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Novel Foveavirus (the family Betaflexiviridae)  
species identified in ginseng (Panax ginseng)
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Summary. – Ginseng (Panax ginseng) is a valuable herb that is widely cultivated in Korea, China, and Japan 
because it contains a variety of pharmacologically active substances with a wide range of positive effects on human 
health. Identification and prevention of disease-causing viral pathogens of ginseng is important for improving the 
yield and quality of ginseng-derived bioactive molecules. In this study, the genome sequence of the virus Panax 
ginseng flexivirus 1 (PgFV1) was identified from a ginseng root transcriptome data set. Sequence comparison 
and phylogenetic analysis showed that PgFV1 is a novel plant RNA virus species of the genus Foveavirus (the 
family Betaflexiviridae). Foveaviruses have flexuous and filamentous virions with a single-stranded positive-
sense mono-segmented RNA genome. Its infection causes diseases with mosaic and ringspot symptoms in 
the stems and leaves. The PgFV1 genome encodes for 5 open reading frames: a replicase polyprotein for viral 
genome replication, 3 triple gene block proteins for viral cell-to-cell movement, and coat protein. Phylogenetic 
trees inferred from replicase polyprotein or coat protein sequences showed that PgFV1 is most closely related 
to grapevine virus T. PgFV1 is the first foveavirus identified to be associated with ginseng. Given the potential 
pathogenic features of previously known foveaviruses and importance of ginseng in the health industry, the 
PgFV1 genome sequence may be highly useful for studying ginseng foveaviruses.
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Introduction

Ginseng (Panax ginseng) is a slowly growing perennial 
plant belonging to the genus Panax of the family Aralia-
ceae, which is widely cultivated in Korea, China, and Japan. 
Ginseng has long been used as a valuable herb in oriental 
medicine because it contains various pharmacologically 
active substances such as ginsenosides (dammarane-type tri-

terpenoid saponins) and gintonin (Briskin, 2000; Yun, 2001; 
Baeg and So, 2013). Ginseng is known to have a wide range of 
positive effects on human health including preventing some 
types of cancers, improving diabetes and vascular diseases, 
enhancing host immunity, and protecting against some virus 
infections (Vuksan et al., 2010; Kim and Park, 2011; Im et 
al., 2016). Several comprehensive transcriptomic analyses 
using next-generation sequencing technology have been 
performed to understand the underlying molecular genetic 
mechanisms of the beneficial traits of ginseng (Jayakodi et 
al., 2015; Wang et al., 2015; Zhen et al., 2015; Jo et al., 2017a; 
Xu et al., 2017; Zhang et al., 2017).

Identification of pathogens that cause disease in ginseng 
is important for improving the quality and yield of ginseng-
derived substances. For example, fungal pathogens, such as 
Cylindrocarpon destructans and Fusarium solani, cause root 
rot of ginseng and lead to yield losses (Ohh, 1981; Jang et al., 
2010). Several viruses, such as a Closterovirus species (the 
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analysed using SAMtools/BCFtools programs (version 1.6; http://
www.htslib.org) (Li et al., 2009). 

Multiple sequence alignments. The NCBI BLAST (https://blast.
ncbi.nlm.nih.gov/Blast.cgi) searches were performed to identify 
and collect closely related viruses. Open reading frames (ORFs) 
were predicted based on BLASTX searches and ORF finder analysis 
(https://www.ncbi.nlm.nih.gov/orffinder). Functional domains of 
viral proteins were identified by using Pfam and TMHMM (ver-
sion 2.0; http://www.cbs.dtu.dk/services/TMHMM) (Sonnhammer 
et al., 1998). Pair-wise identities among protein sequences were 
calculated using the FASTA program (version 36.3.6; https://fasta.
bioch.virginia.edu/fasta_www2/fasta_down.shtml).

Multiple alignments of protein sequences were generated us-
ing MUSCLE software (version 3.8.425; https://www.drive5.com/
muscle) (Edgar, 2004). A phylogenetic relationship among viruses 
was inferred using the neighbor-joining method implemented 
in the ClustalW2 program (version 2.1; http://www.clustal.org) 
(Larkin et al., 2007).

Results and Discussion

A 9002 nucleotide (nt) long contig isolated from a 
12-year old ginseng root sample (SRA accession number 
SRR2952882) showed amino acid (aa) sequence similar-
ity with the RdRp motif sequence of apple stem pitting 
virus (ASPV) (UniProt Acc. No., Q64962; Pfam Acc. No., 
PF00978). ASPV is the type species of the genus Foveavirus 
of the family Betaflexiviridae (Jelkmann, 1994), suggesting 
that the putative viral contig was derived from a foveavirus 
or related virus.

A BLASTX search against the non-redundant protein 
database using the NCBI BLAST confirmed that the putative 
viral contig was related to foveaviruses, including grapevine 
virus T (GVT) (Jo et al., 2017b) and grapevine rupestris stem 
pitting-associated virus (GRSPaV) (Meng et al., 1998). The 
contig was considered a novel ginseng RNA virus of the 
genus Foveavirus of the family Betaflexiviridae and named 
as Panax ginseng flexivirus 1 (PgFV1). The PgFV1 genome 
sequence with annotation information is available in the 
NCBI nucleotide database under Acc. No. MH036372.

The ginseng root RNA-seq reads (SRA Acc. No., 
SRR2952882) were mapped to the PgFV1 genome contig. 
A total of 22,513 reads were mapped to the PgFV1 genome. 
There were only two single-nucleotide polymorphism sites 
at nt positions 52 and 55, indicating that the PgFV1 genome 
contig was assembled from a highly homogeneous viral 
population. The two single-nucleotide polymorphism sites 
were in the 5'-untranslated region of the virus genome.

Viruses in the genus Foveavirus (the family Betaflexiviri-
dae) have flexuous and filamentous virions with a single-
stranded positive-sense mono-segmented RNA genome 

family Closteroviridae) and watermelon mosaic virus (the 
genus Potyvirus, the family Potyviridae), have been identified 
to infect or be associated with ginseng (Mishchenko et al., 
2009; Jung et al., 2013; Park et al., 2017). 

Application of next-generation sequencing methods has 
been demonstrated to be a rapid, efficient, and inexpensive 
method for the detection and characterization of viral se-
quences (Barba et al., 2014). When transcriptomic analyses 
of plant samples are performed, genome sequences of plant 
RNA viruses present in the sample may be isolated together 
with host RNA molecules. Thus, RNA virus genome se-
quences can be found in plant transcriptome data deposited 
in publicly available databases such as the Sequence Read 
Archive (SRA) or Transcriptome Shotgun Assembly data-
bases of the National Center for Biotechnology Information 
(NCBI) (Liu et al., 2012; Jo et al., 2017b). In this study, a 
ginseng transcriptome dataset was analyzed to identify RNA 
viruses that potentially infect ginseng (Wang et al., 2015). 
As a result, a genome sequence of a novel Foveavirus species 
was found and annotated.

Materials and Methods

RNA-seq assembly. A previously published ginseng transcrip-
tome data set (SRA accession number SRP066368) was analyzed 
(Wang et al., 2015). The data set contained approximately 26.5 gi-
gabases of paired-end reads obtained from 18 RNA samples, which 
were prepared from various tissues of ginseng at different ages. 
High-quality sequences were collected by filtering raw RNA-seq 
reads using the sickle program (version 1.33; https://github.com/
najoshi/sickle) with the option “-q 30 -l 55.” The SPAdes Genome 
Assembler (version 3.10.1; http://spades.bioinf.spbau.ru) with the 
“--rna” option was used for de novo assembly of RNA-seq reads 
(Bankevich et al., 2012). Eighteen transcriptome data sets were 
separately assembled into contigs.

Detection of virus-derived contigs. All RNA sequence contigs 
were analyzed to detect potentially virus-derived contigs contain-
ing a viral RNA-dependent RNA polymerase (RdRp) motif. The 
reference sequences of viral RdRps were prepared from the Pfam 
database (release 31.0; http://pfam.xfam.org). Pfam accession 
numbers for viral RdRp motifs were PF00602, PF00603, PF00604, 
PF00680, PF00946, PF00972, PF00978, PF00998, PF02123, 
PF03431, PF04196, PF04197, PF05788, PF05919, PF07925, 
PF08467, PF08716, PF08717, and PF12426. A total of 394 non-
redundant viral RdRp motif sequences were collected and converted 
into a custom-built BLAST-searchable database. BLASTX searches 
were performed against RdRp motif sequences using assembled 
contigs as queries with the parameter “-evalue e-5.” Mapping of 
RNA-seq reads to a viral genome contig was carried out using BWA 
program (version 0.7.16a-r1181; https://github.com/lh3/bwa) with 
the “mem” method (Li and Durbin, 2009). Sequence variants were 
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of approximately 8.4–9.3 kb (Martelli and Jelkmann, 1998; 
Martelli et al., 2007). The natural hosts of foveaviruses in-
clude dicotyledonous woody plants such as grapevines, apple 
trees, peach trees, or apricot trees (Jelkmann, 1994; Meng 
et al., 1998; James et al., 2007; Youssef et al., 2011). In many 
cases, foveavirus infection causes diseases manifested as mot-
tle, mosaic, and ringspot symptoms in the stems and leaves. 
Foveaviruses are transmitted via grafting and no biological 
vectors have been reported.

The PgFV1 genome sequence was predicted to contain 5 
ORFs (Table 1 and Fig. 1, top), which are commonly shared 
with other foveaviruses (Jelkmann, 1994; Martelli and 
Jelkmann, 1998; Martelli et al., 2007). ORF1, which is the 
longest ORF, encodes a 2139 aa long replicase polyprotein 
(REP). REP was predicted to contain 4 known domains: a 
viral methyltransferase, carlavirus endopeptidase, viral RNA 
helicase, and RdRp.

The next 3 ORFs (ORF2, ORF3, and ORF4) encode 
for triple gene block protein 1 (TGB1), triple gene block 
protein 2 (TGB2), and triple gene block protein 3 (TGB3), 
respectively, which constitute tripartite movement proteins 
involved in the cell-to-cell movement of viruses (Kalinina 
et al., 2002; Rebelo et al., 2008). The sizes of these proteins 
are 221, 115, and 78 aa, respectively. TGB1 contains a viral 
RNA helicase domain, which shows approximately 17.5% 
aa sequence identity with the viral RNA helicase domain 
of REP. The two RNA helicase domains belong to the same 
Pfam domain family PF01443. TGB2 has a plant viral 
movement protein domain and TGB3 has a 7 kDa viral coat 
protein domain. Transmembrane domain prediction using 
the TMHMM showed that the TGB2 and TGB3 proteins 
contain 2 and 1 transmembrane domains, respectively. The 
presence of transmembrane domains in these proteins agrees 
with a previous report showing that these two proteins are 
membrane-associated and are essential for viral mobilization 
(Rebelo et al., 2008).

ORF5 encodes a 292 aa long coat protein (CP). CP con-
tains a viral coat protein domain that is shared with coat 
proteins of other Betaflexiviridae viruses such as members of 
the genera Potexvirus and Carlavirus (Rupasov et al., 1989; 
Querci et al., 1993).

ORF1 (REP) of the family Betaflexiviridae is directly 
translated from genomic RNA. In contrast, the other ORFs 
are translated from subgenomic RNAs (sgRNAs), which were 
transcribed from genomic RNA (Martelli et al., 2007). It is 
thought that foveaviruses generate two sgRNAs, one for the 3 
TGB proteins and another for the CP, although their presence 
in the plant cells has not been confirmed (Fig. 1, arrows). 
When RNA-seq reads isolated from the ginseng root sample 
(SRR2952882) were analyzed, a total of 22,513 reads were 
found to be derived from PgFV1. Interestingly, the sequenc-
ing depth plot of the PgFV1 genome showed an elevated 
sequencing depth at the 3' region, which approximately 
coincides with putative sgRNA segments (Fig.  1, graph). 
The observed read depth elevation suggests the presence of 
sgRNAs in ginseng cells. However, it is also possible that the 
pattern resulted from biased cDNA synthesis because of a lo-
cal RNA structure or the experimental procedure employed.

For phylogenetic analysis of PgFV1, a BLAST search 
against the NCBI protein database was performed using the 
PgFV1 genome sequence as a query. A total of 11 related viral 
genomes were collected, including GVT, GRSPaV, peach 
chlorotic mottle virus (PCMV), apricot latent virus (ApLV), 
ASPV, apple green crinkle associated virus (AGCaV), rubus 
canadensis virus 1 (RuCV1), Asian prunus virus 1 (APV1), 
Asian prunus virus 2 (APV2), Asian prunus virus 3 (APV3), 
and potato virus M (PVM). The first 10 viruses are members 
of the genus Foveavirus. PVM, the type species of the most 
closely related genus Carlavirus, was included as an outgroup 
(Rupasov et al., 1989).

Protein sequence identities between PgFV1 proteins and 
their respective orthologs of related viruses were calculated 

Table 1. ORFs and functional domains of PgFV1

Protein nt position nt length aa length Domain Pfam aa position
Replicase polyprotein (REP) 57-6476 6420 2139 Viral methyltransferase PF01660 43-354

Carlavirus endopeptidase PF05379 1163-1250
Viral (superfamily 1) RNA helicase PF01443 1334-1599
RNA-dependent RNA polymerase PF00978 1711-2130

Triple gene block protein 1 (TGB1) 6559-7224 666 221 Viral (superfamily 1) RNA helicase PF01443 24-221
Triple gene block protein 2 (TGB2) 7228-7575 348 115 Plant viral movement protein PF01307 4-107

Transmembrane 12-29
Transmembrane 71-93

Triple gene block protein 3 (TGB3) 7502-7738 237 78 7 kDa viral coat protein PF02495 2-63
Transmembrane 7-26

Coat protein (CP) 7755-8633 879 292 Viral coat protein PF00286 110-247
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(Table 2). The highest aa sequence identity of the PgFV1 
REP was found with the GVT REP (59.7% identity over 2147 
aa overlap) and the second highest with the GRSPaV REP 
(52.8% identity over 2170 aa overlap). REP proteins of the 
remaining viruses showed lower identities (37−45%) with 
the PgFV1 REP.

The other PgFV1 proteins (TGB1, TGB2, TGB3, and CP) 
also showed the highest identities with respective proteins of 
GVT, indicating that GVT is the most closely related known 
virus to PgFV1. The sequence identity between the PgFV1 
CP and GVT CP was 71.7% over 219 aa overlap. The CP or 
REP protein sequence identity threshold for assigning fove-
aviruses to different species is approximately 80% (Adams et 
al., 2004), confirming that PgFV1 is a novel species.

