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Two novel closteroviruses, fig virus A and fig virus B,
identified by the analysis of the high-throughput RNA-sequencing
data of fig (Ficus carica) latex
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Summary. - Closteroviruses (the genus Closterovirus, the family Closteroviridae) are RNA viruses
that infect and cause viral diseases in many economically important plants. Genome sequences of two
novel closteroviruses named fig virus A (FiVA) and fig virus B (FiVB) were identified in high-throughput
sequencing data obtained from a fig latex sample. FiVA and FiVB genomes, whose lengths are 19,333 bp and
18,741 bp, respectively, were predicted to have 14 shared open reading frames, nine of which had homologs
in other closteroviruses. Phylogenetic analysis confirmed that FiVA and FiVB are novel closteroviruses
forming a strong subclade with fig mild mottle-associated virus within the genus Closterovirus. FiVA and
FiVB genome sequences identified in this study are useful resources for investigating the evolution of

closterovirus genome organization.
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Introduction

Closteroviruses (the genus Closterovirus) are plant-
infecting RNA viruses of the family Closteroviridae, which
contain three other genera (Ampelovirus, Crinivirus, and
Velarivirus) and some unassigned species (Agranovsky,
2016; Fuchset al.,2020). Members of the genus Closterovi-
rus, whose type species is beet yellows virus (BYV),infect
and cause viral diseases in many economically important
plants (Karasev et al., 1995; Koloniuk et al., 2018; Orilio et
al.,2018; Zheng et al., 2018).

Closteroviruses have long and flexuous virions with
a large positive-sense single-stranded RNA genome of
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Abbreviations: CP = coat protein; CPm = minor coat protein;
CTV = citrus tristeza virus; FiVA = fig virus A; FiVB = fig virus B;
FMMaV = fig mild mottle-associated virus; Hsp70h = heat shock
protein 70 homolog; Hsp90h = heat shock protein 90 homolog;
NCBI = National Center for Biotechnology Information; ORF =
openreading frame; p6 = 6-kDa protein; RARp = RNA-dependent
RNA polymerase; SRA = Sequence Read Archive

14-19 kb. The genome encodes about 10 conserved open
reading frames (ORFs), including polyprotein (ORFla),
RNA-dependent RNA polymerase (RARp; ORF1b), 6-kDa
protein (p6), heat shock protein 70 homolog (Hsp70h),
heat shock protein 90 homolog (Hsp90h), minor coat
protein (CPm), and major coat protein (CP) (Zheng et al.,
2018; Fuchset al.,2020). The polyprotein is proteolytically
processed into papain-like protease, methyltransferase,
and helicase. The RdRp is produced as a fusion ORFlab
by the +1ribosomal frameshift at the end of ORFI. In ad-
dition, unique ORFs that are shared by some members
are also observed (Karasev et al., 1995; Tzanetakis et al.,
2007; He et al., 2015; Agranovsky, 2016; Zheng et al., 2018).

High-throughput RNA-sequencing data obtained
from plant samples often contain sequences derived
from novel RNA virus genomes, which can be identi-
fied by a comprehensive sequence analysis (Kim et al.,
2018; Koloniuk et al., 2018; Orilio et al., 2018; Park et al.,
2018; Zheng et al., 2018). In this study, we analyzed high-
throughput RNA-sequencing data acquired from a latex
sample of the common fig (Ficus carica) and identified
the genome sequences of two novel members of the
genus Closterovirus.
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Table 1. ORFs of the FiVA and FiVB genome sequences

FiVA FiVB

ORF Gene Protein Identity® Pfam domain®
(aa)r  (aa)

ORFla 2956 2688  Polyprotein polyproteinla 1399/2977 (47.0%) Beet yellows virus-type papain-like en-
dopeptidase C42 (PF05533), viral methyl-
transferase (PF01660), viral (Superfamily 1)
RNA helicase (PF01443)

ORF1b 538 529 RdRp RNA-dependent RNA 371/539 (68.8%) RNA dependent RNA polymerase

polymerase (PF00978)

ORF2 102 103 hypothetical protein 29/103 (28.2%)

ORF3 215 204 hypothetical protein 84/216 (38.9%)

ORF4 61 60 p6 p6 protein 48/61(78.7%) Citrus tristeza virus 6-kDa protein
(PF06706)

ORF5 594 591 Hsp70h heat shock 70-like protein  334/595 (56.1%) Hsp70 protein (PFO0012)

ORF6 507 524 Hsp90h heat shock 90-like protein  241/525 (45.9%) Viral heat shock protein Hsp90 homo-
logue (PF03225)

ORF7 232 230 CPm minor coat protein 145/233 (62.2%) Closterovirus coat protein (PF01785)

ORFS8 236 248 CP coat protein 145/248 (58.5%) Closterovirus coat protein (PF01785)

ORF9 58 58 hypothetical protein 20/58 (34.5%)

ORF10 77 77 hypothetical protein 43/79 (54.4%)

ORF11 187 189 hypothetical protein 51/189 (27.0%)

ORF12 247 230  p28/p26°  p28/p26 protein 102/252 (40.5%)

ORF13 207 207 p23 RNA silencing suppressor  145/207 (70.0%) RNA silencing suppressor P21 C-terminal

domain (PF11479)

*Protein length; Protein sequence identity between FiVA and FiVB orthologs in the format: “Identical residues/aligned length (% identity)”;
cPfam domain name and accession number; ¢ORF12 encodes a 28 (FiVA) or 26 (FiVB) kDa protein.

Materials and Methods

A high-throughput RNA-sequencing dataset (3.5 Gbp) ob-
tained from a latex sample exuded from the lignified trunk of
a fig tree was analyzed with permission of the original author
(Dr. Sakihito Kitajima, personal communication) (Kitajima et
al., 2018). The sequence dataset is available in the Sequence
Read Archive (SRA) of the National Center for Biotechnology
Information (NCBI) (Acc. No. DRR101542). High-quality reads
were extracted using the Sickle program (version 1.33; https://
github.com/najoshi/sickle) using the parameter “-q 30 -1 50",
and then assembled into contigs using the SPAdes Genome
Assembler (version 3.13.1; http://cab.spbu.ru/software/spades)
using the parameter “-rna” (Bankevich et al., 2012).

Atotal 0f 2,539 known RdRp domain sequences were extract-
ed from 22 Pfam families (release 32.0; https://pfam.xfam.org)
and converted to a BLAST-searchable database. Assembled fig
transcriptome contigs were compared with known viral RdRp
domain sequences using the stand-alone BLASTX program to
identify putative viral genome contigs. The BLAST web server
atthe NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi) was used
for sequence similarity searches of viral genomes and proteins.
ORFs were predicted using the getorf program of the EMBOSS

package (http://emboss.sourceforge.net), with the parameter
“find 1 -minsize 150 -noreverse”. ORFs were identified based
on sequence similarity to known proteins. Molecular weight
of a protein was calculated using the pepstats program of the
EMBOSS package. The HMMER web server was used to predict
Pfam domains of viral proteins (version 2.40.0; https://www.
ebi.ac.uk/Tools/hmmer).

Pairwise identities of protein sequences were calculated
using the FASTA or GGSEARCH programs in the FASTA pack-
age (version 36.3.8g; https://github.com/wrpearson/fasta36).
Multiple sequence alignments were generated using the
MAFFT program (version 7.450; https://mafft.cbrc.jp/alignment/
software) with the parameter “--auto” (Nakamura et al., 2018).
Maximum likelihood phylogenetic trees were inferred using the
IQ-TREE program (version 1.6.12; http://www.igtree.org) with
the parameter “-bb 1000” (Nguyen et al., 2015).

Results and Discussion
Two different contigs (19,333 bp and 18,741 bp) derived

from fig RNA sequencing data were identified to have
an ORF showing a high sequence similarity to the citrus
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Fig.1

Genome structures of FiVA and FiVB
Predicted ORFs are represented by boxes: green, ORFs with homologs in other closteroviruses; gray, ORFs present only in FiVA and FiVB.
Predicted Pfam domains are marked by blue lines below the ORFs, and their names (as listed in the Pfam database) are shown in the box

at the bottom.

tristeza virus (CTV) RdRp domain sequence. CTV is one
of the approved species of the genus Closterovirus from
the family Closteroviridae (Karasev et al., 1995). BLASTX
searches of these contigs against the NCBI protein data-
base confirmed that they contained ORFs having similari-
ties to those of known closteroviruses. Therefore, the two
contigs were considered distinct novel closteroviruses
and named fig virus A (FiVA) and fig virus B (FiVB). Their
nucleotide sequences were deposited in the NCBI nucleo-
tide database under the accession numbers MN817232 and
MN817233 for FiVA and FiVB, respectively.

In the FiVA and FiVB genomes, ORFs encoding 50 aa or
longer were initially predicted. Following this, ortholo-
gous pairs of ORFs showing significant protein sequence
similarity (an E value of 0.001 or less using the FASTA pro-
gram) were selected. As aresult,atotal of 14 ORFs (ORFla,
ORF1b,and ORF2to ORF13) were predicted in each genome
(Fig.1and Table1). Pairwise protein sequence identities of
respective orthologs ranged from 27.0% to 78.7%. Sequence
alignments of 14 proteins with their respective orthologs
from other members of the family Closteroviridae, if any,
are presented in Supplementary Figs. Sla, Slb, and S2 to
S13. Nine ORFs (ORFla, ORF1b, ORF4, ORF5, ORF6, ORF7,
ORF8, ORF12, and ORF13) had orthologous proteins an-
notated in other members of the family Closteroviridae,
whereas five ORFs (ORF2, ORF3, ORF9, ORF10, and ORF11)
were predicted to be present in FiVA and FiVB, but showed
no significant similarities to known proteins.

Polyprotein (ORFla) and RdRp (ORF1b) are present
in all members of the family Closteroviridae (Fuchs et

al.,2020). Polyproteins encoded by FiVA and FiVB ORFla
were 2956 and 2688 aa, respectively, and contained three
functional domains: papain-like protease, methyltrans-
ferase, and helicase. Interestingly, the FiVA polyprotein
had three papain-like protease domains, whereas the FiVB
polyprotein had two, which made the FiVA polyprotein
longer. The closterovirus RARp domain is produced by +1
ribosomal frameshifting, resulting in the fusion of ORFla
and ORF1b to ORFlab (Agranovsky, 2016). The ribosomal
frameshifting usually occurs at the ORFla stop codon
preceded by two uridines (Orilio et al., 2018). The poten-
tial ribosomal frameshifting sites of FiVA and FiVB were
cgcGUUUAGCugg and cgtGUUUAGCcuc, respectively,
where the conserved stretch in two virusesisindicated by
uppercase letters, stop codons (UAG) of ORFla are in bold,
and putative first codons (AGC) of ORF1b are underlined.

The ORF4 sequences of FiVA and FiVB were predicted
to encode 6-kDa proteins with a domain conserved in
p6 proteins of some closteroviruses including fig mild
mottle-associated virus (FMMaV), rose leaf rosette as-
sociated virus (RLRaV), CTV, mint virus 1 (MV-1), and
BYV. The p6 protein is one of five proteins (p6, Hsp70h,
Hsp90h, CPm, and CP) involved in cell-to-cell movement
(Peremyslov et al.,2004). All seven analyzed p6 proteins
were predicted to have a transmembrane domain that
plays an important role in cell-to-cell movement (see
Supplementary Fig. S&).

ORF5 and ORF6 of FiVA and FiVB encoded the heat
shock protein homologs Hsp70h and Hsp90h, respective-
ly. Two coat proteins (CPm and CP) were predicted to be
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Table 2. Sequence identities of the Hsp70h and RdRp proteins of FiVA and FiVB and their respective orthologs

. 2 FiVA FiVB FiVA FiVB

No. Genus Virus Acronym NCBI Hsp70h Hsp70h RdRp RdRp
1  Closterovirus fig mild mottle-associated virus FMMaV  FJ611959 217/600  221/597  147/285 137/276
(362%)>  (37.0%)  (5L.6%)  (49.6%)
2 raspberry leaf mottle virus RLMV NC_008585 222/612  224/608 265/538  275/529
(36.3%)  (36.8%)  (49.3%)  (52.0%)
3 rose leaf rosette-associated virus RLRaV NC_024906 216/606 206/602 261/539  267/531
(35.6%) (34.2%) (48.4%) (50.3%)
4 Citrus tristeza virus CTV NC_001661 202/604 211/608  279/539  276/529
(33.4%)  (3&7%)  (51.8%)  (52.2%)
5 strawberry chlorotic fleck-associated SCFaVv NC_008366 216/608 198/600  267/538  274/529
virus (35.5%)  (33.0%)  (49.6%)  (51.8%)
6 carrot yellow leaf virus CYLV NC_013007 215/625 214/618  242/540  242/531
(3.4%)  (34.6%)  (44.8%)  (45.6%)
7 carnation necrotic fleck virus CNFV NC_038419 182/611 177/611 246/539  247/530
(29.8%)  (29.0%)  (45.6%)  (46.6%)
8 mint virus 1 MV-1 NC_006944  207/611 199/610  246/539  252/530
(33.9%)  (32.6%)  (45.6%)  (47.5%)
9 tobacco virus 1 TV-1 NC_027712 196/612 196/610  250/541  254/530
(32.0%)  (321%)  (462%)  (47.9%)
10 Rehmannia virus 1 ReV-1 NC_040572 185/612 195/611  254/539  255/530
(30.2%)  (319%)  (471%)  (48.1%)
11 beet yellows virus BYV NC_001598 195/605 208/602  252/538  253/529
(32.2%) (34.6%) (46.8%) (47.8%)
12 arracachavirus1 AV-1 NC_040570 193/609 196/606  248/538  255/530
(3L7%)  (32.3%)  (461%)  (48.1%)
13 beet yellow stunt virus BYSV NC_043106 205/620 213/616  256/542  253/531
(33.1%)  (34.6%)  (472%)  (47.6%)
14 grapevine leafroll-associated virus 2 GLRaV-2 NC_007448 201/616 199/608 246/538  248/529
(32.6%) (32.7%) (45.7%) (46.9%)
15 blackcurrant leafroll-associated virus 1 BcLRaV-1 NC_040722 192/609 201/605  247/538  249/530
(3L5%)  (332%)  (45.9%)  (47.0%)
16  Unassigned blueberry virus A BVA NC_018519 166/625 178/624  221/539  231/532
(26.6%)  (28.5%)  (41.0%)  (43.4%)
17 Actinidia virus 1 AcV-1 NC_035453 185/613 167/607 182/574 189/561
(302%)  (275%)  (3L7%)  (33.7%)
18 persimmon virus B PeVB NC_025967 179/613  172/610  190/541  192/539
(292%)  (282%)  (351%)  (35.6%)
19 Velarivirus Areca palm velarivirus 1 ArPV-1 NC_027121 166/608  171/614 151/549 147/536
(273%)  (279%)  (275%)  (27.4%)
20 Cordyline virus 1 CoV-1 NC_038421 152/602 155/599 137/547 136/537
(252%)  (25.9%)  (25.0%)  (25.3%)
21 Crinivirus lettuce chlorosis virus LCV NC_012909, 177/605 170/612 130/547 131/537
NC_012010  (29.3%)  (27.8%)  (23.8%)  (24.4%)
22 lettuce infectious yellows virus LIYV NC_003617, 165/604 170/604  145/543  148/536
NC_003618  (27.3%) (28.1%) (26.7%) (27.6%)
23 Ampelovirus  grapevine leafroll-associated virus 1 GLRaV-1 NC_016509 156/606  147/603  154/540  153/532
(25.7%)  (24.4%)  (28.5%)  (28.8%)
24 grapevine leafroll-associated virus 4 GLRaV-4 NC_016416  161/611  150/602  158/542  159/536
(26.4%)  (26.9%)  (292%)  (29.7%)

aNCBI Acc. No. for genomic sequence; PAmino acid sequence identity in the format; “Identical residues/aligned length (% identity)
‘FMMaV RdRp is partial.

”,
)
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Phylogenetic trees inferred based on Hsp70h (left) and RdRp (right) protein sequences of FiVA, FiVB, and selected members
of the family Closteroviridae
Note that FiVA and FiVB form a subclade within the genus Closterovirus. The FMMaV RdRp, which is partial, was not included in the RdRp
tree. Bootstrap branch support values of 70% or greater, calculated from 1,000 replicates, are shown at the nodes. See Table 2 for the full

names of viruses and their NCBI Acc. Nos.

encoded by ORF7 and ORFS8, respectively, of the FiVA and
FiVB genomes. Hsp70h, Hsp90h, and CPm were known
to be involved in vector transmission (Killiny et al., 2016).
They showed strong sequence similarities to respective
orthologs of members of the family Closteroviridae.

The ORF12 proteins of the FiVA and FiVB genomes
showed sequence similarities to the 29-kDa protein (p29)
of three persimmon virus B (PeVB) variants, the function
of which was not known (Ito et al.,2015). The FiVA and FiVB
ORF12 proteins were named p28 and p26, respectively,
according to their calculated molecular weights. All five
proteins from FiVA, FiVB, and three PeVB variants were
predicted to have a signal peptide at their N-termini (see
Supplementary Fig. S12).

ORF13,which isthe last ORF of FiVA and FiVB, encoded
a23-kDa protein, which showed a similarity tothe CTV p23
protein. The FiVA and FiVB p23 proteins were predicted
to have an RNA-silencing suppressor domain, which
is also found in p23 orthologs of some closteroviruses,
including the CTV p23, BYV p21, and grapevine leafroll-
associated virus 2 (GLRaV-2) p24. One of the functions

of p23 orthologs is the intracellular suppression of RNA
silencing (Flores et al., 2013).

Five ORFs (ORF2, ORF3, ORF9, ORF10, and ORF13) had
no homologous protein sequences in the current NCBI
protein database. Hypothetical proteins encoded by ORF3,
ORF9,and ORF10 were predicted to have atransmembrane
domain near the C-terminus (ORF3) or in the N-terminal
region (ORF9 and ORF10) (see Supplementary Figs. S3,S9,
and S10, respectively).

Phylogenetic positions of FiVA and FiVB were deter-
mined using Hsp70h and RARp sequences. A total of 24
sequences from representative members of the family
Closteroviridae were collected (Table 2). FiVA and FiVB
Hsp70h showed 24.4-37.0% sequence identities to Hsp70h
proteins of selected viruses. Sequence identities between
the FiVA and FiVB proteins were 56.1% (Hsp70h) and 68.8%
(RdRp), suggesting that FiVA and FiVB are closer to each
other than to other known closteroviruses. The RdRp of
FiVA and FiVB showed 23.8-52.2% identities to the RARp
sequences of selected viruses. Conserved Hsp70h domain
and RdRp domain sequences were extracted from respec-
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tive multiple sequence alignments (see Supplementary
Figs. S1b and S5) and separately subjected to analysis
using the construction of phylogenetic trees.

The Hsp70h and RdRp phylogenetic trees confirmed
that FiVA and FiVB are novel members of the genus Clos-
terovirus in the family Closteroviridae (Fig. 2). In both
trees, FiVA and FiVB formed a strong subclade with a
bootstrap support value of 100%, indicating that they
are the closest among the analyzed closteroviruses. The
next closest virus to FiVA/FiVB was FMMaV, another
closterovirus infecting figs (Elbeaino et al., 2010). These
three viruses formed a subclade, which was supported by
a bootstrap value of 98%, in the Hsp70h tree. Therefore,
FiVA, FiVB, and FMMaV could be descendants of a com-
mon ancestral closterovirus that infected figs in the past,
though they may have a complex history and simply were
identified in figs. No ancestral nodes of the FiVA/FiVB/FM-
MaV clade had a bootstrap value of 70% or greater except
for the node of the genus Closterovirus (100% and 98% for
the Hsp70h and RdRp trees, respectively), indicating that
the phylogenetic positions of three fig closteroviruses
within the genus Closterovirus cannot be unambiguously
determined.

To conclude, genome sequences of two closteroviruses,
FiVA and FiVB, were identified by high-throughput RNA
sequencing from a fig latex sample. Phylogenetic analysis
confirmed that FiVA and FiVB are novel members of the
genus Closterovirusin the family Closteroviridae. FiVA and
FiVB genome sequences are useful resources to investi-
gate the evolution of closterovirus genome organization.
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Two novel closteroviruses, fig virus A and fig virus B,
identified by the analysis of the high-throughput RNA-sequencing
data of fig (Ficus carica) latex
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Summary. - Closteroviruses (the genus Closterovirus, the family Closteroviridae) are RNA viruses
that infect and cause viral diseases in many economically important plants. Genome sequences of two
novel closteroviruses named fig virus A (FiVA) and fig virus B (FiVB) were identified in high-throughput
sequencing data obtained from a fig latex sample. FiVA and FiVB genomes, whose lengths are 19,333 bp and
18,741 bp, respectively, were predicted to have 14 shared open reading frames, nine of which had homologs
in other closteroviruses. Phylogenetic analysis confirmed that FiVA and FiVB are novel closteroviruses
forming a strong subclade with fig mild mottle-associated virus within the genus Closterovirus. FiVA and
FiVB genome sequences identified in this study are useful resources for investigating the evolution of
closterovirus genome organization.
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Fig. S1a. Alignment of polyprotein (ORF1a) sequences of FiVA, FiVB, and related viruses
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BcLRav-1 ------ T---DASSVTV- YVRNLKAVTYWQSGGDVSCATSYDAS -EYVNHFGELVLHVTNLSNYR-RCP- - - - - RSINGQCYLQFVFECCVG
CYLv RYNIKVR---GSGAVDI- IPMFSDE------ ITTTSASRDY-LT-TYRMRSRGY-IHDSILSRY--- -HAPRGYCYLNHIFFLSLR
CNFV REKFIVRRVSGRSSVAL - - IRR-CDK----H-VVSVVVNELY-CR-VLRMRTTKT-IDYGLLRMY---------- KASEGFCYLNHLWFICLT
MV-1 NYNFTPV---GARRV-A-- VVR-SDG- - - -RVVARLPASRDF - AE-VYRMQTTKS -FSGRLVSNF - - - - - - - - - - HSPNGLCYLNHVWFLCLI
TV-1 FYNVYPC---GARQV-V- IKRLSDQ -KCVARLPCTREY-TL-MYEMHHRKN - FNGPMARRY - -SAPAGLCYLNHIWFLCLI
Rev-1 CYNALPY---SNDRV-I- IRRVGDG- - - -VVIARLPASRDY-LS-MYRMHLEKK - FAGPLARRF - -SASKGFCYLNHLWYLCLI
BYV EIEVHPL---RGGKLSV- LPK-----GE-AYCVVTAATPQYHA- -ALTIARGDR-PRVGELLQY- -RPGEGLCYLAHAALCCAL
GLRaVv-2 HLLVWRR - --SSRSVCI- ----YDFLPCSVDYAA--MFSFAAGGR -FPLVLMTRI - -KYLNGFCYLAHCRYACAF
AV-1 LIRIDAS-KPRMASLSV----=---mmmmmmm e oo o FVS----- GKIEYRCKFLCSKDYYL--AYKYYVGGSAFPVSWLFTY - -SAPKLKCYLNHMYFLCVI
AcV-1 -PLYEGFNVICVKNRPG--LVRILYKN---ILVKTVMANRYWDIQYLRSYGCVSK-SLKNYLYRY---------- RDGEGYCYLRMLRLCCIY
BVA R R L LT YRR AR-GLSGSVREA-RLGDILVNHGDRFIHSDDFSPIGGLCYRSWFKSADMT
PeVB

ArPV-1

Cov-1

Lcv

LIYV

GLRav-1

GLRav-4

506

1061

419

575
562
617
548
577
907
648
391
489
469
448
446
520
778
535
1146
627
819
328
612
409
347
313
449
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FiVA TGCRF-------- DELHAKRR--LGRFPTFSRLKFYLAKF - -----

FivB SGSRF - -DEKHATQR - - LGRFPTAARLRWYCSRF -

RLMV RGYLH- -NADHTVRH- - LGRFPTATKFRWF LQNF -

RLRaV TGVPY - -RQDRAVATI - - LKDYPTATKLRWYVKWW -

SCFav VNRPF - GVFTAMKT - - LGKFPTATKLLWFIRSR-

cTv MGRIF- --FRRDVD--LGPFPYVFEVQHRLERL ------
BcLRaV-1 CGIAF- DARKAIEA--LRILPTLKCLLAYVKSLGLVPPSF
CYLv AGCAF - -RPAKNYFKT-LGRNPSATDLSARISAY------
CNFV GGLNF - -QGFSKTFKHLLGRLPRVFRFVNLLASF -

