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Analysis of the complete genomic sequence of a novel virus, areca
palm necrotic spindle-spot virus, reveals the existence of a new genus

in the family Potyviridae
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Abstract

A novel virus, tentatively named “areca palm necrotic spindle-spot virus” (ANSSV), was identified in Areca catechu L.
in Hainan, China, and its complete genomic sequence was determined. Its positive-sense single-stranded RNA genome is
comprised of 9,437 nucleotides (nt), excluding the poly (A) tail, and contains one large open reading frame encoding a
polyprotein of 3,019 amino acids (aa). A Blastp search showed that the polyprotein of ANSSV shared a maximum of 31%-
32% aa sequence identity (with 86%-95% coverage) with all seven known macluraviruses. Nucleotide sequence comparison
of the ORF of ANSSV to those of macluraviruses revealed identities ranging from 41.0% to 44.6%, which is less than the
inter-genus identity values for the family Potyviridae. Phylogenetic analysis based on either the aa or nt sequence of the
polyprotein did not cluster ANSSV into any established or unassigned genus of the family Potyviridae. Therefore, we suggest
that ANSSYV is the first member of a previously unrecognized genus of the family Potyviridae.

The family Potyviridae is the largest family of plant-infect-
ing RNA viruses, members of which include many agri-
culturally and economically important viral pathogens that
cause significant losses in a wide range of crops [1, 2]. Cur-
rently, the family is divided into 10 definitive genera (Poty-
virus, Bevemovirus, Brambyvirus, Bymovirus, Ipomovirus,
Macluravirus, Poacevirus, Roymovirus, Rymovirus and Trit-
imovirus), which are distinguished by host range, genomic
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features, and phylogeny, as well as an unassigned genus
[1, 3, 4]. Most viruses within the family have monopartite,
positive-sense single-stranded genomes (8.2 to 11.3 kb) and
flexuous filamentous particles that are 680-900 nm in length
and 11-20 nm in width [1]. However, members of the genus
Bymovirus have bipartite genomes with particles of two
modal lengths of 250-300 and 500-600 nm [1]. For most
members of the family, the RNA genome contains a long
open reading frame (ORF) and another relatively short ORF
transcribed by RNA polymerase slippage in the P3 coding
sequence [5—7], and the resulting two polyproteins are pro-
teolytically processed into 11 mature viral proteins, namely
P1, HC-Pro, P3, P3N-PIPO, 6K1, CI, 6K2, VPg, Nla-Pro,
NIb and CP. Notably, P1, which is a serine proteinase, is
absent in all known viruses in the genus Macluravirus.
Areca palm (Areca catechu L.) is the second largest com-
mercial crop in Hainan, China. Unfortunately, in recent years
it has been severely damaged by a variety of pathogens and
insects, although viral pathogens have rarely been reported,
except for areca palm velarivirus 1 (a member of the genus
Velarivirus of the family Closteroviridae), which has been
identified in yellowing leaves of areca palm in Hainan,
China [8]. In October 2017, a suspected virus-infected areca
palm showing chlorosis, necrosis and spindle-spot symp-
toms (Fig. 1A) was observed in Baoting, Hainan, and crude
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Fig.1 Disease symptoms and full-length genomic organization dia-
gram of areca palm necrotic spindle-spot virus (ANSSV). a. ANSSV-
infected areca palm showing chlorosis on top leaves and necrosis and
spindle-spot on medium and bottom leaves. b. Transmission electron
micrographs of ANSSV virions from crude extracts of diseased areca

extracts of diseased leaves were subjected to screening of
viral pathogens by transmission electron microscopy. As
expected, viral particles with flexuous filaments of 15 x 780
nm were observed (Fig. 1B). To characterize the viral agent,
the diseased leaves were subjected to small-RNA analysis,
essentially as described previously [9]. A total of 27,746,020
clean sSRNA reads were obtained and assembled de novo into
larger contigs. The resulting 693 contigs were subjected to a
Blastx search against the non-redundant protein database of
NCBI GenBank, and a total of 44 contigs with sizes ranging
from 56 to 300 bp showed relatively high sequence similar-
ity to the genomic sequences of viruses in the genus Maclu-
ravirus (or Bymovirus) of the family Potyviridae. It was not
found that any contig or its deduced amino acid sequence
was homologous to genomic or protein sequences of other
plant-infecting viruses. Herein, the characterized viral agent
was tentatively named areca palm necrotic spindle-spot virus
(ANSSV).

To clone and sequence the entire genome of ANSSV,
eight fragments covering nearly the complete genome
were amplified using RT-PCR with the corresponding
primer sets designed based on the sequences of the contigs
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palm leaves. c¢. Schematic representation of the genomic organization
of ANSSV. Two short horizontal lines, 5 and 3° UTR, respectively;
large box, the long ORF; smaller boxes, the mature proteins resulting
from the proteolytic processing of the large polyprotein; arrows, puta-
tive conserved sites recognized by HC-Pro or Nla-Pro proteinases

(Supplementary Table S1). The 5’- and 3’-terminal cDNA
sequences were obtained using 5’ and 3’RACE kits (Inv-
itrogen). The conventional cloning strategy and sequence
analysis were essentially the same as reported recently [9].
Eventually, a complete genomic sequence with a length of
9,437 nucleotides (nt) excluding the poly(A) tail was gener-
ated for ANSSV (Fig. 1C, and deposited in the GenBank
database with accession number MH330686.

