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Identification of a novel member of the family Betaflexiviridae
from the hallucinogenic plant Salvia divinorum
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Summary. - Betaflexiviridae is a family of plant-infecting RNA viruses with 11 recognized genera, of which
genomes have diverse organization with three to six open reading frames (ORFs). A genome sequence of a
novel Betaflexiviridae species, named Salvia divinorum RNA virus 1 (SdRV1), was identified in Salvia divino-
rum, herbal mint plant with hallucinogenic properties. The SARV1 genome was predicted to have four ORFs
encoding a replicase polyprotein (REP), a movement protein (MP), a coat protein (CP), and a putative nucleic
acid-binding protein (NBP). Phylogenetic analyses based on the REP, MP, and CP sequences indicated that
SdRV1 is most closely related to members of the genus Citrivirus. However, the genome organization of SARV1
is the same as that of the genus Prunevirus. Moreover, the SARV1 NBP had greatest sequence similarity with
members of the genus Carlavirus. A complex evolutionary history involving ancestors of these three genera
might have resulted in the unique phylogenetic position of SARV1, which could be considered the founding
member of a new genus in the family Betaflexiviridae. The genome sequence of SARV1 might be useful for

studies on the evolution of Betaflexiviridae.
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Introduction

Betaflexiviridae is a family of plant-infecting viruses of
the order Tymovirales, and consists of 11 approved genera:
Capillovirus, Carlavirus, Chordovirus, Citrivirus, Divavirus,
Foveavirus, Prunevirus, Robigovirus, Tepovirus, Trichovirus,
and Vitivirus (Adams et al., 2012, 2016). Betaflexiviridae
viruses have a flexuous particle and a positive-sense single-
stranded RNA genome of approximately 6-9 kb. The genome
contains three to six open reading frames (ORFs) depen-
ding on the genus (Adams ef al., 2012). The 11 genera can
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Abbreviations: CLBV = citrus leaf blotch virus; CP = coat protein;
MP = movement protein; NCBI = National Center for Biotechnol-
ogy Information; NBP = nucleic acid-binding protein; ORF = open
reading frame; REP = replicase polyprotein; RARp = RNA-depen-
dent RNA polymerase; SARV1 = Salvia divinorum RNA virus 1;
TGB = triple gene block

be classified into five groups based on genome organization.
The viruses of six of the genera (Capillovirus, Chordovirus,
Citrivirus, Divavirus, Tepovirus, and Trichovirus) have
three ORFs. ORF1 encodes a replicase polyprotein (REP),
which has viral methyltransferase, 20G-Fe(II) oxygenase
superfamily, viral RNA helicase, and RNA-dependent RNA
polymerase (RdRp) domains. ORF2 and ORF3 encode a
movement protein (MP) and a coat protein (CP), respe-
ctively (Adams et al., 2012; Rubino et al., 2012; Chavan et al.,
2013; Marais et al., 2015). Viruses of the genus Prunevirus
have four ORFs encoding REP, MP, CP, and a nucleic acid-
binding protein (NBP) (Veerakone et al., 2018). Viruses of
the genus Vitivirus have five ORFs encoding REP, a 20-K
protein, MP, CP, and NBP (Martelli et al., 1997; Adams
et al., 2012; Diaz-Lara et al., 2018). Viruses of the genera
Foveavirus and Robigovirus have five ORFs encoding REP,
three triple gene block proteins (TGB1, TGB2, and TGB3),
and CP (Morozov and Solovyev, 2003; Prosser et al., 2015; Jo
et al., 2017). Viruses of the genus Carlavirus have six ORFs
encoding REP, TGB1, TGB2, TGB3, CP, and NBP (Adams
etal., 2012; Li et al., 2013).
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Table 1. ORFs and functional domains of the SARV1 genome
ORF nt position ntlength aalength Domain Pfam aa position
Replicase polyprotein 76-6219 6144 2047 Viral methyltransferase PF01660 44-347
20G-Fe(II) oxygenase superfamily PF13532 939-1047
Viral (superfamily 1) RNA helicase PF01443 1249-1500
RNA-dependent RNA polymerase PF00978 1622-2024
Movement protein 62287253 1026 341 Viral movement protein PF01107 14-196
Coat protein 7500-8591 1092 363 Viral coat protein PF00286 169-315
Putative nucleic acid-binding protein ~ 8705-9067 363 120 Viral nucleic acid-binding PF05515 1-89
Salvia divinorum, which belongs to the Lamiaceae family, Materials and Methods

is a herbal mint plant with transient psychoactive properties.
Owing to its hallucinogenic effects, for many centuries the
Mazatec people of Oaxaca, Mexico, have ingested it as a tea
or smoked it in traditional spiritual practices (Valdes, 1994;
Chavkin et al., 2004). The hallucinatory compound found
in S. divinorum is called salvinorin A; it has a highly selec-
tive and efficient agonistic effect on kappa-opioid receptors
in humans (Roth et al., 2002; Chavkin et al., 2004). These
receptors are located in parts of the central nervous system,
and are known to be involved in psychiatric disorders such
as anxiety, depression, and addiction (Butelman and Kreek,
2015; Anderson and Becker, 2017).

Salvinorin A from S. divinorum is considered a new
medical substance for the treatment of mental disorders
(Kivell et al., 2014; Riley et al., 2014). Several transcriptomic
analyses using next-generation sequencing technology have
been conducted to investigate the genetic features and bio-
chemistry of S. divinorum (Chen et al., 2017; Pelot et al.,
2017). Plant transcriptome data often contain sequences
from RNA viruses that infect the plant samples, which may
be identified as novel RNA viruses (Goh et al., 2018; Kim
et al., 2018). In the present study, we analyzed a previously
reported transcriptome dataset from the leaf trichomes of
S. divinorum (Pelot et al., 2017), and identified a novel RNA
virus of the family Betaflexiviridae.

SdRV1 (9214 nt)

Transcriptome dataset. We analyzed a previously reported plant
transcriptome dataset isolated from the leaf trichomes of S. divino-
rum (6.8 gigabases of paired-end reads with a single run) (Pelot et
al.,2017). The transcriptome dataset is available from the Sequence
Read Archive (SRA) at the National Center for Biotechnology
Information (NCBI; Acc. No. SRR3716680). Raw RNA-seq reads
were filtered to collect high-quality reads using the Sickle program
(version 1.33; https://github.com/najoshi/sickle) with the option
“-q 30 -1 557 De novo assembly was conducted using the SPAdes
Genome Assembler (version 3.10.1; http://cab.spbu.ru/software/
spades) with the “--rna” option (Bankevich et al., 2012).

Identification of viral genome contig. All the RNA contigs were
examined to determine whether they contain a viral RdRp motif.
The Pfam database (release 31.0; http://pfam.xfam.org) was parsed
to collect reference sequences of viral RdRp motifs. Pfam Acc.
Nos. with viral RARp motifs include PF00602, PF00603, PF00604,
PF00680, PF00946, PF00972, PF00978, PF00998, PF02123,
PF03431, PF04196, PF04197, PF05788, PF05919, PF07925,
PF08467, PF08716, PF08717, and PF12426. Representative viral
RdRp motif sequences derived from 394 viruses were converted to a
BLAST-searchable database. A BLASTX search was performed with
the parameter “-evalue e-5” to compare the assembled contigs with
the custom-built viral RARp database. RNA-seq reads were mapped
to a viral contig using the BWA program (version 0.7.16a-r1181;

REP MP CP NBP
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MET OXY HEL RdRp MOV VCP VNB
Fig. 1

Schematic representation of SdRV1 genome organization
Open reading frames (ORFs) are depicted as gray boxes: REP, replicase polyprotein; MP, movement protein; CP, coat protein; and NBP, putative nucleic
acid-binding protein. Predicted Pfam domains are marked by lines below proteins: MET, viral methyltransferase; OXY, 20G-Fe(II) oxygenase superfa-
mily; HEL, viral RNA helicase; RARp, RNA-dependent RNA polymerase; MOV, viral movement protein; VCP, viral coat protein; and VNB, viral nucleic
acid-binding. The coordinates and lengths of ORFs and domains are presented in Table 1.
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Table 2. Comparison of the sequence of replicase polyprotein (REP) from SdRV1 with REP sequences from representative
members of Betaflexiviridae
No. Acronym Full name Genus NCBI Identity Similarity  Overlap length

