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Summary. - In this study, we identified the genome sequence of the novel virus Pistacia-associated
flexivirus 1(PAFV1),a putative member of the mycovirus family Gammaflexiviridae (the order Tymovirales),
via analysis of a transcriptome dataset for the mastic tree (Pistacia lentiscus, the family Anacardiaceae).
PAFV1 was predicted to have three open reading frames (ORFs): ORF], encoding a replicase (REP) with
RNA-dependent RNA polymerase activity; ORF2, a movement protein (MP); and ORF3, a hypothetical
protein. The PAFV1 REP sequence showed high similarity to those of three known members of the fam-
ily Gammaflexiviridae i.e., Entoleuca gammaflexivirus 1 (EnFV1), Entoleuca gammaflexivirus 2 (EnFv2),
and Botrytis virus F (BVF). A genome contig of the fungus Monosporascus cannonballus also contained
a sequence of an endogenous virus similar to that of PAFV1. Sequence comparison and phylogenetic
analysis indicated that PAFV1, EnFV], and the endogenous virus of M. cannonballus formed a distinct
subgroup (apart from EnFV2 and BVF), and may be the founding members of a novel genus in the family
Gammaflexiviridae. Notably, MP sequences of PAFV1/EnFV1 showed similarity to the MP sequences of
the mycovirus group called tobamo-like mycoviruses (an unassigned taxon), implying that genomic re-
combination occurred between members of the family Gammaflexiviridae and tobamo-like mycoviruses.
Since PAFV1 is phylogenetically related to mycoviruses, PAFV1 may also be a mycovirus that infected a
fungus associated with the mastic tree sample, which is evidenced by the presence of fungal ribosomal
RNA sequences in the mastic tree transcriptome. Thus, the PAFV1 genome sequence may be useful in
elucidating the genome evolution of Gammaflexiviridae and tobamo-like mycoviruses.
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Introduction
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Gammaflexiviridae is a family of positive-strand single-
stranded RNA viruses and is one of the five approved
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Abbreviations: BVF = Botrytis virus F; CP = coat protein; EnFV1
= Entoleuca gammaflexivirus 1; EnFV2 = Entoleuca gammaf-
lexivirus 2; HP = hypothetical protein; MP = movement pro-
tein; NCBI = National Center for Biotechnology Information;
ORF(s) = open reading frame(s); PAFV1 = Pistacia-associated
flexivirus 1; RdRp = RNA-dependent RNA polymerase; TRNA =ri-
bosomal RNA; SRA = Sequence Read Archive

families in the order Tymovirales (Svanella-Dumas et al.,
2018). The other four families are Tymoviridae, Alphaflexi-
viridae, Betaflexiviridae, and Deltaflexiviridae. Currently,
the family Gammaflexiviridae contains one genus, Myco-
flexivirus, of which a prototype species called Botrytis
virus F (BVF) (Howitt et al.,2001; Donaire and Ayllon, 2017;
Svanella-Dumas et al.,2018) is the only approved species
in the family Gammaflexiviridae.

BVFisaflexuous mycovirus (fungus-infecting virus) that
was first isolated from the plant-pathogenic necrotrophic
fungus, Botrytis cinerea (Howitt et al.,2001). It has a single-
stranded RNA genome of around 6.8 kb with two open
reading frames (ORFs) encoding areplicase (REP) and a coat
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protein (CP). BVF REP contains three conserved domains
ie,amethyltransferase, helicase,and RNA-dependent RNA
polymerase (RdRp). Interestingly, there is an in-frame stop
codon between the helicase and RdRp domains, which is
expressed by aribosomal readthrough translation strategy
(Howitt et al., 2001; Svanella-Dumas et al., 2018).

The genome sequences of two proposed members of the
family Gammaflexiviridaei.e., Entoleuca gammaflexivirus
1(EnFV1) and Entoleuca gammaflexivirus 2 (EnFV2), are
present inthe National Center for Biotechnology Informa-
tion (NCBI) nucleotide database (Acc. Nos. MF375883 and
MF375884, respectively). These sequences were identified
as belonging to two of many mycoviruses infecting the
fungus Entoleuca sp. associated with avocados (Velasco et
al.,2018). EnFV1 and EnFV2 were predicted to have three
ORFs each: EnFV1 ORFs were predicted to encode a REP,
putative movement protein (MP), and hypothetical pro-
tein (HP), whereas EnFV2 ORFs were predicted to encode
aREP,CP,and HP, respectively. The REP sequences of BVF,
EnFV1,and EnFV2 are significantly similar to one another,
which supports their close phylogenetic relationship.

However, there are some differences among BVF,
EnFV1, and EnFV2. Unlike BVF, EnFV1 and EnFV2 have
no readthrough stop codon in the REP ORE. Moreover,
BVF has two ORFs, whereas EnFV1 and EnFV2 have three
ORFs each. Furthermore, the BVF and EnFV2 CPs exhibit
no sequence similarity even though they have the same
name. Likewise, the EnFV1and EnFV2 HP sequences also
exhibit no similarity to each other. The difference in ge-
nome organization implies that genome rearrangement
is common in viruses of the family Gammaflexiviridae.

Transcriptome data obtained from plant, animal,
and fungal samples often contain sequences derived
from infecting RNA viruses, which can be identified by a
comprehensive bioinformatic-based method (Goh et al.,
2018; Kim et al., 2018; Park et al.,2018). Therefore, publicly
available transcriptome datasets are invaluable resources
for identifying novel RNA virus genome sequences.
In this study, we analyzed a transcriptome dataset ob-
tained from two leaf samples of the mastic tree (Pistacia
lentiscus, the family Anacardiaceae) and identified the
genome sequence of a novel virus that may belong to the
family Gammaflexiviridae. The mastic tree is a common
hard-leaved shrub widely distributed throughout the
Mediterranean region whose resin possesses numerous
and diverse biomedical and pharmacological properties
(Albaladejo et al.,2008; Dimas et al., 2012).

Materials and Methods

Transcriptome dataset. A transcriptome dataset (7.4 gi-
gabases; two paired-end runs; F. Sebastiani, unpublished data)

obtained from two leaf samples of the mastic tree was down-
loaded from the Sequence Read Archive (SRA) of the NCBI. SRA
Acc. Nos. of the two runs are SRR5043661 and SRR5043662,
respectively. The Sickle program (version 1.33; https://github.
com/najoshi/sickle) was used to filter out low-quality reads
using the parameters, “-q 30 -1 50.” High-quality RNA-seq data
were assembled de novo into contigs using the SPAdes Genome
Assembler (version 3.12.0; http://cab.spbu.ru/software/spades)
using the parameter, “-rna” (Bankevich et al.,2012). Each of the
two sequencing runs was assembled separately.

Known viral RdRp motif sequences. The known virus-derived
RdRp motif sequences were collected from the Pfam database
release 32.0 (https://pfam.xfam.org). First, Pfam families
containing the keyword “RNA-dependent RNA polymerase”
were retrieved. The records were manually reviewed to select
virus-derived RARp motif sequences. Initially, 2539 RdRp mo-
tif sequences were collected from 22 Pfam families (PF00602,
PF00603, PFO0604, PFO0680, PFO0946, PF00972, PFO0978,
PF00998, PF02123, PF03035, PF03431, PF04196, PF04197,
PF05788, PF05919, PF06317, PFQ7925, PF08467, PF08716, PF08717,
PF12426,and PF17501). Subsequently, sequences were clustered
using the USEARCH program (version 11.0.667, https://drive5.
com/usearch) (Edgar, 2010) with the following parameters:
“-cluster_fast input -id 0.9 -centroids output -sort length”. As
the result, 2195 non-redundant viral RARp motif sequences
were obtained.

Identification and annotation of virus genome contig. The as-
sembled mastic tree transcriptome contigs were compared with
viral RARp motif sequences using the BLASTX program to iden-
tify potential RNA virus-derived contig sequences. Nucleotide
(nt) and protein sequence similarity searches of putative viral
genome contigs equal to or longer than 1000 nt were performed
using the BLAST server from the NCBI website (https://blast.
ncbinlm.nih.gov/Blast.cgi). ORFs and their protein sequences
were predicted using the BLAST results and ORF finder analysis
(https://www.ncbinlm.nih.gov/orffinder) with default settings.
Conserved protein domain prediction was conducted using
Pfam and SMART (http://smart.embl-heidelberg.de) (Letunic
and Bork, 2018).

Sequence comparison and phylogenetic analysis. Pairwise
identities of the protein sequences were calculated using the
GGSEARCH program in the FASTA package (version 36.3.8g;
https://github.com/wrpearson/fasta36). Multiple sequence
alignment was generated using the MAFFT program (version
7.419; https://mafft.cbrc.jp/alignment/software) (Nakamura et
al., 2018) with the parameter, “--auto”. Phylogenetic analysis
was conducted using the RAXML program (version 8.2.12;
https://cme.h-its.org/exelixis/web/software/raxml/index.
html) (Stamatakis, 2014). First, the maximum likelihood tree
was inferred using the parameter, “m PROTGAMMAWAG -p
12345 -s input -# 20 -n T1.” Then, 100 bootstrap replicate trees
were computed using the parameter, ““m PROTGAMMAWAG -p
12345-b12345-#100-sinput -n T2.” Lastly, branch support values
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Table 1. Open reading frames (ORFs) of the PAFV1 genome sequence
Position ORF length Protein . Position

ORF (nt) (nt) length (aa) Domain name Acc. No. (aa)

Replicase 279-6026 5748 1915 Viral methyltransferase PF01660? 42-320
Viral RNA helicase PF014432 1056-1292
RNA-dependent RNA polymerase PF00978* 1585-1818

Movement protein 5995-8412 2418 805 DEAD-like helicases superfamily SM000487° 176-372

Hypothetical protein 8445-9425 981 326

2Pfam database Acc. No.’SMART database Acc. No.

were calculated using the parameter, “-m PROTGAMMAWAG -p
12345 -f b -t RAXML_bestTree.T1-z RAXML_bootstrap.T2-n T3.”
Identification of ribosomal RNA contigs. FASTA-formatted
eukaryotic ribosomal RNA (rRNA) sequences, including those
of fungal rRNAs, were downloaded from the UNITE database
(version 18.11.2018; https://unite.ut.ee) (Nilsson et al.,2019) and
converted to a BLAST-searchable database. A MEGABLAST
search against the UNITE database was used for the initial
collection of potential rRNA contigs in the mastic tree tran-
scriptome contigs. Contigs showing 80% or higher identity over
1000 nt or longer with a known rRNA sequence were selected
for further analysis. These contigs were then used as queries for
MEGABLAST searches against the NCBI nucleotide database.

Results and Discussion

A total of 7.4 Gb of transcriptome data obtained from
the leaves of mastic trees were assembled into contigs.
A BLASTX search was performed using the mastic tree
contigs as queries against the Pfam viral RARp motif
sequences. A 9525 nt-long contig showed high sequence
similarity to the RdRp region of the BVF REP sequence.
BVF is the prototype species of the genus Mycoflexivirus
in the family Gammaflexiviridae (Howitt et al., 2001;
Svanella-Dumas et al., 2018).

A BLASTX search against the NCBI protein database
using the 9525-nt contig as a query revealed that the REP
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Fig.1

Comparison of the genome organizations of PAFV1 and other Gammaflexiviridae viruses
Genome organizations of PAFV], EnFV1, EnFV2, and BVF are schematically depicted. Protein-coding ORFs are represented by boxes: REP,
replicase; MP, movement protein; CP, coat protein; and HP, hypothetical protein. Homologous proteins are shown in the same color. Pre-
dicted protein domains are marked by lines above or below the ORF: MET, viral methyltransferase; HEL, viral RNA helicase; RARp, RNA-
dependent RNA polymerase; DEAD, DEAD-like helicases superfamily; and CCP, closterovirus coat protein. The readthrough stop codon
in the BVF REP ORF is indicated by a red dotted line.
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sequence of an unassigned Gammaflexiviridae virus
named EnFV1 showed the highest sequence similarity.
REP sequences of EnFV2, another unassigned Gammaf-
lexiviridae virus, and BVF, the only approved species of
the family Gammaflexiviridae, also showed significant
sequence similarities. Therefore, the mastic tree contig
was assumed to beaviral genome sequence derived from
anovel member of the family Gammaflexiviridae,and was
named Pistacia-associated flexivirus1(PAFV1).Its genome
sequence is available in the NCBI nucleotide database
under the Acc. No. MK605686.