MV-1 SGTSF- -LRARKYFGR-LGAFPGVESFFSLLCNF -

TV-1 AGHSF - -NPARAYFSRGLGRFPRFSNFLGLVERY -

ReV-1 -SSARGTFLK-LGKYPRFSDFIATVGKY -

BYV QKRTFREEDFF - -VGMYPTKFVFAKRLTEK -
GLRaVv-2 LLKGFDPKRFD LG-DRSLGLNLYGAYT------

AV-1 NNHVF - - - - - - -DEKAHD- - - - - LGSLPSSGQLLKHIARV------ F--PQSLNVKISGYFR------

AcV-1 FSKPM- -GYVRTARAE - LGSWPSSFAVKCFIRKT------ FSKIPPVYVSLS -RGRYAHVGLLPR
BVA LGN--- -RKMHKVVAT - LGAYPTLGRVVKELEKA - YKSDDF - -PRKFYFRVVGRVLSA- - SDAWSNDHCDFFTL---------- -
PeVB -SKAFY- LSDKRIRQIASE-LGPYPLCSAISEVLGDIG----- FD------ommmememem oo o SNPIIHINGDARAIYDGMGNRV-
ArPV-1 ---AF-------- AYFNKTIPKSLPFVPKL-=--------------- YA-TQLIVAGLPAQFLKSCRMVERNLLHFDSKI
CoV-1  ---AF--------ASQNKKIPNNLQFMPMI---------------- RV-SVLISFGLSPVFLNNVVITGKSLLHFDMKV
Lcv -NY-GYLVQCGLEKVMRNRLRRVKDDYFHFDVNYNE -
LIYV -TG-SVLMSCGLWDFAKRKMVSVSHGLLHYDRKLE - -
GLRav-1
GLRav-4

FiVA HELPAYGFVNPRLRFVPFEEAPVLENPKKILIMRLQERSLVHALDYVVRYVTRYEPTKCFLRTRFLFSVFTIDLFAPVSEEVKIIVKKGKDVYAWGDMMGENYAKHWRCVLNNES
FivB SMLTKNFV========---
RLMV -

RLRaV -
SCFav -

-PMASFNG- - - -YHKMGG
-RVVSVNKF -GGSVVIGG
-KLYTLEY--LREAAVGA

-DAADSSDNIAN
-ETEGANEDLPN

LIYV --RSSARAGVRD-FVGA- - - -SNEAVQRED- -

GLRav-1 - VSLAEV-DDRCFVGMAAKGGQQSLVASVSN
GLRav-4 FPNVWVGA- - - -QNQDVTDDITT
FiVA - -=-VVNDASKMKV - -VNLAFDKVMET - -KDSIFVKSVEKSMIDFHQDFEELQKSRPKTQVTVALNESQQVALSKAYPEFQISFTHSSLSAHPVAAASRSLENELLHRWARR -DYT
FivB ---LTTDVDKMKV - -VNIAFSKAAEA- -KDSILTKSIEKHVIDFHQDFEAIQKSKTKSVVNFLLTDSQQVALSRAYPEFNISFTHSTLSAHPMAAASRALENDLLHKWVKR -DYT
RLMV ---ALNDADRMKYV - -ISSVFATLSAN--RDSLLTKSLEQDLITFKSEIHDLASSKPQQRVPFSLNEADQIQLINAYPEFKLVFTNSVHSDHATAAGSRSLENALLHKFA------
RLRaV --CPPNDVEKMRI - -ISDLMGKLQNN--RESILVKSIEKDLIDFSKSVSDLNKEKETVFVPFSVSERVQVVLTKSYPEFNITFTHSTHSDHGAAAASRLLENALLHKYAGS -NYS
SCFav ---ITTSADKLKA--LNLVYDKLSNS--RDSILVKSIEKEMIDFSAVIESLNKQKEAIKVPFRMGEQSQVALTAAYPEFNIVFSHSVHSDHPAAAGSRLLENALLHKYAVI -NYS
CcTv ---IITDTDRLRA--VGSAYEKVKRN-IPDSLLVRSVEKDLIEFNQTLVDMHRSRPGVVVPFQMSENQQVMLTRAYPEFNINFIHSVHSDHPVAAGSRALENHLVRKHAGT -DYS
BcLRaV-1 --SLVQDQELLQA--VSSAISRSGVN--RDSLLVRSVETEAIRVNEAARNERNKRPSQVIPYQMSEEKQALLVNAFPEFNLKFTHSTLSNHALAASCRLLENGLHHKKAGS -EYV
CYLv ---SLTDVGRVKA--LTQVHDSLRAN--RESLLVKSMEMDLVDFLNTTKNLQRGKEKLRVPFMLTEVQQSRLIPAYPHFHISFTSSSASDHPMAAASRLLENRTLVSFCSD-HFI
CNFV ---FLDSYEKDQL - -INQIVQTSRGS- -KDSIVLKNVEMDLSNHADAMRRIMREKPSLRVPFQLNETQQAMVSRAYPNYDLIFTNTSFPDHPMAAASRLMENITLSDFCEN-DYA
MV-1 ---AITPLEKERL--INQLIETSRGH--KDSLLLKKMEVDLVEHVARLKRAQLEKPERKVPFHLTEQQQSHIVRDYPQYDILFTHSTHSDHPMAAASRLLENFSLSDKCGD-DFS
TV-1 ---VTPLEKEKL--ISQLIETARGH--KDSLLLKKLEVDLVDHITRLKASQSKKPERRVPYHLTEQQQTLLVRDYPQYDLLFTHSSHSDHPMAAASRFLENNCLADKCGD -NFS
Rev-1 ---VVSPLEKERM--TAQLIDTARGH--KDSLLLKKLEVDLVDHISRLKRSQSDKPERRVPFHLTEQQQTVLVRDYPQYDLLFTHSSHSDHPMAAASRFLENSCLVDKCGD-NVS
BYV ---EITSSLKHKA--IESVYERVSIH--KDNLLARSVEKDLIDFKDEIKSLSKEKRSVTVPFYMGEAVQSGLTRAYPQFNLSFTHSVYSDHPAAAGSRLLENETLASMAKS -SFS
GLRaVv-2 --SDITPAMKQKT--IEAVYDRLYGG--TDSLLKLSTIEKDLIDFKNDVQSLKKDRPIVKVPFYMSEATQNSLTRFYPQFELKFSHSSHSDHPAAAASRLLENETLVRLCGN-SVS
AV-1 ---VLTDLQMHEN- - LERAMRGNFGG- -REALINAALDRDTIEYKNALKALNESKPAVVVPFYMNEKTQSNITRNYPQYNLKFTHTTHSNHAAAASSRLLENITLTDACGS -GFS
AcV-1 - -HVESDMSMRRMTEVNRLNAQVERAQLKDSALLRAVESTLIEEHRIERQMQSSKPVVNVNVSLNDSQQLALVKNFPEMRLKFVPSVHSLHPMSSAVRMCFNALYSQKLGKRKYI
BVA --NVLNSDEVVNC--HNRVSGILQRTDPSKSAFTKAVEFDMINEYNIVAQQSKNRGDIFIGYPIEDEHQSMLQMSFPEFHIRFVHSSYSDHPVAASVRLMYNHLFDSLYKDVGYI
PevB  ------ DIILPQL--RATVIDQISKSKISECMYARELEQQCLRIERERAQFMQGLPKLTIPHYLESAERSKLSSAFPELNIDFKPSKFSQHTMAACVRMCFNELYASKFRDIDYV
ArPV-1 --QCNYDFTMQDL - -VQKLLLKTQPK--ADNLTFTAI - - - LNKAVEQLHDWTRRQTDVSISVCLSINQKKIVAELFPEFKISYLGVSYSSHSLFTAVRELENYCIFNRFKGKSFI
Cov-1 - -HENYDVVLDNM- - LKKIFDKCSAK - -SDNATLNNI - - - LSRCSQKLNCWFDRTPNLSLSVCLSVKQKKFFSELFPELKIDYLDKTFSSHALFTAVREASNYTYFKEMEFKNFL
Lcv --IKNIEVLFDDI--SAGIISGTQTR--SDNPLLTTI---TSHLSNEINKQCNKPKDLVIPTCMSSKQKKELCELFPEINFDFTESSYSTHALATAMRHAENYLLSKKYGFKSFV
LIYV --FRDLDLRVEEF --AERVLETANLR--SDNRLIDNI - - -LTRASDYINKKSKESKELDINVCLSMDEKKMITNLFPDIQMSFNQKSYSNHGVFNAMRACENFYFSRKFKNSDYI
GLRav-1 --ALNQEDLFEGI--VSTIANRLVLK--EGSTLVTHLDEKISELFMMKEDTLGKKNKCVVTVALSAVAKESLTRAFPELFITFLDSVSSSHSLCNAVRSCFNSLYASKYRGVPFV

GLRaV-4  WEDCNSDPLLRTA--VDSVLKRTVLK--ETSNFQTNID-NLFDKALTHTLSSTRNEKLTISQHLTAEEFELLKGYFGLPYLGNGNAPRNPHSLLNAMREVFNKLYAKTFRGVSVS
. . . . . * * *

879

1215

516

986
744
800
733
765
1090
833
580
678
662
642
639
702
964
717
1328
826
1026
510
794
590
528
496
626
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FiVvA
FivB
RLMV
RLRaVv
SCFav
cTv
BcLRaVv-1
cYLv
CNFV
MV-1
TV-1
ReV-1
BYV
GLRaVv-2
AV-1
AcV-1
BVA
PeVB
ArPV-1
Cov-1
Lcv
LIYV
GLRaVv-1
GLRaVv-4

FiVvA
FivB
RLMV
RLRaVv
SCFaVv
cTv
BcLRaVv-1
CYLV
CNFV
MV-1
TV-1
ReV-1
BYV
GLRaVv-2
AV-1
AcV-1
BVA
PeVB
ArPV-1
CoVv-1
Lcv
LIYV
GLRaVv-1
GLRaVv-4

FiVvA
FivB
RLMV
RLRaV
SCFaVv
CcTv
BcLRaVv-1
CyYLv
CNFV
MV-1
TV-1
ReV-1
BYV
GLRaVv-2
AV-1
AcV-1
BVA

Lcv
LIYV
GLRav-1
GLRav-4

FiVvA
FivB
RLMV
RLRaV
SCFaVv
CcTv
BcLRaVv-1
CYLv
CNFV
MV-1
TV-1
ReVv-1
BYV
GLRaVv-2
AV-1
AcV-1
BVA
PeVB
ArPV-1
Cov-1
Lcv
LIYV
GLRav-1
GLRav-4

DIGGDLKNHV-VRGHTHVHVCRPVVDPKDAQRREQRLQEYAFCTPT - -
DIGGCLKMHV-SKGHNSVHVCRPVYDPKDAQRREQRLLEYALIDPI -
———————————————————————————— DSQRRVLRHHAYKRLKT
DIGGCPRYHV-NSRHVSVHVCRPLMDAKDSQRRIMRHRGYDNMKL

- - -GVDDAKVFEAVKTLTACAQLAHKCDVQSKTLVSVQVYDMNLQSLCEAMILKKAKISYLTMVT 1093
--NTDDEHMLEAVKTCSSCCSLVENCDVQSKFIVAIQVYDLPLLKLCQAMINKNSTIAYITMIT 851
-D-SATPSSILSATSSLSACSNPIDVCTHKSKVMTLVQVYDIPLPVLCESMILRDTEIAYLTMIT 880
-D-SDDVSNLTAVLSTLSFCCKSVEECTHKSKTFTMVQVYDIPLLTLFEAMVLRECDITYATMIT 840
DIGGCPKHHL - SAKHVGVHVCRPVLDAKDAQRRVMRHEAYKSMIM -D-TDKLSEVVSATSELTTCARSITDCTHKSKVFTMVQVYDIPLLDLCTAMEKRDCSITFATMIT 872
DVGGCPLFHL -RAGHSGVHVCRPVYDVKDAHRRVVRHHQLSKVSL - - -DQSDGVKQVGWTVNTNSVCGNILGECYHASEAMVMVQVYDVPLRELCRAMINKKTSVCYMTMVT 1198
DVGGCPKYHL - LAGHTGVHICRPVCDLKDAQRKVLREHSIIATETLP------ HNLYDKVTVAGCGLSACSKMMSECDVKTSCMVATQVYDLSLTDMANAMQMRGAAVFFFSLIT 941
DVGGCPLHHYYFSKTKRVHVCRPVYDSKDAQRRVLRNTQLKSPLKAPLDEDGSSDAP - - - -FVPSIHTSCAKVIDQCSYSADYMVMVQVYDVPLETLCASMSKRKVSVCYLTMIT 691
DVGGCPKFHYEQTPTHRVHVCRPVLDSKDAQRRVLRNFELEKDSL - - - - - -KRNVDVGDL TSLKNNL TSCSKVVGACHHKVRSMMLVQVYDVDLYELCNAMVTNEAKVAYLTMIT 787
DIGGCPLHHYRNSKLKKVHVCRPILDSKDAQRRIIRNAEFRKPQK -HASKDVEENLYVNSLHTSCSYTISECRHTTPYMMMVQVYDVPLSTTCQSMINKGADVCYLTMIT 771
DVGGCPLYHYHNSKMKRVHVCRPVLDSKDAQRRVIRNFELKKGSK -SNNQVPEDNVYVNSMHTSCSLTISECTFETPSMMLVQVYDIPLRELCEAMIKKSVNVCHVTMVT 751
DIGGCPLYHYHNSKMKRVHVCRPVLDSKDAQRRVIRNFEFKKSGR -GSSKEPESNVYVNSLHSSCSLTVSECTHETPSMMMVQVYDIPLRELCEAMIKKNASVCHITMVT 748
DIGGCPLFHI-KRGSTDYHVCRPIYDMKDAQRRVSRELQARGLVE --NLSREQLVEAQARVSVCPHTLGNCNVKSDVLIMVQVYDASLNEIASAMVLKESKVAYLTMVT 808
DIGGCPLFHLNSKTQRRVHVCRPVLDGKDAQRRVVRDLQYSNVR - - - ---SGDDDKILEGPRNVDVCHYPLGACDRESSAMMMVQVYDASLYEICGAMIKKKSHITYLTMVT 1070
DVGGSPYYHQRNGREYEVHVCRPVYDFKDAQRKVCREHSMRKFCD - - - - - - -~ SLSFAEKQKLSANMSICGKVMGECTHPSKALMMVQVYDASTVEVAAAMHAKGADVAYITMVT 824
DIGGDLKYHV-MKGN-DVHICNPILDPKDGVRYVNRVCEW--- -~ -NLAKVHDLNSMVVGSKKVSCCYTPAQNCDVSCSTAVAVEVYDISMTEMASIMAKRSIDRVYLTMLY 1432
DIGGDLRYHI-NNGHGDVHVCTPLIDAKDASRAVIRKLSWKGEPK ---TPLVNLALASETKRTFCYKDASLCDVSKDVAVMVEVYDVPFIKACSIMSCRGISMLHLALCA 932
DVGGDLIYHS-MKGHVNVHICNPVEDFKDASRCAKRMQTWMS - - -ATPGTAVASTSLSAPLRCCYSRAEVCDAMAPVITAVEVYDISVHLMAEIMHKKGAHVAYVTMVL 1131
DFGGNVLSHY -RMGCKDTHICCPIVDIKDSARAIDR TLQLNNTVLHDVGITLCDKLAQKCNAQADRGCMVEVYDMSFVDIAEAMISHGIKQFFFYICA 607
DIGGNLFTHV-RAGTTDVHICTPCVDVRDSKRHMDV ---ALSLDRKLGEFDSYDICTNKAQDCHVSYDRAIAVEVYDMSLADMADAMIAHDCKRLNFSLLL 891
DAGGDITHYL-HKTVEDVHVCSPVVDLKDAHRHMTR - - - -SNKLDRMTGMCEKVDMCEHLTQECNVERPNIIAVEVYDMTLEDFARALRSHKAKRVDFTMIT 687
DAGGDVVSTL -RSKNHNVHICSPRLDLKDAARHIQR--------- --ATVIDGLKGYGETISFCTNKTEDCAVNRDIIIAVEVYDMTLRDMAKAMLSHGSRKFEFSCII 625
DIGGSVAYHV-RNGDKDCHCCNPVLDYKDCRRREEECLRLATAEEKVM --TVESVLKKEAAKNITYCQMDTRFCDHKAPVGFMVDVYDLDVFELAQALEKKDIKIFELCLMF 605
DIGGNLSTAV-FSDCSNTHICMPILDAKDAARQTRSAIALFNSLDRKI---EGEFLLAKRLQTLNNISFCHDAVPKCAVKSTAIVMVDVYDMHLKLLIKAMEKKGALIARCCFMF 737
* % * .

* koK

PGELIDKRENFYLPLLECEVSVDAANDVVNYAFGSSV--YSHRLSAVVEYM-KRPFVVIGHNLFTIEMFSIRCDVNYYKITRS - - -EYCPQLSGVKILRYKRADSGITRIRLPVF 1202
PGELIDLRRNFLIPTLECEVAVNPAMNSISYAFGSSV--YTHQLSTITEYM-KTPYVVIAENLFSIEMICVRCEVNYYKIVRS - --QYCPRLSGVKTLRYKRADSGITRVRLPVF 960
PGEIVDKRLAFLVPQLNCEVEIKPQEDLLLYKFSSST--FSHSLSVVLSYM-NTPCYVSGGYFFSVEMFSARCGVNYYVVTKS - - -DVCPKNSFTRRLRFKRCDPDVTRVKIPRY 989
PGEILDGRTQFYVEDLECEIKINEGEDRLVYAFPGSV--YTHSLKTVLGYM-KNPLTVYKDYLFSVEMTSLRSSVNLYVITKS - - -SVYPDIRQTKLVRFRRCETDVVRVKIPNY 949
PGEILDGRSHFSVESLNLEIEISSDEDLIVYRFAGSC--YSHSLKTVKGYM-TTPYLKLGKYLFCVEMNSLRNSVNHYVITKS - - -EVSPLIRGPRHLRFRRAEHGITRVKIPKY 981
PGELLDARESFFIKDLDCSVELDPIADRVVYCFNNSA--YTHTYSTICECM-RTPCLVVDGFLFTIEMVSLRCSVNYYCITKS---SVCPRISETKRLRYRRCDSDLIRIKIPRY 1307
PGEFLTDRDAFRLSALEVDIIVSREDDRVTYVFGHTT--YSHSLSNLLTFM-QTSHFRLGSDLFSVEMYEVRCGVNFYQMTRS - - -SRCPKYEGSHLLRFPYADPGVTKVKIPRF 1050
PGEILDRREAFHHGVLNCDITLDVGSDTITYKFGSSC--YTHTLSTITQYM-TTPVYSYENNLYSIEMTGERCGVNYYVITRS - - -EVSPAIDCQKVIRYRRCCEGLVRAKLPKF 800
PGEILDMREAFRCDIINCDIELDSHKNILTYKFGSSC--YTHSLSTVRKYM-TSPVVVIGQYLFSIEMTGVRCRCELLRDNRSP - -EVAPMIRTDKVIRFRRCCQDITKITLPRF 897
PGEILDRRECFHHDVIGCDISIDIHRDSIVYKFGSSC--YTHDLSLVTEYM-KTPVYVLGGYLFSIEMVEVRCGVNYYVITKS - - -DVSPTIDCSKTLRYPRCCLELVKVKLPRF 880
PGEILDKRECFHHDLLGCDITIDIHEDSITYKFGSSC--YTHDLSVILGYM-TTPVVVVDNYLFSVEMVEIRCGVNYYVITRS - - -DVCPSMDCGKTVRFQRCCMDLVKVKLPRF 860
PGEILDKRECFHHDLLGCDISIDVHGDSITYKFGASC--YTHDLSVILSYM-TTPVLLLNNHLFSVEMVEVRCGVNYYVVTRS - - -DVCPAMDCEKTIRFQRCCLDLVKVKLPRF 857
PGELLDEREAFAIDALGCDVVVDTRRDMVQYKFGSSC--YCHKLSNIKSIM-LTPAFTFSGNLFSVEMYENRMGVNYYKITRS - - -AYSPEIRGVKTLRYRRACTEVVQVKLPRF 917
PGEFLDGRECVYMESLDCEIEVDVHADVVMYKFGSSC- -YSHKLSVIKDIM-TTPYLMLGGFLFSVEMYEVRMGVNYFKITKS - - -EVSPSVSCTKLLRYRRANSDVVKVKLPRF 1179
PGELFDDRSVFLVEDLDCEVSME - -GDRITYKFGSSC--YTHSLSNLRNWM-RTVYLIDYGCLFSFEMYETRMSVNYYKVTKS - - -SYSPSINSVRWLRYKRVGSDTVKVKLPRF 931
PGELFDANSVT-VCVPEHDIAISQEGDNLIYNMPAGQ-SYCHDRSSVLSYI-TNPYMLHGNQLFHSEMVGHRCGVCEFRVTRV---PVYPAIDTIIHITIPRATSGLVELHLPNI 1541
PGELIDDHIKV-IDVPHLSLRIEKVGDRVHYSYGAGV-AYQHDIADIQSWM-KATTMTIGDDHFFCELLGVRAGISEYRVTRS - - -KNQVSSGTTKVISIPNAYQGHVLVKLPSL 1041
PGELIAMKDGS -CYCSALGVEIRMKGDDVLFNYNGGL -GYTHKRQVMESWF -RYPCFVHNQCMYTVEMISNRLGVSEITVTRA- - -PFYPKVDCTLLVSVPMIEKDMTVLYLPEY 1240
PGELLSDFDT--INLYNGACTIVRTGDRVTYYYGGSTEGYTHNLTKLRELM-SRHFIKINGHCFRKTLELSRGPFQLFSIVLV---PSIPAGTYNFTTRIANHQVSKILVKVPVT 716
PGELLEDFST--IYLFDQSCKITKDGGVVSYYYGNSAESYDHSLEKLRDIM-INQVVIRSGKIFKKTLEKSRGPFRYYPLVLC---STMPSGIQKFKSLYDCYQSNKVIVKVPIS 1000
PPEIYDEDCD- -VSLFDDTVNVKCEGNIVKYTYGDSGEVYSHNRDNLKQIL -ATQIFEVDGVIYKKTLENSRKQLHFYSVVPC- - -SDMMNGSYVTESHYSRSEMDKLCIRVPVE 796
PPEIFTKECN--VELYEGRLKVTRIGDNVEYYYGSNGETFSHSCQTLKDIL -SVQVFQFGGRVFKKTLEHSRGQLHFFSICIC---EKIEPGSVKLKTYYQRSELDKVTLRIPVK 734
PIELTARDGS--LTIPELGVEVVRKGDVIMYTVGGVGDAYTHSVQKIISFFGSNVVQLPSGSAFSVEYVGYRLGYHQFSLCVI - -DTAHASYNLTR - -KVSTTFKGHSLVMIPEL 714
PPELLNIDGI--VVHPETSVVVTRSGQTVSYNIANTADSYTHNLENVMSFLKTSSLRSDTGFLYSVELVNQNGPYMDFQIALSRGTSTKPGLR- -~~~ SFQAWLKNKSEVIVQKL 845
* % . . s . . . .

* .

