
Acta virologica 63: 211 – 216, 2019 doi:10.4149/av_2019_205

A novel Waikavirus (the family Secoviridae) genome sequence  
identified in rapeseed (Brassica napus)
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Summary. – The genome sequence of a novel species of the genus Waikavirus (the family Secoviridae), which 
we named Brassica napus RNA virus 1 (BnRV1), was identified in a rapeseed (Brassica napus) transcriptome 
dataset. The BnRV1 genome was 12,293 nucleotides long followed by a poly(A) tail. Two open reading frames 
(ORFs), called ORF1 and ORFX, were predicted. The larger ORF, ORF1, encodes a polyprotein of 3,471 amino 
acids and the smaller ORF, ORFX, overlaps ORF1 and encodes an 87 aa long protein of unknown function. 
The BnRV1 ORF1 polyprotein was predicted to undergo proteolytic processing to yield seven mature proteins, 
including an RNA-dependent RNA polymerase and three distinct coat proteins. The ORF1 and ORFX proteins 
share sequence similarities with the respective proteins of viruses in the genus Waikavirus, including the bell-
flower vein chlorosis virus, rice tungro spherical virus, and maize chlorotic dwarf virus. A phylogenetic tree 
inferred from a conserved segment of the polyproteins of several Secoviridae viruses confirmed that BnRV1 is 
a novel species of the genus Waikavirus. The BnRV1 genome sequence identified in this study may be useful 
for the study of waikavirus biology and waikavirus-derived diseases.
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Introduction

Viruses of the genus Waikavirus (the family Secoviridae 
of the order Picornavirales) have a positive-sense single-
stranded RNA genome (Sanfaçon et al., 2009; Thompson et 
al., 2017). There are three known species in the genus Wai-
kavirus: rice tungro spherical virus (RTSV), maize chlorotic 
dwarf virus (MCDV), and bellflower vein chlorosis virus 
(BVCV), which are all plant pathogens (Reddick et al., 1997; 
Sailaja et al., 2013; Seo et al., 2015). RTSV and MCDV are 
agriculturally important plant pathogens that cause severe 
production losses in rice and corn, respectively (Reddick et 
al., 1997; Sailaja et al., 2013).

Waikavirus genomes are composed of a mono-segmented 
single-stranded RNA of about 12 kilobases (kb) with a 
poly(A) tail, which is encapsulated in an icosahedral particle 
(Sanfaçon et al., 2009; Thompson et al., 2017). Waikaviruses 
are known to have at least two well-conserved open reading 
frames (ORFs) (Firth and Atkins, 2008; Sanfaçon et al., 2009; 
Thompson et al., 2017). The large ORF, ORF1, encodes a 
polyprotein that is subsequently processed into seven mature 
proteins, a hypothetical protein, three distinct coat pro-
teins, a nucleoside triphosphate-binding protein, a 3C-like 
proteinase, and an RNA-dependent RNA polymerase. The 
second smaller ORF, ORFX, overlaps ORF1 and encodes an 
87 aa protein of unknown function (Firth and Atkins, 2008). 
Possible additional small ORFs have been proposed near the 
3'-end of the genome of other waikaviruses, although their 
existence has not been confirmed (Shen et al., 1993; Thole 
and Hull, 1996; Reddick et al., 1997; Isogai et al., 2000; Verma 
and Dasgupta, 2007; Sanfaçon et al., 2009).

Rapeseed (Brassica napus), also known as oilseed rape, 
is a bright-yellow flowering herbaceous plant of the fami-
ly Brassicaceae (also known as Cruciferae). Rapeseed has 
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two subgenomes, one derived from B. rapa and the other 
from B. oleracea, indicating that it is a hybrid species that 
originated from a recent hybridization event (Mason and 
Snowdon, 2016). Rapeseed is mainly cultivated to produce 
edible seed oil, and rapeseed oil is a rich source of natural 
bioactive components, including a range of antioxidants 
(Szydłowska-Czerniak, 2013).

High-throughput RNA sequencing (RNA-seq) is a pow-
erful, cost-effective tool for RNA virus discovery in plants, 
as well as viral diagnostics and virus evolution research 
(Park and Hahn, 2017; Park et al., 2017, 2018; Roossinck, 
2017). In this paper, a novel RNA virus genome sequence 
was identified in a transcriptome dataset obtained from 
rapeseed tissues (Liu et al., 2017). Sequence comparison and 
phylogenetic analyses showed that the novel RNA virus is 
a distinctive species of the genus Waikavirus in the family 
Secoviridae.

Materials and Methods

Data collection and sequence assembly. RNA-seq data ob-
tained from the young floral buds of rapeseed plants (Acc. Nos. 
SRR2052475, SRR2052499, SRR2052502, and SRR2052505) (Liu 
et al., 2017)were downloaded from the Sequence Read Archive 
(SRA) of National Center for Biotechnology Information (NCBI). 
The dataset contains about 19.95 gigabases from 239.7 million 
reads.

Raw sequence data were trimmed to collect high-quality reads 
using the Sickle program (version 1.33; https://github.com/najoshi/
sickle). High-quality reads were de novo assembled into contigs us-
ing the SPAdes Genome Assembler (version 3.10.1; http://spades.
bioinf.spbau.ru) (Bankevich et al., 2012). Each of the four RNA-seq 
runs was independently assembled.

Viral data collection. A BLAST-searchable database containing 
representative viral RNA-dependent RNA polymerase (RdRp) 
motif sequences was prepared from the Pfam database (release 31.0; 
http://pfam.xfam.org). A total of 394 viral RdRp motif sequences 
were obtained from 19 families (PF00602, PF00603, PF00604, 
PF00680, PF00946, PF00972, PF00978, PF00998, PF02123, 
PF03431, PF04196, PF04197, PF05788, PF05919, PF07925, 
PF08467, PF08716, PF08717, and PF12426). A BLASTX search 
was performed against the representative RdRp motif database 
using the assembled rapeseed transcriptome contigs as queries to 
identify potential virus-derived sequences.

RNA sequence analysis. The rapeseed RNA-seq reads were 
mapped to a viral contig using the BWA program (version 0.7.17-
r1194; https://github.com/lh3/bwa) (Li and Durbin, 2009) to 
collect virus-derived reads and to examine sequencing depth. 
The SAMtools and BCFtools programs (version 1.6; http://www.
htslib.org) (Li et al., 2009) were used to identify single nucleotide 
polymorphisms (SNPs). Integrative Genomics Viewer was used to 
visualize sequencing coverage and depth (Robinson et al., 2011).

ORF and protein characterization. The getorf program (version 
6.6.0.0; http://www.bioinformatics.nl/cgi-bin/emboss/getorf) of 
the EMBOSS package was used to predict ORFs and their encoded 
protein sequences. Sequence similarity searches of the putative viral 
contig against all known nucleotide and protein sequences were 
conducted using the BLAST programs at the NCBI website (https://
blast.ncbi.nlm.nih.gov/Blast.cgi). The Pfam database (release 31.0; 
http://pfam.xfam.org) was utilized to characterize the functional 
domains in the viral genome.

Phylogenetic analysis. Multiple sequence alignments were gen-
erated using the MUSCLE program (version 3.8.31; https://www.
drive5.com/muscle) (Edgar, 2004). A phylogenetic tree was inferred 
by the neighbor-joining method using MEGA (version X; https://
www.megasoftware.net) (Kumar et al., 2018).

Results and Discussion

One of the contig sequences assembled from the rape-
seed (Brassica napus) flower bud RNA-seq set SRR2052475 
contains a putative protein coding region showing high 
similarity with an RdRp motif (Pfam Acc. No. PF00680) of 
the RTSV ORF1 polyprotein (UniProt Acc. No. Q83034). 
RTSV is the prototype species of the genus Waikavirus of 
the family Secoviridae (Shen et al., 1993). The contig was 
thought to be a genome sequence derived from a novel 
RNA virus related to the genus Waikavirus and was named 
Brassica napus RNA virus 1 (BnRV1). The BnRV1 genome 
sequence with annotation information has been deposited 
in the NCBI nucleotide database under Acc. No. MH844554.

The BnRV1 genome contig, which was assembled from 
58,986 RNA-seq reads, is 12,293 nucleotides (nt) long 
followed by a poly(A) tail. A single nt sequence variation 
(G or T) was found at position 9660, which resulted in a 
methionine/isoleucine amino acid (aa) polymorphism in the 
ORF1 polyprotein. This indicated that the assembled BnRV1 
genome was derived from a highly homogeneous population 
and may be descendant of a single clone.

Sequence comparison and ORF prediction revealed two 
well-conserved ORFs in the BnRV1 genome (Fig. 1), the 
larger ORF1 and the overlapping smaller ORFX, which 
were 10,416 nt (position 631–11046) and 264 nt (position 
923–1186) long, respectively. The 5' non-coding region 
(NCR) was 630 nt long, and the 3' NCR was 1,247 nt long 
and was followed by a poly(A) tail. None of the other small 
ORFs previously suggested in other viruses of the genus 
Waikavirus were found (Shen et al., 1993; Reddick et al., 
1997; Sanfaçon et al., 2009).

BnRV1 ORF1 encoded a polyprotein of 3,471 aa. Pfam 
analysis showed that the polyprotein contained five con-
served domains: a waikavirus capsid protein 1 (Pfam Acc. No. 
PF12264; aa positions 711–907), picornavirus capsid protein 
(PF00073; 895–1061), RNA helicase (PF00910; 1800–1906), 
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Fig. 2

Phylogenetic tree of BnRV1 and other Secoviridae viruses
A phylogenetic tree was inferred based on the “Pro-Pol” segment se-
quences of BnRV1 and other representatives of Secoviridae viruses using the 
neighbor-joining method. The bootstrap percentages calculated from 1,000 
replicates are shown at the nodes (bootstrap support values of 80% or less 
are not marked). See Table 1 for the full names and Acc. Nos. of the viruses.

tungro spherical virus-type peptidase (PF12381; 2634–2864), 
and RdRp (PF00680; 2903–3413).

A BLASTP search was performed against the NCBI non-
redundant protein database using the BnRV1 polyprotein 
sequence as a query. The BnRV1 polyprotein showed strong 
sequence similarity with the polyproteins of BVCV (Seo et 
al., 2015), RTSV, and MCDV (Reddick et al., 1997). These 
three viruses are species of the genus Waikavirus. The BnRV1 
polyprotein also showed significant sequence similarity with 
the polyproteins of carrot necrotic dieback virus (Menzel and 
Vetten, 2008) and parsnip yellow fleck virus (Turnbull-Ross 
et al., 1992). These two viruses are members of the genus 
Sequivirus, a sister taxon of the genus Waikavirus.

The virus with the highest similarity to BnRV1 was BVCV, 
and the ORF1 polyproteins showed 51% sequence identity, 
with almost full coverage. A BLASTN search against known 
viral genomes using the BnRV1 genome sequence as a 
query also revealed that BVCV was the closest to BnRV1, 
with 65% nt sequence identity and 44% coverage. Strong 
sequence similarity among the polyproteins of BnRV1 and 
other waikaviruses, including BVCV, RTSV, and MCDV, was 
observed in the multiple sequence alignment (Supplemen-
tary Fig. S1), indicating that BnRV1 is a novel member of 
the genus Waikavirus.

