKRVLGVSTPFPFHFLTRDRS--- 1095
MaCyV:ARS22495 SRMTV--ARNDVVTSLARGEIRMWRYFEWRTHYSRGERFQTKCPATQIRYLREKGWQKKIIGISTPYPFHYITLNER--- 1093
MYSV:ATN96453 SRMTV--AQQDVVSSLVNGEKRIWNYLLWRTNYKGGQPRISECPSKQIRHLRDKGWKKKIIGISTPYPFHYMGGLG---- 1090
BYSMV:YP_009177231 SRMTV--AQQDVVGSLVAGEQRVWRYLMWRSNYRGGEVRISRCPSKQIRYLRDKGWKKKVIGISTPYPFHFIGGIE---- 1090
TrARV1 --NACSCTDGYISIHFPDRQETN-TAWNLTLGTNAPYLGSITKEKVITGLGSKIYSSEPLVRRPLNLLRAINWFVPPKSV 1188
WhIV-5:YP_009300875 --GNCLCMDGYISIHLPDSQETN-VRWNRTLGSNAPYLGSITKEKVVTGVGSKVYSSEPLIRRPLNLLRAINWFIPPKSI 1187
PeVA:YP_006576506 --KLCNCEDGYISVHFPDKQINE-YMWNTSIGRNPPYLGSMTKEKVITGLVGKAYSSEPLIRRPLRLMRVINWYVPPSSN 1188
WhIV-6:YP_009301361 --DSCMCDDGYLSVHFPDDQITN-EMWMFDIGGNPPYLGSTTKEKVVIGTGGRVYSSEPLVKRPINLLRTINWFVPPDSN 1181
TpVA:AYH53279 --GTCDCADGYMSVHFPDGQLTN-RMWNLDIGGNPPYLGSTTKEKVIIGAGGKIYSGEPLVRRPITLLKTINWFVPPDSR 1180
TYMaV:YP_009352236 --TGCDCADGFISVHYPDKQMPN-ESWCSDIGGNPPYLGSMTKEKVVVGTGGKIYSAEPLIRRPIRLLRTINWFVPQHSS 1183
SAV1:QDJ94287 --GVCDCQDGYSSIHYPDKQLPN-DMWNEDIGGNPPYLGSMTKEKVVVGSGGKIYSAEPLIRRPVNLLRTINWFVPPDSN 1188
ADV:YP_009177021 --IGCDCSDGYMSIHLPDGQMPN-DVWLNSIGGSPPYLGSMTKEKVVVGAGGKVYSSEPLIRRPINMLRSINWFVPPESN 1178
SCV:AWK49433 --KGCNCQDGYMSVHLPDGQLPN-SVWMTSIGGNPPYLGSMTKEKVVVGAGGKVYSSEPLIKRPINLLRIINWFVPEESI 1179
RVCV:QBS46644 --KGCDCIDGYMSIHLPDGQLPD-DMWMNSIGANPPYLGSMTKEKVIVGAGGKVYSGEPLIKRPLNLMRSINWFVPEDSY 1180
WhIV-4:YP_009300689 LGSTCKCNDGYVSVHLSDDVNYN--EWNASIGKSLPYMGSMTKEKVLVQSGIKIYSSEPLIKRPLRLMRAINWFVPEESE 1201
CCyV-1:ATS17313 -DQGCNCEDGFISLYLPDNNVTP-KEWNTAIGRNPPYLGSMTKEKLVISSGAKIYSGEPLIKRPIELMRVVGWFVPENSN 1180
LNYV:YP_425092 -GCLCTCDDGFISLFLPDSPVTP-QEWDRSIGKNPPYLGSMTKEKVVISTGSKVYSGEPLVRRPINLMRVIGWFVPEESE 1179
LYMoV:YP_002308376 -GSFCDCEDGFISLFLPDSPVTR-DQWNLGIGTNPPYLGSVTKEKVVITTGSKIYSGEPLVKRPINLMRVIGWFVPEESE 1179
TpVB:AYH53273 -GRLCDCLDGCISLYLPDSPVTR-DSWNYEIGTNPPYLGSVTKEKVVVTTGARIYSGEPLVKRPINLMRVIGWFVPEESE 1179
BaCV:QAU20941 ---IQERVGSYLYAVISEYALRDPGYLFLTLGKSLPYLGSIIKEKLQRSEVSLAFGSEPLISRPVRMLRTIGWFIPESSN 1207
RSMV:YP_009553369 ---ETDRPDSWIECYIDDAPTSDRSCMIYSTGKALPYLGSVTREKLTTRGAKAAYGTEPLVLRPINLVRTIGWFIEEDSN 1178
CBDaV:YP_009362280 ---KTNRPDSYIEVVMNDVGVGNTNALLMTAGSSLPYLGSVTKEKLQASATRAAYGTEPLIARPVRLLRAIGWFIPEKSN 1172
MaCyV:ARS22495 ---DTDRPDSYIEVVISDRVLSHPQTLINSSGTSLPYLGSVTKEKLHSTAARAAYGTEPLITRPLRLMRAIGWFIDENSN 1170
MYSV:ATN96453 ---DTDRPDSYVEVVVNDLVLSHPDRLLLTSGASLPYLGSVTKEKLHNTAARAAYGTEPLITRPLRLLRTIGWFIDEKSN 1167
BYSMV:YP_009177231 1167

---DTDRTDSYVEVVVNDLVLSHPDLLQTASGSSLPYLGSVTKEKLHNTAARAAYGTEPLITRPLRLLRTIGWFIDENSN
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TrARV1 TASVIRSLTYAVTDVKTVKFEGLSEGTAGAEVHRYRDMSLKHGALASSNYLYTTRMHISTDNFTKYSKGGDNYDIHFQAC 1268