The PAFV1 genome sequence was predicted to have
three ORFs (Table 1), each of which has a corresponding
homolog in the EnFV1 genome. The first ORF encodes
a 1915-amino acid (aa) REP that is involved in viral re-
production. The PAFV1 REP has three predicted protein
domains: viral methyltransferase (Pfam PF01660), viral
RNA helicase (Pfam PF01443),and RdRp (Pfam PF00978).
The second ORF encodes an 805-aa protein annotated as

movement protein (MP) in the EnFV1 genome. Notably,
PAFV1MP hasa DEAD-like helicases superfamily domain
(SMART SMO000487). The third ORF encodes a 326-aa
hypothetical protein (HP). However, PAFV1 HP has no
known protein domain.

Notably, comparison of the PAFV1 genome sequences
and those of known members of the family Gammaflexi-
viridae (EnFV1, EnFV2,and BVF)revealed similarities and
differencesin genome organization among these viruses
(Fig.1). EnFV1, the closest virus of PAFV], has three ORFs
thatare homologousto PAFV1ORFs. EnFV2also hasthree
ORFs (REP, CP,and HP). However, BVF only has two ORFs
(REP and CP). The EnFV2 and BVF REP sequences have
significant sequence similarity to the PAFV1 and EnFV1
REP sequences. However, EnFV2 HP has no sequence simi-
larity to the PAFV1and EnFV1 HP sequences. On the other
hand, EnFV2 CP, which has a closterovirus coat protein
domain (Pfam PF01785), has no sequence similarity to the
BVF CP. Moreover, the ribosomal readthrough stop codon,

Table 2. Sequence identities of the PAFV1 proteins and their homologs

PAFV1

protein Virus or fungus Acronym Taxonomy? NCBI Acc. No. Identity®
REP Entoleuca gammaflexivirus 1 EnFV1 Gammaflexiviridae AVD68667.2 771/1977 (39.0%)
- Monosporascus cannonballus - Fungi; Ascomycota RYO87574.1 668/2060 (32.4%)
- Entoleuca gammaflexivirus 2 EnFVv2 Gammaflexiviridae AVD68668.2 502/2006 (25.0%)
- Botrytis virus F BVF Gammaflexiviridae; NP_068549.1 506/2027 (25.0%)
Mycoflexivirus
- Watercress white vein virus WWVV Tymoviridae; Tymovirus AF(C95826.1 491/2042 (24.0%)
- Ullucus tymovirus 1 UTyV1 Tymoviridae AZF99027.1 495/2019 (24.5%)
- Diascia yellow mottle virus DiaYMV  Tymoviridae; Tymovirus YP_002048673.1  499/2017 (24.7%)
- Nemesia ring necrosis virus NeRNV Tymoviridae; Tymovirus YP_002308442.1  477/2011(23.7%)
- Grapevine virus A GVA Betaflexiviridae; Vitivirus AGT17853.1 419/1984 (21.1%)
- Grapevine virus E GVE Betaflexiviridae; Vitivirus YP_002117775.1 429/1995 (21.5%)
- Cherry virus A CVA Betaflexiviridae; Capillovirus ARQ83952.1 395/2394 (16.5%)
- Garlic yellow mosaic-associated virus GYMaV Betaflexiviridae AZM69107.1 440/2165 (20.3%)
- Cherry rusty mottle associated virus CRMaV Betaflexiviridae; Robigovirus YP_007761581.1 419/2118 (19.8%)
- Cherry twisted leaf associated virus CTLaV Betaflexiviridae; Robigovirus YP_009046478.1  441/2151(20.5%)
- Cherry necrotic rusty mottle virus CNRMV  Betaflexiviridae ATB18070.1 422/2134 (19.8%)
MP Entoleuca gammaflexivirus 1 EnFV1 Gammaflexiviridae AZG06254.1 328/807 (40.6%)
- Monosporascus cannonballus - Fungi; Ascomycota QJNS01000099.1  295/820 (36.0%)
:260663-262990¢°
- Acidomyces richmondensis tobamo-like ~ ArTIV1 Tobamo-like mycovirus AZT88675.1 211/891 (23.7%)
virus 1
- Macrophomina phaseolina tobamo-like MpTLVla Tobamo-like mycovirus ANE37542.1 210/888 (23.6%)
virus la
- Podosphaera prunicola tobamo-like virus PpT1V1 Tobamo-like mycovirus ATS94408.1 237/1046 (22.7%)
- Golovinomyces cichoracearum - Fungi; Ascomycota RKF78024.1 187/830 (22.5%)
- Eutypa lata - Fungi; Ascomycota EMR61651.1 214/985 (21.7%)
HP Entoleuca gammaflexivirus 1 EnFV1 Gammaflexiviridae AZG06255.1 123/334 (36.8%)
- Monosporascus cannonballus - Fungi; Ascomycota QJNS01000099.1  98/339 (28.9%)
:262997-263980°

*Taxonomic family and genus (if available) for viruses; kingdom and division for fungi. YAmino acid sequence identities in the format:
“identical residues/aligned length (% identity)”. °Nucleotide positions for predicted protein sequences.
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Phylogenetic position of PAFV1
(a) The phylogenetic tree inferred from REP sequences reveals that PAFV1is a member of the family Gammaflexiviridae in the order Tymo-
virales. The virus closest to PAFV1is EnFV1. Note that PAFV], EnFV1, and the endogenous virus of M. cannonballus form a strong subclade.
(b) The phylogenetic tree inferred from MP sequences also shows that PAFV], EnFV1, and the endogenous virus of M. cannonballus form a
subclade. No homologous sequences were found in other viruses from the order Tymovirales. Similar sequences were found in tobamo-like
mycoviruses and the endogenous viruses of two fungi (G. cichoracearum and E. lata). Bootstrap branch support values of 70% or higher,
calculated from 100 replicates, are shown at the tree nodes. Viruses of the same family are shaded in the same color. Fungal species are

not shaded. Full names of the viruses are provided in Table 2.

which is present in the BVF REP ORF, is not found in the
PAFV], EnFV], and EnFV2 REP ORFs. Therefore, based on
genome organization and sequence similarity, these four
viruses can be divided into three groups: (1) PAFV1/EnFV],
(2) EnFV2, and (3) BVE.

Next, homologous PAFV1 REP protein sequences were
collected via BLASTP searches against the NCBI protein
database, which showed significant sequence similarity
tothe REP sequences from members of the familiesin the
order Tymovirales, including Gammaflexiviridae, Tymovi-
ridae, and Betaflexiviridae. REP sequences of representa-

tive viruses in these three families were retrieved and
pairwise sequence identities with respect to the PAFV1
REP sequence were calculated (Table 2 and Supplemen-
tary Data S1). As noted above, PAFV1 REP showed the most
significant sequence similarity tothe REP sequences from
Gammaflexiviridae virusesi.e., 39.0% identity over 1977 aa
in EnFV1 REP; 25.0% identity over 2006 aa in EnFV2 REP;
and 25.0% identity over 2027 aa in BVF REP. Tymoviridae
viruses, such as watercress white vein virus (WWVV) and
Nemesia ring necrosis virus (NeRNV), showed 23.7-24.0%
sequence identities over 2011-2042 aa. Betaflexiviridae
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viruses, such as grapevine virus A (GVA) and cherry
necrotic rusty mottle virus (CNRMV), showed 16.5-21.5%
sequence identities over 1984-2394 aa. Multiple alignment
ofthe PAFV1REP sequence and its homologous sequences
showed that the methyltransferase and RdRp domains
were more conserved than other regions.

Notably, a hypothetical protein (NCBI Acc. No. RYO87
574.1) in the Ascomycota fungus, Monosporascus can-
nonballus, showed the second highest sequence identity
(32.4% identity over 2060 aa) with the PAFV1 REP. The M.
cannonballus protein is encoded by a predicted gene in
the genomic DNA contig (Acc. No. QJNS01000099.1). The
presence of a highly homologous virus REP proteinin the
fungal genome suggests that a Gammaflexiviridae virus
might haverecently integrated into the nuclear genome of
M. cannonballus. Integration of non-retroviral RNA virus
sequences into fungal and plant nuclear and mitochon-
drial genomes has been rather frequently observed in the
past (Taylor and Bruenn, 2009; Chiba et al.,2011; Bruenn et
al.,2015). Further analysis of the M. cannonballus genomic
contig QINS01000099.1 sequence revealed two more viral
proteins that were homologous to the PAFV1 MP and HP,
which indicated that the endogenous virus had the same
genomic organization with PAFV1 and EnFV1.

Next,a maximum-likelihood phylogenetic tree inferred
from the multiple alignment of 16 REP sequences con-
firmed PAFV1tobeamember of the family Gammaflexivir-
idae (Fig.2a). Notably, PAFV1, EnFV1, and the endogenous
virus of M. cannonballus formed a strong subclade with
a bootstrap value of 100%. Additionally, EnFV2 and BVF
formed a sister clade to the PAFV1/EnFV1 subclade. The
phylogenetic tree inferred in this study placed Tymoviri-
dae as a sister family to Gammaflexiviridae.

Homologous protein sequences of PAFV1 MP were also
collected and their pairwise identities with PAFV1 MP
were calculated (Table 2 and Supplementary Data S2).
EnFV1 MP showed the highest sequence identity (40.6%
over 807 aa). The second closest sequence was found in
the endogenous virus of M. cannonballus (36.0% identity
over 820 aa). EnFV2 and BVF exhibited no sequences ho-
mologous to that of the PAFV1 MP.

Notably, sequences homologous to PAFV1 MP were also
foundinviruses from the group tentatively called tobamo-
like mycovirus, a sister group of the family Virgaviridae.
It includes viruses such as Acidomyces richmondensis
tobamo-like virus 1 (ArT1V1), Macrophomina phaseolina
tobamo-like virus la (MpTLVla), and Podosphaera pru-
nicola tobamo-like virus (PpT1V1) (Marzano et al., 2016;
Pandey et al., 2018; Gilbert et al., 2019). Two more MP-like
sequences were found in the genomic sequences of two
Ascomycota fungi, Golovinomyces cichoracearum and Eu-
typa lata. These sequences could be parts of endogenous
viruses that originated from tobamo-like mycoviruses.

Notably, MP sequences of these viruses contain the DEAD-
like helicases domain asthe PAFV1 MP, thus implying that
these proteins may be involved in a similar molecular
function in the host cell.

Amaximum-likelihood phylogenetic tree inferred from
the multiple alignment of 8 MP sequences confirmed the
closerelationship between PAFV1, EnFV],and the endog-
enous virus of M. cannonballus (Fig. 2b). Furthermore, MP
sequences from tobamo-like mycoviruses and two fungal
endogenous viruses formed a sister taxon. The presence
of homologous MP sequences in these viruses suggests
that a genome arrangement occurred between Gammaf-
lexiviridae and tobamo-like mycoviruses.

However, homologous sequences of PAFV1 HP were
found only in EnFV1 and the endogenous virus of M.
cannonballus (Table 2 and Supplementary Data S3). No
homologous sequences were found in other Gammaflexi-
viridae or tobamo-like mycoviruses. Itis possible that the
HP ORF was acquired recently by the ancestor of PAFV],
EnFV],and the endogenous virus of M. cannonballus from
a yet unknown source.