The BnRV1 polyprotein is predicted to be cleaved into 
seven mature proteins: a hypothetical protein (P1), three 
distinct coat proteins (CP1, CP2, and CP3), a nucleoside 
triphosphate-binding protein (NTP), a 3C-like proteinase 
(Pro), and an RdRp. The consensus sequence for cleavage 
sites is “Q/X,” where “Q” is a glutamine residue and “X” is any 
aa residue (Shen et al., 1993; Reddick et al., 1997; Sanfaçon 
et al., 2009; Seo et al., 2015). Putative cleavage sites in the 

Fig. 1

Schematic representation of the BnRV1 genome
The BnRV1 genome contains two ORFs: the larger ORF1 (10,416 nt) and the overlapping smaller ORFX (264 nt), which are marked as boxes (top). ORF1 
encodes a polyprotein (3,417 aa) that undergoes proteolytic cleavage to generate a hypothetical protein (P1), three coat proteins (CP1, CP2, and CP3), a 
nucleoside triphosphate-binding protein (NTP), a 3C-like proteinase (Pro), and an RdRp (middle). ORFX produces a small protein (pORFX, 87 aa) of 
unknown function. The aa residues and positions of the putative cleavage sites are marked by arrows below the polyprotein. The seven mature proteins 
are indicated with their respective sizes. Poorly supported sizes or positions are indicated by question marks. The “Pro-Pol” segment, which was used for 
the phylogenetic analysis, is marked with a line (bottom).
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BnRV1 polyprotein were predicted based on comparison to 
the reported cleavage sites of other waikavirus polyproteins 
(Fig. 1). Examination of a multiple sequence alignment of 
waikavirus polyproteins revealed that the cleavage sites for 
P1/CP1, CP1/CP2, CP2/CP3, and NTP/Pro were well aligned 
(Supplementary Fig. S1). For these four sites, the aligned 
glutamine residues of the BnRV1 polyprotein were predicted 
to be cleavage sites. In contrast, the sites for CP3/NTP and 
Pro/RdRp were poorly aligned. For these two sites, nearby 
glutamine residues were chosen as putative cleavage sites. 
The six predicted cleavage sites of the BnRV1 polyprotein 
are as follows (the positions of the glutamine residues are 
given in parentheses): Q(700)/S for P1/CP1, Q(910)/A for 
CP1/CP2, Q(1113)/A for CP2/CP3, Q(1404)/W for CP3/
NTP, Q(2547)/N for NTP/Pro, and Q(2855)/T for Pro/RdRp.

A conserved segment of the polyprotein, which is known 
as the “Pro-Pol” region, has been used as a taxonomical 
indicator for viruses of the order Picornavirales, includ-
ing the genus Waikavirus (Sanfaçon et al., 2009; Seo et al., 
2015; Thompson et al., 2017). The “Pro-Pol” segment spans 
from the “CG” motif of the Pro to the “GDD” motif of the 
RdRp (aa positions 2815–3269 in the BnRV1 polyprotein). 
Comparison of the BnRV1 “Pro-Pol” sequence with those 
of representative Secoviridae viruses revealed a close rela-
tionship (Table 1). The BnRV1 “Pro-Pol” sequence showed 
29–67% identity with those of known Secoviridae. Among 

Table 1. Sequence comparison of the “Pro-Pol” segments of BnRV1 and representatives of Secoviridae viruses

Genus Virus Acronym NCBI Acc. No. Sequence identitya

Waikavirus bellflower vein chlorosis virus BVCV NC_027915 306/455 (67%)
rice tungro spherical virus RTSV NC_001632 282/463 (61%)
maize chlorotic dwarf virus MCDV NC_003626 262/458 (57%)

Sequivirus carrot necrotic dieback virus CNDV EU980442 166/487 (34%)
parsnip yellow fleck virus PYFV NC_003628 161/488 (33%)

Torradovirus carrot torradovirus 1 CaTV1 NC_025479 149/460 (32%)
motherwort yellow mottle virus  MYMoV NC_035218 142/462 (31%)
lettuce necrotic leaf curl virus LNLCV NC_035214 147/462 (32%)
tomato marchitez virus ToMarV NC_010987 121/385 (31%)
tomato torrado virus ToTV NC_009013 120/401 (30%)
squash chlorotic leaf spot virus SCLSV NC_035221 144/476 (30%)

Cheravirus apple latent spherical virus ALSV NC_003787 144/476 (30%)
cherry rasp leaf virus CRLV NC_006271 141/457 (31%)
currant latent virus CuLV NC_029038 140/457 (31%)
Arracacha virus B AVB NC_020898 144/487 (30%)
strawberry latent ringspot virus SLRSV NC_006964 114/386 (30%)

Sadwavirus satsuma dwarf virus SDV NC_003785 111/371 (30%)
Unassigned
Secoviridae

chocolate lily virus A CLVA NC_016443 116/374 (31%)

Dioscorea mosaic associated virus DMaV NC_031766 137/473 (29%)
black raspberry necrosis virus BRNV NC_008182 141/470 (30%)
strawberry mottle virus SMoV NC_003445 140/472 (30%)

aAmino acid sequence identities are reported as “identical residues/aligned length (% identity).”

them, three Waikavirus species – BVCV, RTSV, and MCDV 
– showed 67%, 61%, and 57% identity, respectively. One of 
the criteria for species demarcation within the family Seco-
viridae by International Committee on Taxonomy of Viruses 
is that the “Pro-Pol” sequence shows less than 80% identity 
(http://www.ictv.global/report/secoviridae) (Thompson et 
al., 2017). According to this criterion, BnRV1 is considered 
to be a novel species in the genus Waikavirus.

A multiple sequence alignment of the collected “Pro-Pol” 
sequences of representative Secoviridae viruses and BnRV1 
was generated (Supplementary Fig. S2). A phylogenetic 
tree based on this alignment confirmed the classification of 
BnRV1 in the genus Waikavirus (Fig. 2).

The BnRV1 genome was predicted to have a second ORF, 
called ORFX, that overlaps the N-terminal region of the 
ORF1 polyprotein and encodes an 87 aa protein (Fig. 1). 
The BnRV1 ORFX protein sequence showed high sequence 
similarity with other waikavirus ORFX proteins (Supple-
mentary Fig. S3). Interestingly, the sequence conservation 
for the ORFX proteins was higher than that for the over-
lapping regions of the ORF1 polyproteins. For example, 
the ORFX proteins of BnRV1 and BVCV showed 74% aa 
sequence identity, while the overlapping ORF1 polyprotein 
regions showed 53% identity. The ORFX proteins have only 
been found in the four Waikavirus species. No homologous 
proteins have been found in other viruses or other cellular 
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organisms. The strong conservation of the ORFX protein 
sequences suggests that they may play an important role in 
the biology of waikaviruses.

In conclusion, a genome sequence of a novel RNA virus, 
BnRV1, was identified in rapeseed. Analysis of the genomic 
features and phylogeny indicated that BnRV1 is a novel 
fourth member of the genus Waikavirus in the family Se-
coviridae. Three plant viruses are known to infect rapeseed 
– Brassica yellow virus, turnip crinkle virus, and turnip yel-
low virus (retrieved from the Virus-Host database at https://
www.genome.jp/virushostdb) (Mihara et al., 2016). BnRV1 is 
the fourth virus that is associated with rapeseed. Considering 
the economic value of rapeseed and the potential pathogenic-
ity of waikaviruses, the BnRV1 genome sequence reported in 
this study may be useful for the study of waikavirus biology 
and the control of waikavirus-derived diseases.
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Fig. S1. Multiple sequence alignment of the ORF1 polyprotein sequences of BnRV1 and other waikaviruses

BnRV1   ---------MSSEPQICVDNLNRISTLGGIIFSLG-----------------------------------------------------------------    26 
BVCV    ---------MNTLQSNAISN-NGFTCSGGIFLTRN-----------------------------------------------------------------    25 
RTSV    ----MQSFLLSSKNQAKLLH-AGLEFVGGV----------------------------------------------------------------------    25 
MCDV    MMSCEQSKNNNNQQSTALEN-SEIRYPGGYYIPLGDGGIRVPVEAIYRPGEPQNWVPICGNDFHLSQDDPCSECDAIEGSSERAAIAISDSYVASDPHFT    99 
                  ..  .  : :   :   **                                                                        
 
BnRV1   -----------ECDHRFPFS-GDSVVSCNVCNFLLRLNKKQQKNSTLVSRLLFE-----QVAGCSFARAYQLSRVLCGVDKVDHKFLDNAKSAINCKLGY   109 
BVCV    ----------IICTHKRAFS-SISSSSCNYCNFLFRLFTFYKKNKCMLNRSNIV-----KLCDLSFDELFNKSCFVFNLPKVSCGYIDNAARVINNKFSS   109 
RTSV    -----------RCAHQGWVS-GKAVVFCNYCNFAHRLYRFYTKNHCVLNKELLKISVEGLLCHC-IEQAFLFRRFYDRRFAWQRKY---AKGFLFDNLSI   109 
MCDV    VDARSLSRRDHTCTHRGCFSICSSYRFCSFCLFLFNLDKFQKNTKYFHSKRSLS-----RLVHCSAEQLISNAILFSSNRIID------AEVVADNRVSC   188 
                    * *.  .*   :   *. * *  .*     :.  . ..  :       :             .       .      *      ...  
 
BnRV1   KY-GCALYAGIGTSSQATNYSDSWNMCDNAEHLFECFSLSDQTRGRLFSVPGESVGWHTTCAKCGASCSFAGPREALMIILFLRILRVRYDGNKYLVS-S   207 
BVCV    QY-DCSVSVHPGSNPEVTSHSDCWSVCNNAQHLFECVSFSDQTRGEWFPVLGKSNNWHTTCSGCGASCAFATPREGVILIIFLLNLKLRYNGERYFVA-L   207 
RTSV    PFDDCALCPNAGTRLSQTGVSHDHFVCNYVEHLFECASFSRETGGKFFRACSEGWHWNATCTTCGASCRFANPRENIVIAIFMNFLRVMYDGNKYYVS-L   208 
MCDV    EY-AKLLLSNARVGVQVTPPACDWVVCNNVEHLFECFGISDAQRGHITGFNDENAYWNASCAKCGACCQGANARSAIPIVLLLKFITIRKEQDIWLASHM   287 
         :    :        . *  :  . :*: .:***** .:*    *      .:.  *:::*: ***.*  * .*. : : :::  : :  : : : .:   
 
BnRV1   VAGEKPVHCSRKMATVILIAQDCAIDLHKMEIVNDDP-QLEELKSDVYRDECSADHFTYGTNIVER--------YAKN-DFIKTSNGCLHQFYLVKCPG-   296 
BVCV    NCTEQWVHCSKEVALLVMHVGGSFIDMKGIEVKNVNP-QSVAVYSNVFLGQCSMRQIFYGGNYVTR--------FAKDDDVLQTHGECAHSFYLTSCHG-   297 
RTSV    HCDTEWIPVHPLFARLVLMVRG-FAPLDNSHVIEEDEMDICGHSSEVTYEDPS--KFAFTHQHVTRGVGMGHLAFCRDANGVDRGE---HKFYL---HGP   299 
MCDV    HHDNDFVEINSITAQIIAKINN---------IPNVDE-PAVGYMGSKLENWISYRDTDFTEEDWT---------LKHPCSGPLESEECDHDFIIRNQYG-   367 
            . :      * ::    .         : : :        ..      *     :  :              .  .         *.* :    *  
 
