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Abstract

The complete genomic sequence of scorzonera virus A (SCoVA) from a Scorzonera austriaca Willd. plant in South Korea
was determined by high-throughput sequencing and confirmed by Sanger sequencing. The SCoVA genome contains 9867
nucleotides, excluding the 3'-terminal poly(A) tail. The SCoVA genome structure is typical of potyviruses and contains
a single open reading frame encoding a large putative polyprotein of 3168 amino acids. Pairwise comparison analysis of
the complete genome and polyprotein sequences of SCoVA with those of other potyviruses showed that they shared the
highest nucleotide and amino acid sequences identity (54.47% and 49.57%, respectively) with those of lettuce mosaic virus
(GenBank accession number KJ161185). Phylogenetic analysis of the amino acid sequence of the polyprotein confirmed
that SCoVA belongs to the genus Potyvirus. These findings suggest that SCoVA should be considered a novel member of

the genus Potyvirus, family Potyviridae.

Scorzonera austriaca Willd. is a perennial herb in the family
Asteraceae (also known as Compositae) that is distributed in
a wide variety of habitats from subpolar to tropical regions.
S. austriaca has been used widely as a traditional herbal
medicine for curing various diseases [1].

The genus Potyvirus is the largest genus in family Poty-
viridae. Members of this genus form flexuous filamentous
particles (680 to 900 nm long) that contain a monopartite
positive-sense RNA genome approximately 9.7-10 kb in
length with a 3' poly(A) tail [2]. The genome contains a
single large open reading frame (ORF) encoding a poly-
protein that is post-translationally cleaved into 10 mature
proteins: protein 1 (P1), the helper component-protease
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(HC-Pro), protein 3 (P3), 6 kDa peptide 1 (6K1), the cylin-
drical inclusion protein (CI), 6 kDa peptide 2 (6K2), the
genome-linked viral protein (VPg), the nuclear inclusion-a
protease (NIa-Pro), the nuclear inclusion-b protein (NIb), the
capsid protein (CP), and a small frameshift-derived peptide
(PIPO) from the P3 region [3]. Potyviruses are transmitted in
a non-persistent manner by more than 200 species of aphids
and cause serious diseases in a wide range of economically
important crops and wild plants worldwide [4].

An S. austriaca plant with virus-like symptoms, includ-
ing mild leaf mosaic and mild yellowing, was collected in
Haenam County, South Jeolla Province, South Korea, on 24
June 2020. To determine the etiology of the virus-like symp-
toms, total RNA was extracted from the symptomatic leaves
using an RNeasy Plant Mini Kit (QIAGEN, Hilden, Ger-
many). A cDNA library was built from an rRNA-depleted
library using a Ribo-Zero™ rRNA Removal Kit (Plant Leaf)
(Illumina, CA, USA). Subsequently, the sample library was
sequenced by Beijing Genomics Institute (BGI, China)
using the BGISEQ platform to generate 100-bp paired-
end reads. From the sequences generated, we obtained a
total of 605,027,638 clean reads, from which the adaptor
and low-quality sequences were trimmed. The high-quality
clean reads were assembled de novo, and the resulting con-
tig sequences were searched against the GenBank database
using BLASTx. Among the assembled contigs, we detected
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one large potyvirus-related contig that was 9,756 nt long
and shared the highest identity (50.90%) with lettuce mosaic
virus (LMYV, GenBank accession number KJ161185), which
suggested that the nearly complete, assembled viral genome
sequence was from a novel potyvirus, which we tentatively
named "scorzonera virus A" (SCoVA). To confirm the full
SCoVA genome sequence, total RNA was extracted from
the symptomatic leaves of S. austriaca using a HiGene Total
RNA Prep Kit (BIOFACT, Daejeon, South Korea). Contig-
specific primers were designed based on the 9,756-nt long
SCoVA contig sequence. The primer sequences are listed in
Supplementary Table S1. Reverse transcription (RT)-PCR
was performed with SuPrimeScript RT-PCR Premix (GeNet
Bio, Daejeon, South Korea). Most of the SCoVA genome
sequence was obtained by amplifying 10 partial overlapping
RT-PCR fragments, and the 5'- and 3'-terminal sequences
were determined by Rapid Amplification of cDNA Ends
(RACE) using RACE kits (Invitrogen, Waltham, MA, USA)
according to the manufacturer’s protocols [5].

All of the PCR products were cloned into an RBC T&A
Cloning Vector (RBC Bioscience, Taipei, Taiwan), and at
least three clones for each fragment were selected randomly
and sequenced by GenoTech (Daejeon, South Korea). The
sequences were assembled and analyzed using DNAMAN
software (Lynnon Biosoft, Quebec, Canada). Pairwise com-
parisons of the nt and aa sequences were performed using
DNAMAN (Lynnon Biosoft). Phylogenetic analysis was
performed using the maximum-likelihood (ML) method
with 1,000 bootstrap replicates in Molecular Evolutionary
Genetic Analysis (MEGA) version 10.1.8 [6].