Notably, all the homologous sequences of PAFVI pro-
teins are either from fungus-infecting viruses or en-
dogenous viruses of fungi. This implies that PAFV1 is
also a mycovirus infecting a fungus associated with the
mastic tree. A plant transcriptome often contains se-
quences derived from a mycovirus and its host fungus.
For example, sequences from BVF and its host B. cinerea
were previously detected in a grapevine transcriptome
dataset (Svanella-Dumas et al.,2018). If PAFV1isindeed a
mycovirus, sequences derived from its fungal host must
be present in the mastic tree transcriptome. To address
this possibility and identify a potential fungal host,rRNA
contigs were identified in the mastic tree transcriptome
contigs by comparing them with eukaryotic rRNA se-
quences in the UNITE database (Nilsson et al., 2019) and
then with the NCBI nucleotide database.

Consequently, four contigs (6473,1855,1371,and 1344 nt
in size) wereidentified to be rRNA sequences (Supplemen-
tary Data S&). The longest contig (6473 nt) showed 94.85%
sequence identity and 98% coverage with the nuclear
rRNA of the plant species Spondias tuberosa of the family
Anacardiaceae, which also includes the mastic tree. The
second longest contig (1855 nt) was identified to be the
chloroplast rRNA sequence of the genus Pistacia (100%
identity and 100% coverage), to which the mastic tree
belongs. Therefore, the two longest rRNA contigs appear
to belong to the nuclear and chloroplast genomes of the
mastic tree, respectively.

The other two contigs (1371 and 1344 nt, respectively),
which were derived from different segments of the rRNA,
showed about 96% sequence identity and 100% coverage
with rRNA sequences reported from various fungal spe-
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cies. The top five fungal species that showed similarity to
the1371-nt contig belonged to the same familyi.e., Terato-
sphaeriaceae of the order Capnodiales. In the case of the
1344-nt contig, all top five species belonged to the same
order (Capnodiales), but different families (an unassigned
family, Capnodiaceae, Mycosphaerellaceae, and Terato-
sphaeriaceae). The presence of fungal rRNA fragments
in the mastic tree transcriptome strongly suggests that
the mastic tree sample was infected or associated with a
fungus of the order Capnodiales, which may be the host
for PAFVL.

In conclusion, PAFV], a putative member of the mycovi-
rus family Gammaflexiviridae, was identified in the mas-
tic tree P. lentiscus transcriptome data. The presence of
fungal rRNA fragments in the mastic tree transcriptome
strongly implied that PAFV1 was derived from a fungus
associated with the mastic tree sample. Comparison of ge-
nome organizations and phylogenetic analysis indicated
that PAFV], EnFV],and an endogenous virus of the fungus
M. cannonballus were members of a distinct subgroup,
possibly a novel genus, in the family Gammaflexiviridae.
Thus, the PAFVI1 genome sequence may provide a novel
insight into the genomic evolution of mycoviruses.
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Supplementary Data S1. Multiple sequence alignment of the PAFV1 replicase (REP) and related proteins

PAFV1 MS-ATNPLVLLGSSLTV---TEHLFNLQTDYLVQYRHLRQQVGSYSQFQLPKPAAAYCAQLGLLHDPHAPGFHSHPLSKL 76
EnFV1 M--AANPLTVLSGNLTA---SEHVFNVQTDYLAQYRALRQVVSGYSQHQLPKCARTHLQSIGICYDPDAPGTHSHPLSKT 75
M.cannonballus MSGGPETLNAVQAQITS---AEHRFNIELDHVVRVRLMEHEIARYGGFRLPPIGHSYFRNLGISTNSEAAGSHSHPVSKT 77
EnFV2 M----ENTLYAHGIVSR---TNHADALVAPTLNELLAKQKITKLIAPFAIPPNLSKLLDSNGVPVDPEALATHRHPAHKT 73
BVF M---AVPLERAFASVTQ- - -SFHKDATQGPTTNEYLVARAETQRYAPYAVRKGPAALLAQVGINTIHDSPLSHSHPACYA 74
WWVV M----- AFQLALDALAP---TTHRDPSLHPILESTVDSIRSSITTYPWAVPKLLLPLLNSYGIPTSGLGTSHHPHAAHKT 72
UTyvl M----- SFQLALEALNS---TSHRDASTNPILNSIVKPLTSSLEDYPWLLPKEAIPFLLSSGIPNSGLGTTPHPHPVHKT 72
DiaYMV M----- AFQLALEALST---TSHRDSSLNPVLYHSVSPLQRSLDLFPWIITRDALPFLNSCGIPVSGFGTTPHPHAVHKA 72
NeRNV M----- AFQLALDALST---TSHRDSSLNPVLNHSVTPLQRSLDLFPWIITKDSLPFLNSCGIPVSGFGTTPHPHAVHKA 72
GVA MSISVSSQRVAVSNLYTNGSEESVKAIKELKSKRLLETETRLDGLFDYYIPDTLREILTGYGMEFSVHSFQGHAHPVSKM 80
GVE MSLGASSQRVAYANLYANIGSDKLSEVRDRKASTVNSIEAYASGLFDYYVSDDVYDFLASKGLPLSINCFRTHSHPISKM 80
CVA M- - -AFVAKFAEENYFNSLPSNVTDAFLRDGFNAEHNRFEILSRHFAFALKPSQRTYLNDCGIQLAPIASKTHPHPVSKI 77
GYMaVv M---AFSYKTPVESLLSKFTSDEQSKICSTAAEKIASLEKAEHNFFSYYLSDEAKKILTERGVRLSVVAHQVHSHPVCKT 77
CRMaVv M---ALHTITPAEGVLAQFSSEEASRIGASAISNFSKLESEYHSLFHFHLPAYAKSKLSNRGFYLSPFSYETHSHPVSKT 77
CTLaVv M---ALHTITPAENVLAQFSSEEASRIGASAISNFSKLEADYHNLFHFHLPAYAKKKLSERGFYLSPFSYETHSHPVSKT 77
CNRMV M---ALHTITPAESVLAQFSSEEASRIGSSAIANFSRLEADNHNLFHYHLPAYAKKKLSARGFYLSPFSYETHSHPVSKT 77
* . * * %
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PAFV1 LEDHLLRIVLPPLLT--GKAYDV-MFSKPRKFVRLLQ- -DAPPLA-GYTPRLSNYVITPSDFRRYG-RAPA- -~ ------ 140
EnFV1 TENYVLNVVVPPILR--NMEYDV-AFMKPAKFARLML - - AAPPSQ-NHDSALINRCVTDRDRLRYGLDCPT - - - - - - - - - 140
M.cannonballus LEDYVLRVVLPAWFTVADKPFAS-WFLKEGKHNRLLNDLGVPDNQ-RHEYPLLNFRITEPDGGRYR-ILRN--------- 145
EnFV2 TENYFLNGPVRSAIR- - -EDCTA-YFVKENSNKLALA- -GIPNA- - - - - - PLANTSLTAIDINRYP-EAPT--------- 131
BVF LNAFHFLKVIPRYLH- - -GKAEV -WGTKDNWFRKLQ- - -AQIDSQ- TTTLTHRNYAITARDHVRYP-GTVV- - - -~ -~ - - 136
WWVV TETFLLHIHWSFQAT - - - TPSSV-MFMKPSKFHKLAS - -VNPNFK - - - - - ELKNYRLHPNDSTRYP-TTSP--------- 131
UTyv1 TETFMLYNHWSSLAR- - -TPSTV-MFMKPSKFQKLQA- - FNPNFL - - - - - HLVNYRLTAADTARYP-ETST--------- 131
DiaYMV TETFLLFSHWSSLAS - - - TLSSV-MFMKPSKFRKLAA- - INPNFD- - - - - ELTNFRLTPADTVRYP-TTSS--------- 131
NeRNV TETFLLFSHWSSLAS - - - TLSSV-MFMKPSKFRKLAA- - INPNFD- - - - - ELTNFRLTPADTVRYP-TTSS--------- 131
GVA TENHLLYRIAPNYFS- - -SNTLI-VSCKESKIKRLRL - -KNANSR -NLNFTQYNRLVHAKDHHRYE -NAFR - - - - - - - - - 143
GVE TENHFIFNLIGNNLA- - -KDSTF - ISFKEDKLVLLE- - - -NKKSRIDGNTCIINRLVHAKDALRYK -DPLR - - - - - - - - - 142
CVA TENHLLYCVVSNMIS - -NFKFLVFLSTIKEVKAEYIW- - - -NKNTA-DTVREISNRILDIKDAFRYG-PTNTVNGGI---- 145
GYMaV VENHILFNVIKSYID---NSFYV-VSIKSKKLEYLR----- ARNK-MPTLSYINRYIAAKDISRYG-MDKYFNEIAESEV — 146
CRMaV TESHLINVKLPNYIT---EDFLI-VGIKENKLSVLR----- KDKK -MRF LEALNRCVTSHDIQRYG-PSFHFEKAR---- 142
CTLav TESHLINIKLPNYIN- - -EDFLI-VGIKDNKLSVLR----- KEKK - LRFLEAVNRCVTSHDIQRYG-PSFHFEKAK---- 142
CNRMV TESHLINIKLPNYIS- - -EDFLI-VGIKDNKLSVLR----- KEKK - LRFLEAVNRCVSSHDVQRYG-PSFHFEQAK---- 142