Multiple sequence alignment of PgFV1 proteins with the 
respective orthologs of 10 other foveaviruses and 1 carlavirus 
revealed conserved regions mainly corresponding to known 
functional domains (Supplementary Figs. 1−5). Phylogenetic 
trees inferred from REP and CP sequences confirmed that 
PgFV1 is a member of the genus Foveavirus and formed a 
subclade with GVT and GRSPaV (Fig. 2). Phylogenetic tree 
topologies from two proteins were nearly the same except 
for a difference of the sister clade from the PgFV1/GVT/
GRSPaV subclade. The tree inferred from REP sequences 
showed that PgFV1, GVT, and GRSPaV formed a sister clade 
of all other foveaviruses (Fig. 2 left). However, the tree from 
CP showed that the PgFV1/GVT/GRSPaV subclade was a 
sister clade of the PCMV/ApLV/ASPV/AGCaV subclade 
(Fig. 2 right). This discrepancy may be related to ancestral 
recombination events which have been reported for several 
foveaviruses (Komorowska et al., 2011; Glasa et al., 2017).

In conclusion, the genome sequence of PgFV1, a novel 
member of the genus Foveavirus of the family Betaflexi-
viridae, was identified from a ginseng root transcriptome 
data set. Sequence comparison and phylogenetic analysis 
indicated that PgFV1 is most closely related to GVT. PgFV1 
is thought to be the first foveavirus found to be associated 
with ginseng although no disease symptoms have been con-
firmed. Given the important status of ginseng in the health 
industry and tendency of foveaviruses to cause diseases, 
further studies of PgFV1 and other foveaviruses potentially 
associated with ginseng are needed. The genome sequence of 
PgFV1 reported in this report may be useful for investigating 
ginseng foveaviruses.
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PgFV1        1 ----------MALHHRSAAMEVIARLTSEEQSRISAPTVSSLSKAEETADGFFNYAMPQKAQERLETAGIYLSPYSYRVH
GVT          1 ----------MALHHRSAAAEVLARLTSDEQSRVSAPTVKSLCDDEEQAGGFFNYSLSQKAQEKLELSGIYLSPLSYKPH
GRSPaV       1 ----------MALSYRPAVEEVLAKFTSDEQSRVSATALKALVDLEESQHNLFSFALPDRSKERLISSGIYLSPYSFRPH
PCMV         1 MLKATSGPISHGSHSQNASRGGNRPFTSEEQSRVSSTAVISLTEVEKSKHRLFSFALPDLAKERLSGAGIYLSPYSYQVH
ApLV         1 ----------MALLTRTAAEEVIASFTSEEQSRISAQAVLTLANVEKDRHDLFNYALPELAKVRLYNSGIYLSPHSYKPH
ASPV         1 ----------MALLSRTAAEEVIASFTSEEQSRISTQAVLALTNVEKDKHDLFNYALPELAKMRLFNSGIYLSPHSYRPH
AGCaV        1 ----------MALLSRTAAEEVIASFTSEEQSRISTQAVLALTNVEKDKHDLFNYALPELAKMKLFNSGIYLSPHSYRPR
RuCV1        1 ----------MALSFRLPVSDVLNGFTSEEQSIISRTAVKKISEFESHNYEIANFSMPDFAKSKLSQAGIYLSPYASMPH
APV2         1 ----------MALTYRSPIEEVLNRFTSEEQSRVSSTSVARLTQVEVSNHKLFSFALSEKAKEKLIKVGIYLSPFSFEPH
APV1         1 ----------MALTYRSPIGEVLNRFTSEEQSRVSSTSVSRLTQFEVNNHKLFSFAMSEKAKEKLIKVGIYLSPFSFEPH
APV3         1 ----------MALTYRSPIEEVLNRFTSEEQSRVSSTSVSRLTQFEVNNHKLFSFAMSEKAKEKLIKIGVYLSPFSFEPH
PVM          1 ----------MAVTYRTPMEDIVNCFEPATQAVIANSAATLYKNFEEQHCQYFNYYLSPLAKRKLSMAGIYLSPYSAVVH
consensus    1           ...  ... ....  .....*.... ... ... *   . ........ ....*   *.****... ..

PgFV1       71 SHPVCKTLENHMLYNVLPSYIDNKFYFVGIKQFKLDFLKVRNKRLNLVEVINRYVTSLDRSRYSNDLTYRSSAEDLHL--
GVT         71 SHPVCKTLENHILYNVLPSYLDNKFYFVGIKNFKLDFIRSRNKRLSMVESVNRYVTSLDRSRYCNELIHRSSASDLHL--
GRSPaV      71 SHPVCKTLENHILYNVLPSYVNNSFYFVGIKDFKLQFLKRRNKDLSLVALINRFVTSRDVSRYGSEFVISSSDKSSQV--
PCMV        81 SHPCCKTLENNILYNVLPSYLDNSFYMVSIKKNKVDFLKQRHKDLQLIECINRYVTSLDKVRYGSEFHISPSKKNPHFNC
ApLV        71 SHPACKTLENNILFNILPSYLDNSFYLVSIKKNKVDFLKRRHPDLQMIETINRYISSLDKIRYGSFFHVSPSKVSLKFKC
ASPV        71 SHPVCKTLENNILFNILPSYLDNSFYLVSIKKNKVDFLKRRHPDLQMVETINRYISSIDKTRYGGFFHVSPSKISAKFKC
AGCaV       71 SHPVCKTLENNILFNVLPSYLDNSFYLVSIKKNKVDFLKRRHPDLQMVETINRYISSIDKTRYGGFFHVSPSKISAKFKC
RuCV1       71 SHPISKTIENHILYRVLPNYVDNSFYFVGIKEGKLNFLKRRNKDLSLVSLVNRLVTSRDCVRYPSDFHAIKTHKIEGLVP
APV2        71 SHPACKTLENHILYNILANKLDNSFYAIGIKGSKVNFLKSRSKNLSMLEYVNRVVTSADKYRYGSDFTTLSSKQIDNL--
APV1        71 SHPVCKTLENHILYNILVNKLDNSFYAIGIKGSKVNFLKSRSKNLSMLEYMNRIVTSADKYRYGSDFTTLSTQQIDNL--
APV3        71 SHPVCKTLENHILYNVLVKKLDNSFYAIGIKGSKVNFLKSRSRNLSMLEYVNRVVTSADKYRYGSDFTTLSSKQINNL--
PVM         71 SHPVCKTLENYILYSVLPSYINSSFYFVGIKERKLQLLKSKCKNLDSVQVVNRYVTSADRMRYTNDFVPYGSYEHECLV-
consensus   81 ***..**.**..*...*.......** ..**  *. ... . . * ... .**...* *. **....    ..    .

PgFV1      149 NRKMGFGEVPCLNDLIPAL-LKKAARHIFLHDELHYWSVNDLITFLEVIRPEKILATVVIPPEILGKACESLNSWAYSFE
GVT        149 ARKRGFNGLPTLANLIPPL-EKKGAEFIFLHDELHYWSPSCVIKFLEAIKPTTVLASIVVPPELLAKSKESLNPWAYKFK
GRSPaV     149 VSRKGIGDSNTLRRLVPRV-ISTGARNLFLHDEIHYWSISDLINFLDVAKPSMLLATAVIPPEVLVGSPESLNPWAYQYK
PCMV       161 ARKVGFENDPSIKDLLPQC-VSDSSRRFFLHDEIHYWSKEALINFLVSVQPEMILATVVYPPEILAGAKESLNPWCYKFQ
ApLV       151 DRRTGFETDASLVDLIPGC-MEGARKNFFFHDELHYWRKEALITFLDHVKPEIMLASIVYPPEILAGAKESLNPWCYTFK
ASPV       151 DRRTGFEDDASLIDLIPGC-MEGARKRFFFHDELHYWTKEALITFLDHVKPEVMLASIVFPPEILAGAKESLNPWCYTFR
AGCaV      151 DRRTGFENDAPLVDLIPGC-MEGARKRFFFHDELHYWTKEALITFLDHVKPEVMLASIVFPPEILAGAKESLNPWCYTFK
RuCV1      151 RTSNFFEHADSLKDLIPKM-IREGSKKMFFHDELHYWSKRDLVTFLDAVDPSLLICTIVYPTEILVKSRVSLNSWCYTFE
APV2       149 CSKKSLSECGTLKELVPLV-KMSKKRNFFLHDELHYWSPQDLMLFLDSVNPDHLVATVVFPPEILAGAKESLNPWCYSFH
APV1       149 CSKQSLEKCGTLRELVPLVKMSKKKRNFFLHDELHYWSSHDLMLFLDSINPDHLLATIVFPPEILAGAQESLNPWCYSFQ
APV3       149 CSRQSLEQCGTLRELVPLV-KMSKKRNFFLHDELHYWSPHDLMLFLDSTTPDHLLATVVFPPEILAGAKESLNPWCYSFQ
PVM        150 HKGVGLDNE-ALRGLVGPL-RRHKAKNLFFHDELHYWSSKVLIDFLDVMRPDKLLGTVVYPPELLFKPTRSLNEWCYTYD
consensus  161  .. ...   ....*.. . .  . . .*.***.***.   .. **. ..*. .....*.*.*.*.....***.*.*.. 

PgFV1      228 ISGGKLMYAPDGNWSEMYVQPLASTYLLKTKTIELQDGSFYSLDILSSKFSHHLICITK-GRSIQQEERCFSGFDAIGLG
GVT        228 IIKDRLVFAPDGVWAEAYDQPLRCKYLLKTRRFLLGDGSVYSVDIVHSKFCHHLISITR-GESLNQDRRFFGDFDAIGLG
GRSPaV     228 INGNQLLFAPDGNWNEMYSQPLSCRYLLKARSVVLPDGSRYSVDIIHSKFSHHLLSFTPMGNLLTSNMRCFSGFDAIGIK
PCMV       240 INGDDLIYAPDGCMQEAYIQPLSGCYLLKTSGIELPDGSFYSLDLVKSTFSHHLICITK-GKLINQKMRPFSGFEATSSK
ApLV       230 IIDKDLVFFPDGEESEAYIQPLSGSYLLKTSRIVTPSGQVFNLDLIKSSFSHHLISITK-GEAIGQKMRFFNGFEAVAMK
ASPV       230 IVGKDLVFFPDGEQSEAYIQPVAGSYLLRTGKITTPSGDIFQLDLLKSSFSHHLISITK-GEAIGQKMRFFNGFEAVAMK
AGCaV      230 ILGKDLVFFPDGEQSEAYIQPVSGSYLLRTGKITTPSGDIFQLDLLKSSFSHHLISITK-GEAIGQKMRFFNGFEAVSMK
RuCV1      230 LIGKDILYSPDGVASESYLQPISGGFLLKTNQIETPNGSVYAVDLLYNCFSHSLISLTK-TNKLPPKLNFFSNYEAISTT
APV2       228 RQGSKLTFFPDGVQSESYTQPLSSGYILKASKIVCPSGQIYSVDLVYSAFAHHVVSITK-GNLPGLERRFFSNFEATGVK
APV1       229 RHGSKLTFFPDGVQSESYTQPLSAGYILQASKIVCPSGQVYSVDLVYSAFAHHIVSITK-GDLPGLERRFFSNFEATGVK
APV3       228 RHGSKLTFFPDGVQSESYTQPLSAGYILQASKIVCPSGQVYSVDLVYSAFAHHIVSITR-GDLPGLERRFFSNFEATGVK
PVM        228 IVGDTLMFFPDGVQSEGYQQPLKGGYLLGARSLKLPDGTVYMVDVLCSKFPHHLISITK-GEAAAPTHRAFGPFEAVASE
consensus  241 . .  ....*** .* * **... ..*.. ..  . * ....*.. . *.*.....*. .. ..   ..*. ..*....

PgFV1      307 SLGS-LSDSIRHCFPIHIDVVTKLYLYLMTLKKPDEESAEAKLRQLVSEPTGREIKFAESFTKLILRCKKEGSLFSVNHR
GVT        307 ALGK-LSRNVKHCYPISVQVVTKLYLYLMTLKKPDEESAEAKLRQLINDPTGREIKFAESFSRLILKCKKESSLFLPSLT
GRSPaV     308 DLEP-LSRGMHSCFPVHHDVVTKIYLYLRTLKKPDKESAEAKLRQLIEKPTGREIKFIEDFSSLVINCGRSGSLLMPNIS
PCMV       319 GISP-LMRKVGSCFPIHPNLILRIYRYLRTLKKPDLQSSMAKLSQVLPNPTGPEIKFFEEFSKLLLNCETVNTKLLPNVW
ApLV       309 GLNP-LRRKVESCLPISKSTILKIYRYLRTLKKPDLQSAMAKLSQVCKDPNGYEIKFFEEFSKLCLKCDTLNTNMLPDMK
ASPV       309 GLNP-LRRKVESCLPISKNTILKIYRYLRTLKKPDLQSAMAKLSQVCKDPNGYEIKFFEEFSKLCLKCDTLNTNMIPDMK
AGCaV      309 GLNP-LRRKVESCLPISKSTILKIYRYLGTLKKPDLQSAMAKLSQVCKDPNGYEIKFFEEFSKLCLKCETLNTNMLPDMK
RuCV1 309 SINS-LGPKLGDCYPISFDLISKIYLYLRTLKKPDLQSGMAKLRQMVSNPSCFEIKFVEDFCRLVIEVPPQKSLLIPDAS
APV2       307 HLSG-LSHSVRDCIPVSTDLISKIYRYIRTLKKPDLQSCMAKLSQIVPNPTGVEIKFTEDFSRLVMEIQPLKSLLMPDTA
APV1       308 HLSG-LSYSVRDCIPVSSELISKLYRYIRTLKKPDLQSCMAKLSQIVPNPTGTEIKFTEDFARLTMDVQPMRSMLMPETA
APV3       307 HLSG-LSYSVRDCIPVSAELISKLYRYIRTLKKPDLQSCMAKLSQIIPNPTGVEIKFTEDFARLTMDVQPMRSMLMPETA
PVM        307 ALKATLSPDYPCAFPVSYEVVNKIYRYLRTLKKPDEQSAIAKLSQIIAEPSGREIDFVECFARLVIHNSSMCATIMPEQL
consensus  321  .   *.. .  . *.. ......*.*..******..*..***.*..  *.. **.* *.*..*.. .  . ......