BnRV1   VQLKMSHDMMRVLMMLLPCSGYLNALIKGENGMLRQVMNASGLLSAGGFVGVNIRCNEGFVQFHQEFYRGSFRSPVTETPLLIDEENFVAAEPIVHVCTK   396 
BVCV    LQLKLTSEMTRYMLMLMPSCGYLTGLVSE--PEAARDPKACGLLAVGGLAGVNLRCNSEFQELHEEFYKGPFREP-EEELIVINAE-----------AQA   383 
RTSV    FDLKMTHAMFRVFMILLNCHGYVQSEFRDEFPDI-KDRSLCGLLSVAGLRGVNVSCNEEFIHLHSQFHNGSFRSQ-RPIPMVYAEPEMYPPLGYVHLTES   397 
MCDV    FELYLNHAMLLNFAALCLYHGRLYN----------SDKSVGILVTFGGMIGVNIACNEAFMEFHKRFYSGTLRI--SPMNMYLRRER----------CQA   445 
        .:* :.  *   :  *    * :               .   *:: .*: ***: **. *  :*. *: *.:*       :                    
 
BnRV1   QSSGGYDSSQDEED---EGFGEDDVDAMQEKFD--------------AFLSEPKSLLEVED--VSRVQGRGLG-DLKKRVGGLLKGVTNCVKACHAVWDW   476 
BVCV    KRSSGYDPNDDEYNQTLQDQQEDDEEDMDDELQDHEEISTDWDAVLKDFLESDNNMMDVEDEVHSRVATRGLGMGLTKRLGGLVKGITNCVKKLHAVWDY   483 
RTSV    WVPRGRLLIDDLPSLMSRVYAESSQAQAGEIYE--------------ETFDEDD-LFELDG--EEGTSTRGLL-DLGRRLGGLLLGATKCVKGLHSVIEW   479 
MCDV    QS----DFNDEEFQRLMAEEGDAEIQSVSNWVS--------------EYLEIEDVIDIVDE--AESKKTRGLG--LNQVLGGLLKGVSHCVDSLHKVFDW   523 
        .        ::  .       : .     :  .                :.  . :  ::    .    ***   * . :***: * ::**.  * * :: 
 
BnRV1   PLDTALNLVGKTGDWLEENKEYISKDVWSCTVCGELQKDMSAGAEEQKKINQLFKAMLERLAKTVDEVTAMNNKNFAKLEEKL--PSDDQNLVVLRKKME   574 
BVCV    PLDKALDIADQFGNWMDDNKKHTSEDVYMCASCPALEANYRVAFEEQKKVNDMLMASVKKLSETLDSYARQCKDNFVKIEERFNSPADRSNFELMNKKI-   582 
RTSV    PVDVLTKEAEDLGTWLADNKKYVSESTWSCQVCPEVQDALEKSMREQAKLNAQMISGIKKLATTMDSATLKLRDNLKELEQRI-SVLEQGADDTQQVRI-   577 
MCDV    PIDLAIDAAKGTADWLEGNKSSV-DDSKICAGCPEIQKDMQDFQKETKMGIEILRDSIKKLSEGIDKITRMNQTNFERIVDRI-RPIESKLKELEKIKP-   620 
        *:*   . .   . *:  **.   ..   *  *  ::        *       :   ::.*:  :*. :   . *:  : :.:    :       . .   
 

*Corresponding author. E-mail: hahny@cau.ac.kr; phone: +82-2-820-5812.
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BnRV1   LMQDELTRHAGDIHAVKTEVERMDSNLGPFNGEACILSIAEIKVDMKEMKERLNQLEREPKGSKLPTSIPPPRDRPRPTPTSSDAGEQLPIPRMSVMDGS   674 
BVCV    ------------------------SMLADMVKEDVAKLQDEKAEDIRRLDSLIVELMNDIHASKSKMEEKPSKAKPTPS-----VGEQMPIPRM------   647 
RTSV    ------------------------TNLENF-CEDAAKAFEALRNDIEALKK------------KPAQSVTP---LPSPSGNSGTAGEQRPPPRR------   631 
MCDV    ------------------------DAGGSKDSEAMRQLVQAIK-DIKLIKQAMMELND-----RIKDLEDSKQHQEDSKPDDDTAGEQKPIPKI-----N   685 
                                        *           *:  :..            .      .      ..     .*** * *.        
 
BnRV1   NVRQPPPGMSKSRQARWFEKQMLMRQSGSTEFVGTEMQAEVVESSRVVARGSTEEHNPFLSKLYLGSVSWSVSDGEGTVLQDFDIPSAVWGSNSRLADIL   774 
BVCV    KIGRPSNPISLPQPIRKFGISA-TKQSGDTTFISDTTQEQVVPGSVVVTGGRSEEHNVILSKIYLGATTWSVSDGEGRVIKDVVLPDAIWDANDRLRGIV   746 
RTSV    --RRRPPVVEMSEA-----------QAGETVIVGGDEEQEAHQDSSVAAAGPADEHNAMLQKIYLGSFKWKVSDGGGSILKTFSLPSDIWAANDRMKNFL   718 
MCDV    KIRVKAKRVEK--------------QSGTNIVNNEIEQAFQDEEKRTVDPNISDMYNAIKSEYLVKSFSWKVSDGQDKVLSNINIPEDLWNTNSRLNDIM   771 
             .  :.               *:* . . .   :      . ..  . :: :* : .:  : : .*.**** . ::. . :*. :* :*.*: .:: 
 
BnRV1   SYFQYYTVDGMDFYVTLTSIGMQGGTLMLVWDALSCATRQKTASVFQLSNLPKAFIHASESAEQVFSIDSPSIQHQMCTSGSEGSLGNLGTLKICIANVL   874 
BVCV    SCFQYYTCDGLRFHVTTTSVGMQGGTLMLSWDAMSCATKQKIDSVLQLSNLPSAYIGASDSVNQVFEVSSPSIQHIMCTSGSEGSIGGLGTLKISVANVL   846 
RTSV    SYFQYYTCEGMTFTLTITSIGLHGGTLLVAWDALSSATRRGIVSMIQLSNLPSMTLHASGSSIGTLTVTSPAIQHQICTSGSEGSLANLGSLVISVANVL   818 
MCDV    SYFQYYKATGLTFRISTTCIPMHGGTLFAAWDACGCATRQGIATAVQLTGLPGIMIEAHSSSLTTFSVEDPLTQSTVCLSGSEHSFGRIGILKICCLNVL   871 
        * ****.  *: * :: *.: ::****:  *** ..**..   : .**:.**   : *  *   .: : .*  *  :* **** *:. :* * *.  *** 
 
BnRV1   NASSETSQSASVNVWLKFRNPRMSLYTRKHELVMSQACMDVEETHGLESCEAMIATGKWSTTSSTNLMELTVHPTACHLERGMLSQTSLSVIASMFGRWR   974 
BVCV    NASTDTSQKVQVNMWVSFINPKLSFVTVPHIPLVSQSSATLSNLAGIESFESIVAADKWSTTSPTNLLELTVHPTACHVKDGLVTQTSLSVVSSLFNRWR   946 
RTSV    CADSASAQELNVNAWVQFNKPKLSYWTAQHSIA--QSG-GFEESQDLGDLQAIIATGKWSTTSDKNLMEIIVHPTACYVSEKLIYQTNLSVVAHMFAKWS   915 
MCDV    NAPQAATQSVSVNVWVKFDGVKFHFYSLKKQPVVSQM--LVDKLTNLGEMGCVVATGTWSTTSSLNLLQLNVHPTACFISDGLVTQTPLSVIAHAFARWR   969 
         *   ::*. .** *:.*   .:   :  :     *    ..:  .: .  .::*:..*****  **::: ******.:.  :: ** ***::  * .*  
 
BnRV1   GSLRFKFVFGASMFVKGKVAVSAIPIAFRKEKLSVAQLLSFPSVICDLNTANKEFIFDVPYNSIGEDSYVTRDSLYDMSCYNGDFVVSRLHMVVLDPLVM  1074 
BVCV    GSIKYRIIFGASMFVKGKMAVSAVPVVFRNRKMSVEEICAFPCLICDLSSQNREFTFEVPYVSIGTDSYVVRDALYDTSSYSAKFVVSRLHFVVLDPLVM  1046 
RTSV    GSMRYTFVFGASMFDRGKIMVSAVPVQFRNSKLTLSQMAAFPSMVCDLSMETREFTFEVPYISIGKMSLVCKDYLFDISSYNADLVVSRLHVMILDPLVK  1015 
MCDV    GSLKFTITFGASMFTRGRVLVAAIPVAKRKETLTIEEISGYHNVMCLLNGERTSFELEVPYHSVGEDSYVCRDALFDVSSYAQNFMITRLHMVVIDTLVM  1069 
        **:.: : ****** .*.: *:*:*:  *: .::: :: .:  ::* *.    .* ::*** *:*  * * .* *:* *.*  .::::***.:::*.**  
 
BnRV1   NANASNSISFFVMMGPGDDFTLSQLLGVKSEYVNRNLK-QA-FGRSLNSGGLNGDGFSRWCGVPSVLAKFELNADKKN------ALHFMVSPYYRRFPPC  1166 
BVCV    NANASNSVSFIVTQSPGKDFQLSQLSGVKAEFVDRRLKPQG-FGRTLTCNGLMGGGFNDWCEIPSVLWKFTLDAGLKN------ALHLMVAPSYRSMPPC  1139 
RTSV    TGNASNSIGFYVVAGPGKGFKLHQMCGVKSQFAHDVLTAQD-FGRSLSCSRLLGNGFKEWCSRESLLMRVPLKSGKKR------AFKYAVTPRMRTLPPE  1108 
MCDV    SSNASNTISYCVMMGPGKDLELRYLNGVHAQRNVRELKAQVSLGFSLQSGRNIGVGFSDLLKRWAHLLTLHFDENNEKSEEKVGSYIVTVAPSYRAFPQH  1169 
        ..****::.: *  .**..: *  : **:::     *. *  :* :* ..   * **.      : *  . :. . :.      :    *:*  * :*   
 
BnRV1   VTSLSWLSQIFVEWRGSLQYTLRAHSQDRAKGSLVRIWHDANGSTISREEFEFLSDVDPPSGMRVLYWNPVLSDTYTFTVPYRARTKKLIIMKARYEPHE  1266 
BVCV    TTSLSWLAQLFVEWSGSLVYTLRAHSQAKQITSFVRIWYDSNGSTQSENESEFLSNVDPPAGVKVHYWRPGEQDKIVITVPFCARTPKLLLPKSRYEPTV  1239 
RTSV    ATSLSWLSQIFVEWRGSLTYTIHVQSGSAIQHSYMRIWYDPNGKTDEK-EVKFLDSAHPPAGIKVYHWDLKIGDSFRFTVPYCARTEKLQIPKA-YASTP  1206 
MCDV    NTLLSWFSQLFVQWQGSLCYRLHVDSQERRYGGYLRIWHDPNGSLDEGVEFAMSTNLEPPPGAFVKYWNYNEQSEFEFVVPYTARTPRLFVPKAMIPTDS  1269 
         * ***::*:**:* *** * :.. *      . :***:*.**.  .  *  :  .  **.*  * :*     .   :.**: *** .* : *:   .   
 