1 CLBV Citrus leaf blotch virus Citrivirus NP_624333.1 48.8% 71.9% 2085
2 CLBV Citrus leaf blotch virus Citrivirus AFA43536.1 48.2% 71.9% 2084
3 AVCaV Apricot vein clearing associated virus Prunevirus YP_008997790.1 36.7% 57.7% 2104
4 CPrv Caucasus prunus virus Prunevirus AKN08994.1 38.2% 67.3% 2093
5 ACLSV Apple chlorotic leaf spot virus Trichovirus NP_040551.1 30.8% 56.9% 2107
6 GPGV Grapevine Pinot gris virus Trichovirus YP_004732978.2 32.0% 57.5% 2089
7 CtChV-1 Carrot Ch virus 1 Chordovirus YP_009103999.1 31.1% 58.6% 2093
8 CtChV-2  Carrot Ch virus 2 Chordovirus YP_009103996.1 30.4% 57.7% 2100
9 DiVA Diuris virus A Divavirus YP_006905850.1 26.5% 51.1% 2084
10 ObRV1 Ocimum basilicum RNA virus 1 Divavirus YP_009408144.1 27.2% 51.3% 2073
11  CVA Cherry virus A Capillovirus NP_620106.1 32.4% 62.3% 1052
12 ASGV Apple stem grooving virus Capillovirus NP_044335.1 31.9% 60.9% 1026
13 PVT Potato virus T Tepovirus YP_002019748.1 34.5% 64.0% 989
14 PrvT Prunus virus T Tepovirus YP_009051684.1 28.6% 54.6% 2084
15  GVA Grapevine virus A Vitivirus NP_619662.1 27.0% 52.5% 2077
16 GCLV Garlic common latent virus Carlavirus YP_004936159.1 29.4% 56.0% 2116
17 CVNV Coleus vein necrosis virus Carlavirus YP_001430021.1 27.6% 56.0% 2106
18 PhlVB Phlox virus B Carlavirus YP_001552317.1 28.6% 55.8% 2177
19 APV1 Asian prunus virus 1 Foveavirus YP_009094347.1 28.8% 58.2% 2125
20  ASPV Apple stem pitting virus Foveavirus NP_604464.1 28.8% 56.7% 2243
21  CTLaV Cherry twisted leaf associated virus Robigovirus YP_009046478.1 29.5% 58.4% 2123
22 CRMaV Cherry rusty mottle associated virus Robigovirus YP_007761581.1 29.6% 57.6% 2117

https://github.com/lh3/bwa) (Li and Durbin, 2009). Sequence vari-
ants were identified using SAMtools/BCFtools programs (version
1.6; http://www.htslib.org) (Li et al., 2009).

Sequence comparison and phylogenetic analysis. NCBI BLAST
searches were performed to identify and collect closely related
viruses (https://blast.ncbi.nlm.nih.gov/Blast.cgi). Protein coding
regions were predicted based on the outputs of BLASTX and
ORFfinder (https://www.ncbi.nlm.nih.gov/orffinder). Functional
domains were predicted by Pfam. Pair-wise identities among pro-
tein sequences were calculated using the FASTA program (version
36.3.6; https://fasta.bioch.virginia.edu/fasta_www2/fasta_down.
shtml). Multiple sequence alignments of sequences were generated
using the MUSCLE program (version 3.8.425; https://www.drive5.
com/muscle) (Edgar, 2004). Phylogenetic trees were inferred using
the neighbor-joining method implemented in ClustalW2 software
(version 2.1; http://www.clustal.org) (Larkin et al., 2007). We
referred to the ViralZone web resource (https://viralzone.expasy.
org) for the genome organizations of viruses (Hulo et al., 2011).

Results and Discussion
A BLASTX search was performed to compare the as-

sembled contigs of the S. divinorum transcriptome dataset
(SRR3716680) against the custom-built viral RNA-depend-

ent RNA polymerase (RdRp) database. A 9214 nucleotide
(nt) contig had sequence similarity with the RARp motif
sequence of the citrus leaf blotch virus (CLBV) (UniProt
Acc. No. Q91QZ3). A BLASTX search of the contig against
the NCBI non-redundant protein database confirmed that
it is a viral genome closely related to CLBV, the type species
of the genus Citrivirus of the family Betaflexiviridae (Vives et
al.,2001). The contig was considered a novel Betaflexiviridae
virus and named as Salvia divinorum RNA virus 1 (SdRV1).

Atotal 0£26,102 reads from the RNA-seq data SRR3716680
were assembled for the SARV1 genome contig. There were
five single-nucleotide polymorphisms at nt positions 2748,
4892, 6506, 6984, and 8054 (Supplementary Table S1), indi-
cating that the SARV1 genome contig is a composite sequence
derived from a rather homogeneous viral population.

The SARV1 genome was predicted to have four open
reading frames (ORFs) (Table 1 and Fig. 1). ORF1 encodes
a 2047 amino acid (aa) replicase polyprotein (REP). REP is
composed of four functional domains predicted by Pfam: a
viral methyltransferase (Pfam Acc. No. PF01660) at aa posi-
tion 44-347, 20G-Fe(II) oxygenase superfamily (PF13532)
at 939-1047, viral (superfamily 1) RNA helicase (PF01443)
at 1249-1500, and RdRp (PF00978) at 1622-2024. ORF2
encodes a 341 aa movement protein (MP), which has a viral
movement protein domain (PF01107) at 14—196. ORF3 en-
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Multiple sequence alignment and phylogenetic tree of nucleic acid-binding protein (NBP) sequences
(a) The NBP sequences of SdRV1, carlaviruses (GCLV, CVNV, and PhlVB), and pruneviruses (AVCaV and CPrV) were multiply aligned. (b) The
phylogenetic tree inferred from multiple sequence alignment of NBP sequences is shown. The full names of the viruses are presented in Table 2. The
NCBI Acc. Nos. of the NBP sequences are: SdRV1, AYE54587.1; GCLV, YP_004936164.1; CVNV, YP_001430026.1; PhIVB, YP_001552322.1; AVCaV,

YP_008997793.1; and CPrV, AKN08997.1.

codes a 363 aa coat protein (CP), which contains a viral coat
protein domain (PF00286) at 169-315. ORF4 encodes a 120
aa putative nucleic acid-binding protein (NBP) with a viral
nucleic acid binding domain (PF05515) at 1-89.

NCBI BLAST searches were performed to identify and
collect viruses related to SARV1. A total of 23 viruses from
11 genera of the family Betaflexiviridae were selected in-
cluding CLBV (Citrivirus), apricot vein clearing associated
virus (AVCaV) (Prunevirus) (Elbeaino et al., 2014), apple
chlorotic leaf spot virus (ACLSV) (Trichovirus), carrot Ch
virus 1 (CtChV-1) (Chordovirus), Diuris virus A (DiVA)
(Divavirus), cherry virus A (CVA) (Capillovirus), potato
virus T (PVT) (Tepovirus), and grapevine virus A (GVA)
(Vitivirus), garlic common latent virus (GCLV) (Carlavirus),
apple stem pitting virus (ASPV) (Foveavirus), cherry twisted
leaf associated virus (CTLaV) (Robigovirus).

A sequence comparison of REP sequences of SARV1 and
representative Betaflexiviridae viruses was conducted using
the FASTA program (Table 2). The SARV 1 REP had the high-
est sequence similarity with the CLBV REP (NCBI Acc. No.
NP_624333.1), which is a member of the genus Citrivirus,
with 48.8% identity and 2085 aa overlap. The SARV1 REP
also had high sequence similarity with viruses of the genus
Prunevirus: AVCaV with 36.7% identity and 2104 aa overlap;
and Caucasus prunus virus (CPrV) (Marais ef al., 2015)
with 38.2% identity and 2093 aa overlap. Other members
of the family Betaflexiviridae also had significant sequence
similarity. The sequence comparison indicated that SARV1
is closely related to the genus Citrivirus.

A multiple sequence alignment of full-length REP se-
quences of SARV1 and representative Betaflexiviridae viruses
was generated by MUSCLE (Supplementary Fig. S1). The
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SdRV1 REP had greatest sequence similarity with the REPs
of citriviruses and pruneviruses. The SARV1 MP and CP
sequences also had greatest sequence similarity with the
MPs and CPs of citriviruses (Supplementary Figs. S2 and S3).

We conducted a phylogenetic analysis using the multiply
aligned REP sequences of SARV1 and selected viruses of
the family Betaflexiviridae using ClustalW2 (Fig. 2). SdARV1
formed a clade with members of the genus Citrivirus (CLBV),
in agreement with the protein sequence comparisons. The
next closest viruses were members of the genus Prunevirus
(AVCaV and CPrV). The phylogenetic analysis implied that
SdRV1 is a novel species that is most closely related to the
genus Citrivirus in the family Betaflexiviridae.

However, citriviruses have only three ORFs encoding
REP, MP, and CP (Hajeri et al., 2010; Elbeaino et al., 2014;
Marais et al., 2015). In addition to REP, MP, and CP, the
SdRV1 genome was predicted to have an additional fourth
ORF encoding a 120 aa NBP. NBP is commonly found in
viruses of the genera Prunevirus, Vitivirus, and Carlavirus
(Adams et al., 2012; Rubino et al., 2012; Veerakone et al.,
2018), but not in the genus Citrivirus. Among these viruses,
only pruneviruses have the same genome organization as
SdRV1, implying a possible affiliation between SARV1 and
pruneviruses (Fig. 2).

More interestingly, the SARV1 NBP had greatest sequence
similarity with the NBPs of carlaviruses, with 38-39 identi-
cal residues (Fig. 3a). The NBP sequences of SARV1 and
pruneviruses had the next greatest sequence similarity, with
21-23 identical residues. A phylogenetic analysis of NBP
sequences also confirmed the closest relationship of SARV1
and carlaviruses (Fig. 3b). It is worth noting that the SARV1
NBP is most similar to the NBPs of carlaviruses, which have
six ORFs with triple gene block (TGB) proteins instead of MP.

Phylogenetic analysis of SARV1 proteins and comparison
of genome organization revealed conflicting phylogenetic
relationships. The sequences of SARV1 REP, MP, and CP
support the closest relationship with the genus Citrivirus.
However, the genome organization of SARV1 is the same
as that found in the genus Prunevirus. Moreover, SARV1
NBP had the highest sequence similarity with the NBPs of
the genus Carlavirus. The uniqueness of the SARV1 genome
might be due to a complex evolutionary history invol-
ving the ancestors of the genera Citrivirus, Prunevirus, and
Carlavirus. SARV1 may be classified as a novel genus in the
tamily Betaflexiviridae.