Supplementary Fig. 1. Multiple sequence alignment of replicase polyprotein sequences of PgFV1 
and related viruses.

Fig. S1. Multiple sequence alignment of replicase polyprotein sequences of PgFV1 and related viruses
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PgFV1      386 KNFLNFMISLFPSCVGRLFSIFEEKCLADFIYDLKPFKFTVKTVAVK--RDFFDELHFLSVT------DPNPDYDLIAKL
GVT        386 KDCKNFLIGLFPGFISRMFQIYKDKCLSDFIYDLEPFNFYVDTVDVK--GDFSDEFEFWDLH------DLLDSFDVSEGI
GRSPaV     387 KLVISFFCRMMPNALARLSSSFRECSLDSFVYSLEPFNFSVNLVDIT--PDFFEHLFLFSCL------NELIEEDVEEVM
PCMV       398 KLISNFFIGLFPDSVARNFKVFQQMSLDNFISEMEEFNFSVQTSTIS--LSWLDDIRFVDLN------FDIKPVDIDLMF
ApLV       388 RIVQGFFLKLFPNPIARNFKVVQQLHLDNFIETLEDFSFCVPTEELT--LDWKDDLEFVNLT------FGETDFDLDESF
ASPV       388 RIVQGFFLKLFPNPISRNFKVVQQLHLDNFIETLEEFNFSINTESLS--LNWKDDLEFVNLT------FGDTDFNVEDSF
AGCaV      388 RIVQGFFLKLFPNPISRNFKVVQQLHLDNFIETLEEFNFSINTEDLS--LNWKDDLEFINLT------FGDIDFNVEESF
RuCV1      388 KIFLHSLMSIFPSSWVRNFNSFQEITLDNFISSLAPLRVRVELK--K--LDFSDDL-FSDLGLSHEEEFPSIPFDPEQLM
APV2       386 KLIGALFASFLPFKMARFFDCYKSSSLDKFIHDLEPFSFSVPTEVIN--CNTMPAFEAISLG------ESMSPEEVIQIL
APV1       387 KLIGSLFSSFLPFKMARFFDCYKACSLDKFIHDLEPFSFSVETKVIN--SRSNPMFEAVTLG------ETMSSEEVLKIL
APV3       386 KLIGALFASLLPFKMARFFECYKACSLDKFIHDLEPFSFSVETKVIN--CRFSQTFEAVTLG------ETMGPEEVMQII
PVM        387 KEFMGNWLGKMPSVLARRFSSVRAVCVNKFIRGLKPYSFTLRLNEITWWNIWENSYAWFF--------DTDAEVDVPEKL
consensus  401 ...  ... ..*  ..* .  .    .. *.  .... ... .  .     . ...... .             ..   .

PgFV1      458 DDDWVFGVDKSA--DRIAQRYCLNSQFWRISRLRFYSKFEC-------SHAVYSICLDHFAFIDCPGLNFEIVINFIRSV
GVT        458 DDMKVTIKNWWN--TRSPQSYFIGGREWESSSSKFYSKFQA---FERVGD-LYRYLLQDL------SHDMVNEEVVVRRL
GRSPaV     459 DNSWFGLGDLQF--NRQRAPFFLGSSYWLNSKFSVEHKFSG-----TINSQIMQVILSLIPFSDDPTFRPSSTEVNLALS
PCMV 470 QKGWGLVKEVTIL-ERSREPYSFYKFDSYDAQFTSLVPSTN---FEGFAKALISYIIRSF----KPLLPCSWYFENVRDM
ApLV       460 DSTWGVKKDHVNITVVHHAPYFMSKFEAYEYQFHSLLNVDS---TAALTR-FAKIVVSLY----SVSLVESYDCKSLCSL
ASPV       460 AEAWGTKKDVVNITTVHHSPYLVSKFESYDHQFHSILSVKS---ISALTR-IAKIVLSLY----DPCVVEAFSESRVTNL
AGCaV      460 ASAWGTRKDVVDITTVHHSPYLVSKFDSYDHQFHSILSTNS---TTALTK-IAKIVLSLY----DPCVVGAFSECRVSNL
RuCV1      463 ES-FSIGRSKKAIPDRVPSPYNNLIF-------HGAEPIVDTRDKSVLIQ-MYHCVFNAF----SNSDGFYVSSRTFFSV
APV2       458 NRMEMG--------AFAGSCNLVGKFKYSNEAYHCLHHVLDGCKPEVFKR-LIRRVAGSF----CNEFGVYRKSSYVASV
APV1       459 AKLDMG--------APTSLEGLTGKFKYSSEAYHGLHHVLDGCGPHVFRR-LVRKIADSF----CNEFGIYRKSSYVSSV
APV3       458 ERMELS--------APVRLENLTGKFKYASEAYHGLHHVLDGCGPHVFRR-LVRKIADSF----CNEFGVYRKSSYVSSV
PVM        459 DSLFMGEG--AGLVAHITSRPYVGTVPLADREWNALLCMDSQKLLHAMRRMFMRGAWGAHMCVISREFLLKYVEARLKSS
consensus  481 .  .                . . ..      .. .  .        . . . . ..  .                . ..

PgFV1      529 ---LKARKL-----DPQLCYVINDD---FFDVFSRKLYSR---KLRDRLNKVDARVDLCWF-LKLNRVNSKFISFNTGK-
GVT        526 RDFLRRRG------TESLAYMISCNLDI--TALKKTVFN---WTLEARKENWLRVVRPQWF-LLVGRINTKFICESSSS-
GRSPaV     532 EVKAALEAT-----GQSKLFRFLVDDCAMREV--RSSYKVGLFKHIKALTHCFNSCGLQWF-LLRQRSNLKFLKDRASS-
PCMV       542 AIGVLVKG------GLGKSVSISCFTADLRALFDSSVKP----KLHQPPPLIFWEVSVLWF-FKRNRINCHFLREYSE--
ApLV       532 ASEVIVSA------NLRACFTVVDLWKTFRAILIKEGNR----SKGRMRKKYFFELGIKWF-LFTNAANVKFLTPGRD--
ASPV       532 AVNVIIAA------NLRACFAVTDLWRIFEGILLKECKR----AQGKMRKRFHFELGIRWF-LFVDVSNQWFLPPCRD--
AGCaV      532 AVNVIIAA------NLRACFAVTDLWKTFEGILLKECKK----AQGKMRKRFYFELGIRWF-LFVDVSNQWYLPPCRD--
RuCV1      530 ADGLYARNSIFSNKALRLAFISMCSGRLVKDVYLLNIRRKIFFVRSPTSGAQIRTANLQWF-FLKKRGNQKFLRDSAFSD
APV2       525 AINVFQRRS-----NLNLDFILGSDLNQKVVCIVRNFFS----SKKSSQLIWYSTNSMAWFRFSKLRANQKFLRSPIFP-
APV1       526 AITVLQRKT-----NSNLSFIFGTDLNPMIIGFVRNYFA----SRRSSLLIWFHDRPESWFQFSRLRANQKFLRSPIWP-
APV3       525 AINVLQRKT-----NSNLSFIFGADLNPMVIGFVRNYFS----SKKASLLIWFSDRPSSWFQFSRLRANQKFLRSPIFP-
PVM        537 CLIAKARRR-----GQHKE--KLEAWEVLGLKSSDALFRAMTYLCNARLEPMFSESGLRFF-LTRGRNNLYGLTNYTEG-
consensus  561 .. .  .            . .         . ..  .             .. .  . .* . . . * ...

PgFV1      593 ENGLDRTSQSRYNAVI-----------SDLTSRKDFNLKRVYWGFD-------------------------KLAKSKDVR
GVT        593 ISNLSVESVNLYRSIV-----------KEVEKFKLESLDRVFW-------------------------------RQTSSA
GRSPaV     603 FADLDCEVIKVYQLVT-----------SQAILPEALLSLTKVFVRD-------------------------SDSKGVSIP
PCMV       609 --D-YCR--------------------ADFRSFKIFKSRKFLN----------------------------EVSNGSKLL
ApLV       599 --GLFVRSLNFDRFIK-----------NCQCNLSFHRGRMALH----------------------------QTIKGERLE
ASPV       599 --GLIARSVSFDQFIK-----------GCQRDNSLHNGRMSLR----------------------------QVLKGPKLQ
AGCaV      599 --GLISRSVLFDQFIK-----------GCQRHNSFHNGRMALR----------------------------QVFKKFKLQ
RuCV1      609 ESNLETKVFTSWMKVVDEVLLINSSSSLGMRSTLRDSGLRNLWEYNCSTTSYPAPSATESVEKV-------EEIEEESVA
APV2       595 -ASMNCKDLSTRKNLI-----------LDFEVFGFCAGLRKLGSSGVSSVVPPKPVLGGFEFVP-----PGEEAHEDDIE
APV1       596 -NDLGLVEFRMRKNLA-----------LEISNFDRNSNLRKLGSFQTAPTNSKSNTSSSEGASNHQREQ-RDQCDEATLQ
APV3       595 -DQMGLSDFRIQKSIT-----------AEVKEFDRKLGLRKLGSFNLSRPYQVQDQLPPLKSVNEANCVSGDIEQGSNPE
PVM        608 -KRAVTGVQNLWSNVV------------HEVSTKRHKGMIRLE----------------------------KARVTEQPR
consensus  641    .          .                      . . .                                .   . 

PgFV1      637 VSINGDSELND-SPTHSLKSED-LVSSNFQNEEVLITEQNGSVK--------GDCSIREDSGEDK-----------SFEV
GVT        631 MEFGGPKFEISEEPVVEVEEQC-APEEVIDVGSKQTSAVIHAES-QATAPSYVDCT--------------------SVSI
GRSPaV     647 RLVSRNELEELAHPANSALEEP----QSVDCNAGRVQASVSSSQ-QLADTHSLGSVKSSIETANK-----------AFNL
PCMV       638 NHCTSPIFFGLESSSTLSTITD---EVPIPCTPKSVTPDALSDS-------NFPTFIHSC-GNLR-----------CAKL
ApLV       638 SLLDEYELNSHKKFVEKQDVRT-VEEIEKEQDPHTFENHENSSP------ATVGCSLVPCACSTN-----------CFVQ
ASPV       638 ALFDVSELSIIHNVEMENAPEA-GSTLDAGIKPTSSPLEVVPIE-------NARCNLAPCKCDLN-----------CFIQ
AGCaV      638 ALLSESELSVVHMVEIRTVPEV-EPTVEDEQHLTAIPSEVVPIT-------TVGCNVVPCKCNLN-----------CFIQ
RuCV1      682 THENVPILKRDVSSFLKIAFNV-PTVQEEVVEVKDVVETLGTEE-------EFEAPALEKFGDAGI----------VFGR
APV2       658 VKSNTMAKMFDPSPQAVLGIEG-PAAGVHEIDPQDQTLSPKAADLEERNGLIFGCVPEPSLMNFSFSSANQGDRLFANIV
APV1       663 VNFQREIEFCMGSLPEANSFKSFTPCVEAVAETSYEVQPLEPEP--EANGLVLGCIPDASTPAFTFNSANQKDRLFSSVV
APV3       663 VCFAMEMEFGRRSPSMSGTSEILAPNLAAELAVKEVSDSTAPER--KHEGLVFGCIPDSSTGAFAFCSANQHENTFAAVV
PVM        647 SEFASCVLEPEVWRDVEAALDIELGEVACACNARFVQGVVLSNQ------------------------------------
consensus  721                     .     .        .   .              .                        .
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PgFV1      696 EGFNIKVHAEP-DLAQFASLLSFPDQL-----KGRKAGFFAVPEVSHYQYNGGFHENRGWPPFMSNILKICGG-FGHYNS
GVT        689 DEIKIDIGNSS-ELKFHYGVLKFPDVL-----KGRKAGFYAKSGIKSYAYNGGSHDSMGWPKALDEILRLVDG-GLYYNS
GRSPaV     711 EELRIMIRVLPEDFNWVAKNIGFKDRL-----RGRGASFFSKPGISCHSYNGGSHTSLGWPKFMDQILSSTGG-RNYYNS
PCMV       696 RSDCTAIP----------LNLDFPDKI----NNTRVACFYSR-RGDGYSYTGFSHKSMGWPDFLDKFLLDNQIALENYDH
ApLV       700 NAKVDALH----------NNLTFHDFI--GGARGRGATFFSR-DLKGYSYTGFSHESRGWPRFLDDFLDDNIIPKHFYDQ
ASPV       699 PADVNSLH----------GNLVFLDFI--GGSKGRGASFYSR-DLKGYSYTGFSHVSRGWPAFLDKFLSDNKIPLNFYNQ
AGCaV 699 QADVSSLH----------GNLIFLDFI--GGARGRGASFYSR-NLKGYSYTGFSHVSRGWPTFLDKFLDDNKIPQKFYNQ
RuCV1      744 VKDMTLVGCLD-MV----FNENLHDVL---HLKGRSAVYFTRCPCLRYGHNGLQYLPQKWPIEFDWFLGENL---GKYNS
APV2       737 NENIVDVGILP-P-----TELKIPLDAKVTQINGRDCYFFTRCSCIDYGHNKIKYTANNWFSGLDQFLSNEG---TYYNA
APV1       741 EENITDIGILS-P-----MELVLPSSAEATPLNGRQCYFFTRCGCIDYGHNKIRYKPNKWFSGLDSILKDES---TYYNA
APV3       741 NENITDVGVLP-P-----TELVLPEDAEATIVKGRQCFFFTRCECIDYGHNKIRYKPNRWFSGLDALLKDEG---TYYNA
PVM        691 ------------------AGLNVREQV-----AGASVGLYTK-DRSNLKWGNSELLSNGWGRSLSVWMEINSV-SQKFDV
consensus  801    .  .             . . . .     ... . ....     . ...  . . .*.  .. .. .      ... 