BnRV1   YDWVRCYNGSVVIDFEGPGEMSLELSVSAGSDFEMFEQTVAPRCGNVTKAFTVLSYKDKLCDITVFPRNTGRLGGPVNRADVTPLKYQPVHEVETPPRVS  1366 
BVCV    DDWFQFYNGSLVIDLEGKKEVDIEMSISAGPNFEMYEQTVAPKCGNVTTSFTFLSYQKHLQDITRFPMNVGRLGGPVNKAQVTPNPFTPKEPVASP---S  1336 
RTSV    YEWLTMYNGAVTFDLRSGADMELFVSIAGGDDFEMFEQTVPPKCGSVSDSYTVLSYADDVKSVTEVPNKTTYL------ADEQPTTSAPRTSIVNT----  1296 
MCDV    KSWILNYNGTLNFDYRGVDDFNVTVDISAGDNFEFSVRTVAPKAGKVNESFTKLSYSNELVDIKKPLTAAGRLKGPFN-----------LNTLKTA----  1354 
         .*.  ***:: :*  .  :..: :.::.* :**:  .**.*..*.*. ::* *** . : .:.     .  *                   : ..     
 
BnRV1   DRRRDAEGRELGPLNKSPVEGDRAFTKE-GDPIIFRNGQWD--------YEEDDVTSQMNC----FPRGLKGLKESADLFETRDTCSKLADVIDFSHETV  1453 
BVCV    GKRKMA----------GPKDGDRAFDQDSGKPIIFVDGNWE--------FEE-EVTAQAGC----F--GLGAVGETVKEFKERGTCGKIADIVDKGHGSL  1411 
RTSV    ---EDD----------PPTEGEIARTTN-GTLVQYRGGAWKPMVERTPTMSKKQVGPELTVSDPQMYKCIKNMNKNVKILTDRQCTAKLANIVDSAQELV  1382 
MCDV    ----------------VPKETPKESSDDKDKSNQKRKGAMDSLLNAVAQMETINSDAN-GC----F--SLGGLKSTAKMLDSRKTCEKFADIMDFTHDTL  1431 
                         * :       : .       *  .         .  :  .:       :   :  : .... :  *    *:*:::*  :  : 
 
BnRV1   TEKG----------------G-MLD-----------------------------KLRIAAESLGPLMEKAERAMGTMEEKMDFLTSCKDKVMGVLSSLFT  1507 
BVCV    FSQD----------------G-GMK-----------------------------KLMDATDLIVPILESAQRLTGSIEEKMSYFDGFREKILGIVKSFLG  1465 
RTSV    GSNSTFVEDLAVGAKQIRKFGESLDVFEGSMSAAKTAELIDNTHAAFSGPADGSPISNVVQLLLPMLSSIKGMSGKMESKMASLTAMFQPCKKAITHLIE  1482 
MCDV    GVKD----------------GPAAQ-----------------------------RLAAAVAQIAPIIESVSRTTESVESKLTCLDKYKDGILGILQSLCK  1486 
          :.                *   .                              :  ..  : *::.. .    .:*.*:  :    :     :  :   
 
BnRV1   ESVPGTVLSMVENQQYTWATLLTIVGGASLLWTSKSEMKFYKKLSVFAMIVWSPFLASKTWTLGKWVKTKFTNFFHRENIDEETCRKHSMAGAFEEVKKY  1607 
BVCV    ESIPGLITSAIKNENYVWATLLTLLGGTSLLWFCKSKKSYIKKLSIFCMIVWGPFLAHSVWKFGSWIKKNAFGMMKKK-FMNETCQKHSMAGMFEGVKET  1564 
RTSV    RSFPYLACKGFKTDKWIWAALASILVGAALLHYYRSDLKFVKKWSVMCMIIWAPLLAEKAYHLGTWIKEKFLKSLPRTRTIKDSCRKHSLAGAFECLASA  1582 
MCDV    ETIPGLAIVDFKKGKYMWATLLTLIAGAALFWACKSQKSFLKRFSVVVMIIWSPFLAGKVWSLGQWIVQKWCHLWPKS----DSCRQHSLAGLFESAKTK  1582 
         :.*      .:. :: **:* ::: *::*:.  .*. .: *. *:. **:*.*:** ..: :* *:  :      .     ::*.:**:** **      
 
BnRV1   LGNFSEWFSDNWMSTIQALLSLLCTVASLIVWGTMPDTKQLNSFTEKFKVAGEKGRSFSNIFSGFNSITKMSNEMSSAFMKWTMQGMKDSLPNADSALQT  1707 
BVCV    FGNFTDWFSSNWIVAIQGLLSLLGVVASLIIWGSIPDDKELNSFSAKFKAAGDKGRSFTNIFSGFSNINKTSSEWSQKFVSWIMSISGTSLPKADSALQK  1664 
RTSV    SCAY---IKDNWAKTMSSLLTILSVVASLVMWGKIPDDKEITSFADKFHSIGKKGRSITNIIGGFEKITSVCKKWSETLVSWIVSNVSGGIPKEDLAMTA  1679 
MCDV    VRGFPDWFRSGGMNIVTQVCSVLLTIVSLITLGTIPSAKKSKSLADRFIEFGNMNRAATSIAAGYKSISELCSKFTHFVATHFL-----GATVDDNVFKD  1677 
           :   : ..    :  : ::* .:.**:  *.:*. *: .*:: .*   *. .*: :.* .*:..*.. ..: :  . .. :     . .  * .:   
 
BnRV1   LVTFDIREWIKETRVMALQENRFQGFGGEEHLVRVRHLYDKSQAIEQALASGVKV-DTQLSMIIKDCKEKCTELKNESYTFKGMKKPRIDPLHVCMLGKP  1806 
BVCV    ILDFNIKEWVEEVRQMALQENRFKGFGADEHLIKVRRLYDRSMKIQTAIMDGCKI-DIQLGHIIKECKDKCNELMNESYSFKGMKKPRIDPLHVCMIGKP  1763 
RTSV    YLGFKIHDWVRETRDMALMENRFRGFGGDEHLVKVRRLYGHSLKIDNALMEKQIVPDMQLSLIIKECRQKCLELMNESYTYKGMKQSRIDPLHVCMLGAP  1779 
MCDV    LVTFNVKDWVEQVKVASLEENKFKSFGSPEQLTRVRHMYDKSLEITNKLLDRNKVPVAMLPVIRDTCKK-CEELLNDSYSYKGMKTPRIDPFYICLTGPP  1776 
         : *.:.:*: :..  :* **.*..**. *:* .**.:*..*  *   : .   :    *  * . *.. * ** *:**::**** .****:::*: * * 
 
BnRV1   GVGKSTITHVVINNLLDHRGEPETDRIYTRCCADAYWSNYHQEPVVLYDDLGAIKSSLKLSDYAEIMGVKTNDPFSVPMAGVEDKGKHCTSRYVFSCTNV  1906 
BVCV    GVGKSTITHVMINNLLDHRGEPDVDRIYTRCCADSYWSNYHQEPVVLYDDLGAVKSNLKLSDYAEIMGIKTNDPFSVPMAGVEDKGKHCTSRYVFSCTNV  1863 
RTSV    GVGKSTIAHVVINHLLDHRGEPEVDRIYTRSCADAYWSNYHQEPVILYDDLGAIKSNLRLSDYAEIMGIKTNDPFSVPMAAVEDKGKHCTSKYVFSCTNV  1879 
MCDV    GVGKSTVASIIINDLLDYMGEPKTDRIYTRCCADSYWSNYHHEPVIIYDDLGAISKVASLSDYAEIMGIKSNRPYSLPMAAVEEKGRHCLSKYLVACTNL  1876 
        ******:: ::** ***: ***..******.***:******:***::******:..   *********:*:* *:*:***.**:**.** *.*:.:***: 
 



 SHORT COMMUNICATIONS S3
 

BnRV1   LELDDSGDVVSKLAYYRRRNILVEVERDERIPRDESNPTAGLVFTVLGYHIVDER---------SGRVAFGIKETWEEPFLRSIDTSQWRFERVPYPVFL  1997 
BVCV    LELDDTGDVVTKLAYYRRRNVLVEVDRNFDIPRDESDPTKGLVFTVLGYNVTGVN---------NDRVNFGVKDVWDESFLRDVNTDNWRFERVSYKTFL  1954 
RTSV    LNLDDTGDVVTKMAYYRRRNVLVKVERDPDVPKNEANPTEGLVFTVLGHDQNC-----------QGDPQFVVKENWDEPFLREVDTEGWRFERVEYRTFL  1968 
MCDV    THLDDTGDVKTKEAYYRRINLPVTVERDLAMPMSPEDPASGLLFTIGDIHENGRNVSVVESRLLNGRVPFRAGD----------------LRNMSYNYFM  1960 
          ***:*** :* ***** *: * *:*:  :* .  :*: **:**: .                ..   *   :                : .: *  *: 
 
BnRV1   RFLCVYTDAYMESQENLLTGIT--CYRPDMDEIPTLDEIFP---VVAQAGGA----------------------------LCTLGDVIEKFDKRGLSGRD  2064 
BVCV    RFLCTYTDAYMSSQEKLLSGIK--NFKCN----PFEDDG-----VEAQSGETSVESVGREIVSV-----------FKNYDTITLGEAIAKFDERMVVPNT  2032 
RTSV    RFLCMYTDAYMYSQEQVLQGIK--TFKMN----PFAPEPEF---AQAQNGEAAECEIVEEMQEVPGEAPQEAKELVKIETAPNMDELVEAFNKLRVTPGH  2059 
MCDV    EFVRIYATIYMENQQQLVAKLSGDDYESSSSSFPENEELEFDFLAQAHNGV-----------------------------YLTIEEVVAKFESMKFSGKQ  2031 
         *:  *:  ** .*::::  :.   :  .    *   :      . *: *                                .: : :  *:.  .     
 
BnRV1   LCASFQKRGSKYFPPDAWGTS--KSMSFNKLILTLCECSDQGVCNFDIMMSQIRELSVQKDVKRIVKAIRVHKLKADPLETEMMVNSNGVEGL--FEDVD  2160 
BVCV    FASFF--KGTRFMAPEKWQSR--KVASFSTLLANLCGCSTGNHCNFDLYFKHLIEVCKAKGVH---QNFVLGQLSLVPEETTLVIKKA---DF--FSDLR  2120 
RTSV    LNDIL--RDGSGCYIDEWAIAGPRWLSFHELLPFTCGCHHTRVCDFNIVYNNMCKAVRSQSVH---FKYRANQAIKYAYTHKLHSQCRYSIDFEKLRECN  2154 
MCDV    LNAEI--EKFERIGVDGWRTN--KALSFNDLVKRFCGCCLGDDCNFDFHYRTLFKVLIENKQIPAYKCMVLHKVNPDRMKTQIKMVNGYTLET-MFKTLN  2126 
        :   :          : *     .  **  *:   * *     *:*::    : :    :            :         :            :     
 
BnRV1   ALTFFSMLACWYRWSL-PGYMCV-YRINQQKSAQRFAEKCRDEVENEDRIPNCVEIKVEDGNSFVWDKAMKFFPSCLSAIGCVPLFDGCEYYLASTSLSM  2258 
BVCV    DIDIFVALASYYRFSF-RSDLCF-FHFISKPSNKAVSHVGALDLDFDERLP-LESLDHPNGDAFVWPSVRLVFPTLIDTIGCVPLCVNGKFVFLVEKVDS  2217 
RTSV    PLDVFVCVLSKYT----ADDHSFERRCPKKMNVVRMQRPPVFELKMRPPSDSVVVEDEQGQRIFEWPHLYIFL-----RYRAIEFKDDKGSLTVREDAGA  2245 
MCDV    PLTIFLYLVFVLKCGISADNVCLSYQLFAMNDAEQVE----FEIEDSLRLD--EQVQIGQYSCYVWPSVGKFYPEILAKRGCIAVNDGTTFYIFVSSSQI  2220 
         : .*  :          .  ..  .     .   .      ::.           .      : *     .         .: .  .        .    
 