DAKLKTC-SHRCNYIYLETKFVSQVYEYIVNTCTQINSKTFEWAWNYVKCSKSRVVISGKVIHRDVTIPLEHMEAFVAVMLAAGVKARMSAEYFSKKL -AVISGDATYAQMIKYA 1315
DAKLKTC-TNKNEYIYVETKFISQVYEYIVNTCSQINSKTFEWAWNYVKCSKSRVVISGKVIHRDVSIPLANMEAFVAVMLAAGVRARLSAEYFSKKL -AFISGDASYYDMIKYA 1073
NVKTKTC-LPGCDYLYLDSKFVSKVFEHVVNTCTVVNAKTFEWTWTYIKSSKSRVVISGKVVHRDVPIDIKYLDGFAAVMLAAGVKSRQGAEFFSRRL-ALYTGDASYYQMLEFA 1102
CAKTRVC-KPGHKYLYLDSKFVMRVLGHIMNTCTVVNSKTFEWAFTFTKAATSRVVVSGKVVYKDVALGIENLDGFVAVMLAAGVRSRQNSEYFSKKL -ALYTGDASCFQLVLFA 1062
CSKTRVC-LPGCDIVYLDTKYVSRVYEYIMNTCSVINQKTFEWAFNFAKSAKSRVVISGKITHREINLPMKYVDGFTAVMLAAGVKAKQNAEFFSKRL -SLYSGDASYLQLVMFA 1094
SSKTRSC-LPGCYYLYLDAKFVSRVYEYVVNNCVVVNAKTFEWTWNYIKSCKSRVVISGKITHRDEPIALEYLDGFSAVMLSAGVKGRQNAD -VSRRL-AAFSGETSIFELVGFA 1419
DRQSRCC-LPGADYLYLDADFVEKIYLFTVNACQNVNSKTFDYVWNHIKNAKARLVISGKIVRRDVSLDISEIESFAAVMLAAGVRSRLTAECFSKKI -SLAVNEMSISSMLKYA 1163
CKKTRKC-LPGVDYVFVDADFVERIHQYVIGNCSVVNSKTFEWTWNYVKSSKSRVVISGKMIQRDVSISLDQMEPMVVVMLAAGVRSRQASEYLAKNV -ALYTGGASILDVLLFS 913
CKKTRRC-LPGVETIYVDSKFVNRVHEYIVGNCNTINSKTFEWAWNFVKSSKSRVVISGKITHRDVSIGMEHLEQFVVVMLAAGVRSRSTSEHLAKNV -ALFAGESSLLDVAKFA 1010
CKKTRKC-LPGIDLIYVDRKFVERVYEYVVGNCSVINSKTFEWTWNFVKTSKSRVVISGKITHRDVSINLDNLEQFVVVMLAAGVRSRMSSEYLAKNV -SMFAGDASFSEIVRFT 993
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---LISTSEFEVGFANQRLVKMEAMLETTLMLPTAD
--CFTTDDFSIGYTNNRLFALEG-EHLDKTYLSSD
- -VVCSDEMMGMFSNKRCLALESILKTSQEKIKTM

ASVKLLVYEAPPGGGKTHTLLDIFIEKSL - - --KHHILVLTANKNSSSEIRKKVVSRCEEK - -KKDAKGQVPNATVLSRRVMTVDSYLINK - - -YAQKCEVLFIDECFMVHAGAT
IDVELLVYEAPPGGGKTYTLLEVFLAKIK----KLDIFVLTANRNSSDEIKKKVVKNA-DK--KLFSPDQVKR - - -LQSRVMTVDSYLINK - - -YNRKCQVLFIDECFMVHAGAL

ESVKIRVYEAPPGGGKTYALVESFCNMVP - - - -KRSVVVVTANKNSQIEISKRVKNLLVAN- - - - - NWKYHDAAATIVKESVFTVDSYLMHH - - -AYTKSHVVLIDECFMVHAGAV
AEASVRVFEAPPGGGKTYALVDTYVSLKKD - -GKKSVVVITANKNSQEEIVSRCVKTFCER- - -- - GVEYVNAQRLS -MTIYTVDAYLMHH- - -TSVRSEVLLVDECFMIHNGAV
CDIRIRVYEAPPGGGKTYALVQTYCRMIK - - - -KKSVIVITANKESQLEIVRRAKSELKGNLKEGENLSLGDLKKLT-STIYTVDSYLMHH- - - INVKGDIMLVDECFMMHAGAV
EEHSLIVYEAPPGGGKTHSLVNSYADYCV- - - -KVSCLVVTANKNSQTEISQRISNELMGRK - - - - - - LAAKYVTDAASRVFTVDSYLMNH- - - LRLTTQLLFIDECFMVHAGAL
SEVSLRLYEAPPGGGKTHTLIDLFSKCYA- - - -VVNALVLTANKNSQIEISEKVMWKIKGL----- NMGQNEEILSVQPYVCTIDSYLMHS - - -PERKCEILFVDECFMVHAGEV
SNVCIMLYEAPPGGGKTTSLIDLYFSYTG- - - -DFKCLIVTANKNSQIDIKNKVNKRAEKR - -KAKSGEQASKAKGSGKDVMTIDSYLMNY - - - FSSKCDILFVDECFMVHAGQV
TNVDIKLYEAPPGGGKTHTLIQLYLMYSA- - - -KCRVIVVTANKNSQVDILNKLKNSTDL-=--====--~ PTSVKPDC-DVFTLDSYLMNH- - -LNERCTVLMVDECFMVHSGQV
EDVTIKLFEAPPGGGKTTTLIELYIERRE----KHKTFIVTANKNSQVEISDRVARKLAD -~ - ===~~~ SEVPFDKRSVMTMDSY LMNR - - -CGETCDLLFMDECFMVHAGQV

TDVEIKLFEAPPGGGKTTSLIELYMERRE - - - -RTKTFVVTANKNSQVEITNRISNELDE -
LDVEIKLFEAPPGGGKTTSLIELYLERRV----DFKTFIVTANKNSQVEITERVSKLIDS - -
LSANVLLYEAPPGGGKTTTLIKVFCETFS----KVNSLILTANKSSREEILAKVNRIVLDEG

-DSPPFDKKDIMTMDSYLMNR - - -CGESCELLFIDECFMVHAGEV
-DSPAFDKKSVMTMDSYLMNR - - -CGDTCDILFVDECFMVHAGEV
---DTPLQTRDRILTIDSYLMNN---RGLTCKVLYLDECFMVHAGAA

SSVDILLYEAPPGGGKTTTLIDSFLKVFKK--GEVSTMILTANKSSQVEILKKVEKEVSNIE----- CQKRKDKRSPKKSIYTIDAYLMHH- - -RGCDADVLFIDECFMVHAGSV
PVV-CMLYEAPPGGGKTTSLVQLLVQTVRS - -G-TAVLALSANKLSREEIVKKVNSEFDNL - -DMNIK-------- AEELVFTMDSYMMNH- - -RGMECTLLLLDECYMVHAGLM
YLNDLVVVETPPGGGKTTQLVALFFNLWMK - - -GVAVRVVTANKNSAEEIRRKASALALHFK -VVEQRYIPKLRQLLDDMVRTADSTIMNV - - -VSAKTQVLLVDEIFLMHLGQL
TKLKAAIYESPPGGGKTQALVDVYVKFEK - - - -RVKVLVATANAHSPKDIATRVLKVTGKKV - - - - - - - DDASVDAICRRVRTFDSLVING---MP-DCDLLLVDKAFLVHAGQI

TVKAIRVVETPPGGGKTTEIVCLVVSMMRR - - -GIKFLCCTANKNSCTEIRKRAIGRYLNLV-PSNKAVVVQACRTLNDSVRTMDSF LMAG - - -EERSVAVLLLDEVFMVHSGQV
SVAELVAFNQPPGSGKTTNIAQHMVEAMRK - - -NRLCLAVTATKVGCSELRNMLSKLLKVSR -VNNVHTIDSFVLHG---QRRTVDLLLIDECYMAHSGQL
ILSKITLINKPPGSGKTRAIVNTMVKLIDN---KQSVLALSVTRVGKDEIVEK-SRAHGINR -~ -TDCVNTVDGFIMRN---VKYCVSKLLIDECFMAHCGSI
RSKDIVFYNKPPGAGKTTSIVAAMAEDVKN - - -GIVSVALTHTSNGKKEIISKLKAKGVSAA - - -QKMVYTYDSVLMND - - -TESTVDKVYCDEIFMVHAGEW
DVNGLKFYNKPPGAGKTTTIAKLMSKDLKN- - -KVKCLALSYTKVGRLELIDKLKKDGIEKP - - -EKYVKTYDSFLMNND- -NILEIVNLYCDEVFMMHAGHF
KNVRLSAVNSPPGGGKTTRLVDEYFGR--- - - - KKRAKIATANTGSAADINSAIRAREGKKE - - TDLVAKTANSWIVNSR--PRPNSHVGLIDEVYMLHKGMF
AIVGCKFINAVPGAGKTHEIKLLMKSHAQNKFTKGLMIVLTSSRNAAESLNTYWEDELNDKR --VLVMTVDSFVFSGGKFSSREVESVLLDECYMSHAGLC
oKk Kk . . * . . e .. % X

LTCLSATKCRAAVFFGDSKQIHYIHRNDYGNSTA-------- NQHDIDLFLHPDCRLPGTVSYRCPNDVCLWLAK - -
LTCLEATGCKAAVFFGDSRQIHYIHRNDYGNSLE - -TMYDLDKFIKDSCKMPGLNSYRCPNDVCLWLSK -
CAVLTFTGASLAVLYGDSRQIHYIHRNDLGLSL-- -LHDINNFLSDDSRVYGNVSYRCPWDVCAWLSE -
AATINFTGAKKCAFYGDSRQIHYIHRNELGISE---------- YHDLNMFIPDTSRVYGEVSYRCPWDVCEWLST - -
TAAFQFSQCKKAALYGDSRQIHYIQRNDLGCSL--=--=------ LHDINDFLSDEVRVYGDVSFRCPWDVCEWLSL - -
GAVVEFTSCKAVVFFGDSKQIHYIHRNDLGVSF - - -VADIDAFIQPEHRIYGEVSYRCPWDICEWLSE -
LAALEFTKCKVALLFGDSRQIHYIHRGELEASR-- -FSDLNNYIDGSGRIYGNKSYRCPWDVCEWLSK -
LATIINASQCRRCILFGDSRQIHFIQRNETCSSF -~ -YGGLNSFIPPSARVYGEISYRCPWDVCQWLSK-
LMCINSTVCNVAVLYGDTRQIHYIERCELIKPK---------- YSDLENFVRPECRTYGHVSFRCPWDVCCWLSE - -
LGIINKTMCKVAILFGDSKQIHYIERDEFVSTV-=--------- YHDIDSFIEPFCRMYGEISYRCPWDVCEWLSK--
LATINKTMCKVAILFGDSKQIHYIERDELVKTT-- -YHDIDSFIEPFCRVYGEVSYRCPWDVCEWLSR-
LAIINKTMCKVAILFGDSKQIHYIERDELVSTI-- -YHDIDGFIQDFCRVYGEVSYRCPWDVCEWLSK -
VACIEFTKCDSAILFGDSRQIRYGRCSELDTAV-- -LSDLNRFVDDESRVYGEVSYRCPWDVCAWLST -
LACIEFTRCHKVMIFGDSRQIHYIERNDLDKCL -~ -YGDLDRFVDLQCRVYGNVSYRCPWDVCAWLST -
VACIEFSSCSVSVLFGDSRQIHFIDRSELVKPE-- -YSDVDHVFCGMERVYGTTSYRCPWDVCAWLST -
ILNFEILKPMYVIGYGDSKQISYIPRTDLYCPV-- -YHNVMDIIDEGRIIYRSESYRCPKDVCFLLSE-
LHVINKTMCKAVVLFGDSKQIKFINRQRLLSLV-- -HGDIDNFINRSNRFYTDVTYRCPHDTSLWLTA- -VYGRVITSKAP-KNILS-SMTMKLINSISDV
LNVFTRVRCERIIGYGDSNQIGFISRTDHALNK - - -YSHIGEMIPEVCQEYRTVSYRCPKDVCELLSV-- --IYKRNIFNPYY-KASS--SVSIKEISCVEDV
CYLLANVTAMQIEFFGDRNQIPYTCRIDDFVAR-- -HAS - -SLFKYVKIVDDDKSYRCPADVCYLLSQLCDDQ-GNRLYSKGVYAAKN-PRLR--TMNVKEINGIADI
VHILKNVTFDSCDMYGDINQIPYICRIPHINVE-- -YSK--TLFEMVSVEHDNSTYRCPLDVCYTLSQITDAM-GRKIYKGGVYSKLN-TKVR--SMNCVGIHAFEET
LAVMSLYKTNFIRCYGDRNQIPFINRVAHTVCR-- -HHK--DIYLTFKTIDDNISYRCPVDICYLLSTLTDEA-GNLLYPNGVYPAGD-NRNVFRSVEVEGITGIHDI
LTLLTKIAYQNGYCYGDVNQIPFINRDPYTPAY - - ----LSR--EFFRKQDLNYDTYTYRCPLDTCYLLSNLKDEM-GNIIYAGGVKNVNE-VYPTIRSLNLFGINVVGEV
QLTVVAMGVKEVIAYGDKNQIPFINREKTFVTP----- NEAVEFAE--ELIE----- YTDISYRCPADVCYVLSSMTDMR -GAKLYPNGVFPNGD-TRPLR-SFEKVPIATPEDA
ILISAITNPSSLSFYGDRRQVPFVNRNPIFRDTVGMLNIKRGDYSE --KLL---------- TYRCPADICYWMSTIDFLKPGARLYSGKVTTVKD-KRPLK-SVKVTPFSPNQLD
SkE k. . . * . .

cokkk ok

EYKHDVVSKNKFVEPDVKTMSIVEIDCSEDV
-EYGHKIESKNKYVDPESKTMSITEIDEVGDV
-IYPTRIQSMNE -KSAGTSSMSVTEISCVEDV
FYPRHVKSMAR -DSVGKSSMSVSEITNESDV
TYPVHIRSTNE -DSVGKSSMRVVCINSVEEV
-FYPRHVATANV-GSIGKSSVSIEEINGCDDV
-QYENKISSVAH-NTVGESSCSVKLVECEEDL
-VYKNAIKSNNI -ESLGKSSVAIREIEGLDSV
VYSSKIMTVKA-SSVGKSSVTVVPTSAVEDV
LYKRQIKSNNT-SSIGKQSVSVVNIESVEDV
-LYNRKIKSHNQ-ESVGRTTVKVETVESVDDI
-VYDRRIASNNR-ESVGRSSVRIAPIESVDDV
-FYPKTVATTNL -VSAGQSSMQVREIESVDDV
-VYGNLIATVKG-ESEGKSSMRINEINSVDDL
-FYPKKIASVNE -GSEGKSSMDIVPIDNCDDV
-LYGRSIEARVN-NRTD--TMSVASISSIEDV

2466
2202
2335
2276
2303
2618
2359
1952
1974
2036
1998
1993
2154
2458
2124
2687
2572
2655
1660
1972
1592
1475
1795
1940

2555
2291
2422
2366
2390
2704
2450
2037
2061
2126
2086
2081
2239
2542
2209
2776
2661
2747
1747
2059
1681
1563
1888
2026

2661
2393
2525
2470
2497
2806
2553
2143
2158
2223
2183
2178
2338
2647
2307
2884
2761
2855
1841
2152
1775
1658
1981
2125

2759
2491
2620
2565
2592
2901
2648
2238
2253
2318
2278
2273
2433
2742
2402
2977
2855
2948
1940
2251
1876
1759
2081
2226
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FiVA PLEEDVKYLTFTQSEKRELQNVLDKK - -SKITKSAPVVVNTVHEVQGDTFKQVRLVRTKYQEEGPFSSKNHITIVALSRHTHGLKYMVLRGRLYDDTASCVRLAQTLCA----EYK 2868
FivB KYVEGVKYLTYTQSEKRDLQNALIKK - -HNDKLTKPPVVNTVHEVQGDTFEKVFLVRCKYQEEGPFSSKNHITIVALSRHTHELKYNVIRGRSYDDTASCIRLAQTLCD - EFR 2600
RLMV PLDQKFKYITYTQGEKRDLSKHLAVR-ATASNCKKVPEVNTVHEVQGDTFAHVCLVRFKYQDDSPFSSQNHITIVALSRHTDSLVYHVLSTRRYDDTSSATAKSKLIVA- KFK 2730
RLRaV PERPGFKYITFTQAEKRDLQKKFDLS- - - - - - -RFKTVVQTVHEVQGETYSNVALVRTKFQDEAPFTSLNHITVALSRHTDSLTYYHLGQKKFDEINGHINNARRIVE - NFK 2669
SCFav PVDQDHVYLTYTQDEKRDVRKHLLKS - --VTDCPVVLTVHEAQGATYKYVNLVRVKFQENTPFSSYNHINVALSRHTDHLVYYVLVNRSMDDTASAITRTKKLVD - RFR 2697
cTv PYDKAAKYIVYTQAEKNDLQKHLGRL - - TVGRNKVVPIVNTVHEVQGETYKRVRLVRFKYQEDTPFSSKNHIVVALTRHVDSLVYSVLTSRRYDDTATNIDRAKEIFD - KFR 3010
BcLRaV-1 EISPHTKYLTYTQEEKHRVQAYLNKR- -HLKSEVNTVHEVQGETYTKVDLVRFKFQEDAPFSSMNHIVVALSRHTRSLVYNVLGARSTDRTCVEIEKMKKICE - EFR 2752
CYLv PILSGVKYVTFTQGEKSELERFLKPK- -LPKVEVNTVHEVQGETFSRVALVRTKYQEDTPFVSENHIIVALSRHVESLHYYVLSSRCFDDTSRAIKEMMEISE - KYK 2342
CNFV PIDSSSKYVTFTQSEKQELQKLVDRTL GCGVSVVNTVHEVQGETLKESSWFVISFKKIHPLLSQNHVIVALSRHVESLHYYVNNARIYDDTSRAIGRMHDIAE - KFA 2359
MV-1 PFVQSIKYLTYTQSEKAELRRKFEKF - -SSEPSVNTVHEAQGETFKNVYLVRTKFQEDAPFVSENHVIVALSRHVESLHYYVISARCYDDTASAISTMLDISE - KYR 2422
TV-1 PHFEDVKYLTYTQSEKSDVHRKFSRE - -KKVVNVNTVHEAQGETFRRVALVRTKFQEDAPFVSVNHIIVALSRHVESLTYYVLSSRVYDDTSSAINTMLDIAE - KYR 2382
ReV-1 PYTEGAKYLTYTQSEKSDISRRFSRE- -KKRVDVSTVHEAQGETFKRVILVRSKFQEDAPFVSLNHIVVALSRHVESLCYHVLSSRVYDDTSAAINTMLDIAE - KFR 2377
BYV EYSSEFVYLTMLQSEKKDLLKSFGKR - - -SRSSVEKPTVLTVHEAQGETYRKVNLVRTKFQEDDPFRSENHITVALSRHVESLTYSVLSSKRDDATAQAIVKAKQLVD - AYR 2541
GLRaV-2  VPDMGSTYLCMLQSEKLEISKHFIRK- --GLTKLNVLTVHEAQGETYARVNLVRLKFQEDEPFKSIRHITVALSRHTDSLTYSVLAARRGDATCDAIQKAAELVN - KFR 2847
AV-1 QVLPDAKYVTYLQSEKIELQRALAKR- -GYRGEVNTVHEVQGETFRSVCLVRTKFQEDEPFKSDRHITVALSRHTHSLKYFVLSSKSNDMTSECILRAKHLVD----QFR 2506
AcV-1 PVVEDAKYLTYTQGEKYELSNTLRRK - - -GRRSLPYLDPQTVHEAQGNTYKKVILVRSKPQDDSVFSSVQHHTVALSRHTDSLIYYCISSKYNDDTASKIERSKVLSSINMNEIN 3089
BVA THNANCQYMVYTQGEKNDLLRELRSRD --PDQHFNVNTVHECQGGTYDHVILVRTKVQDDSVFSSEAHNIVALSRHTESLEYDVAVSKAGDTTSENIKVAESMIK----TLK 2961
PeVB PMVNGFKYLVQTQAEKLELLKKVKMQ- GNIEPKYFPQTVHEAQGDTHDHVYLVRTKPNDDEPFVSDAHNVVAISRHTRSLTYFVIRSKTDDIMSFMIRKCVELQEMADAMVD 3059
ArPV-1 EFDKDTTYITYTQAAKAELNNAFNID- -TVRTVNEIQGATRPHITLVRLDNFENPLYRDTHQFVTAISRHTETFTYLTTPVNVNDTVGGAINSLTTIAD- 2037
Cov-1 PFKNGDIVMTFTQNEKNEIEKFNKTL - --FVKTINEIQGATYKDVKLVRSKVYADEIYDNVNQIVTAISRHTDSLTYYTPYSCLNDKVSTMIKDTRNVND - 2348
Lcv TFDSQSKCISFTRPEREEIDAAFQRS- GVQGLSVQTVHEVQGGTFPSVNLHRLRKYDNPLYENINQFVVSISRHTERMKYRVITDKMFDRIGERISALYNVQD - 1978
LIYV PVEYNAKYLTFTQDEKLNLQRHIDSQ- --GGCRNAVSTVNEAQGCTFSEVNLVRLVQFDNPVMSDINQFVVAISRHTTTFKYFTPHSRLNDRVSNAISSLQSVSD- 1861
GLRav-1 LLYEADVYLTMTQNEKAEMQRVVAKM- - ETAAGKKRPDVLTTHEAQGKTYGDVVLVRLKKADDPIFSRKPHIVVALSRHTRSMKYAVLSSKMSDTISKLID-- - -~ 2180
GLRaV-4  FMKSVDRVMTFTQMEKTDLISKFQIA-GFGNKEEATNLIGTVAESQGETYARVALVRTKAADDPVFGSFPHRLVALTRHTVSLQFVCLPNKMSKGIGSDCKMIEKLEA------~ 2333

. oL * ok k% K . sk .

FiVA NNFYG-ESSDMSWDMESYPE - - - - -GNKGAKAVSSPYQSINSFLETVVGGSTQIELGDMSLEMSSQPFESSVDGVTIQEGNT -GRRSATHGVQRV - 2956
FivB -NFKNAKAVSSPFQSINNFLEEVIPGTTQISLGNLSAELNTQPFECTVDGVVIQDSNS -GRNNAAPGIQRV - 2688
RLMV -KPGECKAASSPYQCITQFLEDAVPGSTVVDFGDTSLEMSEQPFESGADNVTIKETTS-RDSGSVQDPRRV == === === ccmm e oo 2819
RLRaV -QSGECKAASAPYEVISLFLNDVIPGSATVDLGDLSEELSHTPFESGCDDVVIRESSADTRGTSAQAPHRVRLCEESSDTEEAPIAPREPA 2779
SCFav -GKEECKAVSTPYQCINDFLEDVVVGSTTLDFGDMSSELSDQPFECGVDGVIIREGNNLRNNGVAQNPARV - 2787
cTv -EYKGSKASSAPISCINEFLNEVVVGSSVVQLGDVSEELSSRPFESGCDNVTV - == == == =cmmmmmmmma 3082
BcLRaV-1 KNPY--TNTSHSYSISGITPAP---DHNKSKPCSAPIEIINYWLDDVLPGCGFGDMGDPSDEMRSSPFECGVDNVVVTDAAP - - -KESVSTQQRV - 2839
CYLv TLPNYFSGSSIQMEVTGEPV- - - - -DNSSCKALSAPLQSLNDFLEEIVPGSTSINFGDPSAEMSVSPFECAVDGVTIHAGDN -GSRLHDHDPARV - 2431
CNFV TLAKNFESSYITMDVKGVHE - - - - -DNSRCKALSAPFDSINAFLEEVVVGSTTVNLDDISSDLSSSPFESGADDVTLRESSV-NTFVSDHTEQRA- 2448
MV-1 TMPRSFETSSISMEVSGESP - - - - -DDSRCKALSAPHDSINSFLNEILEGSNSINFGDLSAEMSSQPFDCGVDGITVREASD - EKVYDDHTNRRV - 2511
TV-1 TAPRSFESSIIEMNVSGDHP - - - - -DESRCKALSAPQDSINSFLNDVLGGSNTLNFGDLSAEMSSQPFDSGVDGVVIREAGN - EKIYDDHANQRV - 2471
ReV-1 TMPRSFETSSISVDIVGEYP- - - --DDSRCKALSSPLDSINSFLNDVLPGSNAINFGDLSAEMSSQPFDSGVDGIVIRDAGN - EKVYDDHTNQRV - 2466
BYV VYPTSFGGSTLDVSVNPSTS - - - - -DRSKCKASSAPYEVINSFLESVVPGTTSVDFGDVSEEMGTQVFESGADNVVIRDSAP -VNKSTDHDPQRV - 2630
GLRaV-2  VFPTSFGGSVINLNVKKDVE-----DNSRCKASSAPLSVINDFLNEVNPGTAVIDFGDLSADFSTGPFECGASGIVVRDNIS -SSSITDHDKQRV - 2936
AV-1 IHPTSFEGSTLKLYVDESAV- - - - -DNSTCKAHSSPIGVINDFLEDVIPGSTSISFGDPSAEMSNEVFESGADDVVIQDCSG - LDKGSAHGEQRV - - - - - - - - 2595
AcV-1 EQP--IIGAEYECSGGNPAA------- SCSRAGAMGWQAIVSFLDEVVPGSTVLTLNDISEALSTSEFESCVDKIRIGENMTVGKQPLHSNCQRVWRNKVTGCSR - 3185
BVA QS----NCDSLGEFYERYPEKLNFLDRKKIPVSSAPILTINDFLESVVPGSTTFEFGDMSKDMASSNVTSCVDNIRINTGVS - -PNVTGESTQFV - - 3050
PeVB KSPENLVGEEEDISSEREMS - - - -FRDKISPVGSAPYTAIVEFINEVVPGSTSVVLGDMSQALNTSEFISDASGVTISAGKV - 3149
F e B CVIAQFGF- ---KQCV-- 2049
Cov-1 - -FIISQFYF- -KQRV- 2360
Lcv - -YIIKEHMF- -KQRV- 1990
LIYV S e e e e e e e e e e e e e e e e e e e e e —eme—-e---e FVLK-==---cmmmmmmmem e 1865
GLRav-1 - GTYAGKVSDVLLQQLQR- -NDRFRV- 2204
GLRAV =4 = mmmmmmmm e e e eeeeeeoe—e-e-o- SVAKTFWQ--=--=-===-====-~ HHV---memmmm e o 2345
FiVA -- 2956