The complete genome sequence of SCoVA (GenBank
accession number MW972223) is 9,867 nt long, excluding
the 3’ poly(A) tail (Fig. 1). The 5" and 3' untranslated regions
(UTRs) are 116 nt and 244 nt long, respectively. The SCoVA

genome contains a single large ORF of 9,507 nt encoding
a putative polyprotein of 3,168 aa (359.28 kDa), with an
AUG start codon (nt 117-119) and a UAA stop codon (nt
9,621-9,623). The SCoVA polyprotein was predicted to
be cleaved to produce 10 functional proteins: P1 (355 aa),
HC-Pro (458 aa), P3 (358 aa), 6K1 (52 aa), CI (647 aa),
6K2 (53 aa), VPg (194 aa), Nla-Pro (243 aa), NIb (520 aa),
and CP (288 aa). The predicted cleavage sites are IIHY/S,
YQVG/G, ISLQ/A, VVLQ/S, ILLQ/S, ITLQ/G, INLE/S,
IRLQ/S, and VLHA/L, respectively, which are similar to
those of closely related viruses (Fig. 1) [7]. Additionally,
a small ORF termed PIPO, which encodes 83-aa protein,
was also identified by the presence of the G;A4 motif (nt
3038-3044) [8, 9]. Analysis of the SCoVA polyprotein aa
sequence revealed several conserved functional motifs:
S3ERNK, 66SPTK7, 67GYCY™™, and 7°KAEL in
HC-Pro; "''GSGKS-X3-P"*"?, 32VLLLEPTRPL'?,
397D RCH400, 1426 ATPPI430 1475 \yy 1478 1525 JATNI-
IENGVTL"? (instead of VATNIIENGVTL), and ""°GER-
IQRLGRVGR 3! in CL; ""»MYGY'"®® (instead of MYGF)
in VPg; P39SLKAEL?®, 267 GNNSGQPSTV VDNT?680
(instead of GNNSGQPSTVVDTN), and >’''GDD?"" in
NIb: 2889DAG289!. 3016\ [V WCIENGTSP3026, 309 AFDF3102,
and *""’QMKIAA3"?* (instead of QMKAAA) in CP. Some
of these conserved motifs have particularly important
functions; namely, FRNK and PTK in HC-Pro, which are
involved in symptom development and aphid transmission,
respectively, DECH in CI, which is important for helicase
activity, GDD in NIb, which is essential for RNA polymer-
ase activity, and DAG in CP, which is involved in aphid
transmission [10, 11].

A BLASTn search showed that the complete genome
sequence of SCoVA shared the highest nt sequence identity
(68.77%; 42% query coverage) with LMV. We downloaded
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Fig.1 Schematic representation of the genome organization of scor-
zonera virus A (SCoVA). Putative protein cleavage sites for generat-
ing the 10 mature proteins are compared with those of the four most
similar potyviruses. The 5" and 3’ untranslated regions (UTRs) are
represented as black bold lines, and the open reading frame, which
encodes the polyprotein, is depicted by an open box. The num-
bers below the genome indicate the positions of the putative cleav-

@ Springer

age sites. The amino acid sequences at the cleavage sites of SCoVA
(GenBank accession no. MW972223) and the other four potyviruses
are given below the numbers. The small rectangle above the puta-
tive P3 protein indicates the position of PIPO. LMYV, lettuce mosaic
virus (KJ161185); PPV, plum pox virus (MN603425); TuMV, turnip
mosaic virus (EF374098); PVA, potato virus A (NP659729)
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Fig.2 Maximum-likelihood (ML) phylogenetic tree of the polypro-
tein amino acid sequences of SCoVA and representative members
of the family Potyviridae. The tree was constructed using the maxi-
mum-likelihood algorithm in MEGA. Bootstrap analysis was applied

the genome sequences of 31 potyviruses from the Gen-
Bank database for pairwise comparisons and phylogenetic
analysis. The pairwise comparison analyses indicated that
the SCoVA genome and polyprotein sequences shared
48.58%—54.47% nt and 38.37%—49.57% aa sequence iden-
tity with those of the known potyviruses and that SCoVA
shared the highest nt (54.47%) and aa (49.57%) sequence
identity with LMV. Pairwise comparisons of the cleaved
proteins of SCoVA with those of the 31 potyviruses
showed that the aa sequence identity was 10.94%-20.72%
in P1, 40.35%-55.46% in HC-Pro, 11.73%-29.33%
in P3, 23.88%-73.08% in 6K1, 45.56%-57.70% in
CIL, 12.96%-50.94% in 6K2, 13.47%-57.14% in VPg,
37.86%-55.56% in Nla-Pro, 56.62%—67.88% in NIb, and
46.96%-59.38% in CP (Supplementary Table S2). Accord-
ing to the current International Committee on Taxonomy of
Viruses species demarcation criteria for the genus Potyvirus,
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using 1,000 replicates. Cucumber vein yellowing virus (CVYV),
genus Ipomovirus, family Potyviridae (GenBank accession number
AY578085), was used as an outgroup.

less than 76% nucleotide (nt) and less than 82% amino acid
(aa) identity in the complete polyprotein or coat protein
region are required to distinguish potyvirus species [12—-14].
Our pairwise comparison results are all much lower than the
current species demarcation cutoffs and confirm that SCoVA
is distinct from other recognized potyviruses. The maxi-
mum-likelihood phylogenetic tree showed that SCoVA is
most closely related to LMV in the genus Potyvirus (Fig. 2).
In summary, we have determined and characterized the
complete genome sequence of a novel virus, SCoVA, from S.
austriaca. On the basis of pairwise comparisons and phylo-
genetic analysis with other potyviruses and the current spe-
cies demarcation criteria, we consider SCoVA to be a novel
member of the genus Potyvirus in the family Potyviridae.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00705-021-05182-z.
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