BnRV1   QRL--EERRSKIWELIWANGVEISCDPLSLL-PRRERLTIAGIVNGISSFGTAEEPSGEVKQVYQSIKENYGLGNIYLTTIILVAQAHSDRVKEMEMTKN  2355 
BVCV    KFV--PVPSCAKWKDVWSKGFEQNVNPLSLL-PQAERDIINCSLKNICAFGSFDEPSQEVKEAIDQISRLYGEGGVLYTFVLLLAQENARRTAFFSRENE  2314 
RTSV    DVC----PWNEFLKLPWLDGDQL----KSVL-PAHLHRMVQARLEQVEIMEENGNYSGEMRNAIAEIKEYLDQDHQWVAALVLVACA----VKERRRMTH  2332 
MCDV    DKIHPEAAWSDMLQGVGRRGVDI----LSIAGPTKTKFLIKHVESCYETLKSPEDWKAKCKEYYESIS--------LYEYILLLMAVGSRAGIETQRMSK  2308 
        .            :     * :      *:  *   .  :    .    :    : . : .:   .*.            ::*:              .  
 
BnRV1   NAKKEKVFSAYEKLQRY---EKSVVEGISGKMKVFLSIAGGIAATGTIVGLFFLVKK--LFSPKSEEVGAEEIEVEDAEAEMSGAHESGMFKTAHIKTRS  2450 
BVCV    FQTKRNAFRASETFKEY---EKAIAGNLSTNAKIALAIGAGITASGILIGLVFGLKS--LFNL----IKGDDDEEDNAEKEASGAHESDMFQTNFVKTQR  2405 
RTSV    DKLHRKSFNALDKLDAW---YTTTAPKTSKKMKILLAIGASVAVAGVAVGAVILLQKTNLFGS----KEDEEIEGEEGETQASGAHESDGIVTQHLK-RD  2424 
MCDV    YQARKNKIRMPEVLEKYIEVEKATIGKLSKPAKTCLAIGAGVAIFGVLAGLGVGLYKL-ITHFSKTDSEDNDIEIDDLVPEMSGAHASDENVTTYAVRRQ  2407 
           . : :   : :. :    .:     *   *  *:*...::  *   *  . : .  :          :: * ::   : **** *.   * .   .  
 
BnRV1   F--PVRVSR--------------------AKAEMMGAHESGA----FRTEHVRRIQRPYVQKAQAHVRGGVHYDEVSELKRDLVIEKRKKKRNLAIKAAS  2524 
BVCV    MKPQIRIVN--------------------LEPQTSGAHESDQ----FQTSYMKKQRAQPRVRLQAEKGLGTSYGDSDDLDNCLYVERRKSFRKSVAQAVR  2481 
RTSV    IRPKMRVTY--------------------TDHHVAEAHEEKDAEKPRKSGNPTRKSYLGLSPGFAERGMGVTYEEHTPLKDALLDESNKVFRRKIVASVE  2504 
MCDV    V-PKVRLAKQFKVRSSPSPSDNEQPKVDILVPEMTGCHASDE----HLTKHFTKRRVTMKRVGAVKESHIVTYDENTPHVRLI----RNLRRTRLARAIK  2498 
        .   :*:                             .* .        :    .          .     . * :       :    .:  *     :   
 
BnRV1   QAVKKDKRSVRTRDSKDA-IDLWQNSLIQKGMLASNG-EMEDVEKSLIERKIL-REEKHSAEGSYITGDPEFRVHYEIVEELEKTRKAVLRRSKELIENG  2621 
BVCV    HKIGNSKKKV--PDVVVG-IDKWQDKVKQLGILPGES-ESKGPLSSIAKGNMV-AGESQAAAGELLVGDPDFLRNSEVQDMLSKMICIDTDEFSALIQDG  2576 
RTSV    SAVKQGGKAS--KDTVLSQIGDWQDKVKATGVIAARQLEASGSLKKIHNLNSR-RTSSHVMPG-LVVHDGAFERSDEVDAELHRITIDEVKSCPKMIKEG  2600 
MCDV    QMAQLGEL----PDTLSE-IQVWQQYVVDKGIRPAEHTTDFRLFSAIADQEQEDPEEINMASGETMKFDEN--KYNEIVQVVKGISPTKSD-IVTMTTKG  2590 
             .       *     *  **: :   *: ..         . : . :     . :   *  :  *       *:   :             :  .* 
 
BnRV1   MHVTVEKQSTIGSF-----------------GMNRDENMVRLLRSHVSKMSCTILIKRGSFYQSFMVLRLKGTMVLSPAHYFEEIEEKDEMYFICPHKVV  2704 
BVCV    TQNVVTKQAHVGDY-----------------GLTRDVNMVELLQTHVSKMSCTILRVNEDKCVSYGVLRLKGTVVLAPAHYFEEFSEEDKLYFVCPNKVV  2659 
RTSV    VSTLSVKKASVGMLALQKAESQLSFPFTSRAGVDRDLSMTNLIDTHMAGMSCIIISELGNVFRTFGVLRLCGTYVCMPAHYLDEITSEHTLYFVCPSKIT  2700 
MCDV    AHHTAIKQVRIGYK-----------------SLDKDPNMVSILSNQLTKISCVILNVTPGRTAYLNVMRLCGTFVVCPAHYLEALEEDDTIYFISFSVCI  2673 
              *:  :*                   .: .* .*. :: .::: :** *:    .      *:** ** *  ****:: : ..  :**:.      
 
BnRV1   RIQLEMSRVALVSAHQDLVVWDLGKSAPPSIDYMSHIPTRKDWEAYRPCSGALAFTEYTQDMTLQMVSALDTIEMTTTNVEVPTAEYEMLESTHTVILGL  2804 
BVCV    QIPFVPANVSLVSDIQDLVVWNLGNTVPPSVDFTCHIPTTEDWKHFRKCSGALSLTKYNQKMALQVIHALDTIELTSADVEVPTGSYAMYGSTHAVIMGL  2759 
RTSV    QIQLERHRVCLVNGFQETVVWDLGPSVPPSRNYIDFIANADDWKNYKATSGALVMSKYSVDSMLQCVHFLDSIELTEANVSVPTSYYEANGGIHTIISGL  2800 
MCDV    KLRFQPDRVTLVNTHQDLVVWDLGNSVPPAIDVLSMIPTVADWDKFQDGPGAFGVTKYNARYPTNYINTLDMIERIRADTQNPTGIYKMLNSDHTITTGL  2773 
        .: :   .* **.  *: ***:** :.**: :    *..  **. :.  .**: .::*.     : :  ** **   ::.. **. *    . *::  ** 
 
BnRV1   RYRVHCMVGFCGAAVVRADAKAIRKIIGMHVAGNVSRGVGYAEMLIKETIQTAIDALSKE----VVQKAMDEPAMKV----CEKQCATIEGKGNIGQIGM  2896 
BVCV    RYRVHCMPGFCGSAIVRADTRAIRKVIGMHVAGHKQKGVGYAETLSLEPILEAIKRVCPT----VVERSPVNNGIEK----CEKQCVVLEGKGNLGILGR  2851 
RTSV    RYRVHCMPGFCGRAIMRADATCFRKIIGMHVSGLRNKCMGYAETLTQEHLMQAIETLKETGLLKHIPKGAIGAGEEKLPEHSKKQSLSLEGKGNLGIVGQ  2900 
MCDV    RYQMYSLEGFCGGLILRACTRMVRKIVGLHVAASANHAMGYAECLVQEDLKHAINKLSPD--ARSLIIGHLNPKVET----ATKQCGIVRSLGSLGCHGK  2867 
        **.::.: ****  ::** :  .**::*:**:.  .. :**** *  * :  **. :        :  .      :     . **.  : . *.:*  *  
 
BnRV1   IEDKLLPKMPSRTTICKSLIHGLIGDVVSEPSILSKWDRRLGEKR-GTWDPVEDAVKKYGIMVVPFPREEVKEVEEHLTRVFAKRHNSLNKREVNTLEIG  2995 
BVCV    VVQSAVPNVPTKTTIAKSLIHGLIGEVRTEPSILSKWDKRLGDKR-GEWDPVMEAVKKYGVATVPFPPNEIQEVETHLCGVFQNFENSLRKREVNDVEVG  2950 
RTSV    LTAQLVPTSVTKTTICKSMIHGLIGEIKTEPSVLSAWDRRLPFPP-GEWDPMKDAVKKYGSYILPFPTEEIQEVENFLIKKFRRKENSRRTRNVNSLEVG  2999 
MCDV    VTSEDVAMTATKTTIRKSRIYGLVGDIKTEPSILHAHDPRLPEDQIGKWDPVFEAALKYGTRIEPFPIEEILEVEDHLSIILKGMDNTLKKRNVNNLEVG  2967 
        :  . :.   :.*** ** *:**:*:: :***:*  .* **     * ***: :*. ***    *** :*: *** .*   :    *: ..*:** :*:* 
 
BnRV1   INGIDQTPFHSPIEMKTSAGYPYVLRTPSGASGKKWLFKEVGQYPSGRARYEMEDPGLIASYDEMLGQIKRGVAPTFITVEHPKDERRKLKKIYEVPATR  3095 
BVCV    INGIDRSDFWSPIEMKTSAGYPYVLKKPPGATGKKWLFNSVGCYESGREKFEMKEEQFKTSFEAMRTQILNGVVPNIMTMECPKDERRKLGKIYDNPATR  3050 
RTSV    INGIDGSDFWSPIEMKTSPGYPYILKRPSGAQGKKYLFEELEPYPSGRPKYAMKDPELIENYERIKEEVTSGVKPSIMTMECLKDERRKLAKIYEKPATR  3099 
MCDV    INGIDQSDYWLQIETNTSPGWPYTKRKPKGAEGKKWLFKEVGNYPSGKPILEMEDSGLIESYNKMLRDAKQGVAPIVVTVECPKDERRKLSKIYEQPATR  3067 
        ***** : :.  ** :**.*:**  . * ** ***:**:.:  * **.    *::  :  .:: :  :   ** * .:*:*  ******* ***: **** 
 
BnRV1   TFTILPPEVNILFRQYFGDFAAMVMENRFDTFSQVGINPESLEWSELMNSLMKKGKRGFAGDYAKFDGIGSPEIYHSIVSVVNAWYDDGEENALARHALI  3195 
BVCV    TFTILPPEINILFRMFFGDFAAMVMTTRFDHFSQVGINAESMEWSEMMNGLLAKGKRGFAGDYAKFDGVGSAEIYHSIVNIVNSWYGDGEVNARARHCLI  3150 
RTSV    TFTILSPEVNILFRQYFGDFAAMVMSTRREHFSQVGINPESMEWSDLINSLLRVNTKGFAGDYSKFDGIGSPAIYHSIVNVVNAWYNDGEVNARARHSLI  3199 
MCDV    TFTILPPEINILFRQYFGDFAAMIMTNRSKLFCQVGINPENMEWSDLMHEFLHKSTHGFAGDYSKFDGIGDPQIYHSITQVVNNWYDDGEENARTRHALI  3167 
        *****.**:***** :*******:* .* . *.*****.*.:***:::: ::  ...******:****:*.. *****..:** **.*** ** :**.** 
 