In conclusion, we identified a novel RNA virus named
SdRV1 from S. divinorum. The genome organization and
protein sequences revealed that SdRV1 has a unique phylo-
genetic position. SARV1 could be considered the founding
species of a novel genus in the family Betaflexiviridae. The
genome sequence of SARV1 identified in the present study
might be useful for inferring the evolution of Betaflexiviridae
viruses.
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Table S1. Sequence variations of SARV1

Position Con? Al Quality* Con # Alt # Con % Alt %
2748 A G 201 146 51 74.11 25.89
4892 G A 222 186 198 48.44 51.56
6506 C T 39.1421 215 48 81.75 18.25
6984 T C 222 148 123 54.61 45.39
8054 C T 130 188 55 77.37 22.63

*Sequence of the assembled contig. *Alternative sequence observed in RNA-seq reads. ‘Phred-scaled quality score for the assertion made in Alt by BCFtools.

"Corresponding author. E-mail: hahny@cau.ac.kr; phone: +82-2-820-5812.
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Fig. S1

Multiple sequence alignment of replicase polyprotein (REP) sequences of SARV1 and representative members of Betaflexiviridae
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CtChV-1:YP_009103999.1
CtChV-2:YP_009103996.1
DiVA:YP_006905850.1
ObRV1:YP_009408144.1
CVA:NP_620106.1
ASGV:NP_044335.1
PVT:YP_002019748.1
PrVT:YP_009051684.1
GVA:NP_619662.1
GVE:YP_002117775.1
GCLV:YP_004936159.1
CVNV:YP_001430021.1
Ph1VB:YP_001552317.1
APV1:YP_009094347.1
ASPV:NP_604464.1
CTLaV:YP_009046478.1
CRMaV:YP_007761581.1
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SdRV1:AYE54584
CLBV:NP_624333.1
CLBV:AFA43536.1
AVCaV:YP_008997790.1
CPrV:AKNO8994.1
ACLSV:NP_040551.1
GPGV:YP_004732978.2
CtChV-1:YP_009103999.1
CtChV-2:YP_009103996.1
DiVA:YP_006905850.1
ObRV1:YP_009408144.1
CVA:NP_620106.1
ASGV:NP_044335.1
PVT:YP_002019748.1
PrVT:YP_009051684.1
GVA:NP_619662.1
GVE:YP_002117775.1
GCLV:YP_004936159.1
CVNV:YP_001430021.1
Ph1VB:YP_001552317.1
APV1:YP_009094347.1
ASPV:NP_604464.1
CTLaV:YP_009046478.1
CRMaV:YP_007761581.1
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CTLaV:YP_009046478.1 DDSYYEEMNKCSISSAPDSAKCSLSVFPVKADGDCFWHAVSSIFGLDALELKNLVKERAIEEGCVDQKHMKDF LHEMEAKVYASNASITATCFLMNIKLI
CRMaV:YP_007761581.1 GGFYFEEINKCSITSAPDSVKCSLSVFPVKADGDCFWHAVSSIFGLEAKELKQLVHDRATAEGCIDKCHMKDFLHEMEPKVYASNASLAATCYLMNLKLI
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SARV1:AYE54584 = mmmmm e e e e LSKKENMCLIDSISESLKVESFKVVQALMNKD-RPFWEKFMTD- - -DAGGDLMDCEKAASD
CLBV:NP_624333.1 = =--mmmmmmmmmmmmm oo KNTCLINAFSKAMKRSKQAIIAKLKTVN-SPFWSRYLSE - - -GNGGSIEDCQSACEA
CLBV:AFA43536.1 = ==---mmmmmmmom oo RNVCLIRALSKALNRGMQAITAKLKTVN-NPFWSRFLSD---GNGGSVEDCLAACEA
AVCaV:YP_008997790.1 @ =--------mmmmmm e oo KLGKNKCITIHAVAMALGQTSNTVANKIVAQ--RPDLLQCLVD---DEMLDKQTTETICVI
CPrV:AKNO8994.1 = =  =---mmmmmmmm oo KNICLMRSLSILEKRPLYDILLALIKKN-KNYWTSFLEF---GVGGTLADLNQAAED
ACLSV:NP_040551.1 = === ---mmmmmmmmmme oo KGKFDCLFVSVAEIIHKKPEEIMMFI----- PHIMDRCVS- - - -NRGCSLDDAKAICEK
GPGV:YP_004732978.2 =-----mmmmm e mmmmee oo oo PKVGCFLQAVSEQVFTKVEDLAIKLGTLY-GDILANW=-~-=-=-~---~ GVSLADVDKFAEK
CtChV-1:YP_009103999.1 =-------c-c-cecmmcecmccccmccccmcccmcneeenae KESCLIDSLAEEIRISRSKLINLLVKED-STFLIKIKD----DKGLTIDDLSIIANL
CtChV-2:YP_009103996.1 ------------ - oo oo oo DLKESCLIKALAKEIKISELKLSNLIINED--PTYLDKIKK---DRGMTIDDLEKISNL
DiVA:YP_006905850.1 @  -------c-cm-eemeeeeeeceeeeeeeeeeeneeen ANKCCFDCIMEIKKIDHVALVNYI---T-ETKFMDLLLK---DNGLLQKELIELCNF
ObRV1:YP_009408144.1 @ -------------mmmmmmm oo mm oo TFCNLKNKCCFDSVLKCLNIDLFELVDRL - --K-GSVFIELLIK---DQGLLESEFLDLLDL
CVA:NP_620106.1 = = —-=--mmmmmmm oo KNDCFFKAVGETIGIPANSLIERILCSD-SEDLKPVIEQLNLDHPISSKLLEVCCKF
ASGV:NP_044335.1 =  =---cmmmmmmmmoe oo KNDCVFKAISAHLGIDSQDLLNFLVNEDISDELLDCIEE---DKGLSHEMIEEVLIT
PVT:YP_002019748.1 =  ---------mmmmmmmmmm oo mm oo LNRVNSGGLRGVCLLDALAKITGTKREITLSILLGRD--GTWADWFLK- - -DKGATFDDVFKAVSD
PrVT:YP_009051684.1 @  -------------cmmmmmmmmmmmoo oo PDNLCDLISKMSNACFLDCLADHLCMNRSAVFNLLFDQD-KSVITNVLE----DKGFTLSEVIDHLMN
GVA:NP_619662.1 = = —-----mmmmmm e QKNQGNMCSLKAFADHMQLSTPSVIAIVNGA--SPQTLREIE----DGGYSLATLVNLSKA
GVE:YP_002117775.1 = === -mmmmm oo ooommo o KEIKKNLCLIQPIAEHFALKAPVLISKATVE--IPNFARYLS----DKGLSMPGLYMLCKN
GCLV:YP_004936159.1 --GLKVRFFSPELNEVRKFSTCTATNFWVDVLHHGNHFDLLYPTNDCVLIALEQGLGRKRGDILKVLSRPQ-HSDIFQIATG---GVGLTLELLEPIFQC
CVNV:YP_001430021.1 ---KSSIAVISHHEGCMRVFCPDNWENKIDLLHKDGHYNVVNYKNDCALLAVAETLGRTKREVTEVVCKAK -HGGLLRSMRT - - -GEGLKVELLGELFKI
PhlVB:YP_001552317.1  ------- CLSAGDTGLVVYSPKREFSQVVYMHIENQHFNWVEPKNNCLVRATIAVSLNRKTSEVLKVLEEGS -CVGSVGTLWR - - -GEGVALEDLDFYFDR
APV1:YP_009094347.1 = ------ VLLPDQNFSYEFLPMQNAEVTQLFVKLSGEHFEPALPINGCVVKSIAETLNQTEAKILSVIGRPN-NRLILEGLVE---GEGLNIEDLEAAFSV
ASPV:NP_604464.1 = ------ VLYTREECTWIFKPHEVLKAATLICQD--NHFKPCMPVNGCVIRAISSALNRREVDVLAVLGKPA-HEDLFEEVAE---GRGFSIFDLTRLFEI