PgFV1      769 CLAQLYDDGSDLKMHRDNEKCYNENHKVLTVCLRGSCTFNFCSTGKSKSRGDWVSIEMGPFEWFEMPRSFQAKMLHGVTN
GVT        762 CLAQRYDGGASIGMHSDNERCYAVGHKVLTVNMLGSCQFYICRKQDRNLKERHINFRLREGDYFEMPRNFQENYLHGVRE
GRSPaV     785 CLAQIYEENSKLALHKDDESCYEIGHKVLTVNLIGSATFTI-SKSRNLVGGNHCSLTIGPNEFFEMPRGMQCNYFHGVSN
PCMV       761 CLVQKYSQGAALGWHSDNEDCYDLDHQILTVNLCGEAKFAVKCGAGSD------QVDLLPWDAFIMPHGFQVSHKHCILD
ApLV       767 CLVQEYSTGHGLAMHRDDEEIYDPNHQVLTVNYSGSAIFCIDCDGTDF------EVKLNGPQMLLMPFGFQKDHKHGIKN
ASPV       766 CLVQEYSTGHGLSMHKDDESIYDINHQVLTVNYSGDAIFCIECLGSGF------EIPLSGPQMLLMPFGFQKEHRHGIKS
AGCaV      766 CLVQEYSTGHGLSMHKDDEEIYDINHQVLTVNYSGDAIFCIECSGSGF------EVPLSGPQMLLMPFGFQREHRHGIKS
RuCV1      813 CLVQRFEVGAKIGFHSDDEKHYSSDNDIYTVNLMGNAQLSIRPKGDKRK-ANEITRALVSQDSYLMPSGFQDKFEHSIRS
APV2       808 CLLQVYRAGSGIGFHSDNEKVYHRS-PIKTVNLCGEADFLVKAKGRRDL-GTVARGHLFPGHYFTMDSNFQSYYQHSVQD
APV1       812 CPLQIYEAGAGIGFHSDNEKVYHRS-PIKTINFCGEADFVVKAKGKRDV-GVNATCHMKTGQFFTMDSNFQSYYQHSVQN
APV3       812 CLLQVYEAGAGIGFHSDNEKVYYRS-PIKTINFCGEAEFLVRAKGRRDF-GVSATCQMKPGQFFTMDSNFQSYYQHSVQN
PVM        746 AVRLSYSKETQMNVLLPSLDGIERGAGATVVNLRKCGAFIVRCARGWR-------LALAWMDHICLEVMANVAYGHECYM
consensus  881 .... .  . ..... . .  .   . ...... . . . .   .          . .     . ..  ..  . * .

PgFV1      849 CKGERISLTFR---------------------------------RHIVQDNETLQIP---NLNKNLAAFERVKALDVKVW
GVT        842 TSDGRISLTFR---------------------------------RQLVPDSGDDEEE---CSPFAFGSIDRIAGR--KFW
GRSPaV     864 CTPGRVSLTFR---------------------------------RQKLEDDDLIFINPQVPIELNHEKLDR------SMW
PCMV       835 TSEGRVSLTFR-----------------------KSKACLNGISRTLVQGAQGPGIP---------TPSDASHSLAHDLQ
ApLV       841 PSKGRISLTFRLSRSASNQVPVQEVVKV-DQDGAVKGASLEKLPSQQTQDESMLGTGVSSVFDEGFSADSSGSSPVQEFM
ASPV       840 PSKGRISLTFRLTKEGDSQVPIQEVVTICDHGDSDDRAALKALERRSHQSGGRPAVELEGHEREKVNSDSSDSAPVQEFL
AGCaV      840 PSKGRISLTFRLAKEDDHQVPIQEVVAI-EHGDSDDRAALKQMEKKGFFDGGKPPTDSGEQTREKVTGDPCGSAPVQEFM
RuCV1      892 MTEGRVSYTFR---------------------------------------------------------------------
APV2       886 CSEGRVSLTFR---------------------------------------------------------------------
APV1       890 CSEGRVSLTFR---------------------------------------------------------------------
APV3       890 CSEGRVSLTFR---------------------------------------------------------------------
PVM        819 RSWGTMDVVVF-------------------------------LKRATVSEQVTFESA-----------------------
consensus  961  . ........                                 .

PgFV1      893 -----NLGKKMLADLLKTKRSCFISDLCACFSCSNFDKFSADLSKVSKALGAEGVAAEDRI-ILFDQTAKPEIFRDALSR
GVT        884 -----PECSNYLAAMIDGSGKGRELDLCDCFSCPNHFRHAKNIDGIRKVFSATGLAAGDRV-LVLNSKSSKAILEKFERL
GRSPaV     905 -----QMGLHGIKKSISMNGTSFTSDLCSCFSCHNFHKFKDLINNLRLALGAQGLGQCDRVVFATTGPGLSKVLEMPRSK
PCMV       883 VDVDGSVVELIRGKVGGKFGKGYQSDLCCCNMSWATDEDEPILETLRSLSFACGFSNVDRV-LISDVNSITTLSSLLEVE
ApLV       920 IQIDSSLLEYADKSLSGSSKDLINCDLCLCNSPWLKNEELKFSEALRDLAFASGFNPTDRFSLAKGVSGVRGMNRIISEL
ASPV       920 IQIDSSLLEYALKSLSGLSKNVVNCDMCLCNSPWLKNEELRFSEALRDLAFAQGLIQLIDF-LCLKVLRCAEVNRIISEL
AGCaV      919 IQIDSSILEYALKSLSGLSKDVLNCDMCLCNSPWLKNEELKFSEALRDLAFASGFNPTDRFSLAKGIEGVRGMNRIINEL
RuCV1      903 ---------KVVHDSLGQ--------------------------------------------------------------
APV2       897 ---------HHVNNVTGL--------------------------------------------------------------
APV1       901 ---------YHVNNIAGL--------------------------------------------------------------
APV3       901 ---------YHVNNIAGL--------------------------------------------------------------
PVM        845 ---------QEVGPIEGK-----------------------------SDSGAPGV-------------------------
consensus 1041            .  . .        ... .               .     . .                  .

PgFV1      967 PVKIFVLEGEQRVSDSEDLLILKSMQCGVV---RNFSLSKATCQLGFIAF-REKISSRGSLRVHIEECRFSGSSEVLLGC
GVT        958 RVTIAVFSGKIEFLDGLVPGIVSDGDLREV---KNFSVQNLKVELAVIIF-RGSTVSGSKVRVHRGECKFTGASEVLFGC
GRSPaV     980 KQSILVLEGALSIETDYGPKVLGSFEVFK----GDFHIKKMEEGSIFVITYKAPIRSTGRLRVHSSECSFSGSKEVLLGC
PCMV       962 MGTLWCISGFILVKSEGGEVKIGEMMASKF---MKMSIIGWSKDFLSLFFYKPRLGKGMQLRTHNEECELSDFTEQLFGC
ApLV 1000 PSHIFPLRGSMSILDIDDKTVKGNVKEGSFSGFRRWKIVSCSTDLVVIAFLKPKMTQGGELRTHEDECELSDLTEKLHGC
ASPV       999 PTHVFPLRGTMHIVDLDDESIRGDVKEGSFSGFRRWKVMSCSTDLIMLAFLKPKMTLGGELRSHEDECELSDLTEKLHGC
AGCaV      999 PTHVFPLRGTMHIVDLDDKSIKGDVKEGSFSGFRRWKITSCSTDLIVLAFLKPKMTLGGELRSHEDECELSDLTEKLHGC
RuCV1      912 ------------------------------------------------------------EIVHDSICLLDCFSENLFDV
APV2       906 --------------------------------------------------------------PIKHTCGEFGDTEILFDV
APV1       910 --------------------------------------------------------------PIKHTCGEFGDTESLFDV
APV3       910 --------------------------------------------------------------PIKHTCGEFGDTESLFDV
PVM        862 -----------------------------------------------------------------------GVNLDLGGV
consensus 1121    .    .                            .         .   .        .. .  ..  .. .. * ..
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PgFV1     1043 PMLACADYQIDDFNAFDVPADGNCFWHSVGHLMNCDGMVVKSGL-----GEHFRASDC--ESKALDEQMKEGVWAENESV
GVT 1034 NLIATDEYSIGNFNLFQVPADGNCFWHSVGHLMNCNGLDLKRGV-----FNKFRSSGL--ESVKLEHQLEPNVFAENEVI
GRSPaV    1056 QIEACADYDIDDFNTFSVPGDGNCFWHSVGFLLSTDGLALKAGIRSFVESERLVSPDL--SAPAISKQLEENAYAENEMI
PCMV      1039 TVRLSRKFNPDEFHVFDVPGDGNCFWHSVGPLIGVDGILLKGIL-----RERCGRNGI--THKELLRQMSGDTWAEREAV
ApLV      1080 SVILSRKFEPDLYHSFDVDADGNCFWHSVGPLIGVDGECIKKIL-----HDQAKRDCV--KCPRLSKQLENNVWAEREAV
ASPV      1079 SVILSRKFEPDLFHSFDVEADGNCFWHSVGPLIGVDGEYLKRIL-----HDQAKKDGV--KCPRLSKQLEGNTWAEREAV
AGCaV     1079 SVILSRKFEPDLFHSFDVEADGNCFWHSVGPLIGVDGEYLKKIL-----HDQALKDGV--KCPRLSKQLEGNTWAEREAV
RuCV1      932 KISASQDLDFKNFQTFPVPADGDCFWHSVGYLFGTNGIDMRKTC-----SDAMYDLGV-DSNGSLVLQMIGFNWAEREAV
APV2       924 LIRRSFTYAAKNFHTFPVPGDGSCFWHSMGALLGVDGEELKKIS-----AREIQKNEILLSNLSLRQQMANKQYAERESI
APV1       928 LIRRSFSYSSKNFHTFPVPGDGSCFWHSLGALLGVDGEELKKIS-----AREILKNEVLSRNLSLSAQMENKQYAERESI
APV3       928 LIRRNFSYSAKNFHTFPVPGDGSCFWHSLGALLGVDGEELKKIS-----SREIQKNEMLSLNSSLRKQMEGKQYAERESI
PVM        871 VGSEYPANGAERYKRVSGPGDGCCCWHSFAYLVGMHHMELKRLC-----TSHVFENAA--LNVELEQCKASGAFVTHAAI
consensus 1201  .  .  .  . .... ...**.*.***.. *.....  .....      .   .  .      . ....   ..... .

PgFV1     1116 AYFCIMHKRQLIVITPEYEVCWKFGLDDW--PLLGFLCLI--NGHYQPCAPINGCMIRAVAEALGKRDSDVLNFLCKPET
GVT       1107 AYFCGMHKRRLIILTPEYDVEWNFGEKNW--PLLGFLCLV--QQHFQPCAPTNGCMIRAVAEALGKREVDVLNYLCQDAT
GRSPaV    1134 ALFCIRHHVRPIVITPEYEVSWKFGEGEW--PLCGILCLK--SNHFQPCAPLNGCMITAIASALGRREVDVLNYLCRPST
PCMV      1112 AFFCSEYSIQLHVLSISEGVTWIFKPAKV--VKSSTLKCQ--DNHFMPCLPVNGCVVRAIASALGRREIDVLAVLGKPEH
ApLV      1153 AYFCSHYGIKLNVLYAREECTWIFKPHEV--LKAATLICQ--DNHFKPCMPVNGCVIRAIASALNRREVDVLAVLGKPAH
ASPV      1152 AYFCSHYGIRLNVLYTREECTWIFKPHEV--LKAATLICQ--DNHFKPCMPVNGCVIRAISSALNRREVDVLAVLGKPAH
AGCaV     1152 AYFCSHYGIRLNVLYTREECTWIFKPHEV--LKAATLVCQ--DNHFKPCMPVNGCVIRAIASALSRREVDVLAVLGKPAH
RuCV1     1006 ALFARVMGVEVTVFYIEEGVNWTFTPLEIDSSKKCYLVCK--GNHFEPCLPKNGCVVRAVAACIGKKEIDVLSYLGRGEF
APV2       999 AAFCRIQSIHLVVLLPGNNFSYEFLPSQN--PEVTQLFVKLTDEHFEPALPVNGCVVKSIAETLNQTEAKILSVIGRPTN
APV1      1003 AAFCRIQSIHLVVLLPDQNFSYEFLPMQN--AEVTQLFVKLSGEHFEPALPINGCVVKSIAETLNQTEAKILSVIGRPNN
APV3      1003 AAFCRIQSVHLVVLLPDHNFSYEFLPTLS--SEVTQLFVKLSGEHFEPALPVNGCVVKSIAETLGQTEAKILSVVGRPTN
PVM        944 LATALRLRAEIRVHNAGTGRVHRFAPKQK--NMALDLWLE--SEHYEPQVLRNGCVIESVAQALGTRNADILAVVEERCC
consensus 1281 . ..    ... ..      .. * .          * .    .*. *....***...... .........* .....

PgFV1     1192 RHIFEELCRGFGLNLLYLEQVFLAFDICAKCDFGDKVETYNQGGSIVALFDISNDHIRCVQKISDKPASIK-NDLMR--Q
GVT       1183 RHIFEEVCQGAGLNLMYLEAVFEAFDICAKCDFGDRVETFNNSGSVVALFDVSAEHIRCVPKISDKPMSVR-VDAMR--S
GRSPaV    1210 NHIFEELCQGGGLNMMYLAEAFEAFDICAKCDINGEIEVINPCGKISALFDITNEHIRHVEKIGNGPQSIK-VDELR--K
PCMV      1188 RDLYEDACSGNGFCVYDLERLFEIFSIRARLDHQGSLICLNEDGKISAEFSLEKEHLIHLKELSLKKFSPV-ISDLH--T
ApLV      1229 EDLFDEVSEGRGFSIFDLSRLFEIFSICGSVDTGGELIMVNEGGRIPAEFSLEKEHLAHIPTLSRRKFSPI-VSDLN--R
ASPV      1228 EDLFEEVAEGRGFSIFDLTRLFEIFSICGSVDTGGELIMVNENGRIPAEFSLEKEHLAHIPTLSRRKFSPI-VSDLN--R
AGCaV     1228 EDLFEEVAEGRGFSIFDLTRLFEIFSICGSVDTGGELIMVNENGRIPAEFSLEKEHLAHIPTLSRRKFSPI-VSDLN--R
RuCV1     1084 TDIYNQIMSGNGLSILDFERAFSMFGIKAFLETDGKVLEINSNGSIEGSFRLTDDHLEFLPFKSVKHLSSLPVSNLI--P
APV2      1077 RMILDNLVEGEGLNLEDLEAAFTIFGICARVSSENGVFTLNRDGNLHANYELKSGHIMYLRKVPNSQFAPS-TPIQN--F
APV1      1081 RLILEGLVEGEGLNIEDLEAAFSVFGICARVSTERGVFTLNKEGNLHANYELKSGHIMYLKKASSSQFAPT-NPIQN--F
APV3      1081 RLILEGLVEGDGLNIEDLEAAFAIFGICARVSTERGVFTLNKDGNLHANYELKSGHIMYLRKAPNSQFAPS-NPIQN--F
PVM       1020 EEVVESVQAGLGLNLHHVEIVLQCFDIVGHCNLGDKEITLNAGGKMPFCFDISDEHMSFCGRRKDPICKLV-SGALHGKM
consensus 1361   .....  * *... ... .. .* *......   .  .*  * . . ...  .*.  . ... . ...  .  .