WhIV-5:YP_009300875 TASVIRELTHAVTDINPTSYEGQSEGTAGAEVHRYRDMSLKHGALSSSNYLYPTRMHISTDNFVRYSKGGDNYDVHFQAC 1267
PeVA:YP_006576506 TADVIRSTVRAVTDTDPDHHEGKVEGTAGAEVHRYRDTSLKHGALTSSNYLYPTRYHISTDHFTRYSKGGENYDVHFQAC 1268
WhIV-6:YP_009301361 AARLILSTVSAVTDLDPHPYQGILEGTAGSEIHRYRDSCTSHGTLTSSCFLFSTRYHLSTDQLTRYSKGAENTDIHYQAV 1261
TpVA:AYH53279 TAEVIKTCVKAVTDLDPEPYQGVSEGTAGSEVHRYRDSSTTHGALTSSNFLFSTRYHISTDNFTRYSKGSENTDIHYQAL 1260
TYMaV:YP_009352236 MAKIIEACVSSVTDMETSKFKGMEEGTAGSEAHRYQDSSTFRGALSSSNYLYSTRCHISTDSLVRYSKGAENTDFHYQAT 1263
SAV1:QDJ94287 MAKVIEKCASSVTDLEIERFKGMVEGTAGTEAHRYQDSSTFRGALSSSNFLFSTRCHISTDNLTRYSKGAENTDFHYQAA 1268
ADV:YP_009177021 TANIIRMLVASVSDIDPEPYAGVSEGAAGAEVHRYKDSSTSHGALTSSSYLLSTRYHISSDHFYRYCRGSDNTDLHFQAL 1258
SCV:AWK49433 VSNVIKSLVSAITDMDPTPYVGVREGSAGAELHRYKDSSTSHGALTSSSYLLSTRYHISSDHFHRYCRGSDNTDLHFQAL 1259
RVCV:QBS46644 TAEMIKRLVSSVSDIDPEPYVGQSEGVAGAELHRYKDSSTSHGALTSSSYLLSTRYHISSDHFHRYCRGSENTDLHFQAL 1260
WhIV-4:YP_009300689 TAKVIEKCVQSVTNISTEQFKGVEEGTSGAEIHRYNDSSLSHGTLTSSNYLYSTRYHMSTDNLFKYSKGGENYDVHFQSM 1281
CCyV-1:ATS17313 TADIIRSCVGAVSDLNPNEFRGITEGSSGSEIHRYKDSSLKHGALCSSNYLYSTRYHVSTDTFSRYAKGSQNYDMMFQAN 1260
LNYV:YP_425092 TAKIIMSCVSAVSDVNPLIFKGMTEGTSGSEIHRFRDTSLKHGALCSSNYLYSTRYHVSTDTFTRYAKGAQNYDMLFQAN 1259
LYMoV:YP_002308376 TAKIIQSCVTAVSDIDPLQFRGVTEGTSGSEIHRFRDTSLKHGALCSSNYLFSTRYHVSTDTFTRYAKGSQNYDMLFQAN 1259
TpVB:AYH53273 TAKVILQCVRAVSDIDPLRFRGVTEGTSGSEIHRFKDTSLKHGALCSSNYLFSTRYHVSTDTFTRYSKGAQNYDMLFQAN 1259
BaCV:QAU20941 WAELLKQLVKAVADIDPEILITVPDEVKGSMEHRYQDFSTSHGTFWGTLFGPCTHVNMSTNKWTNYQKDGVNFTLQYQAV 1287
RSMV:YP_009553369 FAELIKMLLGAVTDLPIEEVLYIPEMVSGSMAHRYLDMSTQHGSLWMPLYGPATFLHMSTNTFVQYLKGTENVTLHFQCV 1258
CBDaV:YP_009362280 WSVTLRNLLLSVTDLDPSVVISIPEHVKGSMAHRYLDFVLKHGSLWMSLFGAPSHLSMSTNSLTEYARGSKNVTFHFQAA 1252
MaCyV:ARS22495 FATSIRSLLTAVTDLPADDIIVIPEHVKGSMMHRYQDMATDHGALWMPSFGPPSHLSLSTNSFAEYAKGSKNVTLHFQAT 1250
MYSV:ATN96453 LAKSIENLLKAVTDLDPDEVIVIPEHVKGSMMHRYVDMALKHGSLWMPSFGPPSHLSISTNYFAEYAKGSKNVTMHFQAL 1247
BYSMV:YP_009177231 LAKSIENLLRAVTDLDPSEVIVIPEHVKGSMMHRYVDMALKHGSLWMPSFGPPSHLSISTNYFAEYAKGSKNVTLHFQAL 1247
- A : ¥ Kk ok HH : Ha Koo xR,
TrARV1 LCSLTEWSNMCLLHWFYS - -GANVPKFLHFKQTCDLCVNKIDESFVDLEDENTPYYIPSRKTNPYLFVHQESLVEVHKMK 1346
WhIV-5:YP_009300875 LCSLTEWCNMRLMSWLKY --EEWIPKVIHFKQTCYCCVTKLDESFVDLPDPLTNRYIPSRKTNPYLFVSGKLLTEVHKMR 1345
PeVA:YP_006576506 LCSIVEQTNIWISDQNRQ--CNPISKFQHYKQSCYECVNIVDETFIDIPDKRTSDLIPHRKENNYLYVKEDQMQDTLAYS 1346
WhIV-6:YP_009301361 FSWMVELCNMYVTNRIRG--GDVVTKFKHYKQSCYRCINPIPEDFIDIPSGKAADTVPSQKDNPYLYASKATIRISEKIS 1339
TpVA:AYH53279 FCYILEMSNMMISNKLRT--GDTVPRFDHYKQNCYKCINPIPEDFKDLESLKAVDAIPKRVTNPYLFVKKEKIRILERIS 1338