S4 SHORT COMMUNICATIONS
 

BnRV1   SSIVHRDGIAGAHLLRYSQGMPSGFSMTVIFNSFVNYYYMALAWMYIVSRSELSPQADLGSFDRFTKIIVYGDDNVVAVNDAFLDVYNLQSVACYLSLFG  3295 
BVCV    SSIVHRDGLAGDVLLRYSQGMPSGFSMTVIFNSFVNYYYMALSWINIIANSPLSPQADLVSFDYYTKIVVYGDDNVVAVGDEFLDFYNLRTVASYLSSYG  3250 
RTSV    SSIVHRDGICGDLILRYSQGMPSGFAMTVIFNSFVNYYFMALAWMSTVGSSLLSPQGSCKDFDTYCKIVAYGDDNVVSVHEEFLDVYNLQTVAAYLSHFG  3299 
MCDV    SSIIHREGIVKEYLFQYCQGMPSGFAMTVIFNSFVNYYYLAMAWMNLISHSPLSPQSTVRDFDNYCKVVVYGDDNIVSVDLNFLEYYNLRTVAAYLSQFG  3267 
        ***:**:*:    ::.*.*******:************::*::*:  :. * ****.   .** : *::.*****:*:*   **: ***.:**.*** :* 
 
BnRV1   ITYTDDAKNPIHLSEPHVPIDSVTFLKRSFVKL-DKSGSLWKAPLDKASIEERCNWIRECEEPEEALNQNLESALYEASVHGEGYFNDLKTRVDGALERV  3394 
BVCV    ITYTDDAKNPIHLSEPHVDITSVTFLKRAFKRV-DNTGCLWKAPLDRTSIEERCNWIRECEVPQEALYQNIESALFEASIHGKDYFMDLKNRLDFALDRV  3349 
RTSV    VTYTDGDKNPIHMSKPYEDITKMSFLKRGFERV-ESSGFLWKAPLDKTSIEERLNWIRDCPTPVEALEQNIESALHEAAIHGRDYFDDLVRRLNSALTRV  3398 
MCDV    VTYTDDAKNPIEKSVPFVEITSVSFLKRRWVPLGGRLSTIYKAPLDKTSIEERLHWIRECDNDIEALNQNIESALYEASIHGKIYFGDLLQRIRIACDAV  3367 
        :****. ****  * *.  * .::**** :  :    . ::*****.:***** :***:*    *** **:****.**::**  ** **  *:  *   * 
 
BnRV1   MLPTRSESFKSCQVRWWSNMTGAMLSQPSLASLVELSNKNHIDLGFKFKNMALDGAETTLGQALGMAKNSPFIYYDV                         3471 
BVCV    MLPKTKESFKQCQARWWSDMTGAILSQPALTSLVELSKKNQIDLNLQVKDHLV-GTSMSLGDALSRAKHSPLVLFEV                         3425 
RTSV    MLPPTDISFEECQARWWASVTGA-LRAADYTSLVRRASSGHVEFNKKYRDMFR-QQDLPLKEILMKSKPVALLDLEV                         3473 
MCDV    MIPVPSVTFKDCHKRWWASMTGGALDPASLSRLYLAAENQLVDTRKVWKDRFL-GEDRSLIDMLKSARAVPLAAYHV                         3443 
        *:*  . :*:.*: ***:.:**. *  .  : *   :..  ::     .:      . .* : *  :.  .:    * 
 

 

Supplementary Fig. S2. Multiple sequence alignment of the “Pro-Pol” segments of BnRV1 

and representative Secoviridae viruses. 

 
BnRV1   CG---------------AAVVRADAKAIR-------KIIGMH-VAGNVSRGV--GYAEML---IKETIQTAIDALSKEVV--------QKAMDEP    59 
BVCV    CG---------------SAIVRADTRAIR-------KVIGMH-VAGHKQKGV--GYAETL---SLEPILEAIKRVCPTVV--------ERSPVNN    59 
RTSV    CG---------------RAIMRADATCFR-------KIIGMH-VSGLRNKCM--GYAETL---TQEHLMQAIETLKETGLLKHIPKGAIGAGEEK    67 
MCDV    CG---------------GLILRACTRMVR-------KIVGLH-VAASANHAM--GYAECL---VQEDLKHAINKLSPDARSL------IIGHLNP    61 
CNDV    CG---------------SCMVSLSEKLDG-------KVFCML-VAGTYDNLTG-QYVSTYVPVTVNMMRKAISGITTLQAGD------CQGTICD    65 
PYFV    CG---------------SCLVSTSDKLDG-------KVFCSL-VAGTYDRVTG-KYVSTYVPITCDMIKKSISLLTGAEFSE------SQSSICD    65 
CaTV1   CG--------------------------------------VH-CAGYTSSMVKQGHVASY---ASVIYQEDLISMLPAVKL-------IPQAPCP    46 
MYMoV   CG--------------------------------------IH-CAGAKAEYIRKGLKESC---ASAIYREDLEELLPTPKL-------EAQGPCA    46 
LNLCV   CG--------------------------------------IH-CAGLKEKYVAQGSQKSY---AAAVYREDLEALLPKQML-------CSQVQCS    46 
ToMarV  CGT--------------LLLLPSVQNKQP-------VIVGIH-CASYDGVAAERGFISSN---ATAIYREQLEDL-PTGPVK------AAMVRCD    63 
ToTV    CGT--------------LLLLPNVQDKQP-------CIVGIH-CASYDEEAAHKGFVASN---ATAIFRDQLEDL-PTGPVK------VAMVRCQ    63 
SCLSV   CGS--------------AVLIPGAINGQP-------EIVGIH-CAGFSDAMQRKGYRGTT---AALIFYEDIEKYLPSVDLQ------EAQTNIP    64 
ALSV    CGSLGSKPMPACYSYTFDTFAGLCTSPLISMDGGRCVLLGLH-VAGDKSKM---GY-------AQIVTLEDFSDINFSEK--------VGQGP--    74 
CRLV    CGSLGSKQMPACYSYVFETYAGLCTSPLIAQEGGRCIILGLH-VVGDRSKM---GY-------AQIVTLDDFSDVALSDK--------VGQGP--    74 
CuLV    CGSLGSLRMPPCYSYTFDTYPGLCTSPLICMSGGRCILLGLH-VVGNMSKT---GF-------SQIVTLDDFSEVPLQSGTL------VGEGP--    76 
AVB     CG---------------DVLLQVCSSGV--------KILGMHTTAGKQSIW---RY-------ANTVTLQDIEGAYPSEW--------VGEEPDL    54 
SLRSV   CG---------------TPLVANYGKGKGLKIASIHVVHHFSATEKDTIIAGSGSLLTKEEYLEASLLLGDIKHPLETDRIQ------ASGCLSG    74 
SDV     CG---------------RLLCA-NLAGHW-------RVIGMC-AGEGKNRA---GVTKAL---YADIPHEFLRADNLNAVQR------GAELDAA    59 
CLVA    CG---------------RLLLVERHNTL--------AIAGMH------------TYGREY---PPLSGFADIPDFVTNPVI-------VAQGPSD    50 
DMaV    CG---------------RLALV-EKNGTL-------LIVGMH------------NFGNA----RNCAFSDIPSEFKPADELQ------SEFSMTE    50 
BRNV    CG---------------RLLLAHCPAGNL-------MVVGLH-VSGG-------GLNE-----RATSIFGGIDGSYKDVEDG------KFYQQGD    54 
SMoV    CG---------------RLLLARDEAKCL-------KIVGIH-VAGVVIQE------------KHISLFSEINGMHKTAEMA------VQQGMEV    54 
        ** 
 
BnRV1   AM--------KVCEKQCAT-------------IEGKGNIGQIGMIEDKLLPKMPSRTTICKSLIHGLI------G-DVVSEPSILSKWDRRLGEK   126 
BVCV    GI--------EKCEKQCVV-------------LEGKGNLGILGRVVQSAVPNVPTKTTIAKSLIHGLI------G-EVRTEPSILSKWDKRLGDK   126 
RTSV    LP--------EHSKKQSLS-------------LEGKGNLGIVGQLTAQLVPTSVTKTTICKSMIHGLI------G-EIKTEPSVLSAWDRRLPFP   134 
MCDV    KV--------ETATKQCGI-------------VRSLGSLGCHGKVTSEDVAMTATKTTIRKSRIYGLV------G-DIKTEPSILHAHDPRLPED   128 
CNDV    SPVSEVVFSTLKMDELLSSTPTPSGNLGVFKPNDRMGLIEVVGRIFPNTTPKAICRSTIIPSLIQRFM--PR----KPLTEPAILSPLDGRLGEC   154 
PYFV    SPISDTVAETIKVDQLFSSKPGASGKFGVFGVNDTIGIIDVVGRTFPETTPKSITKSTIVPSLIQPYM--PR----KPLTEPAILDPRDVRLGEN   154 
CaTV1   LL--------KQLRVELEN-------------PFQIKQVALLGQVPNELSVSVPHKTTLRQSELFHVL--SEEIG-PHLTEPSLLIKGDRRCTKE   117 
MYMoV   QL--------RQLRQVDTN-------------PFEIKQVALVGRMPPELAVNVPHKTTLRKSEIFEEL--ETHLG-PHLTEPSILTIRDTRAAS-   116 
LNLCV   VL--------KKLRASTTN-------------PFEIKQVAFLGTVPQELAINVPHKTTLRKSEIFDAM--TKVLG-PHSTEPSILTHHDDRPEVE   117 
ToMarV  IL--------KSIRSRETQ-------------LFEENQVYYLGTVPQELAATVPHKTTLRKSQLFEAF------G-PAETAPSILTVHDKRGDG-   129 
ToTV    LL--------KDLRARDAA-------------LFEEKQVAFVGTLPAEQAATVPHKTTLRRSGLFEAF------G-PAETAPSIISASDKRGEG-   129 
SCLSV   AI--------EEFFQS----------------PFDTKQVFCLGKVPRELAADIPHDTALKLSIAHDIL--TEVVG-PCTTEPSILTSRDKRLSGK   132 
ALSV    ----------EQMYIPTAR-------------SESFGSVCLLGK-WTGPKPYFLENSSLTPSLIHDCI--DI----DMTTEPAILSKKDPRLQYT   139 
CRLV    ----------EEMYIPTKN-------------SECFGSVTKLGA-WTGPKPYFLEKTSLIPSLISTSI--DV----ERTTEPAILSQRDKRLKDS   139 
CuLV    ----------ECYCIPTAS-------------SECYGSVTKLGK-WTGPAPYFLEKTSLVPSMISKDI--DI----EMTTEPAILTTKDPRLAHS   141 
AVB     PI------------SNTSR-------------DFCAGEVARVGT-NEGLKPHFPTKTSLVPSIISSDLKEDDDNHIPSVMTPAILHSRDPRIVEF   123 
SLRSV   DE------------------------------FFDAETVFPEGLLLPSQAPRQATSSEIHKSSISDGL--EKLVGEKRKTEPAIISNRDTRLKDR   137 
SDV     IL--------DRFSIPISECR-----------KELTPMTTRLGY-VVGQYPRALRKTSIVPSIIHDNL-----WR-KPETEPTILGKIDDRSPFP   128 
CLVA    D---------AEFIYFDAE-------------EEITPMVSKIGYV--STAVPQLSKSQIEESPIFDSL--CQKLG-DPKVAPTILSKHDPRPPTP   118 
DMaV    TPL-----------------------------KQITEMVSQVGFL--DAPVPQLRTTQIEKSPIFDEL--EDLNG-SALTEPTILSVTDPRPPEP   111 
BRNV    LD--------VHMKELIEA-------------ERVTDMVDKIGRVDSSQQFRPSQGTSIIKSEIHDDL-----WR-RAETCPTVLTRSDPRPEVP   122 
SMoV    DI--------LELVEP----------------EVKTDMVIKIGHVAQGQQFRPATKTSIVKSQIHDTL-----WR-APETEPTVISPVDPRVPYA   119 
                                                  *             : :  *     .             *:::   * * 