.. . * * . * k%
PAFVLI ~  eememeeeecececmciecaeaeecacasacaeaees PPIIGVGAETLFVHDALHFATPDDVLHLFRSSPQLHTLYAS — 181
ENFVL ~  eeemeecmcncncmcsccmcceeemccecscsceeaes DPFPEVTSRVLFVHDAFHFFTPSDVLTLFRSSPSLDLVVAS 181
M.cannonballus =-=-=-=esescmcmcocscocecscomocaionanans LPPPYVEQEVLFLHDALHHLTPADIVKIFGMSPELNCIIGT 186
ENFV2 eeeeeececncncncscemcceecmcsceeceieeaes GAPPPCTTPLAFMHDALHYMTAADIAEFFRRSPHCHTLIAT =~ 172
BVF eememeeeeeeeecmeiecaeacecacaiacacaees DHPGSCTAGTLFMHDALQYMTPLDVYTLFATSPEMHSLVAT 177
WWWW  eeemeememeecmemeeeeccceceieeaes DLP--------- SHPTVFMHDALMYYHPSQILHLFQAKPNLEKLYAS 169
UTYV1 =~ eeeeecmcamecmcncicsccccosococaaas HLP--------- TTPSVFVHDALMYFTPAQILDLFLSCPNLETLYCS 169
DiaYMV = seeeeeeeemecmcncicscsceesecoeaeas SLP--------- QHEIVFMHDALMYFTPHQIVDLFERCPLLNRLHCS 169
NeRNV ~ eeeeecmcamecncncicscscocnocoonaas FLP=c=cocuns QHEIVFMHDALMYFTPHQIVDLFERCPLLNRLHCS 169
GVA  eeeeeeeeeecacacacnenes ELDVGNLTN------- LINKETQSECIFIHDEVQYWSLDEMQRFLGSLSKVDRVVYS 193
GVE ~ seeeeeeeeeecacacacnenes NLWFDEDQK------- TMKGLAEPDRVITHDEVHYWNLKDFQRFLSYINC--PLIYT 190
VA eeeeeeeeeieeaes NNFSFFCANLNRR----------- FNNRAIKPDCFFIHDEVHFWSPAELCEFLFTVEP-KNVLAT ~ 198
GYMaV TGILNRKKKRFFNLFESAKKEFNSANYDPSNSETLKDLVPQALTTKAKRFFLHDELHYWSLEELDLFLCTVKP-EIIVAT 225
CRMaV ~ mmmmmeaooo SNWRSDFSGVNLSAGVQSLLPRILFDKGKMFDSQIFLYDELHYWSMKDIVDFLEISKA-KTIIGS 206
CTLaV ~ meeeeeeeeeeaes SNWKTDFSEVNLSAGVQSLLPRVLFDKGRIQDAQIFLYDELHYWSMRDIVDFLEITRA-KTLIGS 206
CNRMV  mmmmeeeas SNWKNDFSDLNLAPGVQSLLPRILFDKGKTRDAQIFLYDELHYWSMKDIVDFLEISRA-KTVIGS 206
PAFV1 IVIPPGLLLNSA-RGHTPLYDYEVKG- -ALTHYAPDGRWDEHYEQPLSCLWLLKTGFLRSLDLT----ISITTAATYDSV 254
EnFV1 IIIPPGILFNRS-RGSTPMYDYRTEG--NVLHYAPDGEWSQSYSQPLDCSWLLLTKFVEDLELH----ISITTTFQADAS 254
M.cannonballus VEYPVPLLLGAR-AFECAAYAYRLTGD-GNFEHAPDRVWSESYTQPLSGRWLLDTASMHANGID- - - -LGVHIQWVY-PC 259
EnFV2 MVYPPEARAYAP-SAYPELYELRYSD- -NNVTYIPEGHTAGSYTQPRLN-EFIDCHTIATENHR- ---LTVTFHETLFAH 244
BVF AVIPPESVDRLP-AFWPELYQLAYYE - -DHLCYAPDGNFADAYNQPLAAHQWMTMKSLHGPDF T - - - -LSVDVPASRYSH 250
WWVV LVVPPEALLSDH-SFYPQLYRYSTTR- -NTLHYVPEGHEAGSYNQPADALSWLRINELSLDDLH- - - -LSVTILESWGPV 242
UTyv1 LIVPPESNFTDL-SLFPNLYTYQINQ- -QTLHYIPEGHHAGSYNQPLQALSWLKIGSILGSQLS- - --LSVTKLESWGPV 242
DiaYMV LVVPPESSFTDL-SLFPTIYTYQLNS - -NNLHYTPEGHHAGSYDQPRSATRWLKLRRITSPFFN- - --LSVTILESWGPV 242
NeRNV LVVPPESSFTDL-SLHPTIYTYTLNS- -NNLHYTPEGHHAGSYDQPRSATRWLKLRRISSPFFN- - --LSVTILESWGPV 242
GVA IIYPSEVEAGYSQSLFPEAYTFDLKY - -GRLIWYPDGKAEGAYTQPINP -WLLRCSKTEDSKGR- - -PWTITKLQTIGAH 267
GVE VIYPAELHAGYPFSLYPELYDFRVSEDGKTF TWMPDGKCCGSYKQPVYNP-WLLSTNKTMDLKGR- - - TWTLTKLESVGSH 266
CVA VVIPPELLEGLDYSFNSVAYDFKKVD- -GNLYYFPDKSKGKPYQQPMDP-WLLKCNKISMIKNGEIFSYSIGLLESVGAN 275
GYMaV HVFPKE ILKGVHHSYNKWMYDFKVEG - - EKLFYYPDGCLEEGYEQPMHGGLMYYLNSFTTTTGE---IYSISLVYNLFSH 300
CRMaV FVFPSEILAGARTSLNPWAYEFKIKG--DKLIYAPDGVWSESYEQPLSAGQLLKFNKIMTRNGS- - - -YSVQVRDSIYSH 280
CTLav FVFPTEILAGSDRSLNPWAYDFKIQG--DKLIYAPDGVWAESYEQPLAAGQILKYNKIITQQGV----YSVQVRDSIYSH 280
CNRMV FVFPTEVLAGTYKSLNPWAYDFKIKG- -DKLIYAPDGVWAESYEQPLAAGQLLKYNKILTRLGP----YSVQVRDSIFSH 280
* * ko k ko .

PAFV1 HLLQLTRGITHAG= - === ====semocmcomacmcaaoaacaaacnc o SPTYVTMPNTVVLPLDGAPFSDYSRR 293
EnFVi FVITLQRGHSLQH= - =« comumumam e enaaeaaas STTFCVVPDKTILPS--SPLLPLQEP 291
M.cannonballus HTVVITRGLSLVN- === === o= oo oo oo oo oo SPRTLQVPGYKMVQTSRGP- - - - - - R 292
EnFV2 HLVIISTKDRLPQ= === cnceemommmaaacacaaacacaaacncamanans RHRQFRNPAYVTLPAFLHPFTPVQDR 283
BVF HIFVISKRPGLPD - == = = == == == == == m oo m oo oo m e THRDFMCPDLVELPKDFFPGANKADK 289
WWVV HSLLIQRGVPHPDPALLSPLPLTGHDLFSSYHQPRID- - -~ ---=--------- LVSFRTPDAVALPEATFLDQPLRHR 304
UTyv1 HSLLIQRGLPPSHPSRSPFLSPHSTPSISRKRSPQRDLLQLTSAALFPPPSLQDQFSTFKVPDCLELPQATFLHQPLRHR 322
DiaYMV HSTLIQRGLPISD -~ = === === === mmmmmmmmomom e om SLAP------ PHASFKVPQARVLPEATFLNQPLRHR 285
NeRNV HSTLIQRGSPVSD - == == == == == === m oo oo mmom e e oo SLAP------ PHASFNVPQARVLPEATFLNQPVRHR 285
GVA HLFSAIKGSYLTE === -===s=semocmcauacmcmaoaaaaaaaacananans ESYKYDNFTIINPNDILR-GRRGGKP 385
GVE HLFLCTPGDLYTE == ===cscsemocmoouacacaaaascaaacncamanans DEAVYNDFTLVDPKLFSSLTQRMPK- 304
CVA HLFSFQRNKVVE = = =« =« = e e oo e o meecmcmcoc s e e nc o e STRFFNDFDCLDMRKLLPINVENGKI ~ 313
GYMaV SVFQISKGNLKTE= === ==ncsemecmmaaacacaaacaaaacnc e TQRSFSGFQASPTNELTAFGGTILKT 339
CRMaV CLVIINRDELLCE-===cmcsmomumomomamam e acaaacnennns EFRVFSDFDAISIRKIGYLGGNADDI ~ 319
CTLaV CLVIINRDNLLNE === cncomomum o e e am e acaacnenns EFRVYSEFDAVSIRRLNYLGGNSDDI ~ 319
CNRMV CLVIINRDDLITE-===cscsmocucomomamam e acacaacnenns NYRVYSDFDAISIKRLNYLGGNADDV ~ 319
PAFV1 L- - -VNKAALTFLVG-YAKSVTLKSPQQLAARLRLWLGDHRENAISSSENDILAQYVYAAVTTY - - - -NHCSDRHLFPCR 365
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PAFV1

VPH-VNSAAAHFLISQYSNCVSAPTKVQLRARLRMWASDHPEHHLGPDEYETLASAARDLIKHG- - - -DAIGTGGLPVLS

L---LRQEPIDFAIN-YSYPVGHATDASVQGRVNMWCNDHRGVLVPTADRRLMADVAY - - - - - - - RERLRLKQTGLPSGF
M- - -FPKQVAVANLA-YARSVNRLTPLQATGRIRAVVNDTK- - - -TPLSLEQIACLEHHMVAVSHLHSPILSSPEGPRGL
L---LPRTLVNQMVE-YAASVKRATIKDATSRTRAYVKDQKYAAVTPVQQMYLSWFGSGL---~--~--- SQMQFPDRPVTP
L---VPRTVYNALFT-YTRAVRTLRTSDPAAFVRMHSSKPEHDWVTPTAWDNLQTF------------ ALLNVPLRPNVV
L---VPTTVYNALFT-YTRAVRTLRTSDPAGFVRTQSNKPEYAWVTPNAWDNLQTF-----~------- ALLNACHRPAVV
M- --VPSEVYDALFT-YTRAVRTLRTSDPAGFVRTHSNKPKHAWVTPQAWDNLQTY -----~------- ALLNAPVRPRVV
L---VPSEVYDALFT-YTRAVRTLRTSDPAGFVRTHSNKPKHAWVTPQAWDNLQTY---~--~------- ALLNAPVRPRVV

LY--LRARMIKPTLL-YLLVLKKSDSNSAVAKLRMLSSREE - - - -NMDEALFVAQLAKQIKDTG-LYDKMGN-PNLRSIL
----LRAGYMHKVIH-YLMALRKPDAASAVSKLRQLSKGDE----TTDEMIFSGTIATQIAELK-YFTEVGGLIDLTRAL
KGYNIRTWVFKKILS-YIVCLKKGDSESSLAKLRQLSDSSP----SSDELLLIGDFFDLMTRVK-=---------------