PgFV1     1269 VRKSEVDILALNGTWINYSPSVQRAELLENCLLAGLTGVLCDKRFNNQKPWLESVSKDQRKERSVLAIMGTFGCGKSHLF
GVT       1260 VRKSEIEMLGMNGTWIEYEPQVARAEKLEKCLLAGLTGVMCSERYDNQKAWLDNIAKDQRGKRNIMAIMGTFGSGKSHVY
GRSPaV    1287 VKRSALDFLSMNGSKITYFPSFERAEKLQGCLLGGLTGVISDEKFSDAKPWLSGISTTDIKPRELTVVLGTFGAGKSFLY
PCMV      1265 VSKSALKLLMINGSEISYSPSMDRAQTLANSLHAGTTGVMCAETYNSRRHIMDGLEANI-AERKLCTIIGTFGCGKSTLF
ApLV      1306 VSNSAMRFLAMNGAEIDYRPSIDRASTLLDSLELGATGVLCQGIKETQKNLSSMLVPEAVHDRKLVMILGTFGCGKSSLF
ASPV      1305 VSNSAMRFLAINGAEVDYRPSIDRASTLLDSFEIGATGVLCQGIKEAQKDLASKLIPELVHERKLIMILGTFGCGKSSLF
AGCaV     1305 VSNSAMRFLAINGAEIDYRPSIDRASTLLDSFELGATGVLCQGIKEAQKGLAAKLVPESVHDRKLIMILGTFGCGKSSLF
RuCV1     1162 VAKDQLEVISKCCTEVEYTPSFDRANTLSESLLNGTTGVLCSRNLNNQVDFLEGNEKLCKEKRNLMILLGTFGSGKSFFF
APV2      1154 NGQGPDLFGKG-------------ARNLEESFLNGTTGVLCDRTVNLQKNWLTEGRRLVKDERNLGVVLGTFGSGKSTLF
APV1      1158 NGQGPEIFLRGIVSEVDYKPSWGRARNLEESLLNGTTGILCDRTINLQKNWLTVDRKLNDNSRNLGVVLGTFGSGKSSLF
APV3      1158 NGQGPELFLRGIVSEVDYKPSWERARNLEESLLNGTTGILCDRTINLQKNWLTHDRKLNDEVRSLGVVLGTFGSGKSTLF
PVM       1099 FAESALLDLENCGLKIDFEPNWNRAGMLADSMYQGATGVLGSALFNNKRNMREKFVRNV--SLSLHAIVGTFGSGKSTLF
consensus 1441 .  . . .. ........ .. ..*  * .... * **...    . .. ..  . .     . . ...**** ***...

PgFV1     1349 KEFMSKSIGKFVTFVSPRRQLADSIKQDL----GIMFNSSGRRIRNKGQEGWDVVTFETFLKSL-HKLKKGHLVILDEIQ
GVT       1340 KTFMTHAVGKFVTFVSPRRQLADSIKDDL----GLYKDKLGKTLRNKSQEGWSVVTFEVFLKTI-PQLKKGHVVILDEIQ
GRSPaV    1367 KSFMKRSEGKFVTFVSPRRALANSIKNDL----EMDDSCKVAKAGRSKKEGWDVVTFEVFLRKV-AGLKAGHCVIFDEVQ
PCMV      1344 KKFISKSPGKAITFVSPRRSLADEIKCDI----GLTG-ANKKIGKGKDLKNVRVLTFELFLMGI-ASIKKGHTVIIDEIQ
ApLV      1386 KKFIEKSPGKAITFVSPRRSLAESINNDL----GLSRAGGKKSGKSKDLKNVRVKTFELFVLHL-DSIKEGHTVVIDEIQ
ASPV      1385 KKFIEKSPGKAITFVSPRRSLAESINHDL----GLARVGGKKTGKSKDLKNVRVKTFELFILHL-DSIKEGHTVVIDEIQ
AGCaV     1385 KKFIEKSPGKAITFVSPRRSLAESINHDL----GLSLVGGKKTGKCKDLKNVRVKTFELFILHL-DSIKEGHTVVIDEIQ
RuCV1     1242 KKFIKDNSMRKVIFVSPRKALADIILQEISGIKGKKNWGSAKGNKVKCKKGYEVLTFEVMLKRIRSSFLKGTVVIVDEVQ
APV2      1221 KRFIVKNPSRSIVFVSPRRSLADQIKEDL----GL------NSKRGRSLR-VRVLTLESFIKAV-FTFKAA-SVVLDEVQ
APV1      1238 KRFIVKNPSRSIVFVSPRRSLADQIKDDL----GL------NTKRGKSLR-VRVLTLESFIKAV-FTFKAA-SVVLDEVQ
APV3      1238 KRFIVKNPSRSIVFVSPRRSLADQIKEDL----GL------KTRKGKSLR-VRVLTLESFIKAI-FTFKAA-SVVLDEVQ
PVM       1177 KNLLKYGAGKSLDFVSPRRALAEDFKRTV----GMNERGGRAKA---GQENWRVTTLETFLARV-EFLTEGQVVILDEMQ
consensus 1521 *... . ... ..*****..**. .. .. ..      .. . . .. ..*.*.*.... .  ... ...*..**.*
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PgFV1     1424 LFPPGYLDLCLLCIDSSCTMAVAGDPCQSTYDSKEDRNHLGTMDPDIFELLRNKEYSYNIESRRFKNPIFEKRLPCEFLR
GVT       1415 LFPPGYLDLCLLVSDKSCIFSVAGDPCQSGYDSKSDRNILGALDSDIFELLRNKEYSYNVESRRFKNPMFEGRLPCRFLK
GRSPaV    1442 LFPPGYIDLCLLIIRSDAFISLAGDPCQSTYDSQKDRAILGAEQSDILRLLEGKTYRYNIESRRFVNPMFESRLPCHFKK
PCMV      1418 LFPPGYLDLILVCTSSDINLVLAGDPCQSDYDSKDDRHLFANSDSDIIHILNGKSYRYNILSQRFRNPVFSSRLPCSICP
ApLV      1461 LFPPGYIDLIILGLKQNVNIIIAGDPCQSDYDSSSDRHIFAGSESDIMRILSGRTYKFNILSQRFRNPVFVGRLPCNLNK
ASPV      1460 LFPPGYIDLIILGLKPNVNIIIAGDPCQSDYDCSSDRHIFAGSESDIMRILSGRSYKFNILSQRFRNPVFYGRLPCNLNK
AGCaV     1460 LFPPGYIDLIILGLNLKVNIIIAGDPCQSDYDSSSDRHIFAGSESDIMRTLSGRSYKFNILSQRFRNPIFYGRLPCNLNK
RuCV1     1322 LYPPGYVDLLCMLISSDCKVFLTGDPCQSDYDSDKDRMIFYGMEPDIMHILNEKSYNFNVESRRFVGSIFRGRLPCEFLN
APV2      1288 LYPPGYLDLVMLCLSGNCQIYLSGDPCQSDYDSAKDRALFDGMKGDIFEVLEGKSYKFNASSRRFQSQMFVGRLPCRLDS
APV1      1305 LYPPGYLDLVMLCLSLNCQIYLAGDPCQSDYDSAKDRALFDGLKGDIFEVLSGKKYKFNVSSRRFQSEMFVGRLPCRMDT
APV3      1305 LYPPGYLDLMMFCLSPNCQIYLSGDPCQSDYDSAKDRALFDGLRGDIFEVLEAKKYKFNASSRRFQSKMFIGRLPCRMDT
PVM       1249 LYPPGYFDLVVSMLKVDVRLFLVGDPAQSDYDSEKDRLVLGAMEENMSVVLGAREYNYKVRSHRFLNCNFIGRLPCEINK
consensus 1601 *.****.**... . .. ..***.**.**.  ** ...... ..  .* ...*.... *.** ...* .**** . .

PgFV1     1504 GSLHLKIEDYAIWNSMADFIYAKKEKP-DVYLVSSFEEKRIVSSHAGSSVKCLTFGESTGLNFNQGVILITYDSIHTDDR
GVT       1495 GSLHEKHQDFVVWKSMEDLVFGEKFKI-DAFLVSSFEEKRIVWSHFGSAVTCLTFGESTGLNFNEGVVLITYDSIQTDDN
GRSPaV    1522 GSMTAAFADYAIFHNMHDFLLARSKGPLDAVLVSSFEEKKIVQSYFGMKQLTLTFGESTGLNFKNGGILISHDSFHTDDR
PCMV      1498 KRLTMDEEEYTLWDSITQFELAGGKNF-PVVLVSSFEEKKVVAAHLGLKMKCLTFGESTGLNFQKGAIFVSYESSLTSER
ApLV      1541 SRLTLDEEEYTLWESIQEFSMMGRKDC-PVVLVSSFEEKKIIAAHLGLKMKCITYGESTGLNFQKGAILVTYESALTSDR
ASPV      1540 TRLTLDEEEYTLWDSIQEFSMMGRKDC-PVVLVSSFEEKKIVAAHLGLKMKCITYGESTGLNFQKGAILVTYESALTSDR
AGCaV     1540 TRLTLDEEEYTLWDSIQEFSMMGRKDC-PVVLVSSFEEKKVVAAHLGLKMKCITYGESTGLNFQKGAILVTYESALTSDR
RuCV1     1402 GTACFNPKNYEMMGHIKSIDKNLIKSV-DVILVSGFEEKRICWSHLGAGNKCLTFGESTGLTFESGIILITSDSFLCGKK
APV2      1368 KDMVGD-EDFHWLESIEAAAEVSNTEY-DVVLVSSFEEKKIIWAHLGRDVEVLTFGESTGLTFNRGIILISHESTLTGER
APV1      1385 KAMTEN-ENFHWLESIESAAEVSNTEY-DVVLVSSFEEKKIVWAHLGRDLEVLTFGESTGLTFNRGIILISHESTLTSER
APV3      1385 KAMTED-ESFHWLESIEAAAEVSNTEF-DVVLVSSFEEKKIIWAHLGRDVEVLTFGESTGLTFNRGIILISHESTLTSER
PVM       1329 DDCTID-EPHIMRMHLENLLDVAEEYK-SVVLVSSFDEKMVVCAHL-PEAKVLTFGESTGLTFMHGTIYISAVSERTNER
consensus 1681   .. . ... .....     .      ...***.*.**... .... ....*.******.*..* .... .* .. ..

PgFV1     1583 RWLTALSRFRMNVSFINLLGMPLSGALHHFAGKPLYHFLTESSGQSVILDMLPGSPSFFSGFKISVGKDEGVKENKVAGD
GVT       1574 RWLTALSRFRMNIHFVNLLGIPLERAIGHFAGKPLYHFMSKKSGEAIILDMLPGCPKFKNGFSISIGKDEGIKETKLAGD
GRSPaV    1602 RWLTALSRFSHNLDLVNITGLRVESFLSHFAGKPLYHFLTAKSGENVIRDLLPGEPNFFSGFNVSIGKNEGVREEKLCGD
PCMV      1577 RWLTALSRFSHEIHFINGLSIEWSNVMSLFHGKALNKFFSKRASHDDVVDLLPGKPEFIEGFQVNIGRDEEVREPKLSGD
ApLV      1620 RWWTALSRFSHDIHFINGMGVTWDNALTHFVGKPLHKFLTKRACNDDIIDLLPGRPELIEGFQSQVGADEGVREAKLVGD
ASPV      1619 RWWTALSRFSHDIHFINGMGVTWDNAITHFVGKPLHKFFTKRACNDDIIDLLPGRPELIEGFQSQVGADEGVREAKLVGD
AGCaV     1619 RWWTALSRFSHDIHFINGMGVTWDNAITHFVGKPLHKFFTKRACNDDIIDLLPGRPELIEGFQSQVGADEGVREAKLVGD
RuCV1     1481 RWITALPRFRKLLVFSNLTNLSYEDIAQKAFGEPLYKFLTEKASTDDLLEILPGKPNFVKGFGF-VGKSEGEKEVKLQGD
APV2      1446 RWITALSRFRLNIIFVNLVGNNIEDVCQVFHDRTLFKFLNRTATIGDIIKQLPGNPELTNDFGDKVGKSEGVMEDKLAGD
APV1      1463 RWITALSRFRLNIIFVNLVGNCLEDACQVFHDRTLDRFLTKRATIANIVDQLPGLPELTNDFGDKVGRSEGVMEAKLSGD
APV3      1463 RWITALSRFRLNIIFVNLIGNCAEDVCQVFHGRTLFRFLTKTATIANIVDQLPGYPELTNDFGDKVGRSEGVMEAKLTGD
PVM       1406 RWITALRRFRFNLCFVNCSGMDYQQLAGRYKGRVRSKFLCKTAIPDDLNSMLPGQALFKSEYPRLIGKDEGVREEKLAGD
consensus 1761 **.***.**. .. ..*....  .  . .. .... .*.....   .....*** ..   ..   .*..*...* *. **

PgFV1     1663 PWLKTMLFLGQGEDMEVEHMEKEMSSEDWFKTHLPISSMENCRARWVGKLALKEAREFRIGMEVSEQFKDDHHDFRG-ER
GVT       1654 PWLKTMLFLGQNEDIEIEEMEEEFKNEEWFKTHLPITSMECSRARWVGKLALRESREVRCGMNTTEQFKDDHHDLKG-VL
GRSPaV    1682 PWLKVMLFLGQDEDCEVEEMESECSNEEWFKTHIPLSNLESTRARWVGKMALKEYREVRCGYEMTQQFFDEHRGGTG-EQ
PCMV      1657 PWLKTAIFLGQQPDIEEEEMAEEIIQEDWFKTHIPVFPLEAVRARWVHKILAKEAREFRVGHEVTEQFIDEHSKNPG-KQ
ApLV      1700 PWLKTKIFLGQSPDFELDDFEEVQAAEDWFKTHVPIMGLEAVRAQWVSRLLAKEDREFRIGDITTEQFTDEHSKNRG-LE
ASPV      1699 PWLKTKIFLGQNPDFEIEIADEVEAAEDWFKTHIPIMSLEAVRAQWVHKLISREDREFRIGDITTEQFTDDHSKNRG-QE
AGCaV     1699 PWLKTKIFLGQNVDMEPELIEEVEVAEDWFKTHIPIMGLEAVRAQWVDRILSREVREFRIGDITTEQFTDDHSKNRG-QE
RuCV1     1560 PWLKEKIFLGQSEDIQEEIQIYEEIKNEWFKTHVPLSEQESCRIQWLNRLLSREAREKRMGSEISTQFAEEHHPGQG-SA
APV2      1526 PWLKTEIDLLQDEDQEMVELAEEVKNEPWFKTHLPLFELESIRANWVHKIMNREYREVRCGTEVSTQFPEDHPNKYK-VT
APV1      1543 PWLKTEIDLLQDEDQEMEELAEEVKHEPWFKTHLPLFELESIRASWVHRIMNREYREVRCGSETTTQFPDDHPSGAK-IT
APV3      1543 PWLKTEIDLLQDEDQEMEELVEEVKNEPWFKTHLPLFELESIRAGWVHRIMNKEYREVRCGSETTAQFPDDHPNRSK-IT
PVM       1486 PWLKTMINLYQAPEVEIAEEPEVVMQEEWFRTHLPRDELESVRAQWVHKILAKEYREVRMGDMVSEQFTHDHTKQLGAKQ
consensus 1841 ****. ..*.* .. ..... ..   ..**.**.*.  .* .*. *. ... .* ** *.* . ..** ..*    .