Fig. S2. Multiple sequence alignment of the “Pro-Pol” segments of BnRV1 and representative Secoviridae viruses



 SHORT COMMUNICATIONS S5 

 
BnRV1   R-GTWDPVEDAVKKYGIMVVPFPR--EEVKEVEEHLTRVFAKRHNSLNK--------REVNTLEIGINGIDQTPFHSPIEMKTSAGYPYVLRTPS   210 
BVCV    R-GEWDPVMEAVKKYGVATVPFPP--NEIQEVETHLCGVFQNFENSLRK--------REVNDVEVGINGIDRSDFWSPIEMKTSAGYPYVLKKPP   210 
RTSV    P-GEWDPMKDAVKKYGSYILPFPT--EEIQEVENFLIKKFRRKENSRRT--------RNVNSLEVGINGIDGSDFWSPIEMKTSPGYPYILKRPS   218 
MCDV    QIGKWDPVFEAALKYGTRIEPFPI--EEILEVEDHLSIILKGMDNTLKK--------RNVNNLEVGINGIDQSDYWLQIETNTSPGWPYTKRKPK   213 
CNDV    R---YDPMIEGIKKYQDQAKPIRG--NWRKRIIDSMREQMEDWETFMVRENYD----TLDLPMHTIINGISGIEYYEPLNMSTSEGYPLILSRPS   240 
PYFV    R---YDPMIDGIKKYEEQARPIKI--SWRNQIIESMAAQMQDWETFMVREGYM----TMDLPMSVVINGIDGVEYYEPLNMSTSEGYPLILNRPK   240 
CaTV1   G---FDPYVAGVQKFNETACCFDM--RVAETVMESMSDDLLSKLANIQVPGGK----PVVRSEEQILNGIPGEKYYDSMDFSTSCGYPFMIM-GF   202 
MYMoV   ----FDPYVKGVEKFNETACNFDN--EVAQIVMQHMKASLLANLERISVPGGK----PIVRGEHEILNGIPGEKFYDAMDMSTSCGYPFSLS-EF   200 
LNLCV   G---FDPYVKGVEKFNETACCFDH--ETVEVALQHMSEDLLVELVKVDVPGGK----PTVRSELEILNGIPGEQFYDSMDMSTACGYPYTLS-EF   202 
ToMarV  ----FDPYVAGVMKYNETACGFDD--DIAKLAFENLKCSLLPIMRSQKIPGGR----PCERDEDVVLNGIDGCDYYDGMELSTSCGYPFNKM-GM   213 
ToTV    ----FDPYVAGIQKYNETAQNFDE--DIARLAYEGLRQAILPVLHSQRVPFGK----PVTQNEDVVLNGVDGFDYFDGMELSTSCGYPYNKL-GM   213 
SCLSV   A---FDPYLAGIAKFNETAHSFNM--HVAQEAFEYMKRRLLRHLSKIPVPGEK----PEVRSEMVALNGIPGEEYYDPMDLSTSSGWPFNKG-ER   217 
ALSV    NNKDFDPFLSGMGKYAVEAHSFD---EDEELFEDALDRVFSEIPMFT----------CEDLSNDQVCNGIEDDDYAEGLVMQTAEGYPFCTMRPP   221 
CRLV    INPEFDVFLEGMKKYAVEAHSLD---EDLEVFEDALDRVFLEIPEHA----------CEDLTNDQVCNGIEDDPYAEGIVMQTAEGFPFCTQRPA   221 
CuLV    NDPDFNPFKAGMLKYAVEAHGFN---EDEEFFEDALDRVFSEIPDFN----------CQELADDEVCNGIEDDPYAEPLVMQTSEGYPFCTQRPA   223 
AVB     GHEGFDPFKDGMLKYTRAAGPFDEADEDFQDALDDVFLDIGDLRTEKEIEQNQSKAICRILNENDTLNGGIEQDFEDPIVSKTAEGYPFCCQRPP   218 
SLRSV   N---LDIFKKGMMKYKAVAADMSPVTDEEEKIWNVTWDSIFDLPGGIQSK-------CHLLSEDENLNGVNGDNEYRGMVVSTSEGWPEVLNRKN   222 
SDV     ----YDPYATIGEKFVQEVGPIDL--SVGSDASLVVANIGSSWKAVGKPQC------PTVLTWEVAINGDAAIPYCERLPLSTSEGYPDSIQRNF   211 
CLVA    ----YDPYSAGIRKFDKEVGPFDW--SEESDLQFACAEILDTWQTKKPEKFAI----ETVCSLDVAINGVHGLPFAENFPIGTSEGFPWVLDRAR   203 
DMaV    ----FDPYLQGIHKFEKQAGPFDF--SEESDLDLAQKNISSEWERFRPEQFDV----DTVTTLEVAIQGIDGLDYAESLPIATSEGFPYILERRA   196 
BRNV    ----FDPYQAGIRKFEKEVGPLDF--IDEFSTESTVLVDIAEELNNKKREVGGF-ELDTVLDNHAAINGVEGVEYAEPLVMGTSEGYPYVLERQP   210 
SMoV    ----FDPYTAGIMKFEKEVGPLDF--SDPDTPESTVIEDISEELLREKKSLGGF-ALDTVCSNEVAINGVDSVPYAERLVMSTSEGYPFVLSRKA   207 
             :       *:      :                                             :*         :   *: *:* 
 
BnRV1   GASGKKWLF--KEVGQYPSGRARYEMEDPGLIASYDEMLGQIKRGVAP-TFITVEHPKDERRKLKKIYEVPATRTFTILPPEVNILFRQYFGDFA   302 
BVCV    GATGKKWLF--NSVGCYESGREKFEMKEEQFKTSFEAMRTQILNGVVP-NIMTMECPKDERRKLGKIYDNPATRTFTILPPEINILFRMFFGDFA   302 
RTSV    GAQGKKYLF--EELEPYPSGRPKYAMKDPELIENYERIKEEVTSGVKP-SIMTMECLKDERRKLAKIYEKPATRTFTILSPEVNILFRQYFGDFA   310 
MCDV    GAEGKKWLF--KEVGNYPSGKPILEMEDSGLIESYNKMLRDAKQGVAP-IVVTVECPKDERRKLSKIYEQPATRTFTILPPEINILFRQYFGDFA   305 
CNDV    DAHGKEYLFEICEDGSRAIK-------SAKLNANYEAYGSSLSSGEPF-PLISIECPKDERRALDKIYDKPKTRLFSILPVEFNMHARRLFLDFN   327 
PYFV    DAHGKEYLFETMESGERRIK-------SAKLEAHYESYGHALQSTEPF-PLICIECPKDERRALDKIYEKPKTRLFSILPVEFNMHARRLFLDFN   327 
CaTV1   GKNKREFLD--GEPGYYLLAR------DKPVYEEYMAMDDAISQGIVM-EMVTCECAKDERLPLEKIYEKPKTRLFTILPFHYNMLVRKYFLDFS   288 
MYMoV   GKNKRGYLD--GEPGDYMLHR------SRPVYEEFCRMDDEVRAGIVT-EMITCECAKDERLPLEKIYEKPKTRLFTILPFHYNMLVRKYFLDFS   286 
LNLCV   GKSKRGYLD--GTPGEYVLHR------ERPVFADFIELDESIRQGRIT-EIVSCECAKDERLPLEKIYQRPKTRLFTILPFHYNMLVRKYFLDFS   288 
ToMarV  GMNKREFVQSTGEGERVELKR------DTPVFEAWEELDVQIRKGIHV-DLVTTQCAKDERLPLEKIYGKRKTRLFEILPFHYNMLVRKYFLDFS   301 
ToTV    GTSKREFVEPSGDGDRVQLKR------TTPIFDDWEALDVEIRKGNFV-ELVTTQCAKDERLPLEKVFGKRKTRLFEILPFHYNMLVRKYFLDFS   301 
SCLSV   GKSKRGHVV--EVEGVHLLDR------TSEAYTAYIELLQSLADGEVP-VMVTSECAKDERLPKEKIYEKPKTRLFTILPFHYNMLVRQYFLDFS   303 
ALSV    GVTGKTWLF-AGSPGDWHIVP------NSLLANELNVKELNLSKNIFE-PVIGIDFPKDEKVDSSKVYIKQKTRLFTILPVDYNILVRKYFLSFV   308 
CRLV    GASGKSWLF-AGAPGDWHIVP------GSLLANEMHKKEVAPSRGLFE-PLIGIDFPKDEKVDSSKVYIKPKTRLFTILPVDYNILVRKYFLSSV   308 
CuLV    GATGKSWLF-CGSPGDWHILP------GSLLHNEMNKMERNLSQGIFE-PVIGIDFPKDEKVDKSKVYIKPKTRLFTILPVHYNILVRKYFLSFV   310 
AVB     GKSGKGWLL-GGIPGDWSLKK------EGPLNDAIEHLEDNLANEVFE-PLIGIDFPKDEKVMRAKVEVKPKVRLFTILPFHYNLVVRRFYLDFV   305 
SLRSV   GEAGKERFL-LGLPGCYTLNR------NLPMYQRILDLD-ALSATTIP-CIVGLDTAKDERLPLSKIYQDVKTRLFTILPMEYNYLVRKYFGSFV   308 
SDV     GEKGKKRFF--DLKGENVRVP------TPALMEELEVLERELQKEEVCLTCINTACAKDEKTAPKKVRVQPKTRIFEILPFQINIIIRRYLMFWM   298 
CLVA    NESGKERFFEEVAPGHRVP--------RGSWVEDIAEIEEAAYRGDY--LTTTITCAKDEKTKLDKVFVNPKTRIFEMLNFCLNLVIRKYFFFWM   288 
DMaV    GDTGKERYF-EEINGKRIP--------KGDWVQDIDQIERAAVAGNL--EIYTMACAKDEKTLKKKIYETPKTRIFEILPFTFNLVIRKYFLFWM   280 
BRNV    GDVGKFRYF-SKNLYHWEL--------NEGPAKELDELEQSVAREDFDGKIITIACAKDEKTKLIKVYEKPKTRIFEILPYHYNILVRKYYLFFM   296 
SMoV    QDTGKFRFF-DKDGDRWVA--------KDEVLDDLKELEEAIKSDDFKGGIITIACAKDEKTKMKRVREVPKTRIFEILPFHYNILVRKYYLFFM   293 
            :                                                    ***:    ::     .* * :*    *   * 