FivB -- 2688

RLMV -- 2819

RLRaV VL 2781

SCFaV -- 2787

CcTv -- 3082

BcLRav-1 -- 2839

CyYLv -- 2431

CNFV -- 2448

MV-1 -- 2511

TV-1 -- 2471

ReV-1 -- 2466

BYV -- 2630

GLRaVv-2 -- 2936

AV-1 -- 2595

AcV-1 -- 3185

BVA -- 3050

PeVB -- 3149

ArPV-1 -- 2049

Cov-1 -- 2360

Lcv -- 1990

LIYV -- 1865

GLRav-1 -- 2204

GLRav-4 -- 2345
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Fig. S1b. Alignment of RNA-dependent RNA polymerase (RdRp) (ORF1b) sequences of FiVA, FiVB, and related viruses
RdRp domain sequences used for the phylogenetic analysis are marked in yellow

FiVA SWVRSQAIPPRKSSLQENLYSYESRNYNFLKTGRISSEKEFGKGLAACVVERAFDPEACAKAQREVLTLSVNAMAKWLQKRSGEKKMGL IKEFSTP -HEMELDINRFKLMVKADA 114
FiVB SLIRSQAIPPRIESLQENLLSFESRNYNFLKTGRISSESHFGKGLANHVVVRAFDPERYALARRE ILTLSVNSLAKWLQKRSGEKKLNLVSEMASP -RDLENDINRFKLMVKADA 114
RLMV SYIRSQAIPPRRPSLQENLLSYESRNFNFIKCERFSSPKLFGAAMASNLLLKLFDAEKLAEVRQSVISISEANIAKWLLKRDASQVKALMTDLDRD - FDIMDDISRFKLMVKRDA 114
RLRaV GFVRSQAIPKRLPSLQENLLSYESRNYNFLKSERHCDPKVFGEAMAMAVLKKCFNLEKFATLRDEVIGVSELATAQWAAKRDENQLRNVFRDFERRHLDIGADVSNFSLMVKRDA 115
cTv GVVRSQAIPPRKASLQENLLSYESRNYNFIKTERFVGPSEFGRAMAAAVIERCFKMEEMAKIRCDIISLTEANILKWLDKRTPCQIKAVHGELKLP - FSVEEQISNFKLMVKRDA 114
SCFav SYVRSQAIPDRKASLQENLYSFESRNYNFLDCERFSSPKQFGIAMAMAVLKSCFNLEKFSTLKDDLIAISEKNILKWLKKRDESSCKALMKDIEKP - FDLETEISNFKLMVKKEA 114
cyLV SIVRSQAIPQRKPSLQENLYSYESRNYNFLKCDRFSSPEIFGKAMATSVLRKCLDAQKLAEVKKE TIAFSQSALLKWMSKRDTSQLKSLQAEFGKP-LQLDTATHYFKLMVKRDA 114
CNFV SVIRSQAIPPRRPSLQENIYSYEARNYNFLKCDRLSSPEVYGRAMARNLIDRCVNPEAFLKATENTIAFSKMSLLQWLNKREPSQIKSLQSELSRP -LDLDTAIHYFKLMVKRDA 114
MV-1 SLIRSQAIPQRTPSLQENLYSFESRNFNFLTCERFASPSVFGKAMARNLVERCFGDCDFLSFKNSPICLSSGALLKWLAKRDSSQIKSLQSELNRP-LDLETSIHYFKLMVKRDA 114
TV-1 STIRSQAIPPRSPSLQENLYSFESRNYNFLTCERYSSPTVFGKAMARNLIERCF TTDKFLEFKNSPIRFSDSALLKWMQKRDSSQIKALQSELTRP -LDLSTAVHYFKLMVKRDA 114
ReV-1 SIIRSQAIPPRTPSLQENLYSFESRNYNFLTCERYSSPSLFGKAMARNLVERCFNTDKFLEYKNSPIRLSTGALLKWMQKRDASQIKALQSELTKP-LDLSTAIHYFKLMVKRDA — 114
BYV SSIRSQAIPKRKPSLQENLYSYESRNYNFTVCERFSGPQEFGQAMAMVMLERSFDLEKVAKVRSDVIAITEKGVRTWMSKREPSQLRALSSDLQKP -LNLEEEITTFKLMVKRDA 114
AV-1 SVVRSQAIPKRKPSLQENLLSYESRNYNFITTERFSHPNMFGEAMAYNTLERCFDLSKVDLIRNDITALNESAMAIWLNKRTPSQIKALLKDLETP-YELSREIIRYKLMVKRDA 114
BYSV SVVRSQAIPKRRPSLQENLLSYEARNYNFITCERFSGPHEYGRAMAANVLKRCFDLDKVAAIRSDITAITGRGFREWLSKRSPSQKKSLASDLETP -LNLEEEIVRFKLMVKRDA 114
GLRaV-2  SVVRSQAIPRRRPSLQENLYSFEARNYNFSTCDRYTSASMFGEAMAMNCLRRCFDLDTFSSLRNDVISITRSGIEQWLEKRTPSQIKALMKDVESP-LEIDDEICRFKLMVKRDA 114
BcLRaV-1 NYVKSQAIPKRKASLQENLYSFESRNYNFIDSAKFSDPTLFGFCMAENFFKRCCHFDRIAEIKNEITALSDEGFRTWFEKRDAAQLKALYRDMEDP - YDIEMEINRFKLMVKSDA 114
BVA SVIRSQAIPDRTPSWQENLYSFESRNFNCINVKSHMGCDRFGAFLGSATLTRAFNPDKLADLRGE IATLTTVGVKNFLSKRSETQIKDLLSECDKP -LDFLDDITLFKLMVKREA 114
AcV-1 GVIRSQAVQDRKPTVQENIYSCEARNFVAL TLDRHLDPDLFRDHAVKKFFDKCVNSEVLRGLNEQPIVTNHLHFQEWLRKRDGSALAKLDSEVGYI - TTWRDYMCLFKLMVKKEA 114
PeVB - --NTQAIPDRLNTVIENVYCYENRNFVAVTHEKNEATKVFAARALDSVLTRCFDREKLSVVCNDSISLRERCFHEFLRKRDNTFFSNMSMEGVNI -RNFSDYMSMFKVMVKREA 111
ArPV-1  PNLLGKGERSRPNTWRQVLLSLSNRNFAAPNINENLDVEHISKILFTAFL -KCLRKDRSSEYF-ESIVPDIHKIDEWLTTRDSRKYANVLKSLDTT--PWPTLIQNMKLMVKGDI ~ 111
Cov-1 PKILGKGERSRPNTIRQALISLSNRNFAAPDINHDHDLVQSANILFKGFL -KCLNMQKVLEFD-DVVESDLNKIDKWLSTRDTRKYNALLASLNYE - -PWNKDISNLKLMIKGEL ~ 111
Lcv TNLLGKGERARPNTWKQAL ISLSKRNFSAPRINEKLDVLATAEKLCQGLF -RCFNFSKLMEFY-DPVVPDLNKLGEWLASRDGSKYGKLKRSFNHT - -LLVDQFQPMKFMIKSDM 111
LIYV SKILGKGERNRPNTWKQVIQSLSHRNFNAPIINHKLDVKRSAQILYDSVV -KSLRQDRLTEWY-EPILPDLFKIGKWLDDRDGSKYRMLNRRLDFA- -SLADKFKTLNLMVKGET ~ 111
GLRaV-1  NVVRSVIGRPKRNSLKCNLVTFESRNFNADRGCDVSSDPIAATELASLFFDTWVDGSKLAECVGDTISQNAVAASSWLDSRSSMAKQSLWARLRSF -VYDLSAMTRYKLMVKSDA 114
GLRaV-4  PRLRSHVMTKRLNTLKSNILAYEKRNFCGESKSWHPDVTAEVSMIVDCFFDSYIDKIKAEKLMSDKITVNLKDLSDWYTSRTPLGKGGLDRELKNP-DILGPNLNRFKLMVKADV 114

A . P . x . Kok s
FiVA KVKLDASCLSKHPPAQNIMFHDKYINALFSPIFDEFKNRLMSSLADNIVFFTEMSNSDLAEIVRRK - IGDED-VYHVAELDISKFDKSQDGYVKAFEEEMYRM- -FGFDPELLE- 224
FiVvB KVKLDSSCLSKHPPAQNIMFHEKYINAIYSPIFDEFKNRLLSSLYDNIVFFTEMSNSDLAEIVRRK - LGDED-VYHVAEMDISKFDKSQDGYIKAFEEEMYSL--FGLDTELLE- 224
RLMV KVKLDDSCLSKHPPAQNIMFHRKALNAVYSPCFDEFKNRFLYCLPPNIVFFTEMTNEDLAEIIRRR - LGDDD- IYNIGEVDFSKFDKSQDVFIKEYERALYEA--FGFDVELLE- 224
RLRaV KVKLDDSCL TKHAPAQNIMYHRKAINALYSPFFDEFKNRLLWCLNSNIVFFTEMSNSDFASVVRRH-VGDED- IFYKGEVDFSKFDKSQDAFIKEYERALYSA--FGFDAEMLE- 225
cTv KVKLDDSSLSKHPAAQNIMFHKKFINAIFSPCFDEFKNRVLSSLNDNIVFFTEMTNAGLAEIIRRI - IGDDD-NLFVGEVDFSKFDKSQDLFIKEYERTLYSE--FGFDTELLD- 224
SCFav KVKLDDSCLSKHPPAQNIMFHRKAVNATFSPVFDEFKNRVLYCLNSNIVFFTEMTNDHFSQILRRL - LGDQD-VYNVGEIDFSKFDKSQDIFVKEYERTLYEA--FGIDSELLN- 224
cYLV IVKLDSTCLTKHPAAQNIMFHAKAVNALYSPCFDEFKNRFMSCLLPHIVFFTEMDNRAFASVARGV - LGRCAQELFVGEVDFSKFDKSQDIFIKEFERCVYSQ--LGFDHELLD- 225
CNFV KVKLDSTSLVKHSPAQNIMFHAKHVNALYSPCFDEFKNRLMSCLHSNIVFFTEMDNRQFARVVSGL - ISDYDDEYRIGEIDFSKFDKSQDIFVKEFEREIYSL--FSFDAELLD- 225
MV-1 KVKLDSSCLTKHSAAQNIMFHAKAVNALFSPCFDEFKNRFMSCLKKHIVFFTEMDNRLFARVVNGL -VGSDDSDLHVGEVDFSKFDKSQDVFIKEFEREIYSL--LGFDSELLQ- 225
TV-1 KVKLDSTCLTKHSAAQNIMFHAKAVNALYSPCFDELKNRFLSSLKKHIVFFTEMDNRTFARVVNAL -VGSDDSDLHVGEVDFSKFDKSQDIFIKEFEREVYTL--LGFDEEMLQ- 225
ReV-1 KVKLDSTCLTKHSAAQNIMFHAKAVNSLFSPCFDEFKNRFMCSLKKHIVFFTEMDNRSFARVVNAL -VGSDDAGLHVGEVDFSKFDKSQDIFVKEFEREVYLL - -LGFDEELLQ- 225
BYV KVKLDSSCLVKHPPAQNIMFHRKAVNAIFSPCFDEFKNRVITCTNSNIVFFTEMTNSTLASIAKEM- LGSEH-VYNVGEIDFSKFDKSQDAFIKSFERTLYSA--FGFDEDLLD- 224
AV-1 KVKLDTSCLSKHPPAQNIMFHRKLVNSIYSPCFDEFKNRVISALNDNIVFFTEMTNRQMAQIAENK - LGTNG-DYFIGEVDFSKFDKSQDAFIKAYERTLYKF - -FGFNDELLD- 224
BYSV KVKLDASCLVKHPPAQTIMFHRKAINAIYSQCFDEFKNRVLSCLSPNIIFFTEMTNQKFADIASNL - LGFEN-VFNIGEIDFSKYDKSQDAFIKSFDEALYEEFGFGFDPELLS- 226
GLRaV-2  KVKLDSSCLTKHSAAQNIMFHRKSINAIFSPIFNEVKNRIMCCLKPNIKFFTEMTNRDFASIVSNM-LGDDD-VYHIGEVDFSKYDKSQDAFVKAFEEVMYKE--LGVDEELLA- 224
BcLRaV-1 KVKLDASSLVKHPPAQNIMFHRKVVNAVYSQCFDEFKNRLIYVLKDNIKLYTEMSLGSFGDMVGSM-LGYTC-DYNVGEVDFSKFDKSQDKFIKAFERRIYES--FGFEAELLD- 224
BVA KVKLDSSCMSKHSPAQNIIFHNKVVNLIFSPIFDTIKSRILYCLNPNILFYVDMNEEELAEWVYRR - IGGED- IYYKAELDFSKFDKSQDFYIKAYERFMYQA--FGFDPELLD- 224
AcV-1 KVKLDASSLTKHNPAQNIIYHIKFINAVFSSIFAQLSERLRVVLKRNIILYTSMSVDKFADRLYDV-LGGTN-VYNTVEMDFSKFDKSQDVYIKACEMEIYRR--LGMSEDMLD- 224
PeVB KVKLDSSSLSKYPPAQNIIYHSKLVNSIFSPIFSELQRRLIASLNDNIIVYTGMAPNVFARKLTRL -VGNGQ-DMHVGEIDFSKYDKSQDEYIKAFELEFYSL--FGITAEMLD- 221
ArPV-1  KPKLDVGHFGKYSPTANIVYFEHMINMFFSPIFLEIFGRIKYCLNDNIILYCGLNLDDLSKLIKSK -LRQPLDTYHFCELDFSKFDKSQGQVIKFYEALVYKF--FNFSGNEYD- 222
Cov-1 KPKTDTSGYIKYAQPANIVYYQHVINMFFSPIFLEIFSRISYCLRPNVVIFSGMNLDELAEVIQTR-LRFPIDSYYCCEIDFSKFDKSQGVIMKMYEEIVYKF --FKFSPNVYD- 222
Lev KPKMDMSSYSTYDPPANIVYYQHIVNLFYSPLFLEIFDRITYCLSSKVILYSGMNLETLADLIAAN-LTMPINCYKTTEIDFRMFDKSQGVLFKVYEEMVYKT--FKFSEEMYD- 222
LIYV KPKMDLSTYDSYNAPANIVYYQQIVNLYFSPIFLECFARLTYCLSDKIVLYSGMNTDVLAELIESK - LPLGLNAYHTLEIDFSKFDKSQGTCFKLYEEMMYKM--FGFSPELYDR 223
GLRaV-1  KPKLDSTPLQQYITGQNIVYHDRAITAMFSHIFTQAVERLKYVLHTKVLAYHGMSTEDFSREVGDR - LGDVS-GYYVYELDISKYDKSQGACMKDVERRILIG--LGVSESVVD- 224
GLRaV-4  KFKGDSEALEEFAPGQNIILHDRLTCAHFSSVFCELVNRLRCVCLPNIILFNGLSFEELQRLSTQLWVGSHWQTFKCDEVDISKYDKSQNTFTKAVELEVYRR--LGLDQNILD- 226

* % PR x X * AP . . Kake KRR * . .

FiVA MWMRGEKFGHAKTLDGSLRFNVINQRRSGASNTWIGNTLVTLSILCMYYDIRKFPLILVSGDDSLIYSY -~ KPIKNYATNVCNEIGFEMKF 313
FivB IWMRGEREATARTIDGRLKFSILNQRRSGASNTWIGNTLVTLGILCMYYDIRKFPLILISGDDSLIYSY - -EPVKNFATQISNELGFETKF 313
RLMV MWMEGEYNAYASTMDSQLSFRIENQRRSGGSNTWIGNSLVTLGLLSMYYDVSKFRLLLISGDDSLIYSD-- EKIKDHSSQICLETGFETKF 313
RLRaV LWMYGEYRAHATT TDGSLSFDVKNQRRSGGANTWIGNSIVTLGILAMYYEVDRFKLLTISGDDSLIYSN-- TKIANHSTQICLETGFETKF 314
cTv VWMEGEYRARATTLDGQLSFSVDGQRRSGGSNTWIGNSLVTLGILSLYYDVSKFDLLLYSGDDSLIYSS - -EKISNFSSEICLETGFETKF 313
SCFaVv VWMQGEYSAKATTLDGSLSFSVDNQRRSGGSNTWIGNSLVTLGITIALYYDVSKFRLLAISGDDSLIYSD- -NKIANFATEICLESGFETKF 313
cyLV LWMQGEYQGKATTLDHQLSFNVECQRRSGAANTWIGNSVVTLGILSLYYDLAKMQGVF ISGDDSLIFSS - -QKLSNHSEAICLETGFEAKF 314
CNFV LWMQGEYRAKATTLDGQLSFDVVNQRRSGASNTWIGNSLVTLGMLSLYYRVNDFKALFISGDDSLIYSE - -TPITNHADAICIETGFETKF 314
MV-1 LWMEGEYAAKATSLDGKLSFDVKNQRRSGASNTWIGNSVVTLGVLSMYYRVDELSALFVSGDDSLMYSR - -SPIRNHAEAICIETGFETKF 314
TV-1 LWMEGEYSAKATTLDGKLSFEVKNQRRSGASNTWIGNSIVTLGILSMYYKVDELLALFVSGDDSLMYSN- -KPIANYAESICVETGFETKF 314
Rev-1 LWMEGEYSAKATTLDSKLSFEVKNQRRSGASNTWIGNSVVTLGILSMYYKVDELLALFISGDDSLMYSH- -KPIANHAEAICAETGFETKF 314
BYV VWMQGEYTSNATTLDGQLSFSVDNQRKSGASNTWIGNSIETLGILSMFYYTNRFKALFVSGDDSLIFSE - -SPIRNSADAMCTELGFETKF 313
AV-1 IWMEGETHSEARTLDGQLKFTVKNQRKSGASNTWIGNTIVTMGILAMYYDIRNLESLFVSGDDSLMFSR - -KPIANVADDICLDLGFETKF 313
BYSV VWMEGEYRSERNTMDGQVGF TVDCQRKSGASNTWIGNSVVTLGILAMYYDVSKFQALFVSGDDSLIFSA- -DEIANYAEDICLELGFETKF 315
GLRaV-2  IWMCGERLSIANTLDGQLSFTIENQRKSGASNTWIGNSLVTLGILSLYYDVRNFEALYISGDDSLIFSR- -SEISNYADDICTDMGFETKF 313
BcLRaV-1 VWMEGEYLGKARTLDGQLGFQVENQRRSGASNTWVGNSLVTLGILSLYYDVEKFDALFVSGDDSLIFSR- -NPIKNYSDTICLETGFETKF 313
BVA IWMEGEYHCRAMSRDRDLAFTLSAQRRSGGSNTWIGNTLVTLGLLCMYYDLSKANAVLLSGDDSIIFHS - - REIPDTSEEIITDTGFETKF 313
AcV-1 LWCAAETFCKARSLDKDVSFTLGAQRRSGTANTFLGNSIVTLLLLSQYYDIEDMSCLAVAGDDSIMFAAADAVFANCDIGPKFGGGTHDILFSKGKPIPDFSHELMVDLGMETKL 339
PeVB LWSAAEYFCNARVTGGALSFKLQTQRRSGGANTFLGNTIVNLMILSLYYNLPLVDAVCVAGDDSVMYSR - - = = = == = == == == == === e oo = EDIVNHAQRMVNDIGMEAKF 310
ArPV-1  NFALSEFFCNATASCG-VNVDLFCQRRTGSPNTWLSNTITTLAMLASVYDFADFDCILVSGDDSLIISK-- DPIPNKSLDLNEMFGMECKY 310
Cov-1 NFKISEYFVKARSASG-VKVDLFAQRRTGSPNTFLSNSIVTLGLISNYYDLDDFDLVLVSGDDSLLLSR- -KPIPNQTNFMNKDFGMEAKY 310
Lev NFKFTEYFTRYKGDCG-VSGELGAQRRTGSPNTWLSNTLVTLGILMSEYDLDDIELILVSGDDSLIFSK - -HDLPNVTAEINRDFGFEAKF 310
LIYV DFKYTEYFCRAKATCG-VDLELGTQRRTGSPNTWLSNTLVTLGMMLSSYDIDDIDLLLVSGDDSLIFSR- -KHLPNKTQEINKNFGMEAKY 311
GLRaV-1  AFFCGEYDSVVTMGKNELVLSVGAQRRSGGANTWLGNTLVLMTLLAISLKGSEPSLVVVCGDDSLIFSK -~ NELQIDDRILEESFGFDLKL 313
GLRaV-4  TWAASEFYGRATTSSKSFSAEIYAQRRTGAANTWIGNTVINMCLLAQSTDVEKFSACCFAGDDSLLVYR == === === ==mmmmmmmmomemoooe NKPNIQFEVYETKFDFDVKF 315