CTLaV:YP_009046478.1 IKLVESKHSGWVVVEPLNSSNEKISLGYLVLNQRVQHFDLAVPKEGCVIRAISEFLKQNPTKVLSVLSANC-SKELLHELMS - - -GLGIQEFFLEEIFKV
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SdRV1:AYE54584 LLLNLEVHC-Q-DRINVFKFGQTIVKIT---LTNGHFSK---LEEIKELPRSLVSQFKGKTRIDVVEGLVESLESE--~-----~ SH--YNLFNFEANMSF
CLBV:NP_624333.1 LDVTVDLNV-N-GKCVVLGKGALRISMA- - - LRNNHFSV - - -INAAQLMERTFVSHLLEKGNVNVLEGFDAMLSGDV - - - - - GAAG- -VNKIQFAANFEF
CLBV:AFA43536.1 LGITVDLFV-D-GKCLVLGEGAVRVSLA- - -LKDNHFSV- - -VEEHRSIQRTFVSHLAKKSNLRVMDGLDEMLQSEM- - - - - - STG--VNCVQFIADFEH
AVCaV:YP_008997790.1 MNLHATIVNEDEGETMELNPEGLIKSSFS--VLDEHMMVLSDIPNCRSKKGIDICMSPDLANSNCAANYEVTCQN-------=----~ LQVIQYQADHER
CPrV:AKNe8994 .1 LSFRFELYM-N-EKWIAGGNRGPIYRLN---LSDDHFSV------ HRELSGNVEDTQLNFSKAKSKQSNFSSSDDDNSFDLDSIEH--VNKSLFEPLNDA
ACLSV:NP_040551.1 YEIKIECEG-D-CGLVECGTSGLSIGRML--LRGNHFSV---ASVRRSSMDSLANSSKEIKSDGVLDHVTFNFHKRLKLVEPD-- - -~ LTNADIKVDSSR
GPGV:YP_004732978.2 LGIRLVLTN-G-FEVIRAGVEGPEVSMS - - -FSNGHFRS - - -NSNSRMNKGKGVESFPKEFARKVSDEMSNDANPQIIQNLNEVYGVFLNQTIFKLDPKR
CtChV-1:YP_009103999.1 LNLSVRVLI-D-GQWSYFGVKESNYRLISLKLIKRHFSV---YNGEVLKLALGDESSDKLIKLSDSGFYNSFLNKI------ DPRNKFVNKFDRMINFER
CtChV-2:YP_009103996.1 LCLKVRVLI-D-GQWQYFGVKESNFRGVSLRLSGSHFDA---YEKESIKIALGDEVSEKKVQKSADGAFFEGFLQRIDPKNEF----- VNRFERVIDLDR
DiVA:YP_006905850.1 LNIKVNIIN-Q-SGTRLIYENDNDNTLI---LTERHCKL---VKTESISDWLLDDN------~---- KDFLDVTGV-------=----- SSIIKNVFDYKR
ObRV1:YP_009408144.1 LGLNENVMN-A-AGFLVKECTESSGIFI---LSSNHCRF---ISKEECGDWFNKVK--=====---- GGLISLPGV---=--------- NYLLKDINCIKR
CVA:NP_620106.1 LGYRVHIYY-G-DSIIKLNDDINMHATIHIGGKPGHLFCI---NQERSKIPKDSQIKVPEVGPQSFIGSIFSKTYGS--------- GSSAPIHLGQIDITK
ASGV:NP_044335.1 KGLSMVYTS -DFKEMAVLNRKYGVNGKMYCTIKGNHCEL------~--~ SSKECFIRLLKEGGEAQMSNENLNADSL --=====-=-=---- FDLGRFVHNRDR
PVT:YP_002019748.1 LDLNCTICT-KEGSFNAHVNRNYKHNFLY--LFDEHVSL - - -ERPKVMLFEQVRHQKIDFL------ GAFEKCPG----=--------- AGKFRYEALAER
PrVT:YP_009051684.1 LDIPGRIVS-N-GEVINYLEKGSFKPIDLL-MRDGHIGL - --NVQHDVLYDTKEVKVEELIG---=-=======------cccc---"" ADIIRPHFSVER
GVA:NP_619662.1 LDFPIAIHG-E-RGYAETPGSYRRLHLK---ITSGHVEP---FEGVTSKGGFREAMLLGDG----=-=-=-==-==---c--moomoome VGVGHFRVDKAK
GVE:YP_002117775.1 MGLTLSILS-D-EGYLHLQGSYKPLGLV---IKDDHATP---GRYIQRQNRPAEALAVNPG--=-=-=-======-c--ccmemmmmo VGQMEIEVVSEN
GCLV:YP_004936159.1 FQIDARVLC-G-SEVFTYPTSGTFALDFE--LADGHLSF - - -KSARRKETVSSCLKVVEASP - - -HGRLVLNCA- - - - - - === - - - - - GTGVLFEICSNT
CVNV:YP_001430021.1 FSIKALVKC-N-GQLHRLNPEGKILGHYR--LEDGHIQV---DKGLIKQLGSAPVKVIEHP---VHGSGMVLIAAV------------ ATQLSFEINAEI
Ph1VB:YP_001552317.1 FGINAMVEF -E-GKAYNFNETGHLPAAFT - - LKDGHIEF - - - - - IGRNSPSTVPMMRGRVNTLTVSPNSLLIIKAA------------ GSTIEFRPDYSR
APV1:YP_009094347.1 FGICARVST-E-RGVFTLNKEGNLHANYE - - LKSGHIMY - - - LKKASSSQFAPTNPIQNFNGQ- - --GPEIFLRGI-----------~ VSEVDYKPSWGR
ASPV:NP_604464.1 FSICGSVDT-G-GELIMVNENGRIPAEFS--LEKEHLAH---IPTLSRRKFSPIVSDLNRVSNSAMRFLAIN--------=------- GAEVDYRPSIDR
CTLaV:YP_009046478.1 FDICAEVSD-G-EKSRILNANGSRSAKFT--VEQDHFSF - - -SPGVKASTNLGSFKAPSGGQTIPIEQYETFLRGN------=------ ANVIPFTPSLIA
CRMaV:YP_007761581.1 FDICAEVSD-G-ASSRVLNKKGSRSAKFI - -VDKDHFSF - - -CPGTKASTNLGVFKAPSGCPMIAIEKYDEFLRSS------------ ANVVPFTPSLPL
SdRV1:AYE54584 AGPLMNSFLNRSTG------- ICLGSVINNGGKYF------ EDVFSLDESSYRICS-=-==-=-=-=--=cuco-non- ATHALNGFAGSGKSKVMQNWLSKRRC
CLBV:NP_624333.1 ARILANSFLNMTTG------- ICLGKALDNGEKYF-------- LHILKDRVKQIGI----=-=-=----=-=------ DVTMVCGFAGSGKSRKLQSWLHSRKK
CLBV:AFA43536.1 ARVLANSFLNMTTG------- ICLSRALDNGEKYF--=-=-=---- LHMSEERPKQIGF-=-=-=-=---==-u-c---- DVTAICGFAGSGKSRQLQSWLHARKR
AVCaV:YP_008997790.1 AIKLMNSFLAGTTG------- AVLNELVFKGSRFF------ TFMDSVNERKSDFVE - - - === - -==--meommn ELSFVPGFAGSGKSLGLLNEVKRISR
CPrV:AKNe8994 .1 AELLRQSFLNRTTG------ KILSDAFGENGAHLR---=-=---- RIRIVKSDDPFPE---====-----mmuann EVYFSCGFAGSGKSLSLQSKLKSNFK
ACLSV:NP_040551.1 AGKLLKSLMDGMTG- - --~--- IVSHNSTHEGWRMIKGINSTSEMRSFMNMVRGQIEEPKSDLFDKVQELNFMKVKIYGIFGFAGSGKSHAIQNLIQTEFK
GPGV:YP_004732978.2 AQRLLKSLLDGSTG-----~-- VHCNSSLKEGWKMI - - - - - - PNAKSSEFVTKNYIN--SSDIWKGSALWN-AKINISGIFGFAGSGKSHGIQRLLNEKFS
CtChV-1:YP_009103999.1 AALLIHSFLRGSTG------- VVTSSGFNNGVDYF - -SGRKRNIDPESFRDPKFLK--------- EMTKGDAVVKGAVILGFAGCGKSRPVQMALDSMDS
CtChV-2:YP_009103996.1 AAKLIDSFQKGTTG------- VICSENFGLGVKPF - -SGREKNLDSSKFDDPSFLK=-=-=-=-~-~--- KLIGEEFLIKGAAIIGFAGCGKSRPVQMALSNMDS
DiVA:YP_006905850.1 SKKLYDSLSKGTSG------- VFFNMIKKKNDESE-------- KKKDKNRVIEMMNFFFEDEINEKRKLTGRSEPIYGFFGFAGSGKSREIQNYINTNYN
ObRV1:YP_009408144.1 AGRLFKSLSRGNTG------- ILFNSIKKKSDESE-------- KRKDKNRVIEFLNLIFDNDDDHEVEIVKRDEPIYGFFGFAGSGKSRAIQGFINSEFN
CVA:NP_620106.1 ALVLVSAFESMNLGVRVDRKAILEGQLISNGFLAF-------- LKRKNNEGHKVIK=---======----- IQSLPVYPFIGFAGSGKSFGLTEKLINGDC
ASGV:NP_044335.1 AVKLAKSMARGTTG-=-=-~---~-- LLNEFDLEFCKNM--------VTLSELFPENFSS----------uc------ VVGLRLGFAGSGKTHKVLQWINYTPS
PVT:YP_002019748.1 GSLLASALKDNLTG--~----~ VISSKFNWDPKCEF-----=-----------VDIEK---------c--mu-m-- EILVVAGFAGSGKTRGICQIVKSMFN
PrVT:YP_009051684.1 ARVLVKSMMEGMTG------- VILNRFKHAFNELL------=---------PRHEN----------c-c------ RVMCIAGFAGSGKSRALQGVCASVLN
GVA:NP_619662.1 ADRLAQSFYNGNTG------- VLLGKYNKGKMHTG---~-~-~--=--------EIEEPK---------c--uu-m-- EVLTAFGFAGSGKSHWCQTILKHCSV
GVE:YP_002117775.1 ARALQASFEKGFTG------- LILN---DHRGKWA=-=-=-=-=-==-===--- AKIPQGAR----=====------ AQLTVSMCLGFAGSGKTSSITQMLKLGHQ
GCLV:YP_004936159.1 AHKLAESLFDGRTG------- IVSSKLFNNRERFE-----=------- VSSTSLLPR--=-=-=---mmmmme o TLNVICGVFGCGKSTLLCKALEKGLG
CVNV:YP_001430021.1 GDKLAECLVSGRTG- - -----VISSQLFNGRQKLT------=-=----IPAGSDGKSR--====-----cmuu-u- AVNLITGVFGCGKSTLMKRSFESGLG
Ph1VB:YP_001552317.1 AKCLADCFHTGCTG- - - - - - -VMNSKIFNNSEHLL - - - - - - - -AHVNINDRPNTVQ---------=--------- INSVLGTFGSGKSSLFRRFFDANPG
APV1:YP_009094347.1 ARNLEESLLNGTTG-------ILCDRTINLQKNWL----~-----TVDRKLNDNSR--=====----cuuuuo- NLGVVLGTFGSGKSSLFKRFIVKNPS
ASPV:NP_604464.1 ASTLLDSFEIGATG ERKLIMILGTFGCGKSSLFKKFIEKSPG
CTLaV:YP_009046478.1 AKKLANSFLSGQTG------- VINSKIISGQYDWL--=-==-=-=-=--~ ADTNKLCFDER--=====------uuun- KIGAIVGTFGSGKSHNVIELLRHNLG
CRMaV:YP_007761581.1 AKKLADSFLSGQTG------- VINSKIVAGQYDWL---------- ANTNKLCFEER---------=-=---u--- RVGAIVGTFGSGKSHNVIELIRHNLG
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CtChV-1:YP_009103999.
CtChV-2:YP_009103996.