The complete genome of ANSSV contains a large ORF
(9,060 nt), flanked by a 5’ untranslated region (UTR) of
205 nt and a 3’-UTR of 172 nt and encoding a polyprotein
of 3,019 aa. Sequence comparisons between ANSSV and
all other macluraviruses revealed eight conserved cleavage
sites (Supplementary Table S2), which were predicted to be
recognized by HC-Pro or Nla-Pro to cleave the polyprotein
into nine mature proteins, denoted HC-Pro, P3, 7K, CI, 9K,
VPg, Nla, NIb and CP (Fig. 1C). The genome organization
is similar to that of macluraviruses, as the ANSSV genome
lacks the P1-encoding sequence (Fig. 1C). In addition, a
putative small ORF (PIPO) embedded within the P3 cistron,
resulting from RNA polymerase slippage at GA7 (nt 2621-
2794) [5-7], was also predicted. Similar to other viruses
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Fig.2 Phylogenetic analysis of aa sequences of the polyprotein
of ANSSYV, all seven reported macluraviruses, and 37 representa-
tive members in the other definite and unassigned genera within the
family Potyviridae. These sequences were completely aligned using
ClustalX, and a phylogenetic tree was constructed with MEGA 7.0

within the family Potyviridae, the conserved motif *6'G-X-
C-X30-L-X2-WP-X36-HF>°, the catalytic active site, was
identified in HC-Pro, but the ‘PTK’ and ‘KITC’ motifs,

| EE—
Bymoviruses NC 003483
4’:,0 NC 028144

KP405232
KX979913
KU053507
MG978107
MF622947
ABT710145
KT724961

and the maximum-likelihood method. The numbers at the nodes
indicate the percentage of 1000 bootstrap replicates supporting this
group. Values below 60% are not shown. The bar represents 0.5 sub-
stitutions per site. ANSSV is indicated by a red asterisk

which are involved in aphid transmission, and the ‘FRNK’
motif, which is involved in RNA silencing suppression, were
absent. The conserved motifs '*>GSGKS-X3-P''°! and
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H86DE-X-H!!%, which are important for helicase activity,
were present in CI, as was the NIb motif 2’>)GDD?7>*, which
is associated with replicase activity. A conserved motif,
‘DAG’, located near the amino-proximal region of the CP
of most potyviruses and implicated in aphid transmission,
was absent for ANSSV.

A Blastp search against the NCBI GenBank non-redun-
dant protein database showed that the polyprotein of ANSSV
shares a maximum of 31%-32% aa sequence identity (with
86%-95% coverage) with those of all seven known maclu-
raviruses, followed by 32% (with 70% coverage) with
bellflower veinal mottle virus (BVMoV, a member of an
unassigned genus) and 26%-29% (with 73%-78% coverage)
with all five known bymoviruses in the family Potyviridae.
A nucleotide sequence comparison of the polyprotein-
encoding region of ANSSV to orthologues of these viruses
revealed identity values ranging from 38.2% to 44.6%, which
is below the threshold for genus demarcation within the fam-
ily Potyviridae [10]. Moreover, an aa sequence comparison
of each mature protein was performed. Consistently, ANSSV
was identified to have higher sequence similarity to maclu-
raviruses than to BVMoV or bymoviruses for each putative
mature protein except PIPO (Supplementary Table S3). CI
and NIb were identified to be relatively conserved proteins,
sharing 30.2%-38.5% and 38.4%-47.7% sequence identity,
respectively. In contrast, extremely low sequence identities
were found for PIPO and 9K (8.5%-23.1% and 11.4%-30%,
respectively; Supplementary Table S3). As the CP sequence
is an important taxonomic criterion for classification of
members of the family Potyviridae [10], we further com-
pared nt and aa sequences of the ANSSV CP with those of
all seven known macluraviruses and 38 representative mem-
bers of the other definite and unassigned genera of the fam-
ily Potyviridae. The results showed that the CP of ANSSV
had maximum sequence identity to macluraviruses (44.4%-
47.0% and 30.8%-37.6% at the nt and aa level, respectively),
followed by bymoviruses (38.1%-40.7% and 26.1%-28.0%,
respectively) (Supplementary Table S4).

To examine the taxonomic classification of ANSSV,
phylogenetic analysis was performed using the aa and nt
sequences of the polyprotein of ANSSV and those of all
seven reported macluraviruses (including our newly reported
Alpinia oxyphylla mosaic virus with GenBank accession no.
MG978107 [9]) and 37 representative members of the other
definite and unassigned genera of the family Potyviridae.
Phylogenetic analysis based on aa and nt sequences both
consistently placed ANSSV in a separate clade that was
most closely related to two definite genera Macluravirus and
Bymovirus and an unassigned genus represented by BVMoV
[4] (Fig. 2, Supplementary Figure S1).
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In summary, the complete genomic sequence of a novel
virus infecting areca palm was determined and annotated.
We show that the polyprotein of ANSSV has maximum
sequence identity to those of all reported macluraviruses
within the family Potyviridae (31%-32% and 41.0%-44.6%
at the aa and nt level, respectively). Furthermore, phyloge-
netic analysis did not cluster ANSSV in any of the estab-
lished or unassigned genera of this family. Consequently, we
suggest that ANSSV is the first member of a putative new
genus in the family Potyviridae, which might be called “Are-
pavirus” (It has to be mentioned that another novel virus,
namely areca palm necrotic ring-spot virus (ANRSV), newly
identified from areca palm by our group, belongs to the new
genus as well, unpublished data). However, it is not known
whether the disease symptoms observed in areca palm were
caused by ANSSV. Therefore, an infectivity test (either with
an infectious cDNA clone or with purified viral particles) is
needed to fulfill Koch’s postulates.
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