. * o ke ok  kkeo Koo P *okkk e o P
FiVA MQNAVPYFCSKFLVQTGFRTVYVPDPYKLLVKLGGFQKH- - - LTPKELFEVFVSFRDLTVEFDDQIVLERLALLVQKKYEFESGTTLPALCSIHCVRSNFLSFCKLFPHYFGFSY 425
FiVB MPNAVPYFCSKFIVQTGNRTVFVPDPYKLLVKLGSNSKY - - - LTPKELFEVFVSFRDLTIEYDDQIVLERLTLLVHRKYNFESGFTLPALCATHCLRSNFSSFLKLFPSFTGFQY 425
RLMV LSPSVPYFCSKFVVQTGSMTYFVPDPYKLLVKLGGSTPF - - -VTDVDLFEAFVSFRDLTRAFDHQVMLERLCGLVHTKYCFTSGSTLPALCATHCIRANFSSFKKLYPKTVGWAL 425
RLRaV MTPSVPYFCSKFVVHTGSFTYFVPDPYKLLVKLGAPSKY - - - ITDAGLFETFVSFRDL TRDLNNQLVVERVAMLVEEKYNFKSGF TTPAICALHCLRSNFLSYSKLFPVQRGFFN 426
cTv MSPSVPYFCSKFVVQTGNKTCFVPDPYKLLVKLGAPQNK - - - LTDVELFELFTSFKDMTQDFGDQVVLEKLKLLVEAKYGFASGT TMPALCATHCVRSNFLSFERLFPFIRGWYV 425
SCFaVv MSPSVPYFCSKFVVQTGTNTVFVPDPYKLMVKLGASNKF - - -VTNEGLFEVYTSFRDLTKDYGNQIVLERLKHLVEKKYNFESGTTLPALQALHCLRSNFMSFARLFPRISGWAM 425
cyLV MSPSVPYFCSKFLVFCEHKFFFVPDPYKLIVKLGQVRSE - - -VEDADL FEIFTSFKDLTKDMHDERVLEYLARLVEEKYDVKSRCVLSALHAVHCLGSNFSSFKKLFPKQKGWLT 426
CNFV MTPSVPYLGSKPGVCCGHKTYVVPDPYKLMVKLGSVRKE - - -VDDSEL FEVYTSFKDLTKDFDDERVVRKLSLPLASKYGFDSVHCLPALHSIHCLNSNFKSFLKLYNRKSGWFT 426
MV-1 LSPSVPYFCSKFVVHCGHKTYFVPDPFKLMVKLGAVRNE - - - LTDKDLFEVFTSFRDLTKDFDDERVLVKLNYLLESKYGKVSAFALPALRSIHCLASNFSSFVKLFDKSCGWVY 426
TV-1 LSPSVPYFCSKFVVHCGFKTFFVPDPYKLMVKLGSVRKE - - - LTDKDLFEVFTSFKDLTKDLGDERVLEKLNL LMIAKYGYNSDFALPALRSIHCLASNFSSFSKLFEKSTGWVY 426
Rev-1 LSPSVPYFCSKFVVHCGFKTFFVPDPYKLMVKLGAVRKE - - - LTDRDLFEVFVSFKDLTKDLGDERVLEKLNYLMMAKYNCNSDYALPALRSIHCLASNFSSFSKLFELSSGWIV 426
BYV LTPSVPYFCSKFFVMTGHDVF FVPDPYKLLVKLGASKDE - - - VDDEF LFEVFTSFRDLTKDLVDERVIELLTHLVHSKYGYESGDTYAALCATHCIRSNFSSFKKLYPKVKGWVY 425
AV-1 MTPSVTYFCSKFFVFCDHKVYFVPDPYKLLVKLGQAREE - - -VDDADL FEVF TSFKDL TKDYDDQRMIDKLTELVHEKYNF ISGNTTPALCLIHCLRSNFKSFKKLYTKSSGWKI 425
BYSV LTPSVPYFCSKFLVFTGDKCVFVPDPYKLLVKLGASGRR- - - LSDEELFEVFVSFRDLTKEFGDERVLNTLSELVHLKYEFEWGNTKLALSTIHCLRSNFLSFSKLFVKRTGWKY 427
GLRaV-2  MSPSVPYFCSKFVVMCGHKTFFVPDPYKLFVKLGAVKED- - -ASMDFLFEVFTSFKDLTTDFNDERLIQKLAELVAVKYEVQTGNTTLALNVIHCLRSNFLSFSKLYPRVKGWQV 425
BcLRaV-1 MTPSVPYFCSKFLVFTGNRVVFVPDPYKLLVKLGAPLKD- - -VSVDYLKALYESFKDLTTDFDDQVVIDLLTELVHLKHNFCSVYTNTAICSIHCLRSNFKTFRRLYPEVRGWMM 425
BVA IRDAPAYFCSKFIVFCGDYVCFSPDPYKLCVRLGKTLNI - --RSYYELYERYISFRDVTRDYDDGVF IENLAPLVSRRYKCPLSEVYPALCSTHCARANFKKFREIYPRPSGYTL 425
AcV-1 YRDLPAYFCSKFIIFCNERIYVIPDPYKLMVKLGKPYND- - -WDDSVLNERF ISFKDHTKHLDNESVVAAL TEAVNIRYNLVGYHTYAAISALHCVSANKKRFFELYPFKHGFLT 451
PeVB IKNSYGYFCSRFLVPAGDRIYFVPDPYKFMVKLFKPTPI - - -YNDVELRERYISYKDNCTAFGNEGVVSRLVDLVNDRYKIEGKHTYSATASVHCILANYSRFRSMYPISWSFIN 422
ArPV-1  LPNPTPYFCSKFIIQVDEEIVIVPDLVRLYEKLSNPISTFDKEHPTLLRERFTSYRDLLDAYFDDTTYLKMDSYLTKRYNIPEFSGYAAFCFVHVLFSSVKNFTKLLYSDHEVLI — 425
CoV-1 LDHPTTYFCSKFIFNDGENIKILPDPVRFFEKLSVPILEENLENQSLLRERFISYRDLMKEYFCESYIVKIDLLLMKKYGIPYFSSYSASSNIHILLSSFKNLLKVFEGGDRCMI — 425
Lcv LMNSVPYFCSKFIYCDNGRVRVTPDAQRMFEKLSTPIRRRDFEEGTILKERYTSYKDLMYDYMRDTTCIHVDQMLSIRHNIPPMSSYAALCYIHCMYANMVAFKKLWDERFSVNV 425
LIYV TEKSSPYFCSKFIVELNGKLKVIPDPIRFFEKLSIPIRQEDFVNGSVVKERFISFKDLMKEYDNDVAVIRIDEAVCYRYSIPVGCSYAALCYIHCCMSNFVSFRRIYDNCEIVWI 426
GLRaV-1  TCQCAPYFCSKYLVRTPDHCYFLPDPFKLFLKLSLERE - - - -PNEDLLFEVFTSFVDLTRGFGDESAVQQLVAMDAQRYG- PNPYAYAAFCLVHILAANFVQFKRLFYDADGVFG 423
GLRaV-4 425

FDSAAMYFCGKFLVTDGSKTHVVPDPLKLFVKLGKERP - - - - TSDKVLKENWRSFFDVTKAFNNNTVLENLVDQFALKYS -RSNNAYAAFCAVNS LRSNPEQFKRLWFSLYNPIS
*e o e Kk e ek . sk % . .. * .. . .
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PNSFV-SVLSTSDRAY -QF LGFVIGEEETPSSEWVACANVTHRVK - TKNPKKYFQKNVRRRIRSLPERMRSSAFREVMNDCKSNN

VTSSRLKFLSKL- PGLIV-SKAFSSTGESNYFCYLRDSFA-- -DDPG-- ---
STYSEIRSLRRL- -VPGLLV-TAYRCAGEKR-YFSYLKSSID-------- -EDPPPLA--SVVKSY
VDALKLRQLRKL - TNLIC-ERVVYDNRVS-YFSYFDNPFT-KPDANDDNV -DDLGQAG- -ELATG-
VDPRNLKFFVKL- PGIII-ERVNEERDSR-YFVSLLDSAEATWVS--- -
FSRVSKSLLQKI- -SLGVLQQEKYSTAFGEN-YFLSYTS

VKKLLPNLKRLI- -FQGKLN-CAKVSHF ------- FW-

VPKINSYFKKLI- -SLGAYH-EKFVTPFGEQ-YFISW-

VPKLNSYYKKLI- -ALGAYN-ERYVTPFGEQ-YFVAW-

IPRMNSYYKKLV- -NLGAYK-EVYQTPFGEQ-YFIAW- -

HYGKLKFVLRKF - ANCFR-EKFDTAFGER-TFLLTTKL -

FYGRLSKYFKSK- MNVTK-ERFQTPFGEA-WFLSTELGE-

VYGKAKYILKKF- LGYNI-EPITTTFGDA-WFVYKE---

LYTSVKKALFKS- GCSFF-DSYMTPFGQA-VMVWDDE - -------

VSAISNLMRKIL- PDFVV-RKYPGVAGVSIEFLSDLNSSDPHPFRN

VRGYTHLILLLK------- HGYKVYEERKVAKELR-SYVGFAVQ-------
RSVRKVSRLLSKFAYYIKLKGFVIIDKRDQGDTYA-FDYAFRETYE
VWHLAGAKLMDK - LGFEKIHENESKDVFV-YSKHYGWL -

538
529
467
477
483
469
465
453
459
459
459
464
461
460
459
474
526
508
515
425
425
425
426
432
434

527
527
467
477
483
469
465
453
459
459
459
464
461
460
459
473
493
508
483
425
425
425
426
432
431
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Fig. S2. Alignment of hypothetical ORF2 protein sequences of FiVA and FiVB.

FiVA MI-RPRFLCSETRLGVHVFITCSLRHNGFVLSLRNCEYETVFHDEMISIESVDNDVKISSLLSNSDRSYYFHFIIKTTIEFYTHNIDVKTSGSVNLSFALESL 102
FivB MTSNENSLSAPRSFRAHMFIAFKPSLGRFKLSIFSPNAWVLGDSHVTIANLQNCTVIESISDRIDTYCWHVEYCVAVDLYQHSFDFNTSGFVCLSLSLEDL 103

Lkokk Lok kk. . K Luk oLk ke ok R sk k| ok okkk ok kK. kK Kk

Fig. S3. Alignment of hypothetical ORF3 protein sequences of FiVA and FiVB

Predicted transmembrane domains are marked in green

FiVA MAEHFEDKTSRDDLKRFMYLCEECFEEHLEIEFLSDSLPDDSSLKITLTDSHDVKNSICLLAYRYDSNTILVALFDNKNQEFKKDHTTSLINGNYVKITLKRERDSVQVVMSGKI

FAVB M-------- TTEQISRHFIAVDEDLKENLDFSFNISNLPVDSSLKMTIFDPTDLKNSICLLFTKVDDATILAALFNDKEQEFKKDHTTTMIRNVAVSVSIYRTSEGVEIFQESIK
* ¥k kok * . * ok kK kK ok :* . ** * ********* * .

FiVA ITVVNAEKVKLMLSTwSTADCEIDFSKCVLLSRSLNDVGDRLDDLVEKFPKTPNNEYVRREYAKRKTFTKLS_ASE 215

FiVB VAQVIAKKLKLIISVWSDVDVERDFSENVTLSRRLHN-SNAVESDDKLFPQTPDNKFVRRELVKRQQIQNYN T--PD 204
e * * * ** * k¥ * * *** * kokk * . . : ** ** * **** ** B H :::** * ***::. PR .

Fig. S4. Alignment of p6 protein (ORF4) sequences of FiVA, FiVB, and related viruses

Predicted transmembrane domains are marked in green.

FiVA  MMDCVVQG NKLVKNKGEIKQFSSPHPTELP----- 61
FiVB  -MDCVVQGYL KLVKNKGE IKQF SSVPSREIP- - - - - 60
FMMaV  -MDCVI SFRHLV- - -GLPKPSATSHPDYPPP 56
RLRaV  -MDCAERSFL KTRKIVGQFAARRDLREPQPARALN 65
CTv -MDCVIQG R-------- CTIKPVRSASP--------- 51
MV-1  -MDCTLR) KLVRTCSNV--YGDIIDTSVVGTSRRIDIENRGNSSARV 66

BYV -MDCVLRS K------- QILFRTTAQSNEAR------- 54
IR . .

115
107
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Fig. S5. Alignment of heat shock 70-like protein (Hsp70h) (ORFS) sequences of FiVA, FiVB, and related viruses
Hsp70h domain sequences used for the phylogenetic analysis are marked in yellow
FiVA MAE -DKTYFGLDFGTTFSTI--SLLTKGGV - LVYKQKGSEYIPTTLFI -PEDEKYVMYGHAAE - SAYVTGVKGSYYKDLKRYVGCNSR- -NISRYLELMKPAYEVTTSKIG-NSQ 106
FiVB M----TTYFGIDFGTTYSTV--SLLTKGGV-LIYKQNGSAYIPTTLFI-SEDEKTLKYGFDAE - EAYVKCETGKYYRDLKRYVGCNDR- -NLDTYLSLLKPKYDVSTEKVG-DSE 103
FMMaV -MATFGLDFGTTFSTV--SVVTSSGY - LFFQQNDSAYIPTSLFF -FPS -GGVCFGYQAD-KNFISKADGSYFRDLKRYVGCTSR- - TIGNYLTKLRPHYRVTPVKVG-YGV 101
RLMV -MVVFGLDFGTTFSTV--SVLVGRDA-CLLLQCGSAYIPTTLFF -PESTTNVYYGYDAD- FMHRSKAKGAYFRDLKRWVGCNSS - -NIGEYRAKLHPSYELDLRKVG-DSE 102
RLRaV ~  ----- MVVFGLDFGTTFSTL - -ALATDTEY -VLLKQSDSAYIPTALFLPSSNTTDAYYGYDAE - YANRSGAPGWF FKDLKRWVGCTEK - -SVTKYVDKLSPSYSIKVINLG-NSA 103
SCFaV ~ ----- MVVFGLDFGTTFCTL - -SVCCSKEI -VLLKQNGYSFIPTTIFL-CLD-DTVLYGYDAD-YAHASGWSGFYYKDLKRWVGCTDK - -NFYTYMDKLKPDYEARLSLVG-KGT 101
cTv -MVLLGLDFGTTFSTV--AMATPSEL -VILKQSNSSYIPTCLLL -HAEPNSVSYGYDAE - YLAASGESGSFYKDLKRWVGCTAK - -NYQTYLHKLSPSYKVIVKEFG-TKS 102
BcLRaVv-1 -MVLFGLDFGTTFSSV--CVYNDGDI - FMFKQNDSGYIPTSIFL -PDASKDIKFGYDAE -LAFKRKLKGLYYRDLKRWVGCCED- -NLDTYVKKLKPSYAVHLMHYG-DGT 102
cYLV -MVVFGLDFGTTFSTI--SVLKEGEI-YLRKQQNSPYIPTYIFL-SEETAEVAYGYDAESLMYSRKIKGSFFRDLKRWVGCNEK - -NFEKYMSLLKPSYKVELSLFG-SSD 103
CNFV  ----- MVVFGLDFGTTFSTL - -SVLKNNEV-F LLRQQDSSYIPTYVFS - FEESREVAYGYDAETYNLKSNIKGSFFRDLKRWVGCNED - -NFARYYNKLQPSYSVNLTSFG-QSL 103
MV-1  ----- MVIFGLDFGTTFSTL--SVLKANEV-FVLKQNDSPYIPTYLFF -YKNSREVAYGYDAERL LHSKGSEGGFFRDLKRWIGCTER - -NYASYLEKLAPSYTTSIDSSIDNCD 104
TV-1 -MVVFGLDFGTTFSTL - -SILKGREV - YVLKQNDSAYIPTYLFF -YEKSPEVAYGYDAEKL SHDSNVRGGF FRDLKRWIGCTQS - -NYPEYKKKLSPTYYTSMDTRMEGCD 104
ReV-1 -MVVFGLDFGTTFSTL - -SALKGKEV - YVLKQNNSAYIPTYLFF -HDFVRNVAYGYDAEKLAHDRSVRGAF FRDLKRWIGCTEN- -NYLEYKAKLDPKYHTSINSRVDGCD 104
BYV -MVVFGLDFGTTFSSV- -CAYVGEEL - YLFKQRDSAYIPTYVFL -HSDTQEVAFGYDAEVLSNDLSVRGGF YRDLKRWIGCDEE - -NYRDYLEKLKPHYKTELLKVA-QSS 103
BYSV -MVVFGVDFGTTFSSV- -CVFNSGRL -HVFKQQNSAYIPTCLFL -YSDTMAMSFGYDAETASLDPNVKGGF FRDLKRWVGCDET - -NIEEYKSKLKPHYSVTLSNFG-KGS 103
GLRaV-2 -MVVFGLDFGTTFSTV--CVYKDGRV - FSFKQNNSAYIPTYLYL - FSDSNHMTFGYEAESLMSNLKVRGSFYRDLKRWVGCDSS - -NLDEYLDRLKPHYSVRLIKIG-SGL ~ 103
AV-1 -MVLYGLDFGTTFSTI - -CFYHDNSV -VALMQDGDTNIPTYLFF -HSDGARVSYGRDAELCVSGNRSKGGF FRDLKRWIGCEKA- -NLDKYIKDLKPHYRVTTTNASFGGT 104
AcV-1  ----- MTIIGIDYGTTFSTC--SIVTSTSV-LILQHNDSEYIPSLIAT-SNKSGAITIGFDV --ISKESDTSYSCYKDMKRWVGVDVS - -SYAERELKLKPTYDTKPGENM---- 98
BVA MSSCGSVCYGLDLGTTYSTIG-CLVDRNSV-AMSCDCGSVFIPSVVAV -KGT - -NFLVGNAAY -NVAYNDDSWSL FKDMKRWVGCTQDDITLEKYKESINPHYQVGFRANG---- 105
PeVB  ----- MVILGLDFGTTFSTL--SLITKTSV-CLALQSDSEFVPTTYGV-NDT - - IDEYGYQLCDDKFNFKPGKSYYRDIKRWIGVTSK - -TVESKRQQLKPDYIVKAGDTV---- 98
APPV-1  ----- MVLAGLDFGTTYSSI--ASVSREES -LVLSLNGTPYIPTILAT -VDN-NKILVGEGAK-TVKNYSNNYSLFYDLKRWVGVTAL - -NFDVLKAKLSPKYQCTFKKGD---- 98
Cov-1 MPT - - FCRAGVDFGTTFSTI - -SAFVDEVA-TPLFLEGSPFIPTVITF - FDN- - KVVIGELAK-TISEVVKDNVTYFDLKRWVGVNEK - -NFIKLKEKLQPSYECKLEKGE---- 100
Lcv M- - - - AAKAGLDFGTTFSTI - -SAYVNGQM-RVLKLNDTEFIPTCLAI - TVT -GDVVVGGPAQ-VLEGGEVANCYFYDLKRWVGVDKV - -NFDIIKQKIKPQYSAVLVGND---- 99
LIYV -DCKVGLDFGTTFSTV--STLVNNSM-YVLRLGDSAYIPTCIAI - TPG-GEATIGGAAE -VLSGDDTPHCFFYDLKRWVGVDDN- - TFKFAMNKIRPKYVAELVEGE---- 100
GLRaV-1  ------MEVGLDFGTTFSTACFSVPSEDDS -GCVTLVNSPFVPTQVFI-GSD-MTYSIGHRAY-SDFVAGKPGGLYINPKRWVGVDGY - -NFQAVKRKLNPEYEVKLSNGE---- 99
GLRaV-4 - -MEVGIDFGTTFSTL - -CFSAGRGVDGCVPESDTIYIPTVVGI -RND-GTYTIGLGAL - - - - LEKDVLVYRDIKRYFGMNKF - -NANTYMMKLRPKFEVLVKDWS ---- 94
koek kkke o ke * e kke X o k.
FiVA TDSAVIEAYNKWPNSKRNLNDLISLFIKVIVCEVEVRLNVKCQGIILSVPAGYTCLQRAYMEECCKASGYRCVTIINEPSAASIATLSHLSPD--HHDLLVYDFGGGTFDVSCIS 219
FiVB RSSALISAYNEIPNSKRELCVLIALYLKSLISSVEKQLNIKCDGIILSVPAGYTCLQRVYMEKCCSLSGYACVSIINEPSAASICTIPYLLEN --QHDVLIYDFGGGTFDVSCVS — 216
FMMaV SDTVSLSAYNEAGADTFDLPFLIATYVSRLIETAEEAFRCKCSSLIVSVPAGYSCSKRLFMEACVSLSGYQCRAMLNEPSAAATAALPHLSPT - -DSLLLVYDFGGGTFDVSLAT 214
RLMV MHTVALTPYNGG-KAWYPLPDLIGLYVKCILSDAEKAFQTQCSGVICSVPAGYNSIQRAFTEQSVSRGGYPCVYMLNEPSAAALSSLPRLKPE - -DHRLLVYDFGGGTFDVSAVT 214
RLRaV ASTIMLTPYGQKEAPYFNLPDLIALYIKCICSDGERAFGVKCTGCVCSVPAGYNTLQRAFTEACVLLSSYVCVYILNEPSAAALASAPHLDST - -DKRLLVYDFGGGTFDVSAVT 216
SCFav LKTVELPSLSNT-KRYIPLPELIALYTKCIVKDAERAFTLTCTGVICSVPAGYNTIQRAFTEQSISRSGFPCVYMLNEPSAAALASAPMLKSE - -DKRLLIYDFGGGTFDVSAVT 213
cTv VPVPYLSPLNNDLGLSVALPSLIASYAKSILSDAERVFNVSCTGVICSVPAGYNTLQRAFTQQSISMSGYSCVYIINEPSAAAYSTLPKLNSA - -DKYLAVYDFGGGTFDVSIVS 215
BcLRaV-1 LQTVSIDEYGGQ-AVNMRVPDAIAAYVRCILSAAEKAFGIECTGVVCSVPAGYNTIQRTFTQECVSLSGYHCSRIINEPSGAALSSIYDLEEE - -DRQLLVYDFGGGTFDVSAVY 214
cyLV LKTVKMHSFNPEGNYSYSLPDLIASFVRCIVYDAELCFKTKCTGIICSVPAGYNSCQRSFMLECVTLSGYTCLHIINEPSAAAFSAAPRLGPK - -DKFVLVYDFGGGTFDVSGVS 216
CNFV KQTVKLKAFNKQGAYTYALPDLIASFVRCIIKDGEDVFKTPCSGVVCSVPAAYNSVQRSFMMECVTLSGYNCLHIINEPSSAAFSASSSLSAD - -DTFCLVYDFGGGTFDVSGYVS 216
MV-1 FRIPMLNCFNSSCDMKLSLPDLVASFVRCIVTDGEKSFSVKCSGVVCSVPAAFTSTQRNFIMECVSLSGFHCSHIINEPSAAAFSAFRKLSPS - -ERFVMVYDFGGGTFDVSAVS 217
TV-1 FNILVVGNYYNTIDLKLTLPDLVASFVRCIIRDGESTFDSKCSGVVCSVPAAFNSIQRNFIMECVTLSGYHCLHIINEPSAAAFSAFRKIPKD - -MNFIMVYDFGGGTFDVSAVS 217
ReV-1 FRVLLMGDYYGTSALRMTLPDLVASFVRCIIRDGERSFDTTCSGVVCSVPAAFNSIQRNFMMECVTLSGYNCLHIINEPSAAAF SAFRKIPKD- -MNFVMVYDFGGGTFDVSAVS 217
BYV KSTVKLDCYSGTVPQNATLPGLIATFVKALISTASEAFKCQCTGVICSVPANYNCLQRSFTESCVNLSGYPCVYMVNEPSAAALSACSRIKGA - -TSPVLVYDFGGGTFDVSVIS 216
BYSV RKIPTLGSYSGSVQMSGSLSGLIALFIQALVKSAAIEFKCECTELIVSVPANCDCMQRLFTENCYNLSGFTCVHMMNEPSAAALSTCGRTDMS - -ARNLLVYDFGGGTFDVSVLS 216
GLRaV-2  NETVSIGSFGGTVRSEVHLPGLIALFIKAIVGCAENAFACTCTGIICSVPANYDSVQRNFTDQCVSLSGYQCVYMINEPSAAALSVCNSIGRK --SANLAVYDFGGGTFNVSIIS — 216
AV-1 LEVPVLESFSGSQNMSVPLPSLIASFCSCLVKALEKSSGTVCTGIICSVPANYNCLQRSFTQNSVTLSGYECVRIINEPSAAALVASQSIDDA - -ETCLLVYDFGGGTFDVSAAT 217
AcV-1 -FDFELGAYNVK-GRLMPIRSLISLYIKALVKLFEIRCSVVCSGLVLSVPSQYTTSQRSFMVALASAIGIKIVHIMNEPSAALFASVSSIPNKVASEYYIVYDFGGGTFDVSIVG — 211
BVA - -DLYLSASQGA-PLQLTLLSLLGLLVRGLVSLLESATRSSCDSLVISVPANFTILQRNFYTRITAVVGLKLQFVLNEPSAALICANYRRLNCESIRLVMIYDFGGGTFDVCAAS 217
PeVB - --YDMF ISDNNKSNFLPLYAVCAKFILCFIREFEYRREITCDGLVISVPAQYTSSQRLFMKSLETALGIPVVHIMNEPSAALFSAFRGLDATTINADYIVYDFGGGTFDVSLIS 210
ArPV-1  ---CYIVGEGNG-NFEASVKTLICEYIRTLIYLFQETFNVVVNAINVSVPADYTSLKRKYMKSILLQLGVPLNRIINEPSAAALYSIFSAPE---VGTTIVYDFGGGTFDSSIIQ 206
Cov-1 - --CYMGGIGVR-TVFRSVGF LIATYLDVLTKLFEEKYDVKITNLNVSVPADFYTFQRSYMRNAVNNLGIKVDRMINEPSAAALHSILSNPE - - - FTDFVIFDFGGGTFDVSYIK 208
Lev ---VQLTGVNRGYSCTYTVKQLILLFIETLVRLFSKVENLNIVSLNVSVPADYKCKQRMFMKSVCDSLGFSLRRIINEPSAAAIYFVSKYAH- - - YDSFLMYDLGGGTYDSSLIV 208
LIYV ---VYLTGINKGFSIKLSVKQLIKAYIETIVRLLASSYSLRVIDLNQSVPADYKNAQRLAARSVLKALSFPCRRIINEPSAAAVYCVSRYPN- - -YNYFLVYDFGGGTFDVSLIG 209
GLRaV-1  ---VVLGSVGNVNAPLVRVVDLVFLFVKGILLETEEAVGKAVSGVVCTVPAEYNSFKRSFLGVALEGLGKPLRALINEPTSAALYGAVRGGAL - -KETYAVFDFGGGTLDISFIS 209
GLRaV-4  ---VSIGPVSGEKGKTRSVIALACMFVSALAKLAVSITGEAVTLSVCSVPAEYSSYMRNFIFQGCNLAKIQVQAVVNEPTAAGLSAFVAVDKE -SIEYMVVYDFGGGTFDASLMA 205
. . . ks * Lok % Lok dkRk