FG--VKSSLIKKIYL-YLRTLKKPDIESAMAKLRQLEPDP- - - - - SGQTIVFVENFSEFLLSHK-TGRNLIE-EGLASKF
IP--VRHEVVLSIFK-YIRTLKKPDLQSGMAKHRQLVDNP- - - - - TGFEIRFIEDFVQF ILEHH-EKFNLIE-QKFSNFF
IP--VRYEVILSVFK-YIRTLKKPDLQSGMAKHRQLVDEP- - - - - TGFEVRFIEDFVQF ILENH-EKFNLIG-QKFSNFL
IP--VRYEVILSIFK-YIRTLKKPDLQSGMAKHRQLVDDP- - - - - TGFEIRFIEDFVQFILENH-ERFNLIG-QSFSNFL
* .
PHHFITRRG----P---------- TRWARLFAHSLDGRILDLARDALDPPAVRYRCH- - - -TEDLHLSSDTRPSMLTTGA
FHHLLTRRG- - - -P---------- LGFLRGVIQAAPRLLLSANTGEHGLLPATTMTH- - - -HIPVYLNGRHTNSVLFGGP
IGSVYTGNG------=-=------- ALVDLALTTTLGRFTKLIPSHPDPGLGTELAIWHSPRKALYADGTWQLSQLFVNY
LELVWA- -F-ATFPVHLLLRQP- - LAFAEFAINSRYTQLETVKQTVTPGIT-------------- YLHAGHRLSAAYTGK
LDNFATALWYRLLP-SRLYRLP--ATIRNFQLKAFVDQLRTPQYLLHFKLD------------ EYHLSSNDKYSDFYRNE
YHVLQS------- | S LAALKLYLKQHWRRLAATAAPILSSLTLLQHFL------ PLSL-===cnenannan
YSFFLN------- | S FKRLLLRLQQHWRTYALCAAPVLALFPLIPLLS------ NISLP------------
YNFFLS------- | S IQKAHLYLAQHLNPFLVRALPFLGLVLPALKVL----- - TTGL=-=-=menncnns
YNFFLS------- | S LQKAQLYLSQHLNPFLVRALPFLGLVLPTLKVL------ TRGL=-=====nncnns
SESFYD----- IAG-SLFTRLFNRPEYDARCLEKFIRSCETTEIHVE - - - === -=-------- RRYMEG-----------
KVGFAR- - - - - LFG-QSIEYFSNKKWYHLDCFTNTVQFMVKAEVRIK - - = == == == == <= oo o m oo m e oo
----------- IFN- - e e e e e oo eaeaeaeaeaessseseeesessenas
EKFIIG----- LLP-NLVRKNF - -ESHYSSNLCEFISNLEDDKVVVNCQC = - = = === === === == - - GDSKFSDW---S
SSACIN----- LLP-RYMQRFF - -NSFKGYSLGKFTEETEPFSFTLRCS === === == === ==~ TYSRF---G
SSACIE----- VLP-RYMQRFF - -KSFKGYSLGKFIEETEPFSFTVKCR ===~ === == == === -=-=-- TYSRF---S
SAACIE----- RLP-GYMQRFF - -SSFKGYSLGRFIEETESFNFTIRCK- === === === === === ==~ TYSRF---G
LPAPSIGRVRSAVHSLLYPPDRPPRALPF - - -~ -~~~ -- DPLLGVGLRSTLTRRFVASGLRLG-=-=-=-=-=------
APARGIREYRAALISLILKPQATSDSTPH----------- IPLSGMGNAWSLSPRIARTLLRLV------- LIYASSEVP
RKLDK-KDLTAAMAS TTFRDEKIDWDMYN - - - - - - - - - VLPPAMGQGSPRRLSDEAPRPLVLGV- - AGLATLAFALRKGS
RPAPSARAIGQLIGKLI------ TGHHPY - - -SSLGTNLGPNGRTTPSSLRRGGSPTRALICYAPMAILGGLAVAHNNP -
SRQASSKDMLSAFEAICF------ GGAPELEKKILGNNNPAPFATVPNP- - - - - - PSQTALGLA- - TITAAIAFILPNR-
-PLPEVKSICLFHKEVYR- - - -KRELLPSFHPFQVC- - - -PPLRT === === === === === - FFQETLRVKPNCRP
FSLPYLQSIL------------ RRQIHPS-STLDLS -~ - ~FPLLP=-=-=-=-==mmmmmamm FQKKRVSIPLHPR-
-PVPRVSSLQVAHRQLVGP - - -HPEPSPT -~ -~ ------ AHPTILRQIVA- === === ===~ FSQQNPFFLELCQR-
-PAPSVSSLQIAHRVLVGP- - -QPEPSPL---------- AHPLVAQLIL-------==-===--- HAQRNPLFLELCQK-
---------------------- TRRGAPFKVQNVID - = = = = = = = == == == - m o m o m o m oo oo
------------------------ KRSPMW= = = = = = = e s e e e e e e i ei e ae e e e aas
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ATFPTYLARNRGW--=-=-==-=---- NDPALTDAVTANYKAPEH- - -RDIWVEAVGETTRQVHG------------- SGDDRD
EPTLPKATACYPG-----------~ ENFESLAAFFLPAHDPA-QREILYR--DQSSNQFPW--FDRPFSLS---CQPSSL
SLFPTPHSLGLFG------------ ETFENLSAFFLPAHDPS-IKEVTIR--DQSSNQFPF--FDRPFHLS---CQPSSL
EPSKSPITLALLG------------ ESFEELAAHFLPAHDPE-LKEIIFA--DQSSSQFPF--LDVPFELS---CQPSSL
PPCRTPITMALHG------------ ESFEELSAHFLPAHDPE-VKEIAFA--DQRSSQFPF--MDQPFELS---CQPSSL
EPTKTHLALSTMT-=-==---------- NELAPFDLKAKEY---REQYTE--VGRTEQIDEEGYQG- - -EAGN-PMTHKA
ETIRTHLGVTTFA--------------- NEQFAFGLKAKEE - - -REHHIHG-TGFSTQIRDNIASE - - -FHPG-PSAPSS
ENLKTHLPISYSG-------------- LWNLEISEMRARED- - -REFKKFG-VGWSKQFKDEPNQKDQVEDNC-AMLPEA
MRTLTHHPIVGDN------------- VVRARISELFRSKEE---REFRID--DNVSEQFRDSYNVKDFFKSSNQCELFEA
IKVKVHCPIGSIG-----=-------- STLADIQAGVRVKEA---REFRID--NLVTEQFSEVHKGKGKVLTAA-PDNFEA
IKIKVHCPVGSMG---=-=-=-=-=------ ATFAEVQSKLKVKEA---REHRID--TIVTEQFAEVHKGRGKILTAA-PDNFEA
IKVKVHCPVGSMG---=-=-=-=-=------ GLFSEMQSKLKAKEA---REHRID--SIVTEQFAEVHKGRGKIMTAA-PDNFES
VFLRHR-RQDAATEAWTFAERY----- VPPKRPSTTYLGGGLALFEAYVSTYS---PQVPAFNQAVYEQCEE -EDQ-AAL
VFLRHR-RGDSALEKWTFKERH----- VKPSRPTTTYLGGGRALFNAWMHVYN- - -PKPIPFSEDMYERAVE -ESQ-AAL
IFLRHR-RNNSATEAWTFKERM----- VKPRPPKLTYLGGAEALKSHFDMVYD- - -PKYPPFNETIWEEYQD-EDT-DNF

IFLKHR-TKDAATAQATLEKRVRRTSQRKKEMAFIASRHVGAALYNAFCEEYG- - -PQDEEWDPQLYEECRV-ENE-TVH
VFLEHR-GDDKATANITYAKRLRFSQRAANERSIAATKVAGSELFEAFTRAIP---LPQETFNDSLLEECRT-ENDTVHL
ISAKHSPASDPTLLPASINKRLRFRPSEAPHAITSDDVILGLQLFHSLCRAYNRQPSQSIPFNPELFADCIS-LNEYAQL
LAPVHSPSSDPTLLPFSIKKRLRFRLSDSPYQF TANDSLLGHHLFESLCRAYQRNPSHQVPFNPALFAECIN-INEYAQL
LAASHRPASDPTLLVSSIKKRLRFRPSDCPYFISSNDILLGQHLFNSLCRAFNRSPLEVIPFDPVLFAECIA-LNEYAQL
LAASHRPASDPTLLVSSIKKRLRFRASESPYFITPNDMILGHHLFDSLCRAYGRDPSVVIPFDPALFAECTIA-LNEYAQL
LYLRHT-SDDTATFMMSVKKRLRFRNYEANRRKYRACHGIGHQMFSVFKDTYQ- - -LKEIDSLPEL-ERCEM-EFM-KKR
IYLHHT-AEDDVLFILSIKKRLRFADFEKNCASFERKKKLGESIFTEFLKRAD---FMNFTYPPQVDETSMELDFT-MKR
VFPRHF -ANDDLTFWSAVKKRLVFKNPLSNAHDFEKAKTFGKELLNIFLRKV----PLMPNFDQRMYDESVS -EFE - EKK
IYPRHK-GTDVVTFLMAVRKRLSFSDPAVNESKFNSAKTFGLLMFEHFVKYI----PLKSNRDEEMFETARS -DFE -RKK
IYPRHK-AGDTATFVMAARKRLKFSFPARERQKYMAAIPYGVSMLQVFLKRI - - - -KLQSNFDHRLFEEARA-DFE-EKK
IYPRHK-AGDTATFVMAARKRLKFSLPAKEKQKFMSAIPYGDTMLKVFLNKV- - - -RLKPNFDHRLFEEARN-DFE - EKK
IYPRHK-SGDTATFLMAARKRLKFSFPANERQKYLAAIPYGDTMLKVFLEKV- - - -KLKPAFDHLLFDEARN-DFE - EKK

0 HE .o

LEKGPKCLINISYRNDPSLDPHKAETFLKSQDVTKLGTQFRDAKKGQMITGFAAAVNSRFGPLSRYLYRATRTSLPPEIL
TDKGIKSLKNISYRNDPSLDPAKAETFLKSQDITKLGTAFRQAKKGQMITGFITHVNTTFAPMARYLYSAFRTSLPPSIL
LDKGEKALKNIAYRSDPSMDPSKAEIFLKAQ--------=---------- SGFCTLINARFGGLSRYIYRAMRTALPAHIF
LSKPLPTLTANASRSDPSWPLHRIELFMKNQNVTKLGKLNADARAGQIIANFRAQVILTLGPLGRYLAKKILSKLPDHTY
TSKPLATLINNAERSDPSWSLNMIKLFIKGQTVKKLEKMGSDATAGQSIASFRAEVLLAWGPYARYIDRRIRALLPPHVY
SSKTQATIVANASRSDPDWRHTTVKIFAKAQHKVNDGSIFGPWKACQTLALMHDFVILVLGPVKKYQRIFDNSDRPEHIY
SSKTRATIVANASRSDPDWRHTSVRIFAKAQHKVNDGSIFSSWKACQTLALMHDFVILTLGPVKKYQRLFDSRDRPPHLY
SSKTKATIVANASRSDPDWRFTAVRIFAKAQHKVNDGSIFGSWKACQTLALMHDYVIMTLGPVKKYQRILDHQDRPSHIY
SSKTKATIVASASRSDPDWRFTAVRIFAKAQHKVNDGSVFGSWKACQTLALMHDYVIMTLGPVKKYQRILDHNDRPRHIY
IEKSTGLIEKHAGRSDPDWPSNYLKIFLKQQTCTKMEKRGVDAKAGQTIACFAHSVLCRFGPILRQTEKALRELLPENVM
IQKSARILEAHSYRSDADWPSNYLKIFIKNQDCTKMEKRGSDAKAGQTIACFSHAVLCKFGPILRKTEAQLRKILPPHVM
ISKNAAMIGAHHDRSTTDWPTNEIFLFIKSQLCTKKEKMFCDAKAGQTLACFSHLILCKFAPLNRYIEKKVTQSLPGNFY
LEKNIATIENHSGRSSADWDIREAFVFMKSQLCTKFEKRFVDAKAGQTLACFSHIVLCRFAPWIRYIEKKVFEVLPPNFY
LQKSMATLENHSGRSDPDWSVEKALIFMKSQLCTKFDNRFRNAKAGQTLACFHHDVLCRLAPYIRYIEKKVFKALPSNLY
LQKSMATLENHSGRSDPDWEIEKALIFMKSQLCTKFDNRFRDAKAGQTLACFHHNVLCRLAPYIRYIEKKVFDALPRNLY
LGKSMATLENHSGRSDPDWEVEKALIFMKSQLCTKFDNRYRDAKAGQTLACFHHNVLCRLAPYVRYIEKKVFKALPRNLY

* . * * ok ok . *

LLNGVTLEEQERWFADHWDFSSGCYEDDYTGFDGTQNEDFLAYQTLYMRAFGVPEPLIEDYLSWVTHLSCMLGPLGIMIA
LLNGVTLDDQERWFNSHWDWAQPCYEDDYTGFDGTQNEDFLAFQVLLMGWYGIPTNIIETYVLWVTHLRDALGECGVWIA
LLNGVTLDDQEAWYQKFWNWAKKYYEDDFIAFDGTQNEEFLGFHILIMQALGIPQAVIDSYISWVTHLFGMLGDFGIFIA
VHHGKTTAQLAEFVDRLWDFNQESMESDATAFDQSNGPDILHAETYFMRAKNVPQHLVDYYLDAKRLAYTFLGPLEFMRL
IHSRRTNEDFEKFVAAHWDHTRESTDGDYTAYDASQDATFVNFETLLMRRLDFPLDIIEAYVEMKASITSHFGPLAIMRF
SHCGKTPIQLRDWCQQHLTSFTPKVANDYTAFDQSQHGESVVLEALKMKRLNIPAHLIELHVHLKTNVSTQFGPLTCMRL
IHCGHTPQQLSAWCSTH-LNHSTYVANDYTSFDQSQHGEAVILEMLKMQRLSIPQHLINLHCHLKTRVSTQFGPLTCMRL
THCGKTPAQLSSWCQKF -SLDGPSLCNDYTSFDQSQHGEAVVLECLKMRRCSIPDNLIQLHLHLKTNISTQFGPLTCMRL
THCGKTPSQLASWCQEF -ACEGLSLCNDYTSFDQSQHGEAVVLECLKMRRCSIPDSLIQLHLHLKTNISTQFGPLTCMRL
IYSQKNYMDLDKWAKTW-VESMMGTDSDYEAFDRSQDEKVLDLEVEVLRFFLWPEELIKEYEELKLMMGCALGDLAVMRF
IFSQKNYEDLDKWSKDY -FNDHSGTDSDYEAFDRSQDGAILAFEICLLRHFLWPEELIEEYKTLKLMMGCQLGDLAVMRF
THQKKNFDELERWVKSY-DFSGVCTESDYEAYDASQDSYTLAFEYELLRYLGVSNSLIEDYLYLKMHLNCKLGNLAIMRF
IHSGKNFDELKEWVLRS-DFSGECTESDYEAFDASQDATILSFEVEIMKYLNIPHDVIEDYKFIKFNLFSKLGIFEIMRF
IHSARNFDDLRDWVIKN-NFTGVCTESDYEAFDSSQDVNILAFEVSLMEYLRLPRDLIEDYKYLKFHTHSKLGQFAVMRF
IHSGKNFDDLRDWVINS-NFSGMCTESDYEAFDSSQDANILAFEVSLMNYLNLPRDLIEDYKHLKFNTHSKLGQFAVMRF
IHSGKNFDDLQDWVIQN-NFVGTCTESDYEAFDSSQDANILAFEVSLMNYLNLPRDLIEDYKHLKFNTHSKLGRFAVMRF