DiVA:YP_006905850.1
ObRV1:YP_009408144.1
CVA:NP_620106.1
ASGV:NP_044335.1
PVT:YP_002019748.1
PrVT:YP_009051684.1
GVA:NP_619662.1
GVE:YP_002117775.1
GCLV:YP_004936159.1
CVNV:YP_001430021.1
Ph1VB:YP_001552317.1
APV1:YP_009094347.1
ASPV:NP_604464.1
CTLaV:YP_009046478.1
CRMaV:YP_007761581.1
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GNY === m e mm e CVVCPRVNLAHDWKLKLGLTEK - = = = = = = = == = oo m o mm e oo MA- - -GKVPTFETFV
GNF = == e e e e CVVSPRTNLAADWAFKLELEPN - == == === == === m o mm e o e EQ- - -RKVSTFEKFI
GNF= == m e e e CVVSPRNNLAADWSFKLELEPN - = = = = - = = == = o< m oo m o eo o EK- - -RKVATFESFI
ETHLAKEKKGMGKGSGKGHEKKERNRGNLKSMCT ISPRRNLADDWETKLGPSAL - = = = = = = = == = == == == mmm o mm e e EH---CSVTTFEVLF
LKF === == m e mm e e LVICPRVELKEDWERKVKC - = - = = = = = = = == = oo c oo SS---HKVCTFEVAL
GSQ--mm=mmmmmmmmm e GIMVICPRRFLAKDWSEKGY - = - = = == == === mmmm o mm e oo DE---KDIKTFESAL
GSN= === === mm e EILLISPRVLLAEDIWRDKV - - - = - = = = = o = e oo KH- - - LKTMTFESAI
1 PMK-mmmmmmmmmmm e TLLISPRVNLLADWKLKVSN - - = = === === o mm e oo KN- - -VTFKTYESAL
1 PLK=mmmmmm o mm e VLLISPRVNLLDDWKKKVNN- - - = = = = = = = = = o w e e GN---LILKTYESAL
MDG= - = === === mmmm e CVTVVSPRVELLKDWEKKTISVAN- = - = = = = = = == == wm o mm e e KK---IRFSTYEKAL
KKG= === === == mmmmm e e e FVTIISPRSELLKDWQSKVKTQN - - = - = = == === o m e o m e KH---IRFLTFERAL
SQN== === FMFTAPRKKIIGQIHERIDSRQYDDKLKIS - -~ === === == mmmmmmmmmm RK- - -KNFSTFENTL
VKR == === = mmm e e MF ISPRRMLADEVEPQLKG- - = - = = = = = = = == = === m e e e TA---CQVHTWETAL
NKK == == === = e mm e e TLVLSPRKNLADDWVKNLANLHRP - - = - = = = = = = = == wm e e e o SH- - -VKVMTFEAGL
KKN== == === = e e e e VILSSPRKNLLRDWESKIDEKLK - - == == == == == m e oo ommcemo o GKERLIKLKTFELAT
EKV/=m = mm e e e e e LVISPRKVLRDDWVAKIS - - = - = = == === == m o m o mmmm e e e KK- - -HRVVTFEVAF
MAV - = = = == mm e e AVVSPRKNLCEEWKKELLD - = - = = = = = = = === m oo TD---VCVYTYESFL
VCImmmmmm e e FVTPRRSLAEQMTQLVQSVETS - - == == === == === m o mm e e e TS---VTILTFEKFL
SKC=m == mmmmmmm e YFVTPRRSLADIFSDELTSGRIKTK - = == == == <o m o mm e e TT---VVVQTYEKFL
KGV= == == == mm oo FYVSPRRALADEFRQKLENAVVRTKRKKGASSKNGAGASTGPDPNSQAERMKRKN- - -WLVCTFETIL
RSI-=--mmmmmmmmmmmmmmmceceeoaae VFVSPRRSLADQIKDDLGLNTKR - - = - = = = = == == <o m o om e e GKSLRVRVLTLESFI
KAT === mmmmm e e TFVSPRRSLAES INHDLGLARVGGKKTGKSKDL = = = == = == === = = === = = - KN- - -VRVKTFELFI
YQN- === mm e mm e LIISPRRSLKEQFINMLDLVQARSKGKK - - = - = = = = === == <<= oo oo AS---TEVATFEVAL
YQN- = m e e LIISPRRNLKDQF INMLDLVYNARSKGKK - - = - == == === == == o m oo - TS---TDVVTFEVAL
*k . * ok
------- KMEKKNLDLIVLDELTLFPNGYLDWLV~----=-==-=-==-=---LHLEANSIM- - - - - - -AKIVVIFDPLQSRYHNEQDCHVL -NFDHEV
------- KTDKSKLDLIVIDELTLFPNGYLDLLV=-=========-==~=-~--YELADVNRH- - - - - - -CQIILLFDPLQARYHNKMDESIL - TFEHDV
------- KMDKSKLDMIVLDELTLFPNGYLDLLI--=--=-==-=-==-=-=--YELDKFNSH- - - - - - -CHLIL LFDPLQARYHNKMDEAVL -NFEHDV
------- KASISKIKLIVVDELTLFPNGYIDLLI---=-=========--=-~--FRIRTESPD-------CKLILIFDPLQARYDSAQDRAIL -GSEHDV
------- LQNLSRVELIVIDELGLFPRGYLDLMI -~ -=--=-=--=-=--=---FKLRTEKNFK- - - - - -GKVMLLFDPLQARYHSDSDERF L -HE THEC
------- KSDVKGKRLFILDEISLLPKGFTDLLM= - == ===~ ===~~~ -LKMHMEGILKK- - - - - STIVCIGDPLQAGYFCPKDDNYL - SREGET
------- KGCLAGYKWIILDEVTLFPNGYLDLLV=-=-==-==-=-==-=---LKLAHYNEINL - - - - -KHITLVGDPLQANYFNERDCNLL -GSVKMV
R KENLSKFSLITIDEFPLTPRGYTDVIA- - === === =mmmmmmmm- YKSKVDNLTCRLEKKVTKLLLIGDPLQASYYSESDDDLL -AQGGEL
1 —-m---- KENFAEFSMIVIDEFLLVPRGYLDVAA- - === -=-=-==-=oo- FKSKMDCKVCKSKPRIPKFLLLGDPLQAGYYNALDDHLI -PEKSEM
------- TLSYYEDELVVVDEIGLLPPGYISLLSLVTAFRVNKISHN- - - - - - - IRLSKRNYSKYVENQSSRLVLLGDHLQGRYYNESDFRSL - SQPDET
------- TVTYQESELIVIDEIGLMPPGYMSLLNIITSIKFEEVSNN- - - - - - - FRLSRRNFRNF IGSPRSRLVVLGDHLQCRYYNDSDVRSL - DPKDET
-------- LSLVNKPLVIMDECSLNPPGFIDLVLIKSLDSIIRKSNKDFDHFFSSSVLSEGITANVASPIACIAVTGDTLQSSFYSESCGKLM-QYKNDI
------- KKIDGTFMEVFVDEIGLYPPGYLTLLQMCAFRKIVKGQSENFLKGKLLELSKTC- - - - - - - - - LNTRCFGDPLQLRYYSAEDTNLL -DKTHDT

-------- RRVQKSSLIVIDELSLMPNGYLDMLI
SAITRMVKKEQDGKLTVIIDEATLLPGGYLDLVN

ATFITLFDPLQARYHAKSDVLRV-SPENDV
STIILLFDPLQSHYYSKSDVRV--NLGPVL

------- MDDYGCKDIVI-DEIGLLPPGYIDLVI -----------TLVLLGDPLQSTYHSKRDNVVLEASQEDV
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K------ KTGMLKKVRIFIDETQLLPPGYLDLVC ASILVMGDPAQSSYDSADDRMAFIGDRGCL
K------ KNGLLKKARIFIDEAQLLPPGYLDLIC SSILVMGDPAQSSYDSAEDRMMFAGDKGCL
k% ok ok k. * ok