TYMaV:YP_009352236 FCVILELSNMYLSNKIRG--EEVVARFKHFRQCCYECIHPIEEDFVDLSSEKALSVIPSFKDNPYLYTPSSRIRVLERIS 1341
SAV1:QDJ94287 FCVLLELSNMYITNKLRE--DDVICRFKHFKQCCYECIHPVEDDFIDLPNAKAVNVLPSYKDNEYLYTSSSKIRILERIS 1346
ADV:YP_009177021 YCYLVERTNLEIVKAIRN--QDPIKRFKHYKQCCYTCVKPVQDDFIDIPDDRVLTAVPSRKSNKYLFVKSEKIRILEDRS 1336
SCV:AWK49433 YCYIVEMTNLELHKCFRS--GAVIPRFKHYHQHCNECIKTVKEDFIDLTRERIIETIPSKKSNPYLFVSSNTIRVLEDRS 1337
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TrARV1 RA--IDRDVAIEKMFKERSWRFFLVKDYLYTLEEFTRRSSFIIPKCGKYLSVVTTNMRSLLAPEIWWVGGPTASEY---- 1865
WhIV-5:YP_009300875 RS--DDRTSAIRKLLEICDWEGFIIKDYIYSLREFTDRCSIILPKMNGDIKLVTSKMRSVRAPEVWWIGQNSKAEY---- 1870
PeVA:YP_006576506 NC--FQRDNVLNKILTLKDWDFAIIKDYIFSIEELYDRLRYILSKVKGKMTLVSLGSKTPGVPEVWWVIRKTDHSR---- 1866
WhIV-6:YP_009301361 KA--KERLILMEKILRINNWRTAVIKDYLFSPDDMCNQIRRIASSQPKGWSLVTSKFRSAHHPEVWWLIDRSREVTG--- 1856
TpVA:AYH53279 RG--EIRQEIFENLLSLKDWDCAVVKDYLFSPADMVNRISSMHNS -CVSWKLVTTRFRSSFYPEVWWVLTGVCGSKV--- 1855
TYMaV:YP_009352236 DH--ESRFELVKKIALSGRRPVTVIKDYIWSAEELSNKIGIMWASRARRWELITTRFRSHNYPEVWWVLHDAVSPTS--- 1861
SAV1:QDJ94287 EH--RTRYEVLSKILLSGKREITIVKDYIWSVEELANKIGVVHSCGSSQWSLVTTRFRSHHYPEVWWIVRDSNPKRG--- 1866
ADV:YP_009177021 DR--AMRSRALRQLLSLKEWSFAVIKDYIYTCSELAERIQIIMTSSPSSWRLITTKLRSANYPECWWVLRNSHVIED--- 1857
SCV:AWK49433 TE--ILRENAVMNMLKLKSWKFCIIKDYIYSCHYLSNMIKLIGSSRPKSWSLVTTELRSSHYPEVWWIIKESKMIEQG-- 1860
RVCV:QBS46644 DN--ESRRTLLTSVLCLKSWKMCILKDYIYSASDLSNSMKIISSSLPRRWVLVTTPLRSASYPECWWVIHESRKISD--- 1861
WhIV-4:YP_009300689 RY--QDRELMFRKLLSVTSWKIACIKDYVYNYRELSRRVDIIVRG-SVSFELLTSVHRQRKLPEVWWVIKNSTLIDMGF- 1887
CCyV-1:ATS17313 QN--YDRNQVMRKVLALKSWKMLLLKDYVYSASELESRLSIALQH-SDDVKMLFSGARQRVVPEFWWVIKKMKQDPL--- 1856
LNYV:YP_425092 NG--ESRQTMIATVTMAHDWKMVIMKDYIYNMREMENRLSILLPV-FKSLELITCNSRQRVMPEVWWIMKARRSS - ---- 1854
LYMoV:YP_002308376 EI--ETRSAVLSKMIHAHEWKFAILKDYIYSRSELENRLSIILGL-YAKVEIITCNTRQRTMPEVWWILKDRKSSS---- 1853
TpVB:AYH53273 GS--NLRDDVIRKLITAHPWEYAIVKDYIYSRRELELRLSYLLGF-YDHVELITCNTRQRMMPEVWWVLKGRSKGK---- 1853
BaCV:QAU20941 VEGDQSYVDVIKRLMLIRS-NSFLVKVVVQDSPRLMEIVNFVANH-FSTWAVFNSLESPAYSGIFWLLLTGLKKPGHIRY 1874
RSMV:YP_009553369 GE - -KSVASLINLAWNNQI-QLGALKLELMT-DPLEKVVEYAHNA-YQRWELFTLPGANLGGGVLYIGFYGRREKLTGYI 1847
CBDaV:YP_009362280 KR--DDPDLMIGLFYQAGV-LRFLIKVEVDGLEIINKYVNCAVKM-YSFVEVFETSLCGLHTGDVWIHGEGKRDAP---- 1839
MaCyV:ARS22495 ST--MEPGKLIRLYWESKA-SAVILKFEVDCFSNLKIATEHVWRY-FRQWKVIQTPNAGLHTGDVFILMYDRITSS---- 1837
MYSV:ATN96453 VS--QSSEELIELYWGTES-KCILHKYQFKSFSEIKNLIEVVRGY-YNSWKIFISGSVNFKNGSFWILMWDKRLEK---- 1834
BYSMV:YP_009177231 1834

VE--MTELDMVLQYWESGV-QHVLHKFQFQTFTQVRDLIESVRSL-YGSWKIFISGTVNFKSGEFWLKMWDRRDDP - - - -
* . .