S6 SHORT COMMUNICATIONS 

 
BnRV1   AMVMENRFDTFSQVGINPESLEWSELMNSLMKKGKRGFAGDYAKFDGIGSPEIYHSIVSVVNAWYDD-----------GEENALARHALISSIVH   386 
BVCV    AMVMTTRFDHFSQVGINAESMEWSEMMNGLLAKGKRGFAGDYAKFDGVGSAEIYHSIVNIVNSWYGD-----------GEVNARARHCLISSIVH   386 
RTSV    AMVMSTRREHFSQVGINPESMEWSDLINSLLRVNTKGFAGDYSKFDGIGSPAIYHSIVNVVNAWYND-----------GEVNARARHSLISSIVH   394 
MCDV    AMIMTNRSKLFCQVGINPENMEWSDLMHEFLHKSTHGFAGDYSKFDGIGDPQIYHSITQVVNNWYDD-----------GEENARTRHALISSIIH   389 
CNDV    VFVMANRHKRGIMVGINPHSREWSDLAISLASFSPYGFNGDFANFDGMFHPTSFDMVAELANIFY-------------GGFQSDERTSLTKALTN   409 
PYFV    VFVMANRHKHGIMVGINPHSREWSDLAISLASFSPYGFNGDFANFDGMFHPSSFSMVSELANIFY-------------GNFLSTERDNLTRMLTN   409 
CaTV1   ATLMRAHNEIPCKVGINPEGIEWTTLANGFVEKSSVGFSADYSSFDGRAPVFIFQWFCDMVDKYYGDKP---------GSENSLARHALLMMASN   374 
MYMoV   ASLMRAHGTIPCKVGINPEGFEWTALANSFLEVSQTGFSADYSSFDGRAPVFIFQWFCDMVDEYYGDHS---------DSPASLARHALLQMASC   372 
LNLCV   ASLMRAHNTLPCKVGINPSGLEWTVLAKNFSETADVGFSADYSSFDGRAPVFIFQRFCDIVDKYYGDLP---------GSENSLARHALLMMASN   374 
ToMarV  ATLMALHNAIPCKVGIDPTSSEWTLLANGFRAVSDVGFSADYSSFDGRAPVFAFQWFCDLVDEYYGSKP---------GSPDSNARHALLMMASC   387 
ToTV    ASLMASHNALPCKVGINPGGIEWTLLANGFRAVSDTGFSADYSSFDGRAPIFAFQWFCDLVDDYYGSPP---------GSPDSNARHVLLMMASC   387 
SCLSV   ASLMRSHNDLPCKVGIAFDGIEWTTLANQFLAVSDQGFSADYSSFDGRAPIFVFQWFCDLVSEYYGDDL---------QGESARIRRGLLMMASS   389 
ALSV    SQLMALHNEVPTKVGIDPISNEWSILCHSLHSKGTNWFNGDYSRFDGITPRNVLQGIVKRISRRYANKSSFAITDPTLSINGDLARSLLMDMCST   403 
CRLV    SHIMTQHNTIPVKVGIDCLSNEWSILYHQLRSKGTNWFNGDYSRFDGITPRNVLQGIVKRINKFYNNKNSLAITDSNLSINSDLARSLLTDMAST   403 
CuLV    SQLMALHNETPTKVGINPLSNEWGILQFALSAKGENWFNGDYSRFDGITPRSVLLGIVKRISNRFVNKNSLAITDKTLSINGDLARSLLMDMAST   405 
AVB     ARLMQKHNETPVKVGLNTSSLEWQHLYDQLSAVGFNWFNGDYSRFDGITPRCVLQGLAIRISKFYRQDEAQGLVSKK-KIRTSVAHSLLLDMANS   399 
SLRSV   AELMKLHNCIPTKVGINPLGYDWTILGKKMHAKGTNWFNGDYSRFDGVTPRCLLIEISNRITKLY-------------GDEHRERRLHLMLAATT   390 
SDV     QLLMVAHDELPSKVGINVYSESWDRLLGRHTRLANH-FTGDYSGFDTSTPRVLVYAIIDKINELADD-----------GEVNQRTRRNIIRFVLN   381 
CLVA    QWMMSLHSDLPCKVGINPFSYDWDIMAMKHSAYANH-FCGDYSGFDTNTNVELVVRIGDMISDMADD-----------GPRNRVIRRNLLRCVLN   371 
DMaV    QWMMKNHLNLPCKVGLNVFGFGWDEMKFKHGAYSHH-FCGDYSGFDSNTNVAMLDMVADMISDFARD-----------GARNRLIRRNLMHAAVT   363 
BRNV    QFIMRMHNVLPCKVGLNPFSQDWDEMHAEHTRFEHH-FNGDYSGFDTGTPRQLLLKFADLISELAAD-----------GRRNKVIRRNLMQLAVD   379 
SMoV    QFIMSLHDFLPCKVGLNVYSKSWDTMHAEHNRFAYH-FNGDYTGFDTATPRVLMMKIADMVSNLAGD-----------GRENAIVRRNLMKMAVE   376 
          :*  :      **:   .  *  :           * .*:: **          .                            :  : 
 
BnRV1   RDGIAGAHLLRYSQGMPSGFSMTVIFNSFVNYYYMALAWMYIVSRSELSPQADLGSFDRFTKIIV--YGDD                           455 
BVCV    RDGLAGDVLLRYSQGMPSGFSMTVIFNSFVNYYYMALSWINIIANSPLSPQADLVSFDYYTKIVV--YGDD                           455 
RTSV    RDGICGDLILRYSQGMPSGFAMTVIFNSFVNYYFMALAWMSTVGSSLLSPQGSCKDFDTYCKIVA--YGDD                           463 
MCDV    REGIVKEYLFQYCQGMPSGFAMTVIFNSFVNYYYLAMAWMNLISHSPLSPQSTVRDFDNYCKVVV--YGDD                           458 
CNDV    RFSLVKGGVLRISGGGPSGFPMTVIFNSFINLFYLQSAWIMLASQNGRSDISCPSNFPSFVRACV--YGDD                           478 
PYFV    RFSLMKGAILRVPGGGPSGFPMTVIFNSFINLFYLQSAWIMLARFNGRQDISHPCNFPKYVRACV--YGDD                           478 
CaTV1   HYTLCGDKLFRVVGGMPSGFSLTVLFNSLLNEFYMRYAFEILLRKPANAARTIGMSQTNFNELFVAIYGDD                           445 
MYMoV   HFTLCEDKCYRVVGGMPSGFSLTVLFNSLLNEFYMRYAFEMLLRKPQNRARTLGMTQRNFEDLFVAIYGDD                           443 
LNLCV   HLTLCGDKLFRVVGGMPSGFSLTVLFNSLLNEFYMRYAFERLLHHPRNITRTMGMTQRTFSELFIAIYGDD                           445 
ToMarV  HYTLCEDKVFRLVGGMPSGFALTVIFNSLLNEFYMRYAFISLLRRPHIAARAIGVKPSDFNQLFIAVYGDD                           458 
ToTV    HYTICENKVFRLVGGMPSGFALTVIFNSLLNEFYMRYAFISLLRRPHIAAQAIGCKPSDFNKLFVAVYGDD                           458 
SCLSV   HLTLCGDKLFSVKGGMPSGFSLTVIFNSLLNEFYMRYAFGMLLLRSDIKARSIGVTMNDFDRIFIAVYGDD                           460 
ALSV    RYGLTNGDLWYVTSGIPSGFPLTVIVNSLVNSFFVHFAYMKLHSSEVHKALYPLYSFRTLVSYAV--YGDD                           472 
CRLV    RYGLTNGDLWYVTSGIPSGFPLTVIVNSLVNNFFIHFSYIKLMKREELNSLYPLHSFRQMVAYAT--YGDD                           472 
CuLV    RYGLTQGDLWYVNSGIPSGFPLTVIVNSLVNSFFIHYAYMSICKKSNDMDLYPLYSFKQLVSYAV--YGDD                           474 
AVB     RYGIAGLGVYKVSSGIPSGFPLTVIVNSLVNSFFLHFAYRKLMSQSLKSHFW----FTKNVAFAV--YGDD                           464 
SLRSV   RLGVAGIGLYRVSGGIPPGFALTVIVNSLVNHFLVRWSWEHMMASSSLF-------FTDCVELAV--VGDD                           452 
SDV     RYLISDGVLYEIHGGTPSGFAPTVMINSVVNEFYLKWSWIGLLKEAGYANQATLYAFHEATEISL--YGDD                           450 
CLVA    RQVIVGRDLYKVKGGTPSGFALTVMINSVVNEIYLKMAWFGLSRK-YDPLLARDADLRHHVCMSV--YGDD                           439 
DMaV    RRMIVGRNIYKIIGGTPSGFALTVMVNSIINELYLKMAWFNLSKQ-HFPEISRDADLSHNVHIST--YGDD                           431 
BRNV    RRILVLAELYHVRGGTPSGFALTVIINSMVNQFYLMWAWRKIMSR-ISPSMVTYRVMRTHCTFSV--YGDD                           447 
SMoV    RRILVLRDLYQVKGGTPSGFALTVIINSVVNQFYLMWAWRKIMSR-IDPGLVPYRVMRSHCTFSV--YGDD                           444 
        :  :          * *.**. **:.**.:*   :  ::                             *** 
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Fig. S3. Multiple sequence alignments of the waikavirus ORFX proteins (a) and the overlapping region of the ORF1 polyproteins (b)
Identical and similar residues in all sequences are shaded in black and gray, respectively. Note that the ORFX proteins are more well conserved than  
the ORF1 polyproteins.
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(a) 
 
BnRV1  1  MQR-VLLIASLAINMAALFMQVLGLLLKQPIILIVGICVIMLNIFLNVLALVTKPEEDFSQFLERASAGTPLARNAERRAPLPVRERR--  87 
BVCV   1  MQR-VLLIISLAVNMIALFLFTLGLILKLPVILIVGVFVIMLNIFLSVLALVIKPEENGSQFLERVTTGTPLARVAVPRAPLPRPVRV--  87 
RTSV   1  MQRGFYLIICLSLSMIALFVLMLALVFRKPVLVMITLCVIMLSIFLNVLALVVRPEENFSELVARVGTGTPLARLAERRVDLPTRGRI--  88 
MCDV   1  MQR-WLLIIGLAVNMLSCFFQMLGLVFRLPLLLVIGLCVTMLNIFLSVLALVTRSEDTLLDLMTRMHIGTPRAQNVAPVARERTLGPRSR  89 
          ***   **  *::.* : *.  *.*::. *::::: : * **.***.***** ..*:   ::: *   *** *. .   . 

 
 
 (b) 
 
BnRV1  99  AKSAINCKLGYKY-GCALYAGIGTSSQATNYSDSWNMCDNAEHLFECFSLSDQTRGRLFSVPGESVGWHTTCAKCGASCSFAGPREAL--  185 
BVCV   99  AARVINNKFSSQY-DCSVSVHPGSNPEVTSHSDCWSVCNNAQHLFECVSFSDQTRGEWFPVLGKSNNWHTTCSGCGASCAFATPREGV--  185 
RTSV   99  AKGFLFDNLSIPFDDCALCPNAGTRLSQTGVSHDHFVCNYVEHLFECASFSRETGGKFFRACSEGWHWNATCTTCGASCRFANPRENI--  186 
MCDV  178  AEVVADNRVSCEY-AKLLLSNARVGVQVTPPACDWVVCNNVEHLFECFGISDAQRGHITGFNDENAYWNASCAKCGACCQGANARSAIPI  266 
           *      ...  :    :        . *  :  . :*: .:***** .:*    *      .:.  *:::*: ***.*  * .*. : 
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