FiVA VYGTSVVVTGSSSDMNLGGRDIDAALSSHLSKKCGL -TGQ-- -~ - FELQVTSLKEALCVSPNPIKFNLKPYK - -DADVMVYPHEIAEIALPFIQRSVDTVRNLIES--------- 317
FivB IYGTSVAVIGSGSDMNLGGRDIDAAFEKYLKDKHNI -DDT - - - - - VKIPTTSLKEALSLSSSPVKFSARPCV - -NDDIVVNSHELARVATEFIQRSINVMTQLIEE 314
FMMaV VVGSTIAIKDSSGDMNLGGRDIDRALSDWIKSRAGY-ITP- - - - -EPLDVSALKEALSISSETLTYTLDVAG- -NPQVRISPSDLAEIARPFIDRSIAVVLKLLKS 312
RLMV VNGTTFVVKGSGGDMNLGGRDIDRALSDHLKSLVSA-PVE - - - - -WEIDVTSLKEALCSQPDSIMYNIPIQGNDEVKVELRSSDLLKISQPFVARTIKILQDVMVK 314
RLRaV VAKSTFVVKASGGDMTLGGRDVDKALSDALKKRVGS -DYP- - - - -GEIDVTALKEALSVQHQAVKFEVPKGT - GYVSTLVDMDLLRELSAPFINRTVDILEKTRKK 315
SCFaV VEGATFVVKSSAGDMNLGGRDIDLALSNFLKKLAKS -DYV- - - - -GELAVTSLKEGLSMAEGKIKYLVPSSN-GDVEVVVSTSMLNEICSPFIKRTLKIVEKVREK 312
cTv VRLPTFAVRSSSGDMNLGGRDIDKKLSDKIYEMADF -VPQ- - - - -KELNVSSLKEALSLQTDPVKYTVNHYG-MSETVSIDQTVLREIASVFINRTIDILTQVKVK 314
BcLRaV-1 RVDQTFTVGASNGDMNLGGRDVDRAFSDMIKSRANC -HAS - - - - -GNIEVAYLKECLSKETEAIRFHFELEG- EAYDVHVSQEDLKMVAAPFIRRTVTLLEEVVKL 313
cyLV VRNGTFGVRSSGGDMNLGGRDVDRSFVEKLYGKIGGLTPD- - - - - YSLDVSALKERISSIGNPIVYQLPVGG-EFRSVEVDSSDLAEVALPLFQRTIKIMTKVHDDYYSSVSSND 325
CNFV VRNNTFVVRSSGGDMNLGARDVDRTLVEMVYGRTSSHEVD- - - - -YTLDVSSLKEKLSTLATPIEYPVPVKD-SFEYIMVSPEDLSRVIAPFIQRTVKITTEVYQKFLRAVEPTK 325
MV-1 VRNSTFVVKASGGDMNLGGRDVDRAL LESTHEKAGVKHVD- - - - - YTVDISSIKEKVSQALSSFVYDLPVGK - EFVSVLVTVEDVSKVVVPFIERTVKIMHSVYKSFIESSLDV- 325
TV-1 VRNNTFVVKASGGDMNLGGRDVDRAL LEYVHRKAGVNNID- - - - - YSIDISSIKEKVSNALTSFIYDLPVGE - KFVSVLVTVEDISKVVIPFINRTVNIMHDVYKNFVTATSQK- 325
Rev-1 VRSNTFVVRASGGDMNLGGRDVDRALLEFTHRKAKVGTVD- - - - -YTIDISSIKEKVSSALTSFEYDLPVGD-KFVSVLVTVEDVSGVVIPFIERTIRIMHDVYKKFVTATSQS- 325
BYV ALNNTFVVRASGGDMNLGGRDIDKAFVEHLYNKAQL -PVN- - - - -YKIDISFLKESLSKKVSFLNFPVVSEQGVRVDVLVNVSELAEVAAPFVERTIKIVKEVYEKYCSS - - - - - 320
BYSV SLNQTFTVRASGGDMNLGGRDVDRAFKAKIYQMANL -PFD- - - - -EEADISSLKESLSKIDYPITYTVKTKDGESKTVVVSRGLLAEVIVPFVDRTIKVMKRVFELYVKNMNLK- 324
GLRaV-2  YRNNTFVVRASGGDLNLGGRDVDRAFLTHLFSLTSL-EPD-----LTLDISNLKESLSKTDAEIVYTLRGIDGRKEDVRVNKNILTSVMLPYVNRTLKILDSTLKSYARSMNES - 324
AV-1 YVNNTICVKASGGDMMLGGRDVDAAIVDYLFRKLKR-PPN----- HKLDLSRLKEAISSTGQSVDYPIELDDGKETSVMVKYTDIADIAKPFIDRTVVVLRRVFSDFCAA----- 321
AcV-1 RETNYYGVILSGGDDALGGRDVDRAIRAFLENRFPV-KLS------ DNDVSQLKEQVSRNGNNQSVTV- - - - - SGTSVCLTYSDLINIIRPFLDRAGRVLADVYRD 305
BVA ILSNTVVVSATGGDTFLGGRDVDNNIRRLLNNKYMT -ELM- - - - -ECNDF SKLKEQVSKYMTKATSSLITWKRELIVVTLEFEELLTCCSPLIDKSLKHFDEVYLH 317
PeVB KRGNVFSVILSGGDEVLGGRDVDKATIEGYIRDKYAL -AAY - - - - -DSFPVVDLKIMVSTTFESTKIK-- - -SNRGVVITLTPAELKEICLPFFNRASLILKSILEA 306
ArPV-1  KKGKIVSIVDTKGDLFLGGRDIDKSLATLIHSKTNT-EFD- -FTILSLIKEEINNLNKF-SFTFVDKDHKPVSFTITPQEYRAILQPFIDRSLKILKDLIEV 304
Cov-1 KKGKIIMICDTQGDLFLGGRDIDKSIQHYFFGKYSI-EIH------ PFSLSYMKEGVSTGKSQ-SFNVLSSNKEINHVNFSKDELNSIVSPFAKRSCEILKAVIDR 306
Lev KDGKYVTVADTEGDSFLGGRDIDRAISEYIIKKYSL-KFPL- - - -SADFLANIKEEANSSGRE-SFNVTDEKGKLMTVKLTREELDSCIQPFSDRSLRILENMVVR 308
LIYV KYKSYVTVIDTEGDSFLGGRDIDKSIEDYLVGKYNI -KKVI----PATYLALIKEECNNTNKS-IFTILFDDGSVQVVEFSKSELEKCVRPFVERSIKLINDVVVR 309
GLRaV-1  RFNNVVSVLFSKGDNFLGGRDIDRAIVQFLRKEKRI-TGVIDAGILAVMIADLKEKICVNGGTQYTQVKTSN-GLETLSMSVDELNAVSEPFVDRAIKIFAEGANE 313
GLRaV-4 307

VGSSYVCVVDSLGDNYLGGRDVDNALLEVVMKTLAL -TDK- - -DLDPFSMEALKIDMVENPSSVVRRVLTNSGEVRIFNYDSSKFRELCSPFVEKARMITEKLLSR
Lk Rk kkek o . ok ..
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-------- LGF -SHKKYDIALVGGSSSLPGVKSILSSL - -YFCNKV-VPFENSRAAVSIGCSIYAKAFDSNSQLILIDATSKDLGLASNKGNMLLLAPRAAPLPFNGKTSVTCPG
-LNF-NNKKFIITLVGGSSNLPGVKGLLKNL - -YFCDNI -LDLPDSRAAVSVGCALYSKAFDSDASLILVDAASKDLGIASNKGNMLVLAPRAAPLPFNGVTSITYPQ
-SKF -RSLKPKVVLVGGSSALPGLSQLITQM--PSFSGV-VEVPDARGAVSAGCALFVRSFDATSDMHLVDCVTVSVSVCSLRGMAVCIVPKGSPLPFVGSKSITLEN
-AKF -VNEPSKVVVVGGSSKLPGLEGSLLSI - -KGISAV-VPLPDHRAAVSLGCALYSNCLSDSHSLLMVDCATKSISIPRYDGASIVVIPAGSPIPFDGERTIGMMG
-AGFLKTDDVKLVVVGGSSTLPGLKETLGKI - - LGVVGV -VSLADHRAAVACGCALYARGISTDSSILMVDCATSNISISSYRGDSIVVIPAGSPIPFDGERDIEMLN
-ARFSAEHGAKVVVVGGSSTLPGLCDELNAV - -HGISGL -VRLLDHRAAVSYGCALYAKCLTSASNVLMVDCATSNICLPGTCADCIVVIPSGAPIPFDGERTIHINN
-SSMPESQSLKLVVVGGSSYLPGLLDALATV - -PFVSGI -VPVEDARTAVATGCALYSECLDGRSKALLIDCITHHLSVTTFSADSVVVAAAGSPIPFEGEQKLTLRK
-------- AGFTGERNTTLVVVGGSSYLPGLHEELKKF - - LVVRKI -VPIPDPRGSVAIGCALYADSMQSPNGLLLVDCASQSIGIADYRCKMMRVCAAGSPIPYVGEKQIMLVD
KIPRSGKEKKETSDDGCVLITVGGSSYLPGLKGLLSAT - -PYVSRV-IELPDARSSVAAGCAMYSLCLAKDSSMLLIDCASHHLSIPSYQCESIVLVPAGAPIPFSGRRTISLMN
RV----- GEKMSSESKCVLVAVGGSSYLPVLSNILTSI--PYVKRV-IELHDARAAVSIGCAMYSLCLSENSPMLLVDCAAHNLSIPDYKLESIALVPAGAPIPFSGRRTISLQN
-~ -STMNHDRKCSVVTVGGSSYLPGLKNVIEAT - -PFVNRV-VEVPDARSAVSAGCALYSLCLSSNSSMLLVDCATNTLTTPSYTCETIVVVPKGAPIPFSGKRKIFLSK
--GVRKEHHRKCGVIAVGGSSYLPGLLGVLSAT - -PFVDDV - INLPDARAAVSAGCALYSLCLDKESSMLLVDCATHTLSTPSYTCQSIVVVPKGAPIPFSGMREIILSG
--AASIDHHRKCGVIAVGGSSYLPGLMAVLSAV - -PFVANV - IMLPDARAAVSAGCALYSLCLDKESSMLLVDCAAHSLSIPSYLCQSIVVVPKGAPIPFSGTRDITLMG
-MRLEPNVKAKLLMVGGSSYLPGLLSRLSSI - -PFVDEC-LVLPDARAAVAGGCALYSACLRNDSPMLLVDCAAHNLSISSKYCESIVCVPAGSPIPFTGVRTVNMTG
--AQDAKASLVLVGGSSYLPGLKSLLQSV--DFVSEC-IDLPDPRAAVAAGCALYSSCLSSESPMLLVDCASHNLSIPNYVGESIVLVPAGAPVPFVGTRDINLAS
---AQIKCDLVLIGGSSYLPGLADVLKKH--RSVDRV-LRVSDPRAAVAVGCALYSSCLSGSGGLLLIDCAAHTVATADRSCHQIVCAPAGAPIPFSGSMPLYLAR
EGRPMNTTKASVILVGGSSSLPGLDKVLQGT --DFVSGL -VKLKNFRAAVAMGCALNSECLGSNPKNLLVDCAVKHISINAWNGEAITLVAAGSPIPFTGERRLIVNG
-SGL--QGDITLVPIGGSALLPGITASAKMYL-NKIGTE-LVYPRLRTAVSEGCSLVSATV-GIPGYLFVDCITSTISGVTGFFCVTPLIPRGSPLPCTATRSYRTSS
-------- TGW--KAPVEVYLVGGSSSLPTVVDKIRQR - -PYVSEV-FDLPEKRSAVSVGCSLYSR-MRLDNSVRLFDVLNTMIHDVTSGFMPTLVLPKYSPIPCVSTYTRDFAT
-------- SDM- -KTDICLVPIGGSALLPGAVAEAQSEIRKWMGRT -LIYPRLRSAVSEGCAYFSSSI-LEGDYIFIDCCTSNICIPDTYIEPRVIIPVGAPLPIEVEVETHTSQ
-NN- - -LTTFSINMVGGSSLLNEIYNAVNRFGQSKGAKV -YRDDNLRLAVALGCACLFS-LESDPEFTYIDVNSQPLYDIGLYHIPEIVVRKPMPVPYTHVVSHDNSL
-NE---ITNAVICMVGGSSLLTEVYNQVNNVAKGTNNKI - FRDENLRLSVSFGCSCLHF - FTDDPDFTYIDVNSHCVFEIDEMFKPSVLIRKPMPIPYTLRQEKQNNN
-NK---VSSGALFLVGGSSLLKKIQEDVKAFAIRYKIEC-IVDKDLRSAVSFGCSMSHA-QEDTGNMTYIDCNSHPLMDVSFFCNPSILIRKPMAIPYTYKKEEKIKS
-NK---LTSGVIYMVGGSSLLQPVQDMVRSYASTKGLTL -VADQDMRSAVSYGCSVLHK - LEDNKEIVYIDCNSHPLSDISFNCDPEPIIRKPMSIPYTHTVKMRHDR
-LK---RSPIVCVLTGGSVALPLVQQKLKTL - -PYVSRTEYDSKTFRLSVAVGAKIYSDILTGHSDLRLIDTVSQTLSDELSGFTEIVIFPKGHPIPSEYETSFQISG
-------- NN- - -VNSCAAVLIGGSSVLPGVRNSVASL - -RGVSRVIFDKDTYRAAVAIGAATYAQTFSGASRYRLIDCVSNSLSDERKPLRAVTVFPKGHPIPATVRVNFDMPK
* ake ok * . .

sokk K e

KVSDSELLIYLYEGRSTRVLYNELLASTKVLCSQLGNTSQTA-IDMVVHYETQISTTGRV--TCKVSGENGVGITIH---VQSVYDFEEGRLL-KLSTLNEQTQRDRLIDAISVI
KKPSSLIHVCIYEGRYSRVLYNELLASSVIICSELGHTIDKA-VDIVLSYETMISTTGKV--VCKITGPSSQSVTLQ---VQSVFDFSSVILP-DMKVDDKEERLRGFVNNLFLL
LTRSAPIIFKFFEGESTRVVYNDPLFAFEFYLKDWGLDAWSI -SSLKVTIHTEVSSVGEV--SLRLSAANS -SLDMK - - -PSKLYDFPTPSKP - IPHIVNDNREKLDSIKNFIAL
CSKTAHYNARLFEGDHNLCAYNDLIYSAEVPISSLGVQSATP-ISVNLVLTTKIDSVGKI - -SFSIKGPSGVSIPVQ---GRAHYDFSTLPPL -KSVVVRLSSTDKDLASLVLAL
ATTTSTYNARLFEGNFMKCAYNELIYSKTIELRSLGVVAQQP - TSAKLKLLTKIDSVGKI - -SFSILGPSGVPYYVQ- - -GKPHYDLSNLKGP -QRNLVRLNAKLRRETRLLLAA
ASINSYYDARLFEGNYTKAPRNELIYSSRVLLKDLGLNNRQL -TTVTVKLHTKIDSVGKI - -TYDITGPSGVRKSVV - - -GLPHYDFSNISVGFGYKIKYLSDTNRNAAALILCV
CVSTSNYQARMFEGDYEKVFRNERIYAASISLFTLGVNWSVP -NDVEMTLVTKVDSMGKYV - - EFYLKGPSGELVNVQ- - -GTSHYDYAGMPHP - TRKLVRLSDYNVNSAALVLAL
TGPTSTFTIAMFEGDSEHCRKCTRVFVSDVNLKKLGVTHNVA-R-FDVTVLTEVDSLGVI--KCYLKGGNGILVDTE - - -SKPHYDFKGCNRP -SRRVLSSEDADEDMVKFLLMT
ASATSSYNAILFEGDYSKCPMNERIYSSAIQLKDLGITAVRP-VTRSITIELDVSSVGTI--TFKVKGEKGAEVTIG- - -KDRMFDFSGCHSP -TRSVMNLFKNVAERVVLNLVL
AAATSTYKASLFEGDRIKCMQNELVYSSTITLSDIGVTSQVA=T = = = == = = = = = o = = e e e e e e e o e e e e e e o e o o e o e e oo o oo e o e oo mmmmmmmmmmmmm oo o
ATRSKKFYAALFEGEYQKCALNELVYSHNVPLSELGVTSDLP -RSLPMTLEVQISSVGTV--KFDIITDGDRRYTVG- - -KDRPYDFSSRNAP -SRNVVRMSDSLQRRTSSILYS
VRPNNRFYAALFEGDHKKCGMNELTFSSYVPLHEIGVTDSTP -NRVSVILEVSISSVGTV--KFGIKLNQGELYTVG- - -KDRPYDFSKRGSP -TRNVVKLSESLGRRVTNILYA
VNARAKFYAALFEGDHKKCGKNELIFANSIILRDIGVNESSP -NRITVVLEVNVSSVGTI - -KFGVKLPQGKLYVVG- - -KDRPYDFSRMPSP -SRDIVRLADELNRRVANILYS
SNASAVYSAALFEGDFVKCRLNKRIFFGDVVLGNVGVTGSAT -RTVPLTLEINVSSVGTI--SFSLVGPTGVKKLIG- - -GNAAYDFSSYQLG - ERVVADLHKHNSDKVKLIHAL
CVGSGSYSPVLFEGDRTKCFYNKKVFSGTVPLKDLGVTGDTP -RTIRVTLATEVSSVGTV - -KFTITGLSAKKVFVG- - -GVPAYDFSKESVS -IRSITELHTDNQNRVLLALTL
ANKNSQRETIAVFEGEYVKCPKNRKICGANVKFFDIGVASTSY -EPVTFYMDFSISSVGAI - - SFVVRGPEGKQVSLT - - -GTPAYNFSSVALG-SRSVRELHISLNNKVFLGLLL
ASANASYTVTFFEGNYIKCAKNTVIHKFSIVLSQIGVVGNDS -RSVEIIIRVKVSSTGTI--TCSLVGPTGVELSTQ---GAPSYDFSGSAKP -VRVVADNHEDNFNRARTLLAL
-NYNVRYLIAFFEGDSIREFNNKLITRFRIDRKVLGINANAP - - -WSFSSKISVSPLGLL - - TVEIVSGMSSLVINK - - -SAHVPVFDELSCN - LEKVVKPKNQLSSVALADYNI
-TGVVRTFITLFEGSGNRSFKNNVIYSKEVSSSTFGMST - - - -GPMTLEIECNVTSLGVF - - TLKARALQS DLKMGIVA
--KTSYFSSGVFEGGDNRLFYLNKIAAFTVKVVDFPLADAGVVESWSWILKLKLNALGMFSGTYRIAGYPQERELTV---APRVLTLQTIKQN-LRSDAYTFSELTIAVKDYLYG
---IYKTGICVLEGDAPWFLEADPLVNTSISTDIVSKAGE------ GFEVHYIYAVDGTI - - SIEVKSKDHKVVKQL - - -QNQLEQSFEFKEL -ELERVQYGNV-TEIVTMLDII
---KFLTAVDIYEGDSQWFLDCQVLIKDVYSTDAVSSLGS - -GYYRVIQYDLDGNI - -NVWIENKDSTNKRNL - - -KSLITSHKTIKLE-NFERVQTGSS-SLYCTVAELI
---HYSTILNVYEGSDPFILYNDWLISARMQSSLYCNVGD- -TIEYLYKYNVDGIL --ELSVKNKTTGKETVL---PNTFTLTESIKKL-DLSLTQLSNV-DETATLIAIL
-EYSKVYEYDIDGII--TLKIRNEVTGKMFTL---PNSFTKSDNIKPI-TFKLTQLSNT-DDLATLTSLL

---PLKTIVNIYEGSNLFMPENDWLISSNINTTDFAKVGE - -

- ---STMEYGITEGESNRTWLNEIAFKG- - - - TDYRPSNERK - - - - SDKVKYEISVDGKL - - KLSVDGRQLKNTRLPAPVSASAHAYRYVSSM - KKYLIQLENN- - - - - - = - - - -
- - - -YNTGVVLHEGESSFINENARTYSAPLKTTQFP - - - - - - GGKTYVNEFVISEDGRL - - EVKLNGEILANTVVPESPAANEYSERFLSSD -DKRIKPEVDD - - - = - == - == -
* %k
504
- IDVEKLHPAEMVLRSDFPGVLWRNN- 501
-AGPSEFDAAELVLRQTVPRNVRSST - 588
- LTNGRVAKSRACMGKVIPKLLRGTN- 599
TINGVCRQSYPL------- FKTQLDEVLKSPSADDDLAL - - - LQAVPY - - - ITSECLNVADSRMGELVSGRLRGTD - - = = - = = == == == - 596
TLDPEARASYSFH- -KED-YLCEINDA- - - - - - KPLETY- - -RSKYDV- - -ASSYRTSESRSRMGKAVQKTLRGAA- - - = - = = = = - - - 592
TLTREKREKFLLRTLFDT-LLADLRKT- - - - - ~ASLGEY - - - SKKYP- - - - ITRNDIDVVSSRMGIVVSKVLRGSD- 504
SRTDDDRNRCRKY - -AQD- IVTTVATG- - - - - -VSFVEA- - - SQKHSK - - LIRDNDSEAVDL L LGRPFQGVLRGGR - 508
TRTPEARSRLSLS - - EVD-KLYNENRD -FNDVDTDVCRSLMGVFVQKILRGSR 612
--------------------------------------------------------------------------------------------------------------- 475
SRSERVRSSIRED--VRQ-KIYSPESE------ LAPNDV- - -WWQCG- - - - LNDEEKSDCAKYLDSSVGKIVRGAS - - - - = - = == = = - - = 604
TRHERIRENLSKQ- -QLD- ETIQERGSA- - LTTDEVNDCDEYLNNKIDKVVRGSS - 605
TRYIHTRERISED- - EMV-RFQSQSST -VKPEEADECDEYLNGKIEKEVRGSS - 605
TYQPFQRKKLTDG- -DKALFLKRLT- - - -ADYRRE- - -ARKFSS - - -YDDAVLNSSELLLGRIIPKILRGSR - 598
TKTREARQKFSYS - - EKQ-HLDSLSGN- - - - - -LDTEKE - - - SKKFNG- - - YNEQTADVCRI L LGKSVQKTLRGAR - 611
HRKADRRILFTKD- - EAT-RYTESIDI- - - - - -VDVLKE - - - YKSYAA - - - SALPPDEDVEPL LGKSVQKVLRGSR - 599
TRTLASRSKLTAA--EIP-RLSL----- - -PNILSV- - -KNSFSG- - - YNDSEYDVCGVLMGKPVPKLLRGGR - 599
SQSIAKVPKIKAVDNITA-YLRYLRETQG- - - -SDFPEVE - - FKHYYG- - - SNEQI TSKVGLEIRRPIPVFFREEG- - - - - == == == = - - YSVYPR 584
TYTMQIRDSSAVKIGGRD- YANVISAA- - - - - - PVFMTGG-KLSNFFTPNQLSGEYISMLLSARGEEISKSLRSKRGICADRDTAIDEEMKSRLPFPLTGYCDSVSVLKLR 606
SSLVKNDEEFV - - -NVDS - YKDF LDTRGHIG- - - - - - - - - - - LLGFNAKSRLNDYAGADAL LATRTPVPDF LRATG 85
KHHPSGQDFAS IDLNFPNLALKYVNDHGG- - -ISRLDE 546
KYHKLDKNIEAIDSNLFFKIKDYIEINGG- -ISKYIE 551
SHFKPDLKHLLTYVKTPTIFETKLNNISS- -TKELYS 556
GYHDKNFERFYGLFNVPTILIKEIDKLGG- - -~ -------- FKTLYR 554
------------------- YVDMFSELHGDK - - ISIDDVYDATGAYFD 543
------------------------------------------ IKSFYS-RILGDSNLKN- - - - - - - - - - RDLRGRK 533

420
417
415
417
419
416
418
417
437
432
429
430
430
424
425
424
426
407
418
409
406
408
410
411
415
409

528
525
522
525
527
525
526
524
545
475
537
538
538
532
533
532
534
512
503
518
505
507
509
510
504
499



S20

PARK, D. et al.: TWO NOVEL CLOSTEROVIRUSES FROM FIG

FiVvA
FivB
FMMaVv
RLMV
RLRaVv
SCFav
cTv
BcLRaVv-1
cYLv
MV-1

BYSV
GLRaVv-2

AcV-1

FiVA
FivB
FMMaVv
RLMV
RLRaV
SCFav

BcLRaVv-1
cYLv

FiVA
FivB
FMMaV
RLMV
RLRaV
SCFaVv

BcLRaVv-1
cyLv

BYSV
GLRaVv-2
AV-1
Acv-1

Fig. S6. Alignment of heat shock 90-like protein (Hsp90h) (ORF6) sequences of FiVA, FiVB, and related viruses

————————————————— NVLNPYRWYYGALFREYFGEKMYLSYLSK-SETLPTPVITG--VKFKYVNGARFLYLQQIENGQP--------GTFVREVRNLLAILHHLQLPKYC
-RNSIPQKWYYGAIFREYFGETMYRSYLSE -ADNLPYPIPYG--VTFFRGKP-EYWYVYELSNSKP- -~ -RSFLREVRNLVAIVVKLDLASRC
QDQASLTPQNWYYGKLFREMLGPRRYAECLLE -AESYAPFRVS - - -CNLVEAR - -DYLRPHEVEPYQKYSA- -KGFINEWALLSEYLRIHNWPEIT
--ESRSLVHAWGKLFRNFYGERTYSSYLSRTTNDFRSAKVRPKLPDHTRADG-SKVTSEQMWAAPQ- - - -GTMLNELAYLYCSDEIFGWSKRT
—————— LTHEWGSLFRGVYGEPMWSQF LSDAAKTYNSSVFQ- - - EDHVTKDK - TKILAKTLRSAPM- -GSRDHEIALLHHSNNMTGWSEIC
QVPIGSRNLGHEWGRLFKKFYGEPLWRDYLSRSAGSYRPELLK---EGYMSADG-KFITSEELAKAET- -GSVRHELAILIYSDSIYKWSDIC
—————— SHHVWGSLFRKFYGEAIWKEYLSESTRNFDERNVS - - - LDHTLSSG-VVVRRQSLLNAPQ- -GTFENELALLYNSVVINDFVELT

MT-----mmmmmmemem o QRPLTYCWGDLFKVFYGVEESNEFLLEAAQNFNPSMVT - - -WGHKKEKG-GEVSNKQLLEATG-------- NDILRELCLLHYSVAVYGVAKQC
MS-------mmmemm e o TPTFAGHSWGCLFKRFYGVPVWKDYLSN-TASSNATYVL - - -NTYRFNSG-HSISASDVAKAGR- - ------ SSAVYEFYLLLKSETIYKWCETC
MV--mmmm e NFGRRYYGELFCRFYGSQHWEEYLNK-ASSLPLQRQS- - -EDYRFDNG-EVLSVNELNSTQP - -GSCEREFVILLTSEITIYKWCSVC
MYAYALHNAEFIYSMANTSGRSSFVRSYFGELFCRFYGSENWKEYLAK -TSSLPIARQT- - -KDF TFKNG-YVLKASDINNSAS - -GSCEREFALLLTSENIYNWAKKC
MA------mmmmmme e NYSRSYFGELFCRFYGQEDWKDYLNK-ATTLPLVPQT - - -NNFKFKNG-FTLKAGDINNSAP - -GSFEREFALLLASENFYGWLSKS
MT-----mmmmmmmm oo TRFSTPANYYWGELFRRFFGGQEWKNLMSE -AASVSRPRYS - - -SDFRFSDG-VILSRKTFGESTG-------~ ESFVREFSLLLTFPKTYEVCKLC
MS-------mmmmoe - RRPTFAGYSWGSLFKRHYGEPEWKSYLTE -TSMKYKPLKS---ESITFYDG-SSLTSAELRPARS - ------~ GTAEYEIALLIFSDSITKWSEKL

----NHSWESLFKKFYGEADWKRYLSR -SIAAHSSEIKN-LPEIRLYGG-RVVKKSEFESAAP- -NSFEQELGLFILSEREVGWSKLC

--FVGYSWGNLFLSFFGEEDYKNYLSE -VSGYTGSQLP- -VNAMEFRDG-STLSAAMMMNSSP - - - - - - - - GTPQREMYLLLTCERTNEWCSLM

————————————————— RLLVRSDWKYGDLFRYFLGKKDIQSILAE-VQNYPSSCFKS--SHNIYRQG-DRIERIVLTHHPSYPRSIKYDTTVIAEYLMLCAYVEKHGIDKYL
PR * . * .