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TrARV1 ----SVRRCYDPRSMRVEWNDLVKTLMF -KHEYGDKTIIQDLQNRAMSDSTLAYMYSVILDWSIIPGLGKTLPTNGNFTD 1940
WhIV-5:YP_009300875 ----TVRRCYDPRSIRELWDDCVRSLLH-DTEYQDPTVLEDLTRRVLSRANLASVHSVVLEWSSLAVVGKMLPSDGSYTE 1945
PeVA:YP_006576506 ----TVQLSYDPRSIKEEWNDAMYMLEDLDRDGVPKYIMDDMNERLFINNGLDTMHNIVRYWSTLPMVGNALPKKGNFTD 1942
WhIV-6:YP_009301361 ----SISVGPFVGNVLSTWWTVRRELMESYNDDILTSTDMKTLAFINSGHNARRMETYVRSWLIFPVIGSMLPQKGSFTQ 1932
TpVA:AYH53279 -QKKGVGISVDWRNCLGVWNQIKRELEERYDHEVIDHSVAEKIRMMSPSGGHLKMMTYLRTWANFPITGSLLPEKGAFTK 1934
TYMaV:YP_009352236 ----DTILYPIPNKVQCLWIGIERALK--SHEYSISGEDNALISSLHDRQMLYKMISRVRAWAVFDLIGSLLPKNGSYTS 1935
SAV1:QDJ94287 ----RVPVSPIASNILNIWENIKRDLSDDSSGYVFTSEENHRISMMTPSIVTEKMISYVRAWATFQMVGNLLPSGGTFTH 1942
ADV:YP_009177021 ----KLGLSIETGKLNRVWNNYLEVMTQEVELDEMTEREEIELRSLHGPEVLSSMLSHVRNWLSLPIVGLLYPNGGNFTR 1933
SCV:AWK49433 ----PLQLGMRPDRLSRIWNRFMEIMIGGEGLHCINREEIMILRSMTPHDIQRRVLSGVRAWLSLPLIGLVFPDKGRMTR 1936
RVCV:QBS46644 ----TMVLGVDPSKLQRHWNKILETLTAYPEPEDVSDAVKKYLLSFMDESDSAKMLSYLRSWMTIPSLGLVYPDKGTFTR 1937
WhIV-4:YP_009300689 -DDNETCLNFVPEIMTSFWSNTMSGLC--KRNAIEWPLTLEIDDHLLNKSMYDSMIQRARIYCTVPTVGCLIPHQNNFTR 1964
CCyV-1:ATS17313 ----KAEIGYHKRVMQEIWSDFEHHLN--YSDPLIPEILTNINHILMDEGRLAAITGRIKLWATLPIAGSALPHKGSYTR 1930
LNYV:YP_425092 ----GKLLGYHRSVIRQIWDGVKEGIN--TADWAMESVFSEINRTIASTADMIAMTIRLKAFFSLPIVGSVLPYKGSYTR 1928
LYMoV:YP_002308376 ----FKRLGYHRSVIRQQWECFKNNIN--QRDWALGEVLTELNHRLASDDKLISMMVRTKSAFSLPIVGCVFPHKGNYTR 1927
TpVB:AYH53273 ----PRLLGYHRAVIRQQWECLKVNIN--QKDWALESVLSDLNERLATKDKLISMMIKAKTAFSLPIVGCAFPHKGGYTR 1927
BaCV:QAU20941 LSDECAELMIDSVKEQLLSPKIELMGML - ---RPFSKSHELLALSSIGTSSYDTIASMTNEW--LSQVGMVSWRSSNFTR 1948
RSMV:YP_009553369 IPHSGVETLMDRLATEVDEDRGRLRAED-RDRWEQLDTME------ SKIHLLQYHRMRLDLW--FGSAYLSGYLSEDMTE 1918
CBDaV:YP_009362280 ----QMNRCLDQNSTIQLYQSLRHSSSV-DDQWDISESVKIINRVFSKTSLTVDIQIMLNIW--FQDGHIIHWKEEDFSR 1912
MaCyV:ARS22495 ----NNWEYLSYNNTMLLYERLRIAHET-MNDWYPGDYCNTINQTLQGTPLETFREQLLDVW--FQDSTIQYWREKDCTQ 1910
MYSV:ATN96453 ----LANTKLTYNSVISLYDTLRFNHER-MLMVSPGEYCHDINKYLDNTFLKHYREQLLDIW--FQDASIIHWRSRDFTQ 1907
BYSMV:YP_009177231 ----ISKSKLTYNSTILLYDTLRLNHEN-MLLVSPGGYCSDLNKHLDATFLKGYREQMLDIW--FQDASIIHWRAKDFTQ 1907
TrARV1 LFYIIQYYKRPEKVNPENVDSSKKLHMSDYLKLREVLFGLFVSMVADIRVRVR-LMN-ESEKWVLDWEP -~ -~~~ NNTRT 2012
WhIV-5:YP_009300875 AFYKLYKGKRPKIVSDDRDNADRILHLSDYYKMREILFGLAVSMIADIKMRQR-LIN-ESELWVLDWEP------ NQKYT 2017
PeVA:YP_006576506 LFYRLSSGKRPAIIHVERENKQLRMYVKDHYKIREVLFGMAVAMLANIKDREK-ILN-ESEQWILEWEL------ GKESS 2014
WhIV-6:YP_009301361 LFYYLKKTKRPGKIHTVRGNSNLRLYSSDFSDLRIKMFALAVSMLADINDRLT-MIK-ESSEWDLVWY------- EDKYK 2003