DRM= = TSGQR - = = = = = = = = = = = = = = = = = = = = o o o e e
DRL == TGGQN - = = = = = = = = = = = = = = = = = = & o o o
DRL == TGGQD - = = = = = = = = = = = = = = = = = = = = = = = o o o e e e
DLI--LGDSE - === == == == === m o m oo oo e
DRI~ -TSGAK - = = = = = = = == == === m oo oo
KRL = =FKGG= == == == == == === mmm oo oo e e e
DSV= = FKD = = = = = = = = = = = = = = = o o o o

1 SSL-mmEIDY - = == m o m o m o

T = T o,
DF L= -MMNEE = = = = = = = = = = = = = = = = = & o £ o £ o o .
Y -
KTLCALSHTR = = = = = = = == = = o o o o o o o o .
DLM= = TKTTIK === == == == === mm o m e e

- Y e s
FNR = =VRGK - = = = = = = = = o o o o o o o o o o o o o
FRR- - LQAKKSGICPCGMHFKPSRYMGPNVEFDFDEADKLKGREAIFFSRGGEGYKYNGGDHKSSGWVGELDQI IDACNINADSFDHCLVQRYIPGGSIK
QRI--LQGIQ
QRL--LQSAK
DSV- - LEGAE
FEV--LSGKK
MRI--LSGRS
DVL- - LDNKR
DRL- - LEGKK

1309
1220
1245
928
1247
1113
1091
1121
1118
917
917
882
834
852
1021
979
804
1220
1238
1310
1287
1441
1291
1281

1374
1285
1310

993
1313
1180
1158
1193
1190
1002
1002

973

917

912
1089
1040

866
1285
1303
1375
1351
1506
1355
1345



GOH, C.J., & HAHN, Y.: NOVEL BETAFLEXIVIRIDAE VIRUS FROM SALVIA DIVINORUM S9

SdRV1:AYE54584
CLBV:NP_624333.1
CLBV:AFA43536.1
AVCaV:YP_008997790.1
CPrV:AKNe8994 .1
ACLSV:NP_040551.1
GPGV:YP_004732978.2
CtChV-1:YP_009103999.1
CtChV-2:YP_009103996.1
DiVA:YP_006905850.1
ObRV1:YP_009408144.1
CVA:NP_620106.1
ASGV:NP_044335.1
PVT:YP_002019748.1
PrVT:YP_009051684.1
GVA:NP_619662.1
GVE:YP_002117775.1
GCLV:YP_004936159.1
CVNV:YP_001430021.1
Ph1VB:YP_001552317.1
APV1:YP_009094347.1
ASPV:NP_604464.1
CTLaV:YP_009046478.1
CRMaV:YP_007761581.1
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GPGV:YP_004732978.2
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CVA:NP_620106.1
ASGV:NP_044335.1
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PrVT:YP_009051684.1
GVA:NP_619662.1
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MNYLYTSYRLCNGFF
IEYIYSTHRMSR-YF
LRYIYSSHRMSK-YF
VDYMYQSKRFESEEL
INYLFESWRLSKKFF
VNYKWYSYRINK-FI
VKYQYQSYRIPA-NV
PRYLLYSHRLPK-GM
PKYLYYSHRLSS-SL
ILYLNYSHRLNKMHF
ITIYLNYSHRMSRSHH
LPYLFGSKRFG--YF
HKYLFQGYRFGQ-WF
PKYLFFSKRMSS--E
FRYRGYSYRFPKLFD
LPYLCYSHRLPR--N

PHADNEPTYPVNNPILTVQLTGSCTFTLSCRKGDTSLHLEGAQFFLMPNGRQKGHKHSVVAHDHRVSLTFRSTRPLELMSGKIQAVPYLFLTNRLSS - -K
------------------------------------------------------------------------------------- FRYATRSYRFSNPNF
------------------------------------------------------------------------------------- YTYYTRSHRFQNSNF
----------------------------------------------------------------------------------- YKYVIKSRRFKNGNF
----------------------------------------------------------------------------------- YKFNVSSRRFQSEMF
----------------------------------------------------------------------------------- YKFNILSQRFRNPVF
------------------------------------------------------------------------------------- YVYLSESKRFRNPMF
------------------------------------------------------------------------------------- YVYLSESKRFRNPMF
. X .
KDVFEKLQLPIKQ--------- GDEERRFLYHNPFRIQEDSSETIK-VDVLIVESQLEKK-- - - - TFGSAIKCMTFGESQGLTF -DHVCILLSESSANSC
NRFF -DVPCFNQADR- - - - - - - TEEQRLWIFDDVYSIPSICSDRQEPCDVLLVESDLEKK----- AFSPIINVMTFGESQGLTF-NHVCILLSESSAASN
NRFF-DVPCFNQAET------- TKEQRLWILDDVYSITSVCIDQGEPCDVLLVESDLEKK- - - - - AFSPVINVMTFGESQGLTF-NHVCILLSESSAASN
FNLF - EDLKKNEVDAESRE TGKGAKFRPRMYTNLLTMKVEEENQGNPIDVLLVGSFDEAG- - - - - LFASSIKTMTFGESQGLTV-DHAAILLSENSALSD
GNFFVDIELRNSG--------- SVNYELDFFDNHIVAANEAKKRGFPIDLILVASRDEKN- - - - - SFAGKVNVLTFGEAQGLTV-KHSCIVLSEYAEKQD
AKKL-ATETMNDFI-------- GIDEQSSIYKDMPSAHHFMEKKGNHIEVILVASMVEKE - - - - - LYSNYGNVMTFGESQGLTF -NCGVIVLSEEAKLCS
AGRF -DVWDKNRHE - - - - - - - - PIDCHGTFYSDLSSAKLHAKRCNQKIDVVLVASELEKK- - - - - YFSNQCKCITYGESQGLTF-DYGLISLSEESRLCS
KSMM-DINMLGSF - -------- EGETKWKLYNSAAAAFSEKA- - - - - FDVILVAGRQEK------ TFFGNFTVMTFGESQGLTF -NKVCIALTEDSLLAS
GGIL-DVPMLGPI--------- NELNQLNLYNSAAAAFSERA- - - - - FDVILVAGRQEK------ SFFSNYTVMTFGESQGLTF -DKVATIALSEDTLLCS
YKP- -GVEMLGE - --------- DENIISRRFSNVFSAKKTIP----- EAQLLVASRDEQ------ VRFKELDAKTFGESQGLTF-DEIIIVLSPPAVNCS
YKP--GVVFLND---------- ADSVPTKRFLNTLVAKKSIP----- NAQVLVASHDEQ- - - - - - IRFRDLGAKTFGESQGLTF-DESIIVLSPPSTNCS
TGFL-KLGYYN----------- QMESKAFTIDNMETLQKAIGTSMDKFGVLVTSRADKSD- - - - - FELDFPNVCTINEAQGSTF-NSVILIVTRDFFSNP
QELV-NMPTRVD---------- ESKFSRKFFADISSVKTED- - - - - - YGLILVAKREDKG- - - - - VFAGRVPVATVSESQGMTISKRVLICLDQNLFAGG
LDFF-DVRCSSDQK-------- KWELHGKQYREPAALFRDIKGQE - - FTILSPSFETAREMSKYADIKDGCKSMTFGESQGLTV-NKAVIVVDQDLVATS
LEDF-EYGHGD----------- VDPNHMRVFAQPQAVREATK - - - - - RPVFLCPSDDKRS - - - - - ELSNFGEAYTFGTSQGLTF-DFVCISIDMDGSVTS
CKLF-EIECM------------ GAESEKRVVYRSNRLKDEPT--------- ICATRAMKE----- EKGSG- -WYTVSETQGLSF -KSCLIYLDEHWAKKE
QKIM-EVPSYG----------- VSDFEVKETKKLNK----------- ETLTICFSRATVE----- EERDNLTICTVGQAQGLSR-DVVQIMFDHGSLKCA
VG---RLPCA------------ ISNTNEDDFEDFEILEGIEQVQEIDVECYLVSSFIEKQAVRA-LVGLDKVVQTFGESTGLTY-DCVAVVVSEASKLAS
AG- - -RLPCQFQPEYF------ TNHEDFTILHGFESLNDIAG- - - - - LDCILVSSFNEKTAVKALTFGR-VSVQTFGESTGLTF-NSGAIFISEVSKLAS
QG---RLPCEFGTQMEG-- - - - QATEEHLLYSGLEHLHVIPQEF - - - SKVFLVSSFEEKKIVEAHFPGSNPTVLTFGESTGLNF -KYGTIIITNVSAHTS
VG- - -RLPCRMDTKAM- - - - - - TENENFHWLESTESAAEVSNTE - - - YDVVLVSSFEEKKIVWA-HLGRDLEVLTFGESTGLTF-NRGIILISHESTLTS
YG- - -RLPCNLNKTRLT-- - - - LDEEEYTLWDSIQEFSMMGRKD- - -CPVVLVSSFEEKKIVAA-HLGLKMKCITYGESTGLNF -QKGAILVTYESALTS
LG---RLPCTFDQSRMT - - - - - LEKEEYAVFSSFKDFKNDYLSPK - - IKTFLVSSFTEKTVVKA-NMGRNVLVYTFGKSTGMNF - DYVCVLLTQDSMLVD
VG---RLPCTFDSSRLT----- LEKEEYAVFDSFKAFKADYLSPK - - IKTFLVSSFTEKTVVKA-NMGRNVSIFTFGESTGMNF -DYVCVLLTQDSMLVD

o0k :