PgFV1     1742 MTNACERYESIYPRHKGNDSVTFLMAVRKRLRFSSPIVETELLRKAMPFGHFLIKTFLKRVPLRRIHDPSMMEKSVAEFE
GVT       1733 MTNACERYESIYPRHKGNDSVTFLMAVKKRLRFSSAAVEEALLRKAMPFGKFLLGKFLKNIKLKRNHNPRMMEESVAEFE
GRSPaV    1761 LSNACERFESIYPRHKGNDSITFLMAVRKRLKFSKPQVEAAKLRRAKPYGKFLLDSFLSKIPLKASHNSIMFHEAVQEFE
PCMV      1736 ITNAAERYETIYPRHKGTDSVTFLMAVKKRLSFSQPSIESAKLRRAMPFGKFLLQTFLKYIPLCGKHDSDLMSKAVNDFE
ApLV      1779 LTNAAERYEAIYPRHKGTDTATFLMAVKKRLSFSSPAAEHAKLRRARPFGKFLLDTFLKRVPLDRKHSSEMMEFAVHAFE
ASPV      1778 LTNAAERYEAIYPRHKGTDTATFLMAVKKRLSFSSPAAEHAKLRRAKPFGKFLLDTFLKRVPLNSSHDEKMMQEAVHAFE
AGCaV     1778 LTNAAERYEAIYPRHKGTEFALDLGAVKKRLSFSSPAAENAKLRRARPFGKFLLDTFLKRIPLNCRHNESMMSEAVHAFE
RuCV1     1639 LSNAAERYEAIYPRHKGGDSVTFLMAVAKRLTFSRPAVESAKLRRAENFGKMMLDKFLKHVPLRRAHNQNMMAEAVAEFE
APV2      1605 LANAAERFEAIYPRHKGSDSVTFLMAVKKRLSFSRPSVESAKLNRAKPYGKFLLHEFLKRVPLKTGLDSALFARSKREFE
APV1      1622 LANAAERFEAIYPRHRGSDSVTFLMAVKKRLSFSQPSKESAKLNRAKPYGKFLVSEFLKRIPLRGNLDPILFAKAKRDFE
APV3      1622 LANAAERFEAIYPRHRGSDSVTFLMAVKKRLSFSRPSVESAKLNRAKPYGKFLLNEFLKRIPLKGGLDSALFSRAKREFE
PVM       1566 LTNAAERFETIYPRHRASDTVTFLMAVKKRLSFSNPGKEKGNLFHAASYGKALLSEFLKRVPLKPNHNVRFMEEALWNFE
consensus 1921 ..**.**.*.*****........*.**.***.** . .* ..*..*...*....  **....*.  .   ..  .. .**
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PgFV1     1822 EKKTSKSAATIENHSGRSCRDWLSDVALIFMKSQHCTKFDNR-FRDAKAGQTLACFQHSLLVRFAPYMRYIEKKVMEVLP
GVT       1813 EKKTSKSAATIENHSGRSCRDWLNDVALVFMKSQHCTKFDNR-FRDAKAGQTLACFQHSVLCRFAPYMRYIEKKVLEALP
GRSPaV    1841 AKKASKSAATIENHAGRSCRDWLLDVALIFMKSQHCTKFDNR-LRVAKAGQTLACFQHAVLVRFAPYMRYIEKKLMQALK
PCMV      1816 EKKLSKSAATIENHSGRSSRDWPVDKALIFMKSQLCTKFDNR-FRSAKAGQTLACFQHSVLCRFAPYMRYIEAKLFNALP
ApLV      1859 EKKLSKSMATIENHSGRSCEDWPIDKALIFMKSQLCTKFDNR-FRSAKAGQTLACFQHSVLCRFAPYMRYIEAKVVESLP
ASPV      1858 EKKLSKSMATIENHSGRSCEDWPVDKALIFMKSQLCTKFDNR-FRSAKAGQTLACFQHSVLCRFAPYMRYIESKVTEVLP
AGCaV     1858 EKKLSKSMATIENHSGRSCEDWPVDKALIFMKSQLCTKFDNR-FRSAKAGQTLACFQHSVLCRFAPYMRYIEAKVFEVLP
RuCV1     1719 EKKCSKSAATIENHSARSCNDWLLDIANIFMKSQLCSKFDNRCIDKAKAGQTLACFQHSVLCRFAPYVRYIEKKLFEVLP
APV2      1685 EKKTSKSAAVIENHSGRSCRDWLADVGFIFMKSQFCSKWDNR-FRDAKAGQTLACFHHSILCRFAPYMRYIEHKLQEVLP
APV1      1702 EKKTSKSAAVIENHSGRSCRDWLADVGFIFMKSQFCSKWDNR-FRDAKAGQTLACFHHSILCRFAPYMRYIEYKLQAASP
APV3      1702 EKKTSKSAAVIENHSGRSCRDWLADVGFIFMKSQFCSKWDNR-FRDAKAGQTLACFHHSVLCRFAPYMRYIEHKLQAALP
PVM       1646 EKKLSKSAATIENHSGRSCRDWPTDVAQIFSKSQLCTKFDNR-FRVAKAAQSIVCFQHAVLCRFAPYMRYIEMKVHEVLP
consensus 2001 .** ***.*.****..**..**. *....*.*** *.*.*** .. ***.*...**.*..*.*****.**** *. . ..

PgFV1     1901 KNFYIHSGKGLDSLNSWVKENGFTGICTESDYEAFDASQDHYILAFEICLMRYLGLPNDLIMDYEFIKTHLGSKLGNFSI
GVT       1892 ERFYIHSGKGLDSLKAWVVANDFSGVCTESDYEAFDSSQDHYILSFEIELMRYFGLPNDLILDYQFIKTHLGSKLGNFAI
GRSPaV    1920 PNFYIHSGKGLDELNEWVRTRGFTGICTESDYEAFDASQDHFILAFELQIMKFLGLPEDLILDYEFIKIHLGSKLGSFSI
PCMV      1895 DRFYIHSGKNIDDLGNWVKKQNFSGECTESDYEAFDASQDHFILAFEIEIMRHLGLPEGLINDYIFIKCNLGSKLGSFAI
ApLV      1938 KNLYIHSGKNIDDLASWVRIHKFNGVCTESDYEAFDASQDHFILAFELEVMKYLGLPADLISDYTFIKTHLGSKLGNFAI
ASPV      1937 KNLYIHSGKNIDDLAAWVTTSKFNGVCTESDYEAFDASQDHFILAFELEVMKFLGLPSDLIADYTFIKTHLGSKLGSFAI
AGCaV     1937 KNLYIHSGKNIDDLAEWVTVHKFNGICTESDYEAFDASQDHFILAFELEVMKFLGLPPDLIADYTFIKTHLGSKLGNFAI
RuCV1     1799 KNLYIHSGKSLEELEKWVMNGSFNSVCTESDYEAFDASQDHFIVAFELELMRYLGLPNDLIEDYRMIKVKLSSKLGNFAI
APV2 1764 ANLYIHSGKNLEDLNRWVIENSFTGMCTESDYEAFDSSQDHYILSFEIEVMKHLQLPWDLIEDYVYIKTHLGSKLGNFSI
APV1      1781 SNLYIHSGKNLEDLNEWVIRNKFSGMSTESDYEAFDSSQDHFILSFEIEIMKHLQLPWDLIEDYVYIKTHLGSKLGNFAI
APV3      1781 DNLYIHSGKNLEDLNEWVIRSGFKGMSTESDYEAFDSSQDHYILSFEIEVMKHLQLPWDLIEDYVYIKTHLGSKLGNFSI
PVM       1725 KNYYIHSGKGLEELDAWVKKGKFDRICTESDYEAFDASQDEFIMAFELELMKYLRLPSDLIEDYKFIKTSLGSKLGNFAI
consensus 2081  ..******....*  **    * ...*********.***..*..**...*....** .** ** .**..*.****.*.*

PgFV1     1981 MRFTGEASTFLFNTLANMLFTFLRYDLNGSEAIAFAGDDMCANSRLKISRSYEDFLKRIKLKAK---VQYVANPTFCGWC
GVT       1972 MRFTGEASTFLFNTLANMLFTFLRYDLTGGESIAFAGDDMCANKRLRVTKEYEDFLTRIRLKAK---VQYVASPTFCGWC
GRSPaV    2000 MRFTGEASTFLFNTMANMLFTFLRYELTGSESIAFAGDDMCANRRLRLKTEHEGFLNMICLKAK---VQFVSNPTFCGWC
PCMV      1975 MRFTGEASTFLFNTMANMLFTFLRYELSGHESISFAGDDMCANRRLRVRSTYKSFLEKIRLKAK---VQFTNFPTFCGWG
ApLV      2018 MRFTGEASTFLFNTMANILFTFLRYDLNGKEAICFAGDDMCANSRLKITNKNSKFLDKIKLKAK---VQFTVTPTFCGWG
ASPV      2017 MRFTGEASTFLFNTMANMLFTFLRYDLNGREAICFAGDDMCANSRLKVTNRFSNFLDKIKLKAK---VQFTATPTFCGWG
AGCaV     2017 MRFTGEASTFLFNTMANMLFTFLRYDLSGKEAICFAGDDMCANSRLKVTNANSKFLDKIKLKAK---VQFTATPTFCGWG
RuCV1     1879 MRFTGEASTFLFNTMANMLFTFMKYDLSGKEFICFAGDDMCANKRLRLSSEYDGFLSKLKLKAK---VQFTKSPTFCGWC
APV2      1844 MRFTGEASTFLFNTMANMLFTFLRYELNGSEAICFAGDDMCSNRRLRVSNKHEGFLSKLRLKAK---VQFTVKPTFCGWN
APV1      1861 MRFTGEASTFLFNTMANMLFTFLRYDLNGSEAICFAGDDMCANRRLRVSKKNENFLGKIKLKAK---VQFTEKPTFCGWN
APV3      1861 MRFTGEASTFLFNTMANMLFTFLRYDLNGSEAICFAGDDMCSNRRLRVSKKHEGFLSKLRLKAK---VQFTEKPTFCGWN
PVM       1805 MRFSGEASTFLFNTLANMLFTFMRYNIRGDEFICFAGDDMCASRRLQPTKKFAHFLDKLKLKAKVQFVQFVNKPTFCGWH
consensus 2161 ***.**********.**.****..*.. * *.*.*******...**...   . ** ...****   **..  ****** 

PgFV1     2058 LFEHGIFKRPQLVLERINIAREMNNLDNCIDNYAIEVSYGYNLGELAGAAMNDEEMEAHYNCVRFLVRYRHKMRCDIGKL
GVT       2049 LFKNGIFKRPQLVMERINIAREMNNLDNCIDNYAIEVSYAYSLGELAVEVMSDEELEAHYNCIRFLVKYKNRMKSSIKEL
GRSPaV    2077 LFKEGIFKKPQLIWERICIAREMGNLENCIDNYAIEVSYAYRLGELAIEMMTEEEVEAHYNCVRFLVRNKHKMRCSISGL
PCMV      2052 LCPEGVFKKPDLVLERLQIAVETNNLQNCIDNYAIEVSYAYSMGESLSKYLSEEEMDAHYNCVRFIVKHSHLLKCSVSDL
ApLV      2095 LCEHGVFKKPDLVLERLQIARETRNLENCIDNYAIEVSCAYQMGENLNLYLSPHEMDAHYNCVRFIILHNHLLKSNIKDL
ASPV      2094 LCEHGVFKKPDLVLERLQIARETRNLENCIDNYAIEVSCAYKMGENLNLYLTPQEVDAHYNCVRFIVQHNHLLKSNIRDL
AGCaV     2094 LCEHGVFKKPDLVLERLQIARETRNLENCIDNYAIEVSCAYKMGENLNLYLSPQEVDAHYNCVRFIVQHNHLLKSNIRDL
RuCV1     1956 LSEFGLFKRPQLVWERICIAVERGNIAECLDSYAIEVSYGYKVGESLAGKMSSVELDSHYQCVRFIVKHQNLLKSNIKDL
APV2      1921 LCLDGIFKRPQLVLERLCVAREKDNLANCLDSYAIEVGYAFALGEKVLQYMDEEAMQNHYNCVRFIVKHSHLLKSSVRDL
APV1      1938 LCMDGIFKRPQLVLERLCVAREKDNLANCLDSYAIEVGYAFALGEKILQYMDEEALQNHYNCVRFIIKHSHLLKSSVRDL
APV3      1938 LCLDGIFKRPQLVLERLCVAREKDNLENCLDSYAIEVGYAFALGEKVLQYMDEEALQNHYSCVRFIIKHSHMLKSSVRDL
PVM       1885 LCPDGIYKKPQLVLERMCIAKEMNNLSNCIDNYAIEVAYAYKLGEKAVNRMDEEEVAAFYNCVRIIVRNKHLIRSDVKQV
consensus 2241 *.  *..*.*.*..**. .*.*  *...*.*.*****.... .** .  ..........*.*.*..... ..... ....