TpVA:AYH53279 MFLYMKKSKRPEHVKLQRDSSKLKLYDSDYYKLREKIFAMAVSMLADVEDRHK -MLN-ESENWHLEWY - - - - - -~ EKRKD 2005
TYMaV:YP_009352236 LYYYILKTKRPFSIKAS-ESSSHKLYKSDYLELRGKLFATIAVSMMADVNDRLS-MIN-RSHHWSLIWK-------- KYSD 2004
SAV1:QDJ94287 VYYYILKTKRPPTVKQS-DGPDKKLYLSDYLELRSKLFATAASMIAPIDLRLT-MIK-ESHKWGLTWE-------- NYGS 2011
ADV:YP_009177021 IYLYMKKYKQPAWVKTQRVDSALKLYDKDYYRLRDILLCLALGLCESDQDVVT-ELK-RTENWYLNWV------- EKETG 2004
SCV:AWK49433 VYYYLRKSKMPAYAKFQRDNSKLKLYDKDYYRLRDILLCLALSMCEDISMLSK-EMS-MTEYWFLDWE------- EKETG 2007
RVCV:QBS46644 VYYYLKKNKQPAYAKLQRSERRLKLYDKDYYRLRDLLLALALSMCSVDQMVVM-EMA-RSDMWYLEWE - ------ EKEIG 2008
WhIV-4:YP_009300689 VLGKLQSGFRPAKVSFSRWERSVKLYKSNEIKLTEILIIIAASMISNVKTRVD-FIN-NARFMMVKWSG------ KPNTN 2036
CCyV-1:ATS17313 FFGYLQRGKKPADIRWEKDDLGRKLYMSDYDQLREILLGLAASMIAPLDKRNQ-FVD-STQYWALIWK-~------ PSRTG 2001
LNYV:YP_425092 LLGYLQRGKKPEDISLITSDDGKRLYLSDYEKVRSVLFGLAVGMCSSATERDR-MLD-ESEYWAIDWI------- PSGPH 1999
LYMoV:YP_002308376 LLGYLQRGKKPIDISIISTQSNKRLYSSDFEKIRWVLFGIACSMCAKITDRER-MLD-QSDRWMLDWK-~-~-~---- PAGER 1998
TpVB:AYH53273 LLGYLQRGKRPIDISIVAATSGKRLYTSDYEKVRWVLFGLACSMCGRVADREK-LMN-ESENWMLDWK - - - - - -~ PSGSK 1998
BaCV:QAU20941 MLNELRHFKLPYELLDLEGRDRKYYFKEDHERLRLRLICLAGSMLTSQYLQAE-FL---TTRWKLIWSTKGNKGMLDDDY 2024
RSMV:YP_009553369 FFYSVKTSYRPPAISWEKGNQARYLYGSREEILFMSMITVALSSYLEDQDVLREFL--SSSGWKLQWKKD- -~~~ KKNPR 1991
CBDaV:YP_009362280 LYYGIKTGRRPKEVLDTTGHGVYYLHFDQSQKMFIRLMTLALSLMENRYTISS - ILNSQDNQWVMKWRKQGIHGGSRHNY 1991
MaCyV:ARS22495 LYYSLRTGRRPQSVFDAAGNTVYYLHGDLEEKIFERLFTLAMASIKDIEEKIARII---AQNWRLKWERTSSIVGTRSEY 1987
MYSV:ATN96453 MYYALRTGKRPASVLDTQGNTVYYLHSDMAEKIFERLLTLALSLLKPENRNIG-LL---DLPWRLKWEKSQETVSVRSTY 1983
BYSMV:YP_009177231 MYYALRTGKRPAHVLDTQGNTVYYLHADMSEKIFERLLTLALSLLKSESRFIG-IL---DLPWKLKWEKSQETVSVRSKY 1983
TrARV1 RWVPYLYLSDGRKE - - - -LPKIDVSDYVPYLSMY - -MSLQKLLFRGVKNSVRFRSLGTS------------ REFVGFPVS 2074
WhIV-5:YP_009300875 VWVPYLYKSDGRFD----LPQINVADYVPYLSMF--MAKKRLLFREVKKSIRFRSVGGV------------ RSHLVFPVS 2079
PeVA:YP_006576506 DWYPYLYRSDDSLS----- SKINVNDYIPYLSCM--MIRDRLSFGKFGKSIRFKNENMK------------ KKDVFFPIS 2075
WhIV-6:YP_009301361 DWRPKLTRSLDNQL----- PRCEVINYVPMLSSI--MLREGLIFRSHTDDVMFRP-DRK--=---------- REELCFPIS 2063
TpVA:AYH53279 SWSCMLERAPGSPD----- IKCNVSDYIPVLCVL--MRQQNLIFRKPSPKILFAPQNSN------------ RDSIFFPIS 2066
TYMaV:YP_009352236 KWDVSLEEKEEINE----- PPCDVIKYVPALNLM--MKEHGLLFKNCSNKVEFRC-TRS--=---------- REELCFPIT 2064
SAV1:QDJ94287 QWEVKLVRSEETRE----- PECDVIKYIPTLSIL--MKQQGLLFEKIGSAVSFGI-NRK------------ RDEVYFPVT 2071
ADV:YP_009177021 VWDCELTRSTTSEG----- MRADIEDYLPYVRIM--MIKDQLCKYNICDTIKFRPSSRG----=-------~ DQDIHFSIS 2065
SCV:AWK49433 IWDCVLRKSLTPEG----- MRASIDDYLPYIRSI--MFQRRMTFREIGHEVRFKHMSKD-------- EHEERKIVVFPIS 2072