KoLk H

SGFKPTWFFNTIDSMAYQALKHSLTPHHGPHPRVARAFSGDDTLHNERVTVRPEFGKLPHQFLLVSTGAHTDMPHFCGTL

1523
1571
1499
1491
1375
1348
1338
1337
1295
1298
1243
1646
1626
1636
1637

1570
1592
1640
1573
1566
1454
1427
1417
1416
1368
1373
1316
1719
1699
1709
1710

1650
1672
1702
1653
1646
1534
1507
1497
1496
1448
1453
1396
1799
1779
1789
1790

1730
1752
1782
1733
1726
1614
1586
1576
1575
1527
1532
1475
1878
1858
1868
1869

1810
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EnFVv1 SGFIPTWLFNTADNMAFQALKHALTTHTWSPSDVARSFSGDDSTHNELVTVRPLFARLEHQFKLVSTGTHSDIPHFCGTV 1832
M.cannonballus SGFKPTWVFNTLDNMAFEALKHELTPA--SVAPVARSFSGDDSNHNEEVKERLAFRQLKHKFRLKSKGVHTTMPTFCGTI 1860
EnFVv2 TGEVFTLLFNTLAMMMYLAFKYIIPK------ NTPRAHTGDDVIMNARPKLRPSSQRLLTQIRITTVDEYTKTPSFVGWR 1807
BVF SGEVWTYLFNTLGNIAFTYAKYEVP------- SVAQVYGGDDKSINSPITVRTGWSQLVGKFNLVEKPVVGYEPTFCGWR 1799
WWVV TGEPGTYDDNTDYNLAVIFSQYEVG------- SCPIMVSGDDSLIDRVLPTRSDWPDVLKRLHLKFKLEHTTNPLFCGYY 1687
UTyvl TGEPGTYDDNSDYNLAVIYSQYNVQ------- GSPILISGDDSVIAGSPSLHPSWPHVKDLLHLKFKTEVCSHPLFCGYY 1659
DiaYMV TGEPGTYDDNTDYNLAVIYSQYQMG------- ATPCMVSGDDSVIFANPPIHPTWPAVENLLHLRFKTESTTQPLFCGYY 1649
NeRNV TGEPGTYDDNTDYNLAVIYSQYQMG------- STACMVSGDDSVIFSSPPTHPSWAAVKDLLHLRFKTESTFQPLFCGYY 1648
GVA SGEFGTFFFNTVCNMVFSCMRYHMDR - - - - - - NTPMCFAGDDMYSPGILRVKKDYEATLEQLTLKAKVHVSEEPLFCGWR 1601
GVE SGEFGTFFFNTMCNMAFSYLRYQLGP------ YQPIAFAGDDMVAPGRLVVNESMNSVLNQLELKAKVNYSDSPLFCGWR 1606
CVA TGEFCTFLFNTLTNMLFTFMKYDVRK------ THAICFAGDDMCANVRLPENHEYSSLLKKFSLKAKVDFTRSPTFCGWN 1549
GYMaVv TGEAGTFLFNTLANICFTLMRYKIRG------ DECIAFAGDDMCANTCLRVSTEFENILDRLKLKAKVDYKSQASFCGWS 1952
CRMaVv TGEAGTFLFNTLANMVFTFMRYEING------ REAICFAGDDMCANKLLRKKSEFEHILDRMTLKAKVQHTTEPTFCGWR 1932
CTLaVv TGEAGTFLFNTLANMVFTFMRYETNG------ RESICFAGDDMCANKLLRKKKEYEHVLDRMTLKAKMQHTTEPTFCGWR 1942
CNRMV TGEAGTFLFNTLANMVFTFMRYETNG------ RESICFAGDDMCANKLLRKKGDFEHVLNRMTLKAKVQHTTEPTFCGWR 1943

:* * *: . 13 %k k [ * ok
PAFV1 NTPAGSFANPELLLLRCLYKLRVGRIFQSSLGYAEHCYRLQKNLETAIPHLTSRQIACHSLTLRLL-------------- 1876
EnFVv1 NLPGASFCDPTLLLTRILFRLRRGNLASCALSYSEHCARLQSKYEECSWRLTERERYCHATSLRLL-------------- 1898
M.cannonballus NTPGGSFAEPELLAQRVLYRAQLGRINEAALAYAEHCSRLSKNIEGCLPYLNGYQIEMHTMTRRFL-------------- 1926
EnFVv2 LTPGGLIKDPRLLLARAYHAESKNKELETCVSYYYDLTVGLRNWTNILPHLPTQEVAAVHELAWYYQSLAKRYP------ 1881
BVF IVPGGIVKDPQLLFWRTRYARIRYDAALWAPGYYDELVLSLKTSDRLMDHMSPNDLAYLQALVRFYTKLSRRLP------ 1873
WWVV VGPAGCLRNPLALFCKLMIAVDDDALPDRRLSYLTEFTTGHRLGEPLWSLLPSELVKYQSACFDFFCRHCPKHEKMLLSD 1767
UTyvl VSNFGAVRNPFALFAKLMICTDDGTVGDKILSYLSEFSVGFLLGDSLLQTIPSHLHSYQSACHDFFCRNCTPSQKILLSTI 1739
DiaYMV VGPSGCCRNPLALFAKLMITTDKGNLDDTLSSYLYEYSIGHRLGDACLSLLPSHLHSYQSACFDFFCRKASPLQKTLLSF 1729
NeRNV VGPHGCCRNPYALFAKLMISTDRGNISDTLPSYLYEYSIGHRLGDACLDLVPDHLHSYLSACFDFFCRKASPLQKTLLSF 1728
GVA MSPFGIIKEPNLILDRWKIALRSGNLSLCLVNYAIEASFGYRLSEHLYDV--NIDVDAQQELVREIVIKKHLLPKKIADL 1679
GVE MSPYGIVKDPNLLLDRLEMKRAEGKLDDCIANYALEASYGYRLSDHLYDL --NIDLDAFQELIRKIVMLKHKLPPAIASL 1684
CVA LSRYGIVKKPELIAARLAVARQKGEVNLVLDSYFLEHLYAYNKGDHLFEILSEKELEHHYNLTRFFVKNSKFLKGESKKK 1629
GYMaVv LGPYGIYKKPQLVFERFMISKEKGTLHECIDNYAIEVSYGYRMGDRVFGYMTEEETECQNLCIRTIVLNKQMMKETALSY 2032
CRMaVv LGNFGIVKRPQLVQERILIALEKGNFHECIDNYAIEVSYAYNLGERLISIMSEKELDAHYFCVRTFLQNKKLFSSNALEF 2012
CTLaVv LGPFGIIKRPQLVQERIPIALEKGNFNECIDNYAIEVSHAYNLGDRLISIMSEKELDAHYFCVRTFLQHKSLFSSNALEF 2022
CNRMV LGSFGIVKRPQLVQERILIALEKGNFIECIDNYAIEVSYAYKLGERLISIMSEKELDAHYFCVRTFLQNKKLFRSNALDY 2023
* . . *

PAFV L o e e e e e 1876
ENFVL e e oo e 1898
M.cannonballus -~------c--cmmcmm e e e e e e e e 1926
ENFV2 e e oo e 1881
BVF  mm e 1873
WWVV EPPTAS LD - = = = = = = = = = = = = o o e 1776
uTyvi DPIPDSK L L == == = = = = = = = = o = o o o oo e e 1748
DiaYMV EEPSPS L LK == = = = = = = = = o o 1738
NeRNV DEPSP SV LK = = = = = = = = = m o o o o o oo 1737
GVA FSEDECEA- - = = = = = = = = = = = = = o 1687
GVE FKEEED IV - = = = = = = = = = = = = = o o o 1692
CVA FMETKEIEGGLFGECDFGNDSIFKDYINRVKNKVEIDLLNERILRINTELNQFDPRIYMMNKIGFVTSTSMFEAGHIASN 1709
GYMaVv [a N Y S L E L e 2041
CRMaVv FSESEGCL - === == === = oo o o o o o e o e e e 2020
CTLaVv FSEGESCK - == = == = == m o o o o o e o o e e e e e 2030
CNRMV FSESGSCS - - - = == = o o oo o o o o o e e e o 2031
(o7 o e e e e L L LT 1876
ENFVL e e oo e e 1898
M.canNNONballus === ---- - oo m e e e e e e e e e emememeeeee o 1926
ENFV2 e e oo 1881
=17 S e R R e L L L L LT 1873
A A et e e e L 1776
UTYVL s e e e oo e e e e e e e e e e 1748
DiaYMV s e e e e e oo 1738
NeRNV = cccccmcccmcccccccccccccmmcmcccmcccccecccccccemcmcccmecceeceeccecsmcccce e 1737
LC1 Y e e T 1687
(61 et e T it 1692
CVA ESNQSKGLPPQTSRPYDEVKPYMPLSLRNSYESRTKGNRLLSILRNQKRLCDLGSGSILGLRVLEGLKMFKEECRSYQSR 1789
GYMAY s e e e e o e oo 2041
CRMAY s e e e e e e e oo 2020
(o 1 1Y et T e 2030
CNRMV oo o oo o e e e e oo 2031
(7Y o e e L L LT T RLVLRVQGFPLVGE-- 1890
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(=] S e e e RLQLRISGIPLVGS-- 1912
M.cannonballus --------mm oo oo QETLRRQGRGLIGW-- 1940
=1 A e L EE L L TP PP e PLAQALRNTGFSST-- 1895
BVF = seeceeeccccccccmcccecmdccnccecccoecmccmcc s ccm e mcem e e SLADRRRCNPLPADS- 1888
AT LD e L L LT L LT LT RVTSSPR--------- 1783
U1 A S e L L) QLILKVR--------- 1755
DiaYMV s e e e - KLASSSA--------- 1745
NeRNV = cccccmccccccccmcccccmcccmrcm e ccc e ccc e mc e cc e mm e e c e e m KLASSSA--------- 1744
(C1Y S e e e il 1687
GVE e e e e e e 1692
CVA SFFKESQETNQEFSLMQFVRRTFTVMQMPSIPKCSQLLKDFSLQLLYLQAALAKAMLHSSIFLMKLSWRLSKKPLLSTQC 1869
GYMAV e e e e e e e 2041
CRMAV e e e e e e 2020
(o 1 |V et e e e e 2030
CNRMV o e o e e e e e 2031
PAFV1I = eemmemeemeemmeeeemeemeeeeeeoe- FLTKLLPHFYNLSGNHGP- - - - - Feceecmacmccc e cccceceaae 1909
EnFV1 = o meeeemmeeeemeemmeeeemcemeeoao FLTKLLSHNYNLLISFA---------mmmmmm e oo - 1929
M.cannonballus -----------------------m—o--- FWTKLRPGHYDLS---------- R e 1954
ENFV 2 s e e e e e 1895
21V e e et 1888
WWVW 00 eeeeececmcccccmcmcce e WLTKNAMYLLPAKLRLAISSLSQ-------===-----==------~--------- 1806
UTyVl = memeccmcmcccccmceeeeneee- WCTSAFFSLLPSKARELLIAKSS-------=-------mmmmmm oo mmmmm - - - 1778
DiaYMV = mmmmmmmmmmmmeeeee oo WASGPLLAQLDNDSLQSLLERSN-------=--c-mmmmmmm oo m e o - - 1768
NeRNV = ccccccmcmccccccccnccanaa- WASSPLLAELDDQSLQALLARSN-------=----mmmmmmm e m e - - - 1767
(C1Y S e e e 1687
GVE e e e e e e 1692
CVA FILGQSSYVLHAFSSLKSRSMAELYTLIPGFWTKMMHAKQVLVSSCKLDQPITFIGQIIQCPHMIQTCIGLLESSLNSMQ 1949
GYMAV e e e e e e e 2041
CRMAV e e e e e e o e 2020
(o1 1 |V R e e T e 2030
CNRMV o e o e e e e e 2031
PAFV1 e LEQAQG- - === = = = = = = = = = o m e 1915
ENFV L s e e e e e e e 1929
M.cannonballus -~---------mmme e m e e e e e eeemeeeeeeeem e enee 1954
ENFV 2 s e e e e e oo 1895
BVF e POV V- = m m e e m e e e - 1892
WWVV e QS == = mmmmm e e o 1809
UTYV1 e LIPS - = = = e e 1781
DiaYMV e LIPS - = = = e e 1771
NeRNV ~ mmmmmmmem LIPS - = = = e e 1770
GVA oo 1687
GVE e e e e e e e 1692
CVA SMLLTIPTYSSLTLESCTSSVIRALQRRQLPQMLGHSFKHFLGLLDYQILNPFLRMKILSILQLWHSLTSVLTRVSGKVV 2029
GYMAV e e e e e o e 2041
CRMAV e e e e e e e 2020
CTLAY e e e e e e e e e 2030
CNRMV o e o e e e e e 2031
(27 o e e e L EE T 1915
ENFV L s e e e e e e o e 1929
M.cannoNballus - -----mm s oo oo e e 1954
ENFV 2 s e o e e oo 1895
BVF = eeeceececncece--- [ (D R e e L L EE T 1896
WWVYWVW e FPESPEVSQVESEL === ----cmmcmm e e mcmme e mccmme e emcemeem oo 1823
UTyvli = memmemmemeeeeee FHSDPKVSQLESEL--------mmmm o mm oo oo 1795
DiaYMV.. =~ mmmmmmmmmee-o--- SHLDARVQRLESEL---------mmmmm e oo oo 1785
NeRNV. @~ —-mmemmmmeeeee-- SHLDARVQRLESEL---------mmmmm e e oo e 1784
GVA = memeemeemeeeeeo-- HSDGDDDFLSNDV - = == = = = = = = s e e oo oo m e o oo 1700
GVE 0 memeemeemeeeee--- SSDEEA- === ---cmme e e e e e eemeemmeee—ooe-e- 1698
CVA SLKAHHVQQEPEGIMPEARDRVLSQSQKLLVKILNNKKEICLGQIHVGLKIFSSIQNRGFQLIKNSSTDLISAILKGGTQ 2109
GYMAV e e e e e e e 2041
CRMav ~ mmmmmmmmmmmm oo SPERNFG-=-----cmmm e e e e mcmee e ccmmemeemcmme e e 2027
CTLaV ~ mmmmmmmmmmm - SPDRNFG==--==-cmmc e e e e cmee e e mcmmemeemcemmeem oo 2037
CNRMV ~ mmmmmmmmmm oo SPDRNFS === == - cmmm e e e cmee e memme e e ememme e 2038