PgFV1     2138 FT--------
GVT       2129 F---------
GRSPaV    2157 FEAID-----
PCMV      2132 FRSI------
ApLV      2175 FRGEPTIVTL
ASPV      2174 FKGESLPASS
AGCaV     2174 FRGEAAVGIK
RuCV1     2036 FAS-------
APV2      2001 FLQNM-----
APV1      2018 FLSGM-----
APV3      2018 FLGSM-----
PVM       1965 FEVL------
consensus 2321 *
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PgFV1        1 MNNLLAALDLYNFECVSDKLSFPLVIHCVPGGGKTSLIRDLIKIDSNFVAFTAGEPDIPNLEGKYIKRYSK-D--CAVKG
GVT          1 MNNLVSALELFGFVRISEEARYPLVIHSVPGSGKTSLIRSLIKLDGDFEAFTAGVPDTPNLEGCYIRSHFE-G--CASNK
GRSPaV       1 MNNLVKALSAFEFVGVFSVLKFPVVIHSVPGSGKSSLIRELISEDENFIAFTAGVPDSPNLTGRYIKPYSP-G--CAVPG
PCMV         1 MDTVVSLLFEYGFERTSVPIEDKLIVHAVPGSGKTTLIREALNRNLGIEAFSFGEPDLPNIWGRYIKKAIS-G--QKGTG
ApLV         1 METVLSLLNEFGFERTVEPLSDPIVVHAVPGSGKTTLIKQALIRNHNIEAVTFGVPEKANIHGTYIKKARQ-G--QRGRG
ASPV         1 METVLSLLNEFGFERTVEPLSDPIVVHAVPGSGKTTLIKQALIRNNNIEAVTFGVPEKANIHGTYIKKARQ-G--QRGRG
AGCaV        1 METVLSLLNEFGFERTVEPLSDPIVVHAVPGSGKTTLIKQALLRNHNIEAVTFGVPEKANIHGTYIKKARQ-G--QRGRG
RuCV1        1 MEDLLHLLEISSFERTSVPLSSVLVVHCVAGAGKTSLLRKWLGRNPNGEVRTCGVPDKENLTGRRIKAWGG-NLESKSDD
APV2         1 MDFVYDKLIDAGYIRTRLPISFPIIVHCVAGAGKSTLIREIIEVDHKFEAFTYGVPDPINLSGVRIKSNSDIP--SARAD
APV1         1 MEFVYDKLIEAGYIRTILQIDFPLIVHCIAGAGKSTLIREIIESDSRFEAFTYGVPDPVNLSGIRIRGAEELA--NARPE
APV3         1 MDFVYDKLIEAGYIRTRLSISFPIIVHCIAGAGKSTLIREIIEADNRFEAFTYGVPDPINLSGVRIKGAADIG--RARAD
PVM          1 MDVIVDLLYKYKFERLSNKLVCPIVVHCVPGAGKSSLIRELLELDSRFCAYTAGVEDQPRLSGNWIRKWS--G--QQPEG
consensus    1 *. ..  * .......   .. ....* ..* **..*.....  .  ......*...  .. * .*.     .      .

PgFV1       78 KLNILDEYLTAE---DWTGFSVLFSDPFQNVK-APLEAHFVGSRSRRFGKETCKYLRNRGFEVNSTS-----EDTVVIGS
GVT         78 KLSILDEYLTVE---NWEGFDALFSDPYQNDK-SPLVASYVSKKTKRFGKSTCAYLADYGFEVESEI-----EDLVVRGS
GRSPaV 78 KVNILDEYLSVQ---DFSGFDVLFSDPYQNIS-IPKEAHFIKSKTCRFGVNTCKYLSSFGFKVSSDG-----LDKVIVGS
PCMV        78 SFCILDEYLSGE---FGTGFDCFFSDPHQNSG-DCAPAHFVGRSSQRFGRNTAGLLQSLGYSVNSAK-----DDELIFEN
ApLV        78 NFSILDEYLSGE---YSTGFNCLFSDPYQNHG-DCLRAHFIGRCSHRFGNQTVQVLRNLGYNIASSK-----EDIVEKKN
ASPV        78 NYSILDEYLSGE---YSTGFNCLFSDPYQNHG-DCLRAHFIGRCSHRFGRQTVQILRDLGYNIASSK-----EDIVEKKN
AGCaV       78 NFSILDEYLSGE---YSTGFNCLFSDPYQNHG-DCLRAHFIGRCSHRFGNQTVQLLQGLGYNIASSK-----QDIVERKN
RuCV1       80 QVWVLDEYCELGKHFDYSKFGAIFCDNLQFPEDSCLEAHYICLNSHRLSRNTISFLNKEGFNIHSLKEVSKEEEEVVFGG
APV2        79 SLKIIDEYIGQD---LPEGTTFCFADPNQFPY-TCPDAHFTCYQTKRFGDQTCALLGKIDCAAFSYK-----QDQIIFDK
APV1        79 SFKIIDEYIGQH---RPEGTAVCFADPNQFPY-SSPNAHFTCYQSKRFGDQTCAFLGKLDCAAFSYK-----SDQIIFET
APV3 79 SIKIVDEYIGQV---LPDGTAFCFADPNQFPY-TCPDAHFTSYQTKRFGEQTCSFLGKLDCAAFSYK-----SDQLIFEK
PVM         77 KFVVLDEYTLLT---EVPPVFALFGDPIQSNTSAVQRADFVCSVSRRFGSATCGLLRELGWNVRSEK-----ADLVQVSD
consensus   81    ..***.. .     ...  .*.*. *.    .  *...   ..*.. .*.  *  ... . * .      . ..

PgFV1      149 PFEV-KTEGQLICFGKGAIDLAVSHSASFKLPCEVRGSTFEVVTVLK-SEEPNSENLHLFYIALTRHKHKLIILE-----
GVT        149 PFEL-KVEGQLICFGKAAVELALSHCAEFKLPCEVRGSTFDVVTLLK-SEEPSSVNRHLFYVGCTRHRKKLIILE-----
GRSPaV     149 PFTL-DVEGVLICFGKEAVDLAVAHNSEFKLPCEVRGSTFNVVTLLK-SRDPTPEDRHWFYIAATRHREKLIIMQ-----
PCMV       149 VFRA-ELEGAVICVEKNVEDFLRWNHCEYRLPCQVRGSTFEVVTFIH-ELPLDQLVGPDLYIALTRHSKKIQILTN----
ApLV       149 IFRLVEPEGAIICLEKEVEDFLAWHHVEYKLPCQVRGATFDTVTFIH-EKPLEELVGPDWYVALTRHRHKLVLVSN----
ASPV       149 IFQLIEPEGVIICLEKGVEDFLKWHSVEYKFPCQVRGATFDIVTFIH-EKPLEELVGPDLFVALTRHRSKLVLVSN----
AGCaV      149 IFQLVDPEGVIICLEESVEDFLKWHSVEYKLPCQVRGATYDIVTFIH-EKPLEELVSPDLFVALTRHKTKLVLVTN----
RuCV1      160 IYSE-ELEGQIISLDREAEKLLKNHSVAFKRTFEVRGLEFERVCLVS-SRELVEIEPHVKYLAFTRHLRSVMFLSPDASH
APV2       150 LFAG-DIEGQIVCYEKEIFDLLDRHGADYKKYCQIRGSTFDIVTFITASDTFEPEDRYKVYLCLTRHRSILRILSPEGKF
APV1       150 VFEG-SIEDQIVCYEKEVFDLLDRHGADYKKDCQIRGSTFDIVTFITSSESFEPEDRYKVYLCLTRHRSVLRILSPEGMF
APV3       150 LFEG-SVEGQIVCYEKEIFELLDRHGADYKRDCQIRGSTFDIVTFITASESFEPEDRYKVYLCLTRHRSVLRILSPEGMF
PVM        149 IYTK-DPLGKVVFSEEEVGCLLRSHGVEALSLQEITGQTFEVVTFVT-SENSPVINRAAAYQCMTRHRTALHILCPDATY
consensus  161 ..   .... ... .... ...  .  ... .....*.....*.... .   . .     ....***. ......

PgFV1 -----------
GVT -----------
GRSPaV -----------
PCMV -----------
ApLV -----------
ASPV -----------
AGCaV -----------
RuCV1      238 TS---------
APV2       229 LREDAKFDTTT
APV1       229 LRDNAKFDATS
APV3       229 LRDNAKFDATS
PVM        227 TAA--------
consensus  241

Supplementary Fig. 2. Multiple sequence alignment of TGB1 protein sequences of PgFV1 and 
related viruses.

Fig. S2. Multiple sequence alignment of TGB1 protein sequences of PgFV1 and related viruses
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################                                          #########
PgFV1        1 MS-FQQPADWSKNLRPLLIGGGVALILFFFRQNNLPHTGDNIHSLPHGGQYQDGTKRINYCGPKKNFPGPGILSIGSSST
GVT          1 MS-FQQPANWSKSLRPVLIGAGVAIVIHFLRESNLPHVGDNLHHLPHGGSYQDGTKRITYCGPKKEYPGTGLFQLGNSQT
GRSPaV       1 MP-FQQPANWAKTITPLTVGLGIGLVLHFLRKSNLPYSGDNIHQFPHGGRYRDGTKSITYCGPKQSFPSSGIFGQSENFV
PCMV         1 MP-LAQPPDFSKSVFPLAIGLAVGIVIFALTRSTLPHAGDNIHHLPHGGSYVDGTKKINYCGPKESFPTPGVL--GLKFY
ApLV         1 MP-FSQPPDYSKSVFPIAIGAAVALVLFTLTRSTLPQVGDNIHNLPHGGNYQDGTKRISYCGPKNSFPSSSLIS-SGTPM
ASPV         1 MP-FAQPPDYSKSVFPIAVGIAVAVVLFTLTRSTLPQVGDNIHNLPHGGNYQDGTKRISYCGPRDSFPSSSLIS-SGTPM
AGCaV        1 MP-FSQPPDYSKSVFPVAVGVAVAVVLFTLTRSTLPQVGDNIHNLPHGGNYQDGTKRISYCGPKDSFPSSSLIS-SGTPL
RuCV1        1 MP-LTPPKDYTGAAISVVIGLCIAFAFHSLTRSNLPHAGDNIHHLPHGGFYKDGTKVVAYGGPQSRFPSSNLF--SSSFS
APV2         1 MPSLTPPPDNTRVLLPIAIGLGVGVVIWCLTRSTLPQVGDNIHSLPHGGNYLDGTKRISYCGPKNSFPSSNLFK-GGAFS
APV1         1 MPSLTPPPDNTRVLLPIAVGLGVGIVIWCLTRSTLPSVGDNVHSLPHGGNYLDGTKRISYCGPRDSFPSSNLFK-GGTFS
APV3         1 MPSLTPPPDNTKVLLPIAVGLGVGVVIWCLTRSTLPSVGDNVHSLPHGGNYMDGTKRINYCGPRDSFPSSNLFK-GGTFS
PVM          1 MP-LTPPPDFTKVYLSAALGVSLALVVWLLIRSTLPVVGDRDHNLPHGGWYRDGTKSVFYNSPGR----LNSIEARKAPL
consensus    1 *.  ..*..... . ....*........ .....** .**..* .****.* ****...*..*. ..... .     .

#---#############
PgFV1       80 A---FVILIVLVALIYASERFTARIVRRC-PCVPGTCASR-----
GVT         80 A---VVLVLGLSLLIYAVEKFGIGTYRGC-ACNPNPCVCRR----
GRSPaV      80 P---LMLVIGLIAFIHVLSVWNSGLGRNC-NCHPNPCSCRQQ---
PCMV        78 A---FCLACCILAYLHATFRGNNSSVR-CPTCINNPQHCVRS---
ApLV        79 I---I-IVILLTAAIYVSERWFGSGHRRCSCCLPGAPACTATNHE
ASPV        79 I---IGIIIFLIFAIYVSEKWSRSGSRRCSCCVPGAPACTATVHE
AGCaV       79 I---VGIIIFLIFAIYVSEKWSRSGNRRCICCIPGSPACTATSHE
RuCV1       78 SLSVLCVILLLSGLIYASNKFGGGGAGQC------VCGSRAHNNR
APV2        80 A---ICVVVLLVFAIHVSELFNRPNRRSC--------GCGSASHA
APV1        80 A---ICIVVLLVFAIHVSELFNRPNRRTC--------GCGSAAHA
APV3        80 A---ICIVVLLVFAIHVSELLNRPNRRTC--------GCGSAAHS
PVM         76 LGQPWAIVVLLVLLIWASHKLGRPNCRAC-----------AGSHT
consensus   81     . ......  .......     . *  .     ..    . 

Supplementary Fig. 3. Multiple sequence alignment of TGB2 protein sequences of PgFV1 and related 
viruses. Two predicted transmembrane domains of PgFV1 TGB2 protein are marked by number signs 
(#) at the top.

Fig. S3. Multiple sequence alignment of TGB2 protein sequences of PgFV1 and related viruses 
Two predicted transmembrane domains of PgFV1 TGB2 protein are marked by number signs (#) at the top.