RVCV:QBS46644 HWDCVLIRSLEPEG----- PTAKIEDYLPVLRVL--MEKDGLSFSNIPDTIRFSWLSRA-------- E-RDKDYVHFPIS 2072
WhIV-4:YP_009300689 TWMPRLEMNTERNP----GFEVNI-DYIGVLNRF--FNKQQLCFREVSFPIKFAY-SKK------------ RGTLCYPVA 2096
CCyV-1:ATS17313 IWVPMLKKMERSL------ APAHIYDMVPGLSIM--MRRDRLLFKEYGNTIEFKP-DRN------------ RKKLCFPIT 2060
LNYV:YP_425092 IWLPYLFKGVERS------ TLIHVYDYIPMLTLI--MKRERLLFKSSSDITEFKY-TNN-----------~ RDSCCFPIT 2058
LYMoV:YP_002308376 NWAPYLWYSRHKS------ TPIHVCDYIPILSLV--MKKERLLFHGSGQTIEFKF-SLS------------ REKCCFPVT 2057
TpVB:AYH53273 NWVPYLWKSDEKS------ SPIHVYDYIPILSLW--MKKEKLLFECVDWEIEFYH-TKS------------ RKECCFPIT 2057
BaCV:QAU20941 YYNPVLTANGTEDD--NDIIRV-LSRHVKSIQLCRITTPRAIVFSKFGKKVTFQYLPHKELSENDDGTLSSASLLCFPVS 2101
RSMV:YP_009553369 HWSPYLERSDSQLV - -WKKNKAMIFKLVSVLRGS - -KPREEYKMGKASDSIVFRYIPRK--~------ VREGEVPLCFPIS 2059
CBDaV:YP_009362280 QWSPELIRVRYKSRFWSSAAVNEIKRYLPPVKQI--RPIATRQISEVPDRIRFMYVRRE---------- TQAMKLCFPIS 2059
MaCyV:ARS22495 KWAPSLVSGGRQATI - -TDRMRNNIYRYLPGVIAV-IKRQRPKQYDDVSQYIRFEPDAKK-------- RGEKKQKARFPIT 2056
MYSV:ATN96453 RWAPALIQDGNTSI--PDRVKSNIARYLPGVAAV--RRSLGSLYEVVPDRVRFQNPGRT------------ SKVLKFEIT 2047
BYSMV:YP_009177231 2047

KWAPALVQEGNVLI--SDRVRSNIIRYLPCVSAV--RREMGVSYETVPKRIRFCPPGKN------------ TKMLRFDIT

* . *
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TrARV1 GVAYGSFTAMKHKGKRGI EGKMKKIQPKCK 2104
WhIV-5:YP_009300875 GSAYATFTGFNSARRKHN----------- D 2098
PeVA:YP_006576506 ATANLKVKPYKKNR-----=-=--=------ 2089
WhIV-6:YP_009301361 VVADKNKVAYYPVVRQ-------------- 2079
TpVA:AYH53279 KNASSS--------cmmmmmm e oo - 2072
TYMaV:YP_009352236 SLSERLRREAPRKRRTDKIT--------- T 2085
SAV1:QDJ94287 QLSLTLRRSQAGNGKPNRGG--------- S 2092
ADV:YP_009177021 KTSYMKPSKLIKDKRMFGT---------- D 2085
SCV:AWK49433 RIAHMTSKHLYKDKRRS------------ Q 2090
RVCV:QBS46644 RTASMRSHVLIKDKRS-------------- 2088
WhIV-4:YP_009300689 KNMVIRLPK--------------------- 2105
CCyV-1:ATS17313 KAAFIRIEREL------------------- 2071
LNYV:YP_425092 KTAKIKFNIK-------------------- 2068
LYMoV:YP_002308376 KTAAIKFGLCK------------------- 2068
TpVB:AYH53273 KTAEIKFKVK-------------------- 2067
BaCV:QAU20941 KNSSYRLAFIA------------------ D 2113
RSMV:YP_009553369 KVASMSV------mm e e e oo - 2066
CBDaV:YP_009362280 KLSSYTVA---------mmmmm e - - R 2068
MaCyV:ARS22495 KQASFSTPM----------cmmmomm oo - G 2066
MYSV:ATN96453 RGASFTTP---------m-cmmmemmm o - - Y 2056
BYSMV:YP_009177231 KGASFTTP---------ccmcmmmmm - - Y 2056
Fig. S2. Multiple sequence alignment of the TrARV1 N (nucleocapsid) and related proteins
TrARV1 MA= = == mm e STTPEKQGLKERLAAAKGLMH- = = = = = == == == === QESHKNTMEHN 34
WhIV-5:YP_009300870 MA---------mmmmmoomeem o SSSSVSDRL-EALARAK - = = == === === = oo e oo MAGKSVTPDT 28