GSTLSTFVMECDVYKGPV- - -SEENTEDAT - - - -KTLCKFTLNDVSKLMPNG- - - - - - - EIGYVRHMWALSNALGELVTDLDVGAYKHVLGGSRAL - - - - - EVMIPTKTYGDYYS
GSTIEHFVDQCDTHIGPT---SERNTEDPT----TTSCKFTLAKVASIFPNN- -TDVGVVRHAWALSNALGTLTDGTDIRSHKHLLGGKTSV--- -~ EVIMPIKTYSDYFL
GLSLYTIMYRIGLFVGPA- - -SDVMDLDPQ- - - -QDCCKYTMSTVAAFLPPS - - -SSELRRYHSWALSNSIGSLTDSTKLAEFK---LNSENFEETV-EVELPEPTMSDYLY
GVDIKTLLRGIESRTAAP---PEMIPADAA-- - -KEGCRFSLQDVESFLLSGNFH- - -VDTLTVEHSWALSNACGRLVNPNDVKEFKGMVYDPTLNTAK - - - LTALSSEMGDYLG
GIPKAMFLQGSEEVRSDV---TLFMDVDPT - - - -KVGCRFSMDTVKNF IVDTCGEK -DIAKVRVEHSWALSNACGKL TDADDLHEYKAMVFGEKSKDSV - - - IDAVDCPFGDYLS
GSTPRSIFEGVAGMSLPN---GEFLEVDTM- - - -RTGCKFDIDVVKGF LNYDEMEKDSEKELHAEHTWALSNATGTLMDASHVEKFKTILFKDNTNLDI - - - TDNIHNVYGDYLS
GMPLKSLMTGIEDRKVP - - - -DELISVDPH- - - -EVGCRFTLNDVESYLMSRGED- -FADLAAVEHSWCLSNSCGRLLSSTEIDAYKTLVFTKNFDSN- - - -VSGVTTKLETYLS
GVRVNSALKGIECYTAEDLAPSEAVTAKTK - - -FESGCKFSLNAVGQHVINRPAG- - - TGKAYVQHFWALSNSAGVLIGPSEILKYKAIVFKDTLGVTP - - -DVNIELKLKSYLA
GIGIQTAFSDYDTNVNSFRS-NMLIDVDVK - - - -TVGCRFSLSDLEAALRPSHPLE -IRDKTFLEHCWVLSNSCGEIIDPLDIKRFKSITFGDANALGKADETLMIGSSVGDYLS
GLDVKMGMSTVNTGRDLNFSKDPFISVDVK - - - -STGCKFPMNDIKTFLGTKG- - - -~ DDIELAEHCWSLSNSCGEMIDPSDISRFKAITFRSDSESKS - --EAVTSSRVIDYLS
GLEPSSAFSTVNTGVDLDKCEEPNISVDVK - - - -STGCRFPISEISSKFVNN- -ADQDLIEHSWSLSNSCGEFIDPNNVDRFKSITFEDHDISTD---SVSIQSKVVDYLS
GLDPRSGFSTVNTGEDLDKCEDPFIDVDAK - - - -SVGCRFPISEITSRLGAN- - - - - - TDQDLIEHCWSLSNSCGEF INPNDVNRFKEITFDRHSELDK - - - LESVHSKVVDYLS
GVAMELALNGMNRLSDYNV - -SEFNIVDVK - - - - TVGCKFNIQSVTEFVKKINGN- -VAEPSLVEHCWSLSNSCGELINPKDTKRFVSLIFKGKDLAEST-DEAIVSSSYLDYLS

ERSIYRGLNQINNHSIYAE--TELEVTDVK----TIGCKFTISAVESFMGGR---- -~ ASAAQVEHCWSLSNSCGELINPNDTARFIQLVFKDKAVTEQA--QVNTSGSVSDYLV
GITVEEAAYDLTNPKAYKFT-AEICSPDVK- - - -SEGQKYTMEDVMNFMRLSNLD- -VNDKTLAEQCWSLSNSCGELINPDDKGRFVALTFKDRDIIDDA-GAANVECRVGDYLV
SLNKYKATAGVNIFSR----- PLVYITDAP- - - -TVGSKFSKSDVVTFLRRLGKD- - - PAAANVEHCWF LSNSCGELIDANDTSKYSKIVNSGITLALD--EEVKLTSKSGEYLA
DTEVFDMLSDIMYDFDLSD--LDLTIVQLPRKRLEANLQFKLSDFDMPEYSRYT - - - -RDQKLIFK--TISNAMSMKYNP- - - - - -~ - LVLVSGDLIYADVKSDNSEILINNYEL
T, . Sk *
ECIDTYDMSFVNNPQ-RHSLRKELIATCVRFLSETY------ EVVEDWFLKNIIIM--GAIQKCCEEKNLFSSGYIATVNAVR-VLYSHLVTCVFTPWEWS-KVKDIDVRTFVPI

ECYESYLTYCEVYPE-QYNLRKDLVELYFDRCATKY - -
NCLVLCETECVISPS-RFLIRKTLFDICVEYFLDS-
HCMELYKRYVITKSD-EVTVRKEVFIWIETILAPY-
HCLGLYKKCTVATDS -EMRVRAEFFKYMAEIVNAY -
YLIELYKRHVIISHD-ELNLRRDFISYVIDYLNAY-
YCISLYKKHCMKDDD-YFNLILPMFNCLMKVLASL -
FCVASYRSDFLSKSVDERVVVEPVLRWLRDYYSTT-
HCLTVLARSKLPSSAGE TKMKDDWLAHCITYFSAT-
HCLSIVDMVSLPSQKGEKRMLDKVFEKYLTYLGSS -
YCLMLVDMSLLPSLKGEKNMMDKMLEKCLQYYATS -
HCLMLVDMSRLPSFRGE TNMMDKMLSKCLAYYEPS -
HCLNLYETCNLSSNSGKKSLYDEFLKHVIDYLENS -

~NVEKNWFLNNPILV--GGVIKYTVENNLYFSNYRGTLKALN-SICGFFDPVLNNGVNLI-PKKEVDIRLIVPF
-DLGMSSETSYPILT--GVILEIMSSQDMFPSSYVTNVKNAS -YLVREFRLILDAIMQVHYPTPEPDLRVLVPI
~NLSYYGVDSNPLLT--GIIFDFMFEHSVYPSNYGVNLKNLR-IFKDSFLPVILDIWEYEPSEKLADERLIIPA
-DLNYNEPSDNPVLT - -GIMLDFVLSRKIFPSSYAVNLANLR-KFIYDFLPMILKVWVVTPRDVHFDERLIPPC
-DFGYADYSDNPLIT--GFLLDFMIHNRVYTSTYSVNLSNLR-LFISKVLPVMLDTWVIATPKIIKDERLCIPI
-GLFYEKHADNPLLT--GMLIEFCLENKVYYSTFKVNLDNVR-LFKSKVLPVVLTVWDISEPDDPMDERVLIPF
-SLSTDAF-ENPLLT--GLFLEFVSKYTVFDTTFRKNAANVQ-RFINEYAPLVAEIWEYEGSPKSQDSRIIVGL
-DLNYSSKEKIPLLT--GIIYELIDQHKMFLSSYANNVKNFS-VLLGKIVPTIESIWTFKWLKKPTDHRLLFEF
-TLVTNGCCDNPLMK - -GVVFDFVRENAAYLSTYANNIKNFS -IFSATYMPVIEDTWHFKWNETPPDFRLLFDF
-TLITSVGEHNALLK--GVIYDFIKEKSAYISSYSNNIKSFI-NFQASYAPVIEEVWKFRWLNSPPDFRLLFEF
~NLTIPTGNCNDLLR--GVVYDFIKEKSAYVSSYSNNIKNFI-TFLASYAPVIEEIWFFQWVGDPPDYRLLFDF
-DLEYRSPSDNPLVA--GILYDMCFEYNTLKSTYLKNIESFD-CFLSLYLPLLSEVFSMNWERPAPDVRLLFEL
YCLQLYDNSKKKSNAGRTQLMESYVSFIRDFFQHS - -DLYYRSPLDNPLLT--GVLYDLCIEHNVLRGSYLKNLDNFR-LFKQTYLPMIDDIFDYSWELYAPDERLLFPI
YAMSLFEQRTQKSQSGNISLYEKYCEYIRTYLGST- -DLFFTAPDRNPLLT--GILYDFCKEYNVFYSSYKNNVDNFR-FFLANYMPLISDIFVFQWVKPAPDVRLLFEL
YAISLYDSLQTESQSGRKKLYDRYLSYVIKYMAPS - - - - - - - NLSYHTPEVNPLLT - -GLLYDMCDHDNVYVSEYVTNLNSFRSSFLEKYLPSVNDFWEYDFLQPAPDERLIFPL
LCRMYKYGEATASGALNSRFSVNGTHWLNRFMNNLMIASKGVGAFYIGDWVAPTLCYLGLISKMCDHYDPF -GKICDNDSQLA-IINEPPVLTCMSLIFAPLNSFVNDVKMLLPF
. * . * .

EAQEFVVE -SNCMSLVDNTVILNSVIWKVSEVVQEDALNEIGKVIETLLKVSN--PDVSVATLWGCFALYYSIHRTAKQRVERRPNGIRVPWTL - -KDTSEVDVVEMSGVEEFFD
TNVEFVVE-SNTLSLSDNTVILSSVMWKVENVIQSDALEGLAQLIEAKLTSSN--PKVDVSTLWACFAVYYSVYRTAKNRVEPRPSIFSIPEVF--KGDSKDLTISMREVEDLFT
TPVEFMFD-LPVYSLYDGVVIMAHGIRRLDRVISDSTFAELFYVIQSVMIKNN - -SGVDEQMLWVAFVLYYAVYRTAKERVQPRPPSFEARMSN- - - -GSPSTLVNFVEVERLFS
SAMDFALH-IPKLNIYDMSVVIGERLKFLEVVFEGEKLESITQRVIALLKVSN--PDLDEDVLLDTLFVYYGIFCTARSRVVPRPSSINTIR---~---~ GDLKPVDVSQIESFFS
ELVDLAMD-VPKFNFHDLNTVIKGKLRSLEIECEDPDMNVISEIVFSKLEADN- -RNVDKHLLREALFLYYGKYCTAKTRVVPRPSRFRV - - - -SGVEVSFTAVESWFS
SAVELVSS-LPSLNLYDRTVLVGDKLMSLEYRFEYEATESMVDKVKATLLESNKLSGVSELHLFDTFYVYYAVFCTAKERTIRRPAQYMLY KGESVSMEEVEDLFD
DPTDFVLD-LPKLNIHDTMVVVGNQIRQLEYVVESDALDDLSQHVDLRLAADN - -PDLRVGLRWAGMFVYYGVYRCVVDRAVERPTLFRLPQKLLSQDDGESCSLHMGSVEALFN

HPDDFCRN-LSTLSLDDMEVTLGGIVHSLEIVIGEKLMDDIDEMIDALLLQSN--PNVVYSHRWVGFFVYYGLHRTNRDRIDKRPDYIDVVISK--- -~ NTTVRVRMVEVESFFN
SLSDLNKSASQVLSLNDMTVVLESKLNLLERVIHHSNIDSLKEVVDAILKDEN--PDIDGETLWICFHCYYGQHRTAAERVQARPEYYEPPFSL - -KKADSKLKISFVGVEKLFT
TLTDLTDKSLPLLNVNDMQVVLGSQVKYVENVLMDVDILSMRDYIYALMKKSN - -SWADESTLWAAFHCYYGTYRTAISRVVSRPLLYVPPPQL------ TTRVIDFSTVENLFD

TLADLTDERLPLLNINDMQVVIGSQTKYLENVLMDSDVVAMREYISSLLVKAN--PSSDLGMLWMALHCYYGTYRTAVTRKVPRPLLYKPPYQL - -
TLTDLTDDRLPLLNLNDMQVVIGSQTKYLENVLIDADIKLMREYVSSLLVKAN--PTLNLGLLWCAFHCYYGTYRTAVKRKVARPLIYKPPFQL - -
DAAELLLK-VPTINMHDSTFLYKNKLRYLESYFEDDSNELIKVKVDSLLTRDN--PELKLAQRWVGFHCYYGVFRTAQTRKVKRDAEYKLPPAL - -
DPYEIIKE-VPTMSVIDANVVLSNKLVYLDSYLENNSILALEKKIISILCRDN--EGIDEGALWAAFFCYYGTYRTARQRVVKRPDTYELDGIF -~
NAAELTLE-VPTLSLIDSQVVVGHILRYVESYTSDPAIDALEDKLEAILKTSN--PHLSTAQLWVGFFCYYGEFRTAQSRVVQRPGVYKTPDSV - -
DDFDLVSK-IPSLNINDSTVLLGGRLKYVESIFTHQFGDDLDGVIDAVLQQSN--PSIKRETLWVALFTYYGVYRTAKTRIVPRPEVFTFPPGY - - -PSELTCEVNFSTVEKYFS
YLTADGTL-SRTLNYSDLSFLPVQRSRL --NLLSKDFVRRITANILYLPDYDDSLHELGTYWLFSAVCIYYGIEGTNRFRKTTRGKGVCFSD- -~~~ HSGKTYLVDMTRLEMYFD
* . . . * * . k%

. . **- .

NIQKVNPNINVRKQFLGSIGSSVLNLLKSLNIKL--------- PQISTYKLPEGYEYLYVDFYKQIRRKGLSTDEIKHLTKLRGAVNVMLEERISLRTLNIGQIPTL-------~
HIQLKNPTINVRRQFVGSLGASIISILKYLDIRL- -PQISKLTLPADYSYLYVDFYKHIPRKGISTQECKYLTMLRDSVDVMLTERISLASTRKNNRRDS - LIEKRVA
DLQVKNPTINVRRQFNGKLGPLALNILRSVRPTL - -TNIAGIILPAKYGYLAIDYYKHVPKSALNEEEASILAQLDRIVDLILGSKLSTISLDKKNSRRKRNPKSRIN
ELQLSTPDVNVRRSFMGHHYKRVLKLYKEIGLKL - -PPKCDYIVPAEYGYLNVDFYKQIGSDVLTEEEMGHLTAIRDRVDYKCRNIVSLNSTPAHGSKFS - --NSRRI
RVQFAELNINFRRDFMSHHATEALQVYKKFGVKY --------- PPKSDYIVPLNMAYLNFDFYKGVKDSGVNEEEHYHLKKICAAVDAKCRGLYSLQKVSENDVRRR - - -VGKRG
SLQKASYDVNVRRCVLGAMGDRGFECYKRLGLRF --------- PPKSDYVVPDHMAYLNVDFYKQLDESVLTPEESHHLSNIRRRVDVKCNNLVSLKKTVFKDSSSS - - -FSNVV
LVQKVNKDINVRRQFMGRHSEVALRLYRNLGLRF - -PPISSVRLPAHHGYLYVDFYKRVPDGAVTADELESLRQLRSSVDVMCKDRVSITPPPFNRLRRG---SSRTF
ECQRWNPGINVRRSFNGRKSCVAFEIFKRLNLKF - -SPLVEVKVPVNMEYLNVDYYKQVVYEGLNNDEIAYLNIVRKKVDLKLGAKLSLKSKEPVDKRMR - --STFLE
TLQGQNPGINVRRQFCGRISHEAIFVFKKMGLRF - -PTIATVIIPPELAYLNLDYYKWVDTSQLNPKKR
TLQKRKPDTNIRRQFCGKLGVEAIACFKALKLSF - -PKICTLNVPLEYGYLNIDYYKHIPGRNLSDEERLILCNIKDSVNEMCLNRALSTE - - -KRNAQR- - -HPKLL
KLQKGRPGTNVRRQF FGKLGTEATAVFKKLRVGF - -PKISAMNVPDEYSYLNLDYYKHIPEKGLSEEEKLVLCNLRSSVDEMCTNRALSIS - -VRRDAQR- - -ESRGN
KVQTGRMNVNVRRQF CGKLGAEAIMCFKRLRVGF - -PKISALNVPGEYSYLNIDYYKHIPDKGISDEEKLILCNLRDSVNEMCVNRALNVN---RSSALR---KPGSI
ELQKKMPSISVRRRFCGSLSHEAFSVFKRFGVGF - -PPITRLNVPVKYSYLNVDYYRHVKRVGLTQDELTILSNIEFDVAEMCCEREVALQ- - -ARRAQR- --GEKPF
ELQKRVPDVSLRRRFNGAKAGEAITVFKKLGISF - -PPITRLNAPSKYSYLNIDYFKQANSLGLTEPEKIILCNIAKDVDMMCAQRISSVK --AKPIAQR---NGEAT
KLQRELPNVSLRRQFNGARAHEAFKIFKNGNISF - -KPISRLNVPREFWYLNVDYFRHANRSGLTEEETLILNNISVDVRKLCAERACSTLPSAKRFSKN- - -HKSNI

DLQTKAGNSNVRRNFMGAHASEAFRTYKALGIGF - - - - -~~~ - PPVSALNIPEKYGYLNVDYYKQAKVDHL TDEEATILKEVSRDVDAKCTRRLVNSNPVNKSI - -
ELQKDITSYSVRRAYFGTIIEFVNKIYDTFRCQFLCRWYYNGYGPMSSKD -~~~ -~~~ YTDFFKY - - - -NSSGADVKYLKSMRAYSGV - - - - - VSLRPNYRGAIRQK- -~~~ -~ v
* k. LIRS
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--------- RQERRIKDPLV-ALKDTLYEFQHKR-AGWGS - - -RSTRDLGSRADHAKRGGG 552
KRLPTGIISRRVLP--------- SPTSKLLSDLRKN-TEWATTLRRNTDRATSQYPHHPTRLR 554
------------------------------------------------------------------- 567

183
183
194
190
185
194
182
190
193
185
204
184
192
186
188
183
193

287
287
298
294
289
298
286
294
298
290
309
289
297
291
293
289
306

397
397
406
399
391
403
398
401
409
397
416
396
403
396
399
398
413

495
502
512
502
494
506
501
504
476
497
517
496
503
497
502
498
504
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FiVvA
FivB
FMMaVv
RLMV
RLRaVv
SCFav
cTv
BcLRaVv-1
cYLv
MV-1

BYSV
GLRaVv-2
AV-1

FiVvA
FivB
FMMaVv
RLMV
RLRaVv
SCFaVv
cTv
BcLRaVv-1
cYLv
MV-1
TV-1
ReV-1

BYSV
GLRaVv-2
AV-1

FiVvA
FivB
FMMaVv
RLMV
RLRaVv
SCFaVv
cTv
BcLRaVv-1
cYLv
MV-1
TV-1
ReV-1

BYSV
GLRaVv-2
AV-1

Fig. S7. Alignment of minor coat protein (CPm) (ORF7) sequences of FiVA, FiVB, and related viruses

MA- - -DSSTEGTDKTVATKTSSNALSD-----------~ YSSGYVNSIFNEQFSTNIQKLDLNSISQTRPDRCQSEELELILGDLKEFLVAQYSIVPADFILHLSMIIVRLNSTT
MS------ SDEKSTALVTQNLTKALSE------------ VVVEKVGTVFSEQLLGSLSKINLDSISQTRSDIYEKEELRLILLDLRDFLVTKYAIVSEDFILHLSMIIVRLSTTS
MASGTDAQSTSNSSTSLVSAPSNAL - - - - -SSKLVPIENTLQSLNSVLDRLDISSISQTRPDKYTEEEMRHYLDEIKNHMITVYKIDEKDYMIHLTMIIVRLAVVS

[V} LVPVKVNDSPVSPADA -AAIITSSRQDPTSFGGILARLNVASISETQTDRFSDKQLLEVITKLSSFLKETYHTLDKDLIIHITAIVKRAFTLS
MS=-mmmmm e SALGD---------- SKTLIPFVATPSDESAKTLAGAFDINSVEENLDERYTQAEVTEVLHRLETFLVTTYKIDTKHFAHHLAATIIKRAATLT
MA--mmmmmmmmm e LVNSEVSAL-==-==-=comamuu QSNELSTNNNAIPNSLDSVLVLSSISESSIDHYTSEEIPKVLNDLQTFLITKYSIRPEHILSHAAMIVKRAATIS