EFRWMVALTRAKK--RLSFCCTHLGGIEDFTTNCKSQLFKSFFSRQT - - -IKVDFLRSLCQAKMNMVKKE - -IGGKIDEVDREERLSGDPFLKPFIFLGK
EFRWMVALTRART - -RFSLCSTFLGGIEEFKVKRKESLITSILQG----- EKITFNRLNLMLKCNLIRRE-KENGCRDEVDREERLEGDPFLKPFIFLGQ
EFRWMVALTRAKT - -RLSFCSTFLGGMDEFKIKRGESLVTSILEG----- KQITFERSNMMVKCNLIKQE-KKNGCSDEVDREERLEGDPFLKPFIFLGH
DHRWLVALTRARK - -KVTFLCLHLSGLNGFLSTMENRLVAAVINKGLVTKKRLSSMVRAKLNYVKFKGLA--- - - GKDEVDREDRLEGDLFLKGVIFLGQ
DYRWVVALTRAKE - -KISFITSHRSGLTGFMSSMIGRPIHAFLTG----- LPFTSNRMNWMVNCELVECH-RATGGRDEVDREDRLEGDPFLKPFVFLGQ
DAHIMVAITRFRR--GFCFALGSKGSKEDYMRSMKSGLLQRICSGVG---ASKEFILGSSSVNLILSEKDIAKGAGIDEMDREARLEGDVWLKSMIYLGK
DNHIYVALTRFKK--GFGFFQNFRGDLGTFKSNLGSKLLGRYINLRD- - -NLKPFMMQMLDINLDFMDDR - - -NQVGAGIEMENKMSGDPWLKGLLDLQA
DNHMMVGLTRAKE - -TINFIKGFGYPLNEYVKKAGNKLIGKVLQGKVIKRAELENMSG--MEDVTFITEP------ PTFGGHEDKVQGDPWMKSLLTLTQ
DNHIVVALTRARK--QISLIKCFGYDEKEFFKRAGTKLIGKVLNKKKIKRVQLENM--LALEDLKLISSE------ PKFGTQEERTEGDPWMKGLLTHIQ
INMWNVAMTRARK - -GVHFALNGFDTVDDFINRVKGTPVNAMILGSP - - -FETHRTPGGKDKEIKIIKVC- - -RLGMSNEDVEMKLMGDPFLKSIIPSLD
LFMWNVAMSRSIK - -GVHFALNGFDSIDDFLNRVKGTPVAAMILGMK - - -FDIHAQPMSTPEDCKIICSD---RLCLSSSDVENKLEGDPFLKSIIPSMD
IESIIVAITRHQKNLLIYFPAAIQGEMDFLSRRF--PIHSNVVLKNF---SVLDNLIKDKLNPFQLIQED------ PFGHDFEVKLEGDPFLKSELSLVN
ANAAIVAITRSKV--GFDFILK-GNSLKEVQRMAQKTIWQFIIEGKS---IPMERIVNMNPGASFYESPL----~ DVGNSSIQDKASNDLFIMPFINLAE

VLHWIVALTRSRQ--GFVILVHKVFDMKTLIQPVQNSIIGLVLRGVKVQENIFINTAGKCLSEAEIVEEL--ETFKRTEED-EDLLEGDPWLKGQLFLCQ
DFHWMVALTRARR--GFCFLTCASTSMRTFMDNNRAKLIGKVLKKEQISKKFWWNLGGRALEGARAVKKDEFSKLGKTREEFEESLEGDPWLKGMLNYLE
DEDVMVALTRSRGEIGIHVTPALK- - -KKLITNAKSTLLKKVLKGETYRRSEIVAMVRKHIPETTVLFEE---SRLAETVDYEARLAGDPYLKSLLALYD
DETIITALTRARK--AVHLFYKIG---KTDLKNCSSPILRAFISNGKIPEKLLVDKVRGKLGDCRLLTEN--VFIGADSATIGDHLAGDPGLKAMLLILE
ERRWITALTRARK--RVTFITNLGCSKHLIAEIFSNRALGRFLSCT----ASIDNLRCLLPGEPNFVEEL-VPTIGANLGVVEEKVSGDPWLKTMLFLGQ
EQRWLTALSRFRM--NLTFVSDLGCDSSMLAEVFSGRVLGRFLSGK- - --ANVCDLRGLLAGSPDLQEDF-PTTVGKNQGLVEEKVVGDPWLKAMLFLGQ
EKRWVTALSRFSE--NICFVNLVNLSWSELARMYATRVLGRFLGKR----AKLSDLLEHLPGVAVFTDSY -DENIGKDEGVREEKVQGDPWLKGMVDLFQ
ERRWITALSRFRL--NIIFVNLVGNCLEDACQVFHDRTLDRFLTKR----ATIANIVDQLPGLPELTNDF-GDKVGRSEGVMEAKLSGDPWLKTEIDLLQ
DRRWWTALSRFSH--DIHFINGMGVTWDNAITHFVGKPLHKFFTKR- - - -ACNDDIIDLLPGRPELIEGF-QSQVGADEGVREAKLVGDPWLKTKIFLGQ
ERRWVVALSRAKI - -NMSFVNLSGLSLPEFCTQMVGGVVHKFFTGT - - - -ATFNDLRSLLPGDPIFSKKF - -QRLGSDEVDREARLSGDPWLKTKVFLGQ
ERRWVVALSRAKI--NISFINLSGLTLPEFCTQMMGGVVHKFFTST----ATFNDLRELLPGDPIFSKRF - -QRLGKDEVDREARLLGDPWLKAKVFLGQ

e . Koo :

1397
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1332
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1336
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1178
1214
1211
1025
1025

996

939

930
1111
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1308
1326
1398
1374
1529
1378
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1393
1418
1109
1421
1286
1263
1292
1289
1101
1101
1078
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1018
1188
1130
1133
1391
1410
1486
1460
1616
1466
1456

1574
1485
1510
1202
1513
1381
1355
1382
1379
1193
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1167
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1113
1286
1224
1226
1484
1503
1579
1553
1709
1558
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SdRV1:AYE54584
CLBV:NP_624333.1
CLBV:AFA43536.1
AVCaV:YP_008997790.1
CPrV:AKNO8994.1
ACLSV:NP_040551.1
GPGV:YP_004732978.2
CtChV-1:YP_009103999.1
CtChV-2:YP_009103996.1
DiVA:YP_006905850.1
ObRV1:YP_009408144.1
CVA:NP_620106.1
ASGV:NP_044335.1
PVT:YP_002019748.1
PrVT:YP_009051684.1
GVA:NP_619662.1
GVE:YP_002117775.1
GCLV:YP_004936159.1
CVNV:YP_001430021.1
Ph1VB:YP_001552317.1
APV1:YP_009094347.1
ASPV:NP_604464.1
CTLaV:YP_009046478.1
CRMaV:YP_007761581.1
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ACLSV:NP_040551.1
GPGV:YP_004732978.2
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DiVA:YP_006905850.1
ObRV1:YP_009408144.1
CVA:NP_620106.1
ASGV:NP_044335.1
PVT:YP_002019748.1
PrVT:YP_009051684.1
GVA:NP_619662.1
GVE:YP_002117775.1
GCLV:YP_004936159.1
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RVEDREIV-IDECDPEEVKCKTHLYLSEPNFAGAYNFDLIREKESREYRESM-MSTDQF CDNYNKKHPKACMRTVGPMRFKSIYPKHSSDDDMTFWMAVK
RVEKDEDE-VEEVKIREPTCQTHLYITEPNFGLCYNFDFIREKEQREYREDM-LVTNQFCDSYDKVHINGKRETPGPLRFKAIYPKHSADDDMTFWMAVR
RIQKSHDE-VGEIEVREPTCQTHLYITEPNFGLCYNFDFIREKEQREYREDM-LVTNQFCDSYDKVHINGKRETPGPLRFKAIYPKHSADDDMTFWMAVK
RCEIMEPE-IVEPVMAKEDMKTHFFVCQENFAQCYNFDNIRAKELREFRIGH-RVTNQFIDNYEIVQHVQKKHTAGPLRFEAIYPRHCADDDVTFLMAVH
RINSEEYE-ITIEPEVIEPKGRVHLCISQENYALARNFDLIRAKEYREAKLMG-LETNQFCHDYNRVGAQGSRHVASPLRFESIFPRHRSDDDLTFWMAVK
RYHMVEPL -GQVIKLTDDAIKCHIPVCSSQ-TLGPELDNIQAREYREFKGKN-GWSNQFREEAG-PNWKFPYKVNQAMSYEAVYPRHKMDDDLTFLAAIK
VEEVEDMF -FEDLNIIEPTGKVHLPLASRN- - - -DEFEKIRARESRELKKLDFDWSMQFEDCGV - -KIKRVLNGNLCENFSAVYPVHQACDEMTFLAAVK
REDSQEVE-LIEPDIVESKMKVHINITDKSYALMIINDQLRAKENREFKSKD-SWSNQFKDNDQ---NLNLETSTGPVNFEAIFPRHQTFDDVTFWMAVK
EVIMEECE-PQMAKPDDVKMKVHVPITDKSFALTIINDQIRAREYREFKVGD-SWSTQFKDDNK---NLKLESSTGPVNFESIFPRHTSFDDVTFWAAVK
EGLSIEQE-YHDIICESPVPKIHLPIESIQGHVSYVSSMLKERGEREFKGDG-CMSEQFPDFWK--TGEPGHYLSQSERFQSIFPKHQNSDSLTFLAAVK
EGLCVHHE -YQDVNFELPTPKIHLPIESIQSHVAFVSSMIRNREFREFIGDG-EMSEQFPDFFK--QSETGSFLSQAERFQAIFPKHSNGDSLTFFAAVK
EIKLQQIE-ENSIESKENL-KTHLPI-SYSGLWNLEISEMRAREDREFKKFGVGWSKQFKDEPN- --QKDQVEDNCAMLPEAVFPRHFANDDLTFWSAVK
EEVDPEEV-VGDVIQPVEWFKCHVPVFDTDPTLAEIFDKVAAKEKREFQSVL -GLSNQF LDMEK - - - -NGCKIDILPFARQNVFPHHQASDDVTFWAGVQ
SVELDEVT-PEEPLRHESPPRTHLPL -PVEGLTPLLMSNVKAREDREFITPS-GWSKQFRDDKE - - -NVDWRNVSYADAFETIYPKHEASDDITLWAAIQ
GDDANDPE -PEEPIRKDSPPRTHLMIAPVEHQFAEEMHLLRAREFREFRNSN-LWSEQFDDCRK - - - -TRKVIHNRAETFEQIYPSHKNSDTLTFWAAIK
EIEMEDIE-IEEPVTLEPT-KTHLALSTKMNELAPF - -DLKAKEHREQHTEA-GRTEQIDENGY------ QGEVGDPMTHKALYLRHTSDDTATFMMSVK
AEEMEPEI-FEEETVPETI-RTHLGVTT--FANEQFAFGLKAKEEREHHIHGTGFSTQIRDNIA------ SEFHPGPSAPSSIYLHHTAEDDVLFILSIK
VADVADEI-DVDEALQIEPFKTHVARSNLEGVRALWHDKIRLKEHREKRMGY - LVSEQF TDMHS - -KNMGKKLTNAAERFETIYPKHKGSDTVTFIMGAR
ETDEQEVA-PEVAEVALEVFKTHAPRCELEGVRARWHEKIQAKEFREKRMGY -LVSEQF TDEHS - -KNNGKKLTNAAERFETIYPKHKNSDTVTFIMGAR
TEDVEEEE-EQLEEMQTEWFKVHLPQAELESVRAKWVHKILAKEFREVRIGH-LVSEQFTDEHP - -REQGKQLTNAAERFEAIYPRHKANDTVTFMMAVK
DEDQEMEE - LAEEVKHEPWFKTHLPLFELESIRASWVHRIMNREYREVRCGS -ETTTQFPDDHP - - SGAKITLANAAERFEATIYPRHRGSDSVTFLMAVK
NPDFEIEI-ADEVEAAEDWFKTHIPIMSLEAVRAQWVHKLISREDREFRIGD-ITTEQFTDDHS--KNRGQELTNAAERYEAIYPRHKGTDTATFLMAVK
REVRPVEEPISVENLKDIKIKVHCPVGSMGATFAEVQSKLKVKEAREHRIDT-IVTEQFAEVHK---GRGKILTAAPDNFEAIYPRHKAGDTATFVMAAR
REEKIESIHVNDEGLKDIKVKVHCPIGSIGSTLADIQAGVRVKEAREFRIDN-LVTEQFSEVHK - - -GKGKVLTAAPDNFEAIYPRHKAGDTATFVMAAR