PEVA:YP_@06576501 == --- - mmmmmm e e e e MSTVAERL - AALRAAKKNTP - - - = === = - - - PPPTKNIDEKKTEKDDK 36
WNIV-6:YP_009301356 - - === -cm--mmmmmmmmme oo MSTLRSRLNSDIPSTSKNPV-- - ===~ QTPRDGSKDKGKGIS 35
TpVA:AYH53274 MRYLDFLISTVLSFTISPSLVLYLSFVCGFESTANMTTKLLNAL - - = = = = = = = = o oo oo oo e oo a4
TYMaV:YP_009352242 = -- oo o oo oo MNTLALQL - == = = = = = = = oo o e e e 8
SAVL:QDIOA294 e e MAALHTAM- = = = = = = = - o e o e e 8
ADV:YP_009177015 L AETKAAAT -RALNAAKADTR- - - == === === - - RRKLSNPQPTGEPVK 36
SCV:AWK49426 MT = o m e e TKEARRKLRAALSSSKGSGS - - === === === === = o mmmome e oo 22
RVCV:QBS46637 === mmmmmmmmmmmmmem e MNVNRAELRKALLSLRGEPSSQDRGKSIALTNNERRMSDSGPSGRPFK 48
WhIV-4:YP_009300684 MDT--------c---omoammmm DRIKQLEEMKRKRALLKQANEAQKSQQA-- - === ------- GTSGIVKDTTMTAQ 45
CCyV-1:ATS17308 MT = o m e e SQKTEQQLQDEIQRIRMERA- - -~ ===~~~ RKGKNIEAGPSNVPPP 38
LNYV:YP_425087 == --mmmmmmmmmm oo MTTSAEKL -AKLEQLRKERA- - === === === == AVIQKPTTQVSS 31
LYMOV:YP_002308371  M---- === mm - oo momm e AETMAEKL -ARLQALRGGKS - - - = === = === == === EVKSTPQPQEQP 32
TpVB:AYH53268 s SETTEQKM-ERLRKIKEGMA- - === == === === - - NASTKPAQETAK 32
BaCV:QAU20935 M = o o o e 1
RSMV:YP_B09553363 M= - === — = o = = o o o oo o o o e e 1
CBDAV:YP_009362275 M= = - = oo - oo o oo o e e 1
MaCyV:ARS22490 L RSLGFLHLRI------ LRVKMA- = = = = = = o e oo 19
MYSV:ATN96444 e ATQ- - === m e e 4
BYSMV:YP_B09177222 Mo - = m = o o o oo o o o o e o o e 1
TrARV1 QQV----mmm - ATGKKQGGNAKLFTKVHNMTTPGKTIPKVWS -DNELSKIPIYSLTQLSVSEAVLLGNHMMTMLVG 101
WhIV-5:YP_009300870 SQV---------- RPKSSKKPGENGALFSKVKNMVTPGKSMPKEWK -DSELEKVSTYDIDVLDAAEAVLMGQAMIRMLAG 97
PeVA:YP_006576501 DQVKK-------- DNNVSERRAMNTNRYSAVSGLTGGGKMITKTWNDDTELPNIPIYSLSEITVDQLCVVGAATIKRIKN 108
WhIV-6:YP_009301356 NQVLL-------- NDGKNSSNTKVNSRYAELGSTVPSSKHKIKIWD-DSHIKDLKVYGLIQLTEDKIITYGKALRDYLNN 106
TpVA:AYH53274 = —mmmmmmmmmm oo AAQTKYADVDDIGVNSGRPVAVWE - IGHEKKIKIYDVGILNGQDANKYGEYMMGCMRF 101
TYMaV:YP_009352242 @ -----------ommmmmmmmm SNTDYDDLASITVAPGGSNVAWN-DEDVLSIRRYSLAVMDSPTMVLHGGYVFESLNN 64
SAV1:QDJ94294 = —-emmmmmmmmmmmm oo INKDYDDLVDVSVLPGGSIAVWR-DADVATIRRYTTTTMDVALAVQHGDYVIGCLTD 64
ADV:YP_009177015 VEIPKASGSNTVKTIPIASGPTANSKKYTDIDSVRTGDSKTTLTWR-NDSFSKIKVYEVTQLNDDDCVLYGRAVFDAINT 115
SCV:AWK49426 -EIPVQAVVKSS-ETPIPTDRNQNMRKYAELDNINVLVSRSTSEWK-DSDFNTLSVYQIEHLNTDDAVLFGEAMMTAIAE 99
RVCV:QBS46637 -QMSSS------- ADKQERKSPPKPQKYQDIDNISLSVGREASKWE-DSHFKALQIYDITALNSDDGVLFGRAVIKAINE 119
WhIV-4:YP_009300684 EKIVVDKTTKSK-GKETVKPTTPKVDKYHDLAETRVSLKSTPKDWK-DEDIKNVNIYGVKQLSISEIVRLGSNVFESISK 123
CCyV-1:ATS17308 Voommmmee - KPRTVLPKQTSNQRYLEIDSVSV-GKLTSVPWS-DTELSKIPIYRVNAINAAKCLTLGRTVFENLNA 104