MA- -GYTVLPKTDDKEMDPVSAAVPGKYPDVIEKFVANRSVDALIEGVISKLDTNSIYEDSTEKFTGEHLKYVMVTMDTFLLENYKTKTEDLLVHLTMIQKRLYTIS
——————————————————————— ANILNGLDVDSIEQYSTEVFNTSENTEINNKVFAKIKELNHANDADKAAHILAVLTRLATRS
»»»»»»»»»»»» ADVSKLAIATRESMQAAFSALDLSSVSGTSDSCLSDSELTEAATKVNTELKKITKGEDIDMPSHFAALIARAATIG
»»»»»»»»»»»»»» AQPAALRDASSEIVEKFSEGLDVNSITHSTDSAFSKKEAEEAIPGVLSRLRELTKADSKQDIVHFMMLMCRAQIIS
-SKILEARDISSEVVEKFSENLNVDTITQSSDSSFSSTEVAEAFPAVLAKLREITKSDPKQDAVHFMMLMFRASNIS
-SSLLNEKDLTSEIVEKFAAGLDLNTISQSSDSSFSRTELDEALPSVLGKIREITKADSKQDAAHFMMLMFRAAVWT
———————— RGDLIHFTENTRDAMETFFNSYDLAEYSEVNPNKLNRKETDELLGVIRERFKSELVITDEDFVKHLAFALIRAANIT
NKSSLEVFSSETREKVGKFFNNFDHKTFKQVNPNLLNEDELREVLGKLKTELKTNLKALDEDIYHHVAFFLLRASVVS
VVLTTRKEAVDKFFNELKNENYSSVDSSRLSDSEVKEVLEKSKESFKSELASTDEHFVYHVIFFLIRCAIIS
»»»»»»»»»»»»»»» SPLGKELGLSLRAVEAFFQSFQSTEYKASSSETYSQPELERLVGGLKAAFKATVKANEDDIGLHICFILLRAGQIQ
. * *

CSEKYTFGQTENISYIVSG----- VRYRIYDHQLFPFLRALCKKHLPSVKNGVRKFASSCEALLVTLGHLRPDLFESARATRAGTPHGKGWLASDFISGVYPDISENERAVAIRA
CSDKYTFGKSERISYTISD- -IKYTLYDCDLFPCLRALCKKHSPSTKNGVRKLASSCEALLVTLGHLRPHLFDSARSTRAGVPLGKGWLASDFISGIYPDITENERAISLRA
TSDKRSYSPHDHIKYVWVGG----- TSYKLYDNAIIPYLKNLMHDP - -DVRNPLRKFCSTAESLLVSIAAIRPDLFETHRATRSGTPMHKGWLSADFVTGSSPLYSELDRSMLLRS
TSTKVKYSNTGCITYSLNDN----TEYTLYDKDVFPFITNTFGGV--DTPNAIRKFCCSFELCHTALANLKPSLYEGKRFTRLGTPKGKAYLGADFLTGTLPSYSEHDRAITLRC
TSTKVVYRDRVGISYKVEG----- VRYELNDMKVFGFIRAAFTTA--TNPNPLRKLCCTFQDLLLWMASERPEMFDSRRTTKLGAPKGKSYLATDFLSGNSKYNSERDRAIIIRC
TSMEARLVPGSHISYDLKTSDGTVLHYKLEDTVVFGYIRTWKDEV - -SNPNPVRKLRCTLEILHEWLAHKRPEIYETKRTTKLGLPKGKAYLGADFLSGNVSTLSEHDRAILLRS
TSTKTKFRDKGCISYVQGG----- LRYKLLDKVVFPFIISKFTDR--ETPNALRKFACTFEELHLCMARLRPDLYENKRTTRAGTPHLKGYLSADFLSGSLPGYSEHERGIILRA
TSRKVRDDGKGYIRYPING----- VKYEIKDSDIFPYMLQLPLIA--SVPNGLRKWGATNEAGVVFVAMKKPKLFESRRSTRAGTPMSKGYLSTDFLTGSLPEYSELDRATMRRS

TSLSAVYR--NQQTYSIRGK -GKYTVKDAEIFPYIIDITAKY - -GKPNGLRAFFASLENAFLVIAKMKPQLFESRVATRRGTPKEKGYLATDFLSGASPILVDQERAILNSA
TSMKVKYT--GSYSYTVGG- -MGFTIKDADIFPHIIHMLAKY - -KKPNPLRALFTTFETPFIHFSKIRPDLAETRSACRRGTPTGYGYLSADFLTGSSPSLNDRERAIVNRS
TSTLVKYT--GSYSYTVSG----- TSHEIKDADIFPQINHLLAKY - -KKPNPLRAFLSSFETPYILFSKLHPNLNESRIACRRGTPQGYGYLAADFLLGTSPILSDRERAIINKA
TSPKVRYT--GSYSYSVSG----- VSYQIKDADVFPHISHLLAKF - -RKPNPLRAFFSCFETPYVYFCKLNPEMAENRTACRRGTPHGYGYLAADFLPGSSSALNDRERATIINKA
TSVKVNYV--GAYEYTIGG- -KKFLVKDAWVFPLIKECMKKF - -NKPNPVRTFCATFEDAYIVIARSLPKLFLNRTIGKRGIPSGYEFLGADFLTATSVCLNDHEKAIVLQA
TSPKVEYK--GSYSYSIDQ- -RKYTVNDAWIFPQVKILASKH--NKPNGLRAFCASLEGMYLSVARLGPDAFGTRSVGKRGAPSGSEYLGADFLTSTCPLMSDHDRAVALSA

TSEKVKYV--GSHKYVVDG- - - - - KTYTVLDAWVFNMMKSLTKKY - -KRVNSLRAFCCACEDLYLTVAPMMSERFKTKAIGMKGLPVGKEYLGADFLSGTSKLMSDHDRAISIVA
TSLKYKND--TSYSYRLSN----- TEYTVSDLWVRSTIARLGDSI -KKKPNPFKCFCASFEDLYIAMAKTHPELFKNRTIGRRGTPSGYEYLSADFLSGCSPLLEDRERAVAIRA
* * . . * . . * ok Sk k. PR
RDVNLSRVSMEKD--HLVSLYDIT----- 232
RDVTLSRGSADKG--VLINLYDLVQ---- 230
REVNLSRTSRDRSG-VLVSLLDLGN---- 233
SETALTKTPGEDF - -AIVSLRDLGRRSLV 230
AEVALTAPQSVEHG-ELVSLRDIGRYI-- 219
SEVALNRPSKSPKV-SLTSLYDMVKEF - - 225
SESMLARRQGYEEATELLNLRDLGKYL -~ 240
QEVNLDRVTTDLSG-SLISLSDLGNQRCR 211
SSYALDRAASKKKNSGLVSLYDYGRYD- - 226
SEHAINRANLTGASKELVSLYDIGA---- 218
TEHAINRANTSSVSRELVNLYDL - 216
SEHAINRSNMSSLSREIVSLYDI - 216
SRAAIDRAVSSSVDGKIVSLFDLGRLS-- 216
SRNALDRSAASQIDKKMVSLYDFGKVVYT 227
AKNAVDRSAFTGGERKIVSLYDLGRY - -- 223

SENALARHNGSNSEKLLISLYDL------ 228
. ok X

210
207
209
203
193
199
213
183
199
193
193
193
189
198
197
205
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Fig. S8. Alignment of coat protein (CP) (ORF8) sequences of FiVA, FiVB, and related viruses

FiVA ----MAT------ TPSKDAQDLQQITATTP------ PPSAPPQSTPPPQNSLIAGAGSTIVNTTELSHLFVSDIRKLDE -KKLEMANNHFRSCLTNVFGPIPDKEAAFKAALPAT
FivB ----MADKVDNQSGYVPLASE - -KSSLTTPLLPKKDNNSSQSSYAPPKDQVDIPGAAAISSQPVGVSSVFVSDVRKLNS -VNLARANEYFKRSLEGKFGSIQDKSEAFEVALPAT
PSNALSSKLVPIENTL--QSLNSVLDRLDISSISQTRPDKYTE-EEMRHYLDEIKNHMITV-YKIDEKD--YMIHLTMI
----FTIADLKEINVADNTTLSE-EVEAKITKPLLAKIETANPGFDDKG- -AKLLVGMI
VDDFTDLGTIVVADSTAMSF -EGSKKVAEELVFELKKTNNLFDVDK - - LKTHWAMV
————————————————————————————————————————————————————— VRYSDITGLSVGNSTATNT -ADAALVAKDILAKVKETNPTLTDDH- - LNLIWGVV
SFSSVNLHIDPTLITMNDVRQLST-QQNAALNRDLFLTLKGKHPNLPDKD--KDFRIAMM
-MELSRQFVYIIRTADYDFIEITRRSYLWTLTFERSKMSTGKP -~ ---SLTLSDIGNVSVKLDKELNE-KELAIVSAGLVKILTEE-YKFKADD--VLLHMYMI
NDSNDSSNKS - -=-==-==----- ALTQTPSKLSSVSISDKRLLTG-AVKDAAKIKFFTGITAKYPSINIAD--TNTHLGML
——————————————————————————————————————————————————— TAGKLAVIDAFNVEDERIISSVSDLAEIRQKFEKFVTDK -LQGDLKD--LDLHLGLI
-S-NSEVPILDSFKVDDERIISSIEDIVEIKGKISKFIVDT-LKGSADQ--LDLHIGLM
-NVESEVLVLDSYKVDDERIVSSTEDIVAIKGKFSDFITNV-LKGSGEQ--IDLHLGMI
————————————————————————————————————————————————— AEPISAIATFENVSLADQTCLHG-EDCDKLRKNFEECLKLK--GVPEDN--LGIALGLC
———————— TMTAKDMIFAPFENFARASATCLNG - ENKKKLFEEFSVRVKTQ--DVTESG--IPTTLGMT
MSDDNLGNLVITDASSLNG-VDKKLLSAEIIKMLVQK - -GAPNDG- -IEVVFGLL
——————————— AGQTLGGRLLGLTFGSPVLKTG-NDKVKLLKTLGEFMVSK - -GAKPGE - -VSDAIGLL

FiVA LYFFRIHTTSGEAKH--EQTSVNFVL-GNVRVTISESDLIEAAKTCPQL -RMYSNSIRAWCRSNEKTYIDYSRQNPD - LPSSARATRIGLPAHYSWLEADFLTG-EHL-TDEERA
FivB LYFCRIHTTSGEAKH--EQTSVNFLI-GNQNVNIVERDLVETARNCPQL -RTYSNPLRAWCRSNEKRYIEYSRQNPD-LPCSSRATKIGLPSHFSWLEADFLTG-EYL-TDEERA
FMMaVv IVRLAVVSTSDKRSY -SPHDHIKYVV-GGTSYKLYDNAIIPYLKNLMHD-PDVRNPLRKFCSTAESLLVSIAAIRPD-LFETHRATRSGTPMHKGWLSADFVTGSSPLYSELDRS
RLMV LYRLALRTTSPNATF -NAHDVTTYKV-DGKSVKFDDEMVFGYIANHEAIPPGIKNPLRAWGRALDQKYLKFIRPLKTTLDFNQRCNKIGLPVGYEYLCADFLTG-AGL-DNQEAA
RLRaV LYRMALLTTSPLAKL --SNEITSYKI-GDKEFSFSDDQVFNFLKNHPKS - SKYPNFLRSWGLGSETVYLDFMRRKKDTLHFTSRATRIALPEGYEFLCADFLTA-NNLKDNKERE
SCFav LLRLAVRTTSEKSLG---FEETTFKI-GDVEYKIKDEDFVNVVDKHVKT -RFEKNPLRHWARGSNAAYLDIARKTPNEI -MSARALKCGLPKDVGYLCADFLVG-SGL-SDFERT
cTv LYRLAVKSSSLQSDD - -DATGITYTR-EGVEVDLSDKLWTDVVFNSKGI -GNRTNALRVWGRTNDALYLAFCRQNRN-LSYGGRPLDAGIPAGYHYLCADFLTG-AGL-TDLECA
BcLRaV-1 MPLLNRVSTSEKVVASQAGSGISYTL-GGAEYALKEDILSKIADLVP---RTGKNNLRLWARSRESMYLDVAFAQPD-LFKCERSLKANAPNGFAWASADFLPGVDHRLTDEMRA
cyLv LHGYAIKTTSKQASE -PEGEFVNYTL-GETEYSFTEKDYLNIFDSIPRI--TGNNEPRVFCRSFATEYLDFFLKNSSTLPNNPRALSQGLPPGYHYLAADFLDACDKL -TLHEAA
MV-1 LVAFAIKTTSRQAVK -GDAEFVNYTL -SGHVSTATEKDITEFLNSLPQL -KDRKNKARVFCRSFAKEYIKTCRSHANSLPKQTRAIKLGIPDRYHYLQADFVTDCSEL -TDEEQA
TV-1 LYACATHTTSKKAFR -PEGELTSYTL -SGKKHVVNTRDFLELLNSLPQL - SGKTNKIRVFCRSFSNQYLAVCREFGEKLPKQVRGTKLGIPTQYSYLQADFISDCAGL -SEVEQA
ReV-1 LFACAVRTTSKKAFS -TEGILAEYTL -SGKKYIVHARDLLNFINSLPQL -NARVNKIRVFCRSFANAYLSVCRAYSQQLPKLVRCTKLGIPAQYSYLQADFISDCSEL -TEHEQA
BYV LYSCATIGTSNKVNVQPTSTFIKASFGGGKELYLTHGELNSFLGSQKLL - EGKPNKLRCFCRTFQKDYISLRKEYRGKLPPIARANRHGLPAEDHYLAADFISTSTEL -TDLQQS
BYSV LYALATLSTSSKIDIEDKTPLVSAKI-DAVNVTITYEDIKNFVNSLTLL-KNYKNKLRVFARTFEEEYLRFVRQYKHILPNIARANKHGIPADYSYLAADFVQTSNLL -KEHEQA
GLRaVv-2 LYALAARTTSPKVQRADSDVIFSNRF-GESNVVVTEGDLKKVLDGCAPL - TRFTNKLRTFGRTFTEAYVDFCIAYKHKLPQLNAAAELGIPAEDSYLAADFLGTCPKL -SELQQS
AV-1 LHAYNIRSTSPKVERDVDDILFSAVLSAGSAIVVLEGEVNAWLNNQSEL -KTHVNKARVLCRTLGDEYIAFLRENHSVLPPVPRANKHGISAAHSYMASDFYTSNKAL -SNEEQA
. ok * ok . . s k%
FiVA ALMIATKVALSRAAVTPE--AKIISLTQLGRV------- 236
FivB ALMVATKVALSKSAVAPE - -ARIISLTQLGKTIG----~ 248
FMMaVv MLLRSREVNLSRTSRDRS - -GVLVSLLDLGN-- - - 233
RLMV ILNLGRAEALKKEVGDTG--HSITSIKQLGRFST 198
RLRaV IWRLARDMALTPKEGSDPV-QSITSLTQLGLKTQGGLYR 204
SCFav CYLQAQNHMLAEKAGIPAT-GTLTTIANLGYYKA----- 195
cTv VYIQAKEQLLKKRG-ADD- -VVVTNVRQLGKFNT - 223
BcLRaV-1 AIVSCRKTLLKRSKEVNEIGHQLITLERLGVAS-- - 237
cyLv AAVKAKDHALASKQ-VAD- -QFVANVYEIGKH------- 207
MV-1 VLLHGRNHAVAPINSAAT - -PIVTNLYELGGGKR----N 201
TV-1 VLIKGKDIALKSAAVVGT--TATTNLYELGTHSR- T 208
ReV-1 VLVRGRDRALNPVTGAGA--SSVTNLYELGSRSQ----Q 205
BYV RLLLARENATHTEF -SSE--SPVTSLKQLGRGLGTG--R 204
BYSV VLLEGRNAATASSG-TTR--ESAVNLKYLGGSSK - - - - - 215
GLRaVv-2 RKMFASMYALKTEGGVVN- -TPVSNLRQLGRREV - 198

AV-1 VHLHGSNHALKTEG-KEV--TEITSLFQLGRH------~ 218
P

206
216
204
166
166
162
191
204
178
168
175
172
170
184
165
189
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Fig. S9. Alignment of hypothetical ORF9 protein sequences of FiVA and FiVB

Predicted transmembrane domains are marked in green

FiVA MEVRLSRSETILISALLGLLECLVELVTTETYYVRARTLETRLRAVKNITAVDAAAWEEL 58
FiVvB MQIAISKSNCVILFVNLVIITALLFLLIRTCIRYSSLKTRVIAVRNSASVEAAGNEEL 58

ckoky ok .. . sk kgdkks kkok ook okk kkokk

Fig. S10. Alignment of hypothetical ORF10 protein sequences of FiVA and FiVB

Predicted transmembrane domains are marked in green

FiVA MALSDNAIPFLTVEFEISEITIVSTHPAFQKTSSSGLGAKDVLAHCQRNSYKQSASVYAGLSARDCKGPKIVKYRQD-- 77
FiVvB MVC--DTIPFLIVLFLISLIIICSIHPSFQKQSSSGVGAKDLLQYFRREEYVKNASLYAKLSEIQYTRPKLGKTKRDGS 77
Lk

Fokok kkokokkok Rk ok Kokkok Rk Rokokok g kokkok o K

Fig. S11. Alignment of hypothetical ORF11 protein sequences of FiVA and FiVB

FiVA M--SFDTNHLALSDVTVHGTVLARLRLLYIDSRLGFFKIVTSGSGEVRVHRIFEGMAILFDDGSFVNTRGDCMQRLDFELGSTIHCGVSLRKLTIETLRFLINREIDVYPIRYVT
FiVB MDRNFLRRPLLLRNIVVQRLTRSIISFYFFDINNDIYLVHNRNDQHRDIPLCFEKIAILFFDGSYLDVSGSIFRKIYNDIVDVKMLNTLSNNINSNTLRILLSDMLVIVPLRYIT
* * * K . ko P S . Kok kKA Kkkees K sese e ca ekkK ks s kakkek

FiVA LTRETSVDLLSVVEGKGTVYTPVPFASYNLTLAFFTTSTKTAKYAHDVEDLKDTFSDMFEDGDVLTSFGLCDAR 187
FiVB LTPETKESIRKVVLGTGYLYIPVLGSSNNLTLNIHTNRFWPSRYCSSVTILENEIRDVVKDGYVIDHISLCDTS 189
dk Rk o Rk ok ko ok Rk ok kkkk ok Lok Uk kaa oo ke akk k. o kkk,

FiVvA
FivB
PeVB-v1
PeVB-v2
PeVB-v4

FiVvA
FivB
PeVB-v1
PeVB-v2
PeVB-v4

FiVvA
FivB
PeVB-v1
PeVB-v2
PeVB-v4

Fig. S12. Alignment of p28/p26 protein (ORF12) sequences of FiVA, FiVB, and PeVB

Predicted signal peptides are marked in cyan

MMSKTLRIRSPICLRMATFLQVLVYAMRVDSTPSYVIKMKGN--STEVGSSYGIPCYTCEE----VEYIAVYNVPHDARRLVLVNDKKDCNSATTTLIESTSRGNILYYDISLVD
Jilbosccncoocs LLRMVMLLIILVYVTPVKTGECPYEVSFLN--GTKLSYVVGSTQFKCSE----LETIEIKNLQHEACRVSLVNIISSMNEGFSTLIESTAQSGTLYYDISLVD
-TRICLR-KAFVQVLAHMV-MLSLLMLLRQGSGEIYGKVGNNPVHGGCFFWDDLGNNLGTVITSNKESAVRYHVSRNYSKTC-GAGNTLVEWTYKDGIVYYDISCVD
~TRICLR-KIFALVLVHTV-MSSLPTLSKQGSGGTYGDSTAQGVGGTCYFWDALGNKIGTTIESDENESVRYYVSKNYSAKC-GAGSTLIEWTYNAGKTYYDISCVD
------ IKTCLR KMFVRVSVHLV ISFLLTLLRLEGGETFGDTYSNN STGCYFWDVSGNKVGTTIISNTSEAIRVVVSRNFSPSC GAGATLIENTYKSGVTFYDISCVD

. P SEEEK KK
GVTCLPTELYEE TQLIYEFPRCDA-WSLCSDSVCASECSIHHDVHECEVEKPYTS HWEQKLRSSCLGENARVYTSAYDDSRGLLKTNVSYVKYVMRVITNQKEKD
GLTCLPDGLVEK SRYIEKFPECNS-YILCGESLCKSQCSMTRDVHECELEKPYTV RWEEKLRSSCINENSRIYTSAYDDYRGLRISNSTSIFYTFRKRGTDRDLP

GFSCAVVAKCNDNDVFYSYLDSYNMYCRR -RNDCGE - -CLSNCISEGKDDECCLNN-YTATVCNPQWSQWLWKLYNGSFKGIYTYAYDDDYGLHQCTNQVLFTTQISDKHDYSNP
GYSCAVSSLCNNDTVYFSHLDSSVDECNSKRNECGE - -CVSGCISTNEDAECCRNS - YNSVTCKPQWSVWLHDTYASKFNGIYTYAYDDKAGLHICAGRVEFSTLPKFSLLYPGA
GFSCSVTAACDNKDVYYSHLDSKLLDCAS VNLCGD——CISNCIRTNDDSECCIGV YNAYSCRPTWSTLLKEKYKNYFNGVVTVAYDDAYGLHQCASSVIFKTITDERESGITD

.. . * K. ok ok x L kx *, . . . SRR RRRE Rk .
---DMSGS- - -PRDNLRLYINLYQLWIHFFVYVKLLTCSA----- 247
---TNHASHVWQRTILRIIINLI----- IYIYLDIS--------- 230

-LLISSSTKACINSVDRYLGVIF --VAIVKEVFTKLISLLL- 255

TYTVSEAKRTCTNTVDRFIVVIA --IGILKEVLTFGTDLLFK 258

YPVKSGESITCNDSVDRLIRLFV----- IGIVKELLSITLLGIFN 256
* . .

113
115

109

106
106
105

213
202
217
218
216
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Fig. S13. Alignment of p23 protein (ORF13) sequences of FiVA, FiVB, and related viruses

FiVA MRYFVNENTYATFFLQLDELKTRCGAIDSLKP-AYVSDLCVELNALISLYYVMLHESRNNYYSTEDHVNIKKHKDLKEAYKGLTEVLSILRNYYALE - YGAYDVENAVRFIVSKY — 113
FivB MRYYVNDNTYSTFFLQLDELNSRVGAIASLKP-TYVSDLCVQLNALVSLYYVLLQESRNNYYATEDHINIKKQKDLKDAYKGLQNILHILRSYYCIE-YGVYDAETAVRFLVWRY 113
RLMV MRACFSIDDMINTISYVTICVAQIRRTDVTHSGDTLNPLIRALNDSIGTLTAMKLDANTTKLCGYYSEASNKLKHCATVEELIREWLFGCRRILITDVLGIRSIHDTFHFMINKF 115
v MRAYFSVNDYISLLAKVSAVVERLCDPSVTLA- - EVMDE INDFNSFLALVHSMKSDMNGDHQDGHHEMGEHKSRLLCNIEAKLRVLLDIIRRRFTRDKLLCTSATDVMGFFVMRY 113
TV-1 MKLYIQVKFYESYLKLITDLLEAINASNSSNE - -KLVEWVTDFTDLCSRLQALKSDVNDAKREESANNLTRKANILKLAGDNLASIRDELRKRVFRD-IIDLSTEDTLRFFVARF 112
BYV MKFFLKDGETSRALSRSESLLRRVKELGTNSQQSEISECVDEFNELASFNH-LLVTVEHREWMEQHPNQSSKLRVPSRIGEMLKEIRAFLKVRVVTP-MHKETASDTLNAFLEEY 113
GLRaV-2  MRVIVSPYEAEDILKKSTDILRDIDSGVLNTK----- ECIKVFSTITRDLHCAKASYQWGVDTGLYQRDCAEKRLIDTVESNIRLAQPLVRQKVAAH-FCKDEPKELVAFITRKY — 109
FiVA ISLVGCTLNDVLKSNMVDITEYVMNEIRREIQIDF TSAAFPQSGVYRLKMKVRNVLKN -~ - == - == -~ ILGCTLNWDE - - -NGSLTISKKSAGVNAARVMTSQSERE 207

FivB MGYTGSSLSETLKENMVNVTEFVMNEIRREIQIDF TSAAFPQSGIFKLKMKVRNVLKN- - - - - - - - - - ILNIYLQENQ---DGSITVLKPSASENVARVTTSQSESG 207

RLMV SELTNVPLSEVYEMKMKHVSTLVIREMIREHRLDISETCFPGHGILNLKMKTGAVKHLLDVETRPPTTLIGSTSS - -DMDIERADQLVNISWD-------- 206

v MSSSHTSFESVMRTELRLVVKAVLSDLSRAHKLDFSERAFAAYGILLQKGTVSTVCGQFDINLVSPSCY ---- 182

TV-1 MEVTSHTKDESLSYNVRDIVNTVLRRISSERSLDVSTNTFKQCDLLRMQKSLRSVWKH - 184

BYV CRITGLAREDALREKMRKVKSVVLFHHSELLKFEVTENMFSYTELLKLNLSLRVISSQ ILGMAI--- --- 177

GLRaV-2 LLLDVETLNELCAEDDVHVKKINEIEDENHDLELQEEC- 205

VELTGVGIRDVVKMEMRSLTRAVLNKLSLEMAFYVSPRAWKNAEWLELKFSPVKIFRD
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