PAFVL e e e aeaeaeeseeseeeseseesesssemesesesesesesesaas 1915
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ENFV L s e o e e e e e 1929
M. CanNNONballus - - - - - - - oo oo oo e 1954
ENFV 2 s e e e e 1895
1T S e R R e L L L LT 1896
WV e e e e e e e e e 1823
UTYVL s e e e oo oo e e e e e e 1795
DiaYMV m e e e e e - 1785
NeRNV = cc-cccmcccmccccccccccccccmcmcccmcccccccccccccmmcmcccmemcccccmeccecsmcccoe e 1784
GV A e e o 1700
GVE e e e e e o 1698
CVA ISSMALSIVEQNYNEIRRGLGNYIWENMIDPRDLLHLTAKPAVEASEGVAATPAITLSENQRAVKNTIRNYYLRIMFGNL 2189
GYMAV e e e e e e 2041
CRMAV e e e e e e e 2027
CTLAY e e e e e e e e o 2037
CNRMV o e oo o e e oo 2038
PAFV L o e e e e 1915
ENFV L s e o e oo 1929
M.cannonballus -------c--cmmcmc e e e e e e 1954
ENFV 2 s e e e e e 1895
BVF o e e e 1896
WV e e e e e e e 1823
UTYVL oo 1795
Di@YMV e oo 1785
NERNV oo 1784
GV A e e e e 1700
GVE e e e e e e e e 1698
CVA AVMGTSEQTDYPGEHLAIPRPVIENQEALTAHLPAGMSLLTFATNVKAWGVVGAEGKFAGLTFRQLCEPFAEQAYNFFRE 2269
GYMAV e e e e e e e e 2041
CRMAV e e e e e e o 2027
CTLAY e e e e e e e oo 2037
CNRMV oo e o e o o e e 2038
(7Y o A e L L L L e T 1915
ENFVL s e e e e e e 1929
M.cannonballus - ---- - - o m oo e 1954
ENFV2 s e e e e e SLRF-- 1899
=17 S e R e L LT 1896
A A Rt L EE L EE LT LHYLQ 1828
(U1 R Rt R L LPFLN 1800
DiaYMV s e e e - LHSFQ 1790
NeRNV = cccccmcccmccncccccmcmrcccccmcccmccmccc e mcmcc e mcccm e m e e e e a e LHSFQ 1789
(C1Y S L L L L e PP PR AGMYRIE 1707
GVE e e e e e 1698
CVA NHGAVSFIYLKNPGAYFNCPAVVFDFNKGLPLTIIKIGKNANAISACNQRLFNREGKKAVFAAQGEVNLSFDA 2342
GYMAV e e e e e e oo 2041
CRMAV e e e e e e oo 2027
CTLAY o mm e o e e e e 2037
CNRMV o e oo e e oo 2038
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Supplementary Data S2. Multiple sequence alignment of the PAFV1 movement protein (MP) and related proteins

PAFV1

EnFV1
M.cannonballus
ArTlVl

MpTLV1a

PpT1Vl
G.cichoracearum
E.lata

PAFV1

EnFV1
M.cannonballus
ArT1lVl

MpTLV1a

PpT1Vl
G.cichoracearum
E.lata

PAFV1

EnFV1
M.cannonballus
ArTlVl

MpTLV1a

PpT1Vl
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PAFV1 HCVPDLAGKFRQ-WAIMVSATPPDEPPPVPRTSGITMIRIPIP------ DPLTLPVPAIYRLSTHKKLGNHYLLIVVDGC 393
EnFV1 HCLPKGQTLKTQ-KIIFVSATPPDEPAPPVRTDGLTIVEMDIP------ DMLATPTPPLYQLSKYPPYSNNYLLIVADSC 262
M.cannonballus HL----VYKENPFTVLFASATPPDEAAPPPRMDGLTITKIKLR------ DPTVEPLDDHYQLSKLPYFGNNMLLVIADSC 360
ArTlVl ------ TFTLVP-KYILVSATAQGFSVQPQLPSAVTPIYGNLPMGTIPSEPVGSDLDP - - - -RRWSNRGDGTVAVVAPSI 437
MpTLV1a  ------ TFALVP-KYIFVSATAVGYSVNPELPKAVTQTWGQLPIGQIPSKMEGSDLDP - - - -RRWWKRGDGNVAVVAPSV 431
PpTlvi  ------ TFDLCK-KYILVSATAIGFKINAQLPPAVTQIKGNIPIGKLPVNLTGTDLDP----RRWFHQGDGTIAIVAPSV 599
G.cichoracearum ------ IFNLAP-KYIFVSATAKGYSVSPQLPSAVKVVKSRLPLGHLPKNIARTDLDP- - - -RKWQRTGDGTVAVVAPSV 307
E.lata = ------ TFNVAK-KYILVSATAEGFKVNAQLPPAVTRIQGVLPVGEIPAQLEGSDLDP----RIWADRADGTYGVVAPSV 541
PAFV1 EAAHSLRDRLLDLGEPAFSLCKCPTAEQSSLFLTYNPSNATVIATPDTEAGITVPCSYMVNPGTALRVEFQESVIVPLVS 473
EnFV1 GTAHALTERLMAKSESVFCICECPTPESVAHDLTTNTYNHTVIATPATEAGITTPCCYMVNPGLASRTDFSNGVIRRDTF 342
M.cannonballus LAAHHLQEKLSAMGQRAFLLCQHVSSERATELLITEKRNVTFIATPETEAGLDVPCSHFTNGGTALRTLFSRGVLFSSIF 440
ArT1lVl AVANKLTALYKSWHLRVYTITRETFVSDYMLAATNYVPGTVYVLEPGVEAGVTLSMSVLISMGCTTAVRYDGRVVVEDTQ 517
MpTLV1a IVAKRLFNVYRDWQIRAFLITRETFVSEYMKAATNYRSMTTFVLEPGVEAGVTLCIDVLISMGASTAIRYDGKVVLEDTQ 511
PpT1V1 NVARKLFEIYKDWKLRVFLITRFTTVSVYAKACSNYLPYSVYVLEPGVEAGVTLSISVLISMGCSTAVRYDGKVVLEDTQ 679
G.cichoracearum EIARKLHALYLSWRLRSYLITRYTVVSRYLKATRDYRSETVYVLESGVEASLTLSMSVLVSMGASTAIRYDGKVVIEDTR 387
E.lata TMAHTLYRQYKDWGVRTFLITRNTYASDYLKAVKNYSSRTAFVLEPGVEAGVTLSVAVLVSMGATMAVRYDGDVVIEDIQ 621
PAFV1 RLGPRQSNQRLGRAGRIGHTVVYLPPDGGEAP - -SDAASFVLLAEAYLLI-LSLTGGHPLAPEATLVADRFSRLRKLTPA 550
EnFV1 PLGPRQSNQRLGRGGRLGHTVVFTQRSPGES - - -SDSPSAVDLGDAYLLV-LALTFGHPSSPEATLATTRFPRLKKVLGS 418
M.cannonballus KLGSRQNVQRLGRAGRARHSLCWVDDSG-QADDRMDACSPVDAATGYLII-FRHTGKQPDSPDCRFAVKEFGRLAKVTSK 518
ArT1lVl PLDPIAAIQRGGRGGRVRPTLYIQPRAP-EA---VVAKSSADYYRAQAIIKAVALGAHTQHWQDDDIVETFPKLKTLTRS 593
MpTLV1a PLDKIAAIQRGGRGGRVVPTLYITPRLP-EA---LTMVSSADYYRAQSIVRLIAAGADVSRINDRGLFQTFPRLRTVSRQ 587
PpT1V1 PLDEIAAIQRGGRGGRIKPTLYVSPVVP-KS---ETRSSTSDYYRAQAVIKMIALGADLRKINFKGLDNQFPKLKTVTKS 755
G.cichoracearum PLDKIVAIQRGGLGGRVIPTLYVTPEAP-EV---LDESPTADYYKVQAIICALAYGADISKIKCTELTKTFPKLLTITKE 463
E.lata PLSATAAIQRGGRGGRVVPTLYVEPEAP-KD- - -VAAGSSADYYRARAIIKMIALGARTEGMRDNGIFATFPRLKTVTRE 697