. HE HERO Lok * R

KRLRFQSEEENRMKLSEAHLIGGILYQNFKEKFD-LDFSHDQGLFERCVN-EFEEKKLGKSQAVIKSHSNRSDTDWKINDIFLFMKNQLCTKFEKQYVDA
KRLVFREEEENYQRLSRAHLVGGLLYTNFKKKMG-LEFTFDQGLLEESIN-AFEKKKLEKSCGTIKSHSIRSDIDWALNDVFLFMKSQLCTKYEKQFVDA
KRLVFREEEENYQRLSRAHLVGGLLYRNFKNKLG-LEFTFDQGLFEESVN-AFEKKKLEKSCGTIKSHSIRSDVDWALNDVFLFMKSQLCTKYEKQFVDA
KRLRFSNEMKEREKLERAHGTGSILFHNLIQKLG-LNFTWDNQLFEECVN-DFECKKLEKSKAVLANHSIRSDNDWSPNWVFLFMKSQLCTKYEKQYVDA
KRLRFSEEFLERAKLKDSYSVGNLLYQNLKEKLS-LSFSWDQGLLDECLN-DFETKKLLKSKATLANHSIRSDIDWSMDKIFLFMKSQLCTKYEKQYVDA
KRLRFDNVANNYAKFKAAESRGKYLTKIFLKHVP-IKCGRDQRLLDQCRQ-EFEETKLSKSAATIGAHSQRSDSDWPLDKIFLFMKSQLCTKFEKRFTEA
KRLRFSNPAKNLTKFRGATAAGKILLKNFLKFIP-IPSETFPELLSEAKR-EFQEVKLKKSEGTIAGNSGRSDPDWSWDRVFLFMKSQQCTKFEKRFCEA
KRLSFSNPLVESEKLNKAWIKGSILHKEFTRLIR-VNSHFRPDLFEKALN-DFEDVRMRKSEKLIMAHAGRSDPDWDIRNFLLFMKSQLCKKAEKAFCDA
KRLSFSNPITEGEKLKSAFVKGSILYKEFRKIIR-VQGDFRPDLFDKALS-DFERVRVAKSKKLIEAHAGRSDPDWDVKKFLLFMKSQLCKKAEKAFSDA
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KRLRFSKPAVEARKLMDASNFSEFMLQEFLKHVP - LKKPHNQAFMDASLA-DFEEKKTSKSAATIANHAGRSCRDWLIDTGLVFMKSQHCTKFDNRFRDA
KRLRFSKPLVEARKLQDAKVYGEFMLQNFPKYVP - LRKQHNKGFMDKALR-DF ESKKVSKSAATIANHAGRSCRDWLADVGLVFMKSQHCTKFDNRFRDA
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KAGQTLACFSHIILNRFAAPTRYVEKKISEGLGKNFYIHQKKNFDVLNDWVVANN--FDSYCLESDYEAFDSSQDCLILAFEYELLKYLGWDQSLLDDYL
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KAGQTLACFSHLILCKFAPLNRYIEKKVTQSLPGNFYIHQKKNFDELERWVKSYN--FSGVCTESDYKAYDASQDSCTLAFEYKLLRYLAFSNSLIEDYL
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KAGQTLACFSHKLLTRFGPAFREFEKKFTANLPPSWYIHTMKNFDQLNNWVINYV--DQEEGTESDYEAFDRSQDAIILGLEIECLKLFGWDQDLIDDYR
KAGQTLACFSHQVLARFGVPIRVAEKKLRAQLGENIYIHSGKQLDELNEWCMGYA---KGYGTDSDYESFDRSQDALILAFELHLLRFLGWSVDQVEDYV
KAGQTIACFAHSVLCRFGPILRQTEKALRELLPEKLMIYSQKKYMDLDKWAKTWV --ESMMGTDSDYEAFDRSQDEKVLDLEVEVLRFFLWPEDLIREYE
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KAGQTLACFHHDVLCRLAPYIRYIEKKVFKALPSNLYIHSARNFDDLRDWVIKNN--FTGVCTESDYEAFDSSQDVNILAFEVSLMEYLRLPRDLIEDYK
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SdRV1:AYE54584 DLKCTLGCKLGHFAIMRFTGEFCTFLFNTTANMAFTMCRYEWR -RGQPIAFAGDDMCALNNLPLNHD - - FDDLFDKLSLKAKVERTDCPMFCGWRLTQYG 1965
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ObRV1:YP_009408144.1 DLKFNLGCRLGNLAVMRFTGEFGTFLFNTLANMVFTFMSYDLT-GKEAICFAGDDMCCNKGIRRRTDGRFDHILNRLSLKAKAVITTEPTFCGWRLTKYG 1584
CVA:NP_620106.1 YLKMHLNCKLGNLAIIRFTGEFCTFLFNTLTNMLFTFMKYDVR-KTHAICFAGDDMCANVRLPENHE - -YSSLLKKFSLKAKVDFTRSPTFCGWNLSRYG 1554
ASGV:NP_044335.1 RLKLTLGCRLGSLAIMRFTGEFCTFLFNTFANMLFTQLKYKIDPRRHRILFAGDDMCSLSSLKRRRGERATRLMKSFSLTAVEEVRKFPMFCGWYLSPYG 1498
PVT:YP_002019748.1 KLKLRMGCRWGAIAIMRFTGEFGTFFFNTIANIAFTCLRYNIT-RDTVIAFAGDDMYASGKLEIRKD--REDLLAHLTLKAKVQFTEKPMFCGWYIKKMG 1499
PrVT:YP_009051684.1 TLKLRLGCRLGYLAIMRFTGEFGTFFLNTCCNMLFTCLRYKIN-KNTPIAFAGDDMFSPGRLEVRRD--REFLLNRFSLKAKVNFSKEPMFCGWRMTPYG 1671
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GCLV:YP_004936159.1 FIKMHLGSKLGNFAIMRFSGEASTFLFNTMANMLFTFLRYEIK-GHERICFAGDDMCANARLRHRLD--QEKFLGLLKLKAKVSFTQKPTFCGWNLCSDG 1873
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Fig. S2

Multiple sequence alignment of movement protein (MP) sequences of SdRV1 and representative members of Citrivirus and Prunevirus
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Fig. S3

Multiple sequence alignment of coat protein (CP) sequences of SdRV1 and representative members of Citrivirus
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