###############---#####
PgFV1        1 -MLQKDLLLGLLGAALVYLALV---LVDNFKES--GCSIRLTGESVSVINCQDLEAVAKLIRNSKPL--WLSLGGRGDFE
GVT          1 -MQWRSLALGLIGAVLATLILA---YVGGERGG--SCFIRITGESVTVSNCGNLQEVPEVIKAVKGV--WSSLGAGVNFD
GRSPaV       1 MYCLFGI-LVLVGIVIAIQILA---HVDSSSGNHQGCFIRATGESILIENCGPSEALASTVKEVLGG--LKALGVSRAVE
PCMV         1 -MQPLEVIIAVFAALLALIIL----NIVFGANSCDPCQIIITGESVKVFNCNLSPEFLEVLKGLKPY--HHPTL------
ApLV         1 MYPRGGLAQGIVAAVVVYLVLLLAQQLIMSRAN--SCTIVITGESVSIVGCTYSDAFIELVKGLKPY--YHPLG------
ASPV         1 MFPRSGLGLAVAAAVVAYLVLLLAQQLYMSNSS--QCTIVITGESVSVVGCVYSEAFIELVKGLKPY--YHPLG------
AGCaV        1 MFLKSGLGLAIAAASAAYLVLLLAQQLLMNSQK--QCTIVITGESVSIVGCVYSDAFIELVKGLKPY--YHPLG------
RuCV1        1 ---MLQINLVVVVLVSVFVVLVLTIIDKFEREN--PCFIQITGESVVIKGCLFDKDFIELVKGLKPF--HHELG------
APV2         1 --MFQSYLIGLIAALVAVVLL----HMLNSGQE--GCLIIISGESVVIKNCVYTSEFINLVKGLKPHNHWNSL-------
APV1         1 --MYQSYLIGLTVALVVVGLL----HMLNSNHD--GCLIVITGESVVVKNCVYTSDFIELVKGLKPHNHWKSL-------
APV3         1 --MYQSYLIGLTVALAVAGLL----HILSSAQE--GCLIVITGESVVVKNCVYTNEFIGLVKGLKPHSHWRSL-------
PVM          1 MIVYVLVGLSAFCIVL---------YLISQGQS--DCVVLITGESVRVQGCRIDGEFGSVLSKLKPF----GCGSFRS--
consensus    1       . ... ....  ...     ..        * ....***. . .* .. ...........   .. ..

PgFV1       73 IIEERC-
GVT         73 -LEGNCS
GRSPaV      75 EIDYHC-
PCMV -------
ApLV -------
ASPV -------
AGCaV -------
RuCV1 -------
APV2 -------
APV1 -------
APV3 -------
PVM -------
consensus   81

Supplementary Fig. 4. Multiple sequence alignment of TGB3 protein sequences of PgFV1 and related 
viruses. A predicted transmembrane domain of PgFV1 TGB3 protein is marked by number signs (#) 
at the top.

  

Fig. S4. Multiple sequence alignment of TGB3 protein sequences of PgFV1 and related viruses  
A predicted transmembrane domain of PgFV1 TGB3 protein is marked by number signs (#) at the top.
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PgFV1        1 --------------------------------------------------------------------------------
GVT          1 --------------------------------------------------------------------------------
GRSPaV       1 --------------------------------------------------------------------------------
PCMV         1 MLYSVYELLSNLLIFDRNSAF------------------------------------VPFMATTAAATASATVQPTTQQE
ApLV         1 MATSGQDTTSANPAVTRNEETPVVTEVQATNAVATTPEVVPVATAPLPASTQPTATTSSFEVSFTPATSISATPMTFPEP
ASPV         1 MTSNGSQPQASTPMVSAEEPAAAAS-----------------VPNSTPMVSAEGPAAAVSAPNSSVVSSAPASAPTASEP
AGCaV        1 MASNGVSSQSSTPMVSIDENPLVTS-----------------SPNPSVVAP------LPVSMPVVASTAPEVTFPAISEA
RuCV1        1 --------------------------------------------------------------------------------
APV2         1 MTTSQSTATADVETSKVETSPPPVV-----------------TSEPVLQQ-------VVFSDTSNAATTPPPPVTTKTST
APV1         1 MSVSSAAVVSTVSSTSSEAVPVTSS-----------------ENEPVISQ-------LDLPPISSGVSGVSTTPSTATSS
APV3         1 MTTSVSAATTDVMSTSVETAATIAP-----------------ANEPVIQQ-------VIYPKSTAVATSVAPVMTHTAQR
PVM          1 -----------------------------------------------------------------MGDSTKKAETAKDEG
consensus    1 .                                                                  .

PgFV1        1 --------------------MEKTPEQLQSEKESAELARLSEERAAEKKAANDKKLELQH-----NRNAHRSGSSSRSAP
GVT          1 ---------------------------------MASNEELRKLEEKRQRDEAKTL-------------------------
GRSPaV       1 ---------------------------------MASQIGKLPGESNEAFEARLKSLELAR--------------------
PCMV        45 VTAGLQSTTS--STF-PTVTPVETPARVATTRSDPVTSGYSLGNVTAALTRPTGSLPITVGLG--ALNLGDGGAVAVGGV
ApLV        81 VVSQLVPFPPLVATGQSSVQTTAVPDTSRLQQMAAANRGFSEG------LRVHPLPITPA-----SSNPFTTGNIFTSSV
ASPV        64 VISQVQSLAPIVSGFDPNLHGRLTNEQMRQAQNEAAMQGYEEGSRRNPRLPSSTTAHNDYASM--NSNPFETGTAYGGAP
AGCaV       58 VISQVQSVAPMVNGFDPSLHGRLTNEQHRAAQEEAARLGFQSGIQQRRQMPVTSAYAITS-------NPFETGNAYSVAP
RuCV1        1 ------------------------MTSEKLRDLEKKLSELATDSNERAGLEKDLKAEKAA--------------------
APV2        57 AATKGVERSWFGLPSKTTGLGTLSATATSTSPLLSASGRASQLDENLKKLKAKDESFFVL-----NSEVEDLEAKASGKV
APV1        57 VENPFKPRTSFSLPSLTAGLGTLSATATSSAPAATSEARTSSLESWKEKLKNKDEEPRRV-----LSEPESLGSFEAGAG
APV3        57 VEDPFKTRTSFSLPSLTSNLGTLSSTATAAASSTTSDVKSSTFENWREKLKTKDDLNFPRTTGVEHLGSFEAGEGSRGGS
PVM         16 TSQERREARPLPTAADFEGKDTSENTDGRAADADGEMSLERRLDSLREFLRERRGAIRVT--------------------
consensus   81                        .          .              .                      .

PgFV1       56 ------GRTNEKREDGREDL------------------------------------------ERPALPDLSSVIRRKKKV
GVT         23 ------GKEIEGAGGSRPAL-----------------------------------------------PDLGTVIKRKKKQ
GRSPaV      28 ---------AQKQPEGSNAP-----------------------------------------------PTLSGILAKRKRI
PCMV       120 TATT--TPAAATVPMGRTESMEWFNRTYNNPASSAPFAFGVQPGTNLG-VPTQLGSSTGPVRRPRQKFTLKPINRPESSV
ApLV       150 FSGRGSNAATSSEAIGEPTP-----------QRVFQSSQGSNPPAQGHYSQQHTSGSVGNVITP---FTLGNRAPRRAAS
ASPV       142 RVSF--GSYPTFPGSGSASE--------PNSQRIFPQQHGVNPPAHASDLVPHQATSGGNTGTP---FTLGNRAPRNATA
AGCaV      131 QMNM--GPYPTLQDQGQTSE--------PNSQRIFPIQQGVSPSAHDGNLRPQTESSQSASITP---FTLGNRAPRTASS
RuCV1       37 ------------IAAGSVSS------------------------------------------------DKKKAARIKQKF
APV2       132 QGPR--GVVPSMMSYEKPEK------------------GKVVEESKGLSLGSRQRLVFEKARQRAQVNIEADRDSLAPPF
APV1       132 SGPR--GVSPSTMIHSKLEV-----------------KKGPDLEATGVSLGARQRMVFEAARKRAQANSEADRESLAPPF
APV3       137 GGPKVHGVSPSTMAYERQNE-----------------AEDSNVKTTGVSLGSRQRMVFEVARKRAQSNIEADRDNMAPPF
PVM         76 ---------NPGLETGRPRL------------------------------------------------QLAENMRPDPT-
consensus  161       .        ..                                                    ..

PgFV1       88 VESPLSKKVDMAELMQREFNVQSNNVMSDIDVLALSSIFSEAGIPEDKQQAVAIEIANAAVDVGSSKHSEFLGKSAYC--
GVT         50 IENALSAKVNVKDLMEREFGLQSNNVMNNNDILAISSIFTEAKIPEDLQQHTAIEVARMAVDVGSSKHSEFMGKSVVC--
GRSPaV      52 IENALSKTVDMREVLKHETVVISPNVMDEGAIDELIRAFGESGIAESVQFDVAIDIARHCSDVGSSQRSTLIGKSPFC--
PCMV       197 VGSGMSKRLSIRDLAAIDYKPQAGSVASEEKISQIGLEFTKIGLSSDQLTEVGVFIARHCADVGSSNQSRLIGTFPGS--
ApLV       216 SIGGTRRRLDSVGLKSIMYEPQAGVVATDAKMRAIGRALIEMGIREDQLTEVGVYLARHCADVGASDKSTLLGTFPGS--
ASPV       209 NTGGMRRRLDSVGLKNIRYEPQAGVVASNQKIRAVGVALIGMGIPEHQLTEVGVYLARHCADVGASDKSALLGTFPGS--
AGCaV      198 ISGGMRRRLDSVGLKSIIYEPQAGVVASDQKIRAIGMALIGMGIGEHQLTEVGVYLARHCADVGASDKSTLLGTFPGS--
RuCV1       57 SGSSITSIPTNKMLREIKISTEVRNVCSLSNAELIAAEFVELGIPEDKLAEAAWDLALHCADVGSSELTELAGTCTFA-P
APV2       192 ASADPFSRPKVQDVQRFSYEPSSPDISTAEEIEHIRSDLVRAGVPESTLTFSMWDIARYCADAGSSASTEFIGTSSYS-G
APV1       193 ASGDPFSRPKVQDVQRFSYEPSSPDVATAENIEYIRADLVRAGVPTKDITFAMWDIARYCADAGSSESTEFVGTSSYG-G
APV3       200 ASSDPFSRPKVQDVQRFSYEPSSPDVATAENIEYIRADLVRAGVPKKDLTFAMWDIARYCADAGSSESTEFIGTSSYG-G
PVM         98 ---NPYNRPSIEALSRIKPIAISNNMATSEDMMRIYVNLEGLGVPTEHVQQVVIQAVLFCKDASSSVFLDPRGSFEWPRG
consensus  241     .  .. . ..    . . .  ...   .  .   ..  ....  .. ....... ..*...*  .. .*.  .

PgFV1      166 DLDLPTCVGLIKEV--TTLRRFCMYYAKVIWNLRVKSRVPPANWARKGFKDETKFAAFDFFVGVFDESALNPEGGLVKSP
GVT        128 GHDLSAIVGYIKEV--TTLRRFCMYYSKVIWNLLIKEKTPPANWAKKGFKDETKFAAFDFFVGIFDESALEPEGGLVRSP
GRSPaV     130 DLNRSEIAGIIREV--TTLRRFCMYYAKIVWNIHLETGIPPANWAKKGFNENEKFAAFDFFLGVTDESALEPKGGIKRAP
PCMV       275 DVELEELATIIKSTAGCTLRQFCAYYAKMVWNLMLETQTPPAIWSSKGYRDENKYAAFDFFYGVDSSAALEPVDGIIRKP
ApLV       294 DITLEEVGTRIKQTEGCTLRQYCAYYAKHVWNLMLQTQKPPANWVGKEFKFETRYAAFDFFFGVESSAALEPADGLIRLP
ASPV       287 DITLEEVGTMIKQTEGCTLRQYCAFYAKHVWNLMLQTQSPPANWVGKEFKFETRYAAFDFFFGVESTASLEPADGLIRLP
AGCaV      276 NITLEEVGTKIKQTEGCTLRQYCAFYAKHVWNFMLQTQSPPPNWVGKEFKFETRYAAFEFFFGVESTASLEPADGLIRLP
RuCV1      136 NVTRSDMGAVVKSI--CTLRQFCSLYAKIVWNIMITCDRPPANFLKRNHKWETRFAAFDFFDAVLNPAALEPE-GDFRRP
APV2       271 RVTRMEIASVIKKH--TTLRRYCGFYAKIVWNIMLSTNIPPSGWVKKGYKKNTKFSAFDFFEQVSNNAALEPENGLVREP
APV1       272 RVARMEIAAVIKKH--TTLRRFCGFYAKIVWNIMLVTNIPPSGWMKKGYKENTKFAAFDFFVHVSNNAALEPENGLVRKP
APV3       279 RVTRMEIAAVIKKH--TTLRRFCGFYAKIVWNIMLVTNIPPSGWMKRGYKENTKFAAFDFFVHVSNNAALEPENGLVRKP
PVM        175 AITADAVLAVLKKDA-ETLRRVCRLYAPVTWNHMLTHNAPPADWAAMGFQYEDRFAAFDCFDYVENTAAVQPLEGLIRRP
consensus  321  ..  .......     ***..*..*....**... .. **......... .....**..* ..   ....*  *... *

Supplementary Fig. 5. Multiple sequence alignment of coat proteins of PgFV1 and related viruses.

Fig. S5. Multiple sequence alignment of coat proteins of PgFV1 and related viruses
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PgFV1      244 TQRELMANLAHFEVSVFRQGVAEGNRSLNLGEISGGSSGNSAHNPFEAN---
GVT        206 TQSELKANISALEVKVFRQKMSEGNRSLNLGEISGGAMGAPAYNPFGGDS--
GRSPaV     208 TKAEMVANIASFEVQVLRQAMAEGKRSSNLGEISGGTAGALINNPFSNVTHE
PCMV       355 TNSERVANETMKEAMSFRAAARDGTQSTNIGEITGGKAGPKPRLTIKQ----
ApLV       374 TQSERVANNTSKEIQMYRIRSMEGTQAVNFGEVTGGKIGPKPVLSIKK----
ASPV       367 TQAERVANATSKEIQMYRIRSMEGTQAVNFGEVTGGKIGPKPVLSIRK----
AGCaV      356 TQAERVANATSKEIQMYRIRSMEGTQAVNFGEVTGGKIGPKPVLSIRK----
RuCV1      213 NNEEITAAETVKRIAINRQEVKKGNAATSSLEVTGGRMGPVAVLAIKDK---
APV2       349 NHEELVASQVNKGISLHRTEAAQDKNVSTAHEVTGGRAGPRSRLLLKGKEMD
APV1       350 YHEELVAAQANKGVILHRAEAAQDKNASTAHEVTGGRAGPRSRLTLKGKEMD
APV3       357 YHEELVAAQANKGVILHRTESAQDKNASTAHEVTGGRAGPRSRLTLKGKEMD
PVM        254 TPREKVAHNTHKDIAVRGANRNQVFSSLNA-EVTGGMNGPELTRDYVKSNRK
consensus  401 .. *..*. . ... . .    .. .  . .*..**. *..  . ..

Supplementary Fig. 5. Continued
 

Fig. S5. Continued