*_ kk ok ‘** 13 . .. * :*
PAFV1 AARIALRSP--QPLTALYRSDNQGVLYAEYGGSASTFVADNAADFRLFKWPGGSAYAPYLDLCT-DHDLSVGMTLDLQRS 627
EnFV1 GASLFVETT--RPMIALYMHDNAGERYAEFGGSATGFIDDNASDFRLFKWPSGSAYAPFLDLCS-DHDLSSLHNPALQKS 495
M.cannonballus AAELVLQAPDATPVLELYKRNTEGELFREFGGHEDGFIDECAADLRLFVYPGGAFFAPFVDLKQ-DYDPTQGQTLKSIRS 597
ArT1lVl LAISALSAP-GDPFVAVYSRNANGDIYRECGGSGTGFAELAARELLLYHYPGGFFIAPIADFSDIDSKPYEFVRRESQLD 672
MpTLV1a LASAAVSVS-GDPFVALYQRADDGQIYSECGGTGSGFDRLAKQELFLYHYPGGFFVAPIVDFTDLHSNPDSFVLRQSQLS 666
PpT1V1 LAAQAVASR-SDPFIAVYKTDASGKVYRECGGDGTGFSDLAKNELFLYHYPGGFYIAPISDFTDPLTKPNTFVLRNSQFT 834
G.cichoracearum LATIAMLSG-GDPFVNIYKSSKEGILYKECGGTGEGFDELAKKELFVYYYDEGFYVAPITDFSNLNSKPDSFVLRKYQFS 542
E.lata LALAALEAG-GDPFISIYRHNDAGQVYVECGGNGGGFSRLAEQELKLYYWPAGFYVAPITDFSRLNSEPDTFVLRSHQLR 776
* . *‘ :* * :*** * [ * k% *: .

PAFV1 IAGAIMDLHPEFQTM-LDLDSALSSALLNPAPFATAIWNALKPLDGDSNLR-------- APSLDQVR-DRITP--AYMLG 695
EnFV1 IADAIVAQDPSLVEG-ITLESALEAAERDPETYANAIWGALQRLHGRSNLT-------- GESPGHPGISNCTL--NYMLG 564
M.cannonballus LAKAAINNLPHLRDKEVNVREALKYAERFPDMFTTPIWLAFKTLKGKSVLK-------- TRSPEEDP-IFSDP--VALFG 666
ArT1lVl AAWAMASSVGGLIDR-YTLDDLVGMLVGKFDVYVGDLFTRLKRIFNKPEPEKFSLSGRDSEYPEMRDFLKDSPPMVKLFE 751
MpTLV1a AAHQIVEAIPGLEDS-YSLDDLIGLLIAKFDVYVSDLFTRLTAVFSEPAPTQYGIGS-KTRSPDVTDFLTKAPEISKLFV 744
PpT1V1 AAKAIVDSIAGLSAK-YDLNNLVDILISKFDVYVADLFLRLKEIFSSDVATPFSIS--KSRPAEIEDFVKSSPPVLNLFA 911
G.cichoracearum AARLIVEAVPKLTEK-FEFDKLVEQLIRSFKNYVNDLFVQLKSVFPATQPSGYRVG---NKAAEVEDFFRPLPPLVKLFS 618
E.lata AARTMVEAIPGLADR-YPLGELVNMLIAKIDIYVNDLFGLLKSIFIGDKPGRFSLRG-RDYAPTLADFLGSAPEVLKLFN 854
PAFV1 QTGAKAWSVLVSLGAYTSFPVESSSS----- EPYIRRLLHFRGETVSYRSTKVLG-DDGKVSEAKIAALLSGDLLPVAAT 769
EnFV1 VNGTRAFKVIEQLGARFEVSSEPQGG----- KYVIHRELFFRDQRVRYNGKPLLG-PDNLVSPEKVAAILTPALSPVTAT 638
M.cannonballus ELGARAWRI- - -LGAKASITISSSSSGDRERPYQIHRTLHYGGEQFEFTSRDIL--EDRTISEAKVTRLLITHLKPVAQI 741
ArT1lVl YMTSNP------ SGVQYSRRE-FPGS----- PNRATHALNFKGTTLNFAFDSKYM-NQTTLNTKLLAKDVYELLQGLLAV 818
MpTLV1a YMTSQP------ CGVIYERGEFEKNG----- TKHSTHSFIYKDTSLHFAFSARFM-NDHVVNVDLLGKEIHSLLKGLLAI 812
PpT1V1 YLKTSP------ SGVVYDR---VLSS----- PTQAKHSFSYKGEFLHFSFSSEYM-KGSEVDVNKLSRSIFVLLQGLLAV 976
G.cichoracearum FLKTQP------ CDVKYQRHETKSGD- - - - - WFLGYHSFSFNERSLHYAVPPKYIIDGTMVDTEKLARDTFEILKGILCI 687
E.lata HMATEP------ AGIKFVRKVEVEDG----- VHYSEHSFEYSGKQLNFSFPADYT-AKGTVDVEKLSREVYAKLQHILAV 922
PAFV1 QLLL-DHPQ-LSVDLASFLPYRSRSSNTWFKSLFPVTQ----- 805
EnFV1 QALL-GKPE-YTIDLTSLAHLAPTCENRWFRTLF--------- 670
M.cannonballus FMLQ-TDPEFKSCDLAEFAYAQNRCVNKWFCNLK-------- F 775
ArT1lVl EMMIAGAPQ-KCVDLQDYCNRVSP-EHYWFKVNVTDRRSGVKF 859
MpTLV1a EILIEGAPN-KCVNLFDYKHRVPR-EHLWFSQHVGRT - ----- 847
PpT1V1 EILLDGASH-KCVDLVQYKGKISD-EHIWFREISQDWS----- 1012
G.cichoracearum EMLLSGAPE-KCVDLNQYKAMVPG-EHKWFKENVVDRRS---I 725
E.lata 963

EILVNGTPE-KCVDLMKYKDRVSR-EHVWFTRVREHSSKVNLK
. I < kk
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Supplementary Data S3. Multiple sequence alignment of the PAFV]1 hypothetical protein (HP) and related proteins

PAFV1
EnFV1
M.cannonballus

PAFV1
EnFV1
M.cannonballus

PAFV1
EnFV1
M.cannonballus

PAFV1
EnFV1
M.cannonballus

PAFV1
EnFV1
M.cannonballus

MAELSFPVVC-TQGHEARSLTSPEELATHHASAHPNVSINDYRNSLRSSGRGSDRINAPPPPPVFNNP - - - LHAWGLNVS
MA--SYPAVC-SLGHPPVTVNTDAELQSHITSEHPDSDPSSVNNALAGAGSSG- - -ASGPPVPSLSDP- - -LSKWGITIT
MSMPKLPATCPVAACNNKELESAADLFTHHSSEHKAIDMDTYKGMFTDTAR- - -RVTNPSNTVDYVQPKLLISRAGMTVS

*ooo FUF . HEE OO

NFTAYSSDDVSSGSELSVRLLQEFFDAYGRSFSPPMPIDTAALLLDFFLYCLFNAATNDASPTGSFVLRESDGPRQQKIR
SLTSIRPETVCVPTAISITDFTQFLASYGKQVVPTVDPDVGAFLIEFFRYVLFTGATEDASSAGSFQLRDKSGGSAPEVS
NFKNIRSTEVTSNSLITFQAAANFLLELGAKFG-CLDPSHERLQIDLFILILNHAGTDDVEGLGSTTLMSNDGTAKKTIT

Ho * . e koo KR Rk kX

WTAFFAAAQDHFDPA-GYAFTPRRMMRTCEPAFWELWQNSEVKALDRVRSEGTPISRQWRLPNGKHPPAYALVPQLFTSH
WSSFFNSCKDYFNSR-GSLFTPRRLARTCDEAFWEMWNNNKIEALNDVRTRGTPISRRFRMQGGRAPKAYVLVPELFDSR
WVQFQEAAKEYFDGELGIKFTFRRCIPSFERLWWELWNMDDLEALDDVKQFGTRRSRRWQ-QSGEPVEPYVLVPDLFDDH

* * sk * k% kk skkake e ekk.e k. * % *koow s Uk, Uk kRkokaokk .

LTNDERACRKSHQATI---TKLSTAAARPEYEGLDPENTVVASDVERQALEHRSLDLQNKTAGLRNRGGLGSGNAPRADP

LTAEELEVRRLHQSTI---TKIATNTTRPTFEGLDQEGSHLAYEAAKA----------- RTTRIIQNAGASADEAQRAYQ
LTARERKVRLLYNEIVELEKEAGATTDDITYVGRDSEHKIGKAKL-RDALE------ DNARARAMLNGGKARSNASKEHD
oxoox 0 R Dok ok ok .o : O
VLEAMYD--------- SRHGQGR--------
SLHHATNASVPPNPPQSRYGGSRFTFGESDF
DWMDTLNKQAIANNARYRD----------=--

. *

76
71
77

156
151
156

235
230
235

312
296
308

326
327
327

Supplementary Data S4. Ribosomal RNA contigs and their top five hit species in the NCBI nucleotide database

A.NODE_192_length_6473_cov_262.897260_g154_i0: 6473 nt, plant nuclear genome

Acc. No. Coverage Identity Genus and species Family Order
KX522674.1 98% 94.85% Spondias tuberosa Anacardiaceae Sapindales
KX064011.1 90% 93.25% Laennecia sophiifolia Asteraceae Asterales
KX063989.1 90% 93.14% Blakiella bartsiifolia Asteraceae Asterales
KX063947.1 90% 93.15% Diplostephium azureum Asteraceae Asterales
KX063974.1 90% 93.10% Hinterhubera ericoides Asteraceae Asterales
B.NODE_11601_length_1855_cov_155.436877_g8258_i0: 1855 nt, plant chloroplast genome
Acc. No. Coverage Identity Genus and species Family Order
NC_037471.1 100% 100.00% Pistacia weinmaniifolia Anacardiaceae Sapindales
KY549635.1 100% 100.00% Pistacia vera Anacardiaceae Sapindales
KX447140.1 100% 99.95% Rhus chinensis Anacardiaceae Sapindales
KX871231.1 100% 99.84% Mangifera indica Anacardiaceae Sapindales
KY635877.1 100% 99.36% Anacardium occidentale Anacardiaceae Sapindales
C.NODE_17762_length_1371_cov_95.266263_g12380_i0: 1371 nt, fungal nuclear genome
Acc. No. Coverage Identity Genus and species Family Order
GU250346.1 100% 95.71% Meristemomyces frigidus Teratosphaeriaceae Capnodiales
GU250356.1 100% 95.64% Teratosphaeriaceae sp. Teratosphaeriaceae Capnodiales
GU214583.1 100% 95.56% Teratosphaeria stellenboschiana Teratosphaeriaceae Capnodiales
GU214520.1 100% 95.56% Neocatenulostroma microsporum Teratosphaeriaceae Capnodiales
GU214518.1 100% 95.56% Neocatenulostroma germanicum Teratosphaeriaceae Capnodiales

D.NODE_18168_length_1344 cov_5.720463_g12643_i0: 1344 nt, fungal nuclear genome

Acc. No. Coverage Identity Genus and species Family Order

NG_057777.1 100% 96.06% Pseudotaeniolina globosa unassigned Capnodiales
GU214696.1 99% 96.05% Scorias spongiosa Capnodiaceae Capnodiales
GU214449.1 100% 95.84% Mycosphaerella sp. Mycosphaerellaceae Capnodiales
EU019255.2 100% 95.77% Neocatenulostroma microsporum Teratosphaeriaceae Capnodiales
NG_058782.1 100% 95.69% Capnobotryella renispora Teratosphaeriaceae Capnodiales