LNYV:YP_425087 E------------- PVVTEKPRVRNTAYDSLAGVTI - GKRASRKWS -DADIKSIPIYDVHQVPAAQVIALGKDLLTQIQN 96
LYMoOV:YP_002308371  ------------------ KIARVANKLYDAVDDVTV-GKRASKRWD-DNDLANVVCYDVAQLTAGNMISIGKTLLSNIAS 92
TpVB:AYH53268  ------mmmmmmom oo TVNRVVNTLYDAVDDVTV-GKRAAIKWS -DAELSKVVCYDVQQVTAGSMISMGKNLLTHLTS 92
BaCV:QAU20935 = ------------- PKAYKDNSAYAKEIFTPITKEISHGRIQKQAWT-DQVFEDMQVYKINKYTAEDLERYGMYMVDSISK 67
RSMV:YP_009553363  ------------------ ATDKSFEEKLSLVPENTKLYSISPEAYS-DDKFDKANCYKLEKRSEYELTRLYKGLVRDLGN 62
CBDaV:YP_009362275  --------------- AQHTIDAKITALFDGIPEDVCLGPVTGVKFT-NDAFDALTCYRLEAVADAKVRYMAEKAMSEIFQ 65
MaCyV:ARS22490 ------------- SGSEQHIDKDLTDAFSNVPENLAVNTVPDETFS-DDAFKSHSVYEINELTIKQVVHHAYKLFRNMGQ 85
MYSV:ATN96444  --------mm--- TQDDHGLDKSISNMFDEVPDNISTSLIPGVVFS-DEEFDKVPAYTTPRPNDSQLVRASSKLLDSLGK 70
BYSMV:YP_009177222 67

------------- AKEDHGLDRENYDLYEDVPEDISTSLIPGIEFS-DDEFDRIPVYTPAELNDNQLVAAATKFLESLGK

* :
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TrARV1 N--KSNKDLIDIILFLAVSLRDPND---TSKLLLTPPADGFGLK--TTIGKPSVS--AVDKKTTDDD- - ------ ADQQ 163
WhIV-5:YP_009300870 K--TASRDLIDIVLFLAVSMRDPSD- - -LDKHLLTKPAKGYGTQ- -KAISKPTVQGKSPTQATSSGA- - ------- STSA 161
PeVA:YP_006576501  G--DTSNLTVDGLIYLATSLRDPSN---PEVALLTAPTAKFGAP--AALTIDLTN= === === -c-ocoouomu- TDSQ 160
WhIV-6:YP_009301356 G--DVNANTVNIMLYLAVSLKSMEN---IQKHLLISPNAILTKP--FEMSDIVLE--DQR-------=--==---- VEET 161
TPpVA:AYH53274 G-TDINSDLIKVMLSLAVSMRNPED- - - IKTHLLSKPARD- - - - - - TKYTMPHVL - -KAITVVNDGG- - - - - - - - - GEPN 160
TYMaV:YP_009352242  N-ARVDTNVLMSTVHLAANLRDPDN- - - ITQCLLTTPPHSRPAI - -IQTTLPTIR--AIQ---------------- EDIT 120
SAV1:QDJ194294 G-AGIDSSLVVSMLNLAINLRDPDN- - -PERKLLRDVATDRTSL - - IRMELPTIT--VWN-- === === === == NAMD 120
ADV:YP_009177015 G- -NITSDVVFMMLYLAISIRSTGDK - - SENYLLAAPTG-MTDL - -MGLVRPTVS - -DQAMATAGGSV - - - - - - - - ADVD 178
SCV:AWK49426 D--IINADTLNMMLRLAVSLRSTAA- - - TEDYMLVSPNNVLTNS - - ITSSKPTVN- -NNRNASEDAD - - - - - - - - - PELQ 161
RVCV:QBS46637 G--TITSDILFMMLYLAVSCRSTMD- - -VSKYLLSKPTG-MTAM- -MDHTPPTAA- -ASDEHIEDAT - - - - - - - - - TDRN 180
WhIV-4:YP_009300684 S--QFTSSHVDILLSLAVSLLEPGSTAETEKYVLIPLPSTVGNP--IKNVSITAS--EAK--------=--====- SKEV 181
CCyV-1:ATS17308 G- -TVTAALADMCLALAVSLPKPALA- - TFEHLLTPIPATIGTG- -VAFNQPEVN- -DAA- - == == === === = - — PSLT 160
LNYV:YP_425087 N--SUNTVTVDYCLVLAVSIPKPAMT - - SFEHLLTPPSPEQGTR - - LDF TQPQAG- -VSNR - = = = = === === = = - SGLT 153
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Fig. $3. Phylogenetic relationship of TrARV1 and other cytorhabdoviruses based on N proteins
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