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Abstract

A new member of the genus Alphacarmovirus was detected in Stellaria aquatica using high-throughput RNA sequencing
analysis. The complete genome sequence of this new virus isolate, tentatively named "Stellaria aquatica virus A" (StAV-A),
comprises 4,017 nucleotides with five predicted open reading frames (ORFs) and has a typical alphacarmovirus genome
organization. Pairwise comparison of StAV-A with selected members of family Tombusviridae showed 44-58%, 32-64%,
and 19-49% sequence identity for the overall nucleotide sequence, polymerase, and coat protein, respectively. Phylogenetic
analysis of polymerase sequences places StAV-A alongside other members of the genus Alphacarmovirus in the family

Tombusviridae.

Stellaria aquatica is a perennial angiosperm in the carna-
tion family Caryophyllaceae and is commonly known as
water or giant chickweed [1]. S. aquatica is cultivated in
Korea for the use of its roots and leaves as a medicinal herb
called “Soe-byeol-kkot”, which has been used for treatment
of various diseases, including gastrointestinal disorders,
asthma, diarrhea, measles, jaundice, and inflammation of
the renal, digestive, reproductive, and respiratory tracts [2,
3]. S. aquatica is affected by various pathogens, including
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viruses such as cucumber mosaic virus (CMV), impatiens
necrotic spot virus (INSV), and tomato yellow leaf curl virus
(TYLCV) [4-6].

According to the International Committee on Taxonomy
of Viruses (ICTV) 2022 report, members of the family of
Tombusviridae are taxonomically classified into three sub-
families and 18 genera: Alphacarmovirus, Alphanecrovirus,
Aureusvirus, Avenavirus, Betacarmovirus, Betanecrovirus,
Dianthovirus, Gallantivirus, Gammacarmovirus, Luteovi-
rus, Macanavirus, Machlomovirus, Panicovirus, Pelarspovi-
rus, Tombusvirus, Tralespevirus, Umbravirus, and Zeavirus
[7, 8]. Viruses in the family Tombusviridae have a monopar-
tite genome, with the exception of the dianthoviruses, which
have a bipartite genome, in a virion exhibiting icosahedral
symmetry [8]. Members of the genus Alphacarmovirus, sub-
family Procedovirinae, have a genome that is about 4.0 kb
in size and contains five open reading frames (ORFs). All
members are readily transmitted by mechanical inoculation
and through plant material used for propagation. Transmis-
sion is soil-dependent and does not require a biological vec-
tor [8].

Here, we report the biological characterization and
molecular properties, including the complete nucleotide
sequence, of a novel virus, which we have tentatively named
"Stellaria aquatic virus A" (StAV-A).

On July 14, 2021, S. aquatica with mottle symptoms and
other plants exhibiting virus-like symptoms were collected
from a farm in Jeongseon-gun, Gangwon-do, South Korea
(Fig. 1A). In total, 37 samples were ground individually in
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Fig. 1 Stellaria aquatica exhibiting mottle virus-like symptoms and
genome organization of StAV-A. (A) Mottle symptoms of a S. aquat-
ica plant in which Stellaria aquatica virus A (StAV-A) was detected.

liquid nitrogen and stored at -80°C until used. The sam-
ples were pooled for high-throughput sequencing (HTS) to
identify a possible viral agent infecting the plants. The total
RNA was isolated from the pooled sample using a Plant
RNA Mini Kit (Wizbiosolution, Seongnam, South Korea)
and subsequently treated using a Ribo-Zero rRNA Removal
Kit (Plant Leaf) (Epicentre, Madison, WI, USA). A library
was constructed from the ribosome-depleted RNA sam-
ple using an Illumina TruSeq RNA Sample Prep Kit (San
Diego, CA, USA) and sequenced on an Illumina NovaSeq
6000 platform by Macrogen (Seoul, South Korea). A total of
66,802,871,570 paired-end reads were obtained and filtered
to remove low-quality reads and adaptor sequences. After
trimming, the total number of reads was 65,066,524,331.
Using the Trinity program, high-quality reads were assem-
bled de novo into transcript contig sequences. The result-
ing contig sequences were functionally annotated using
the Basic Local Alignment Search Tool (BLAST)x of the
GenBank database. BLASTx (https://blast.ncbi.nlm.nih.
gov/Blast.cgi) analysis revealed a long contig, consisting
of 4,076 nucleotides (nt), showing the highest similarity
to genomic RNA sequences previously reported for car-
nation mottle virus (CarMV, GenBank no. MT682299.1)
and adonis mosaic virus (AdMV, GenBank no.LC171345),
which are members of the genus Alphacarmovirus, family
Tombusviridae, sharing 61.19% and 64.3% nt sequence iden-
tity, respectively. These findings suggested that the contigs
could be partial sequences of a novel alphacarmovirus-like
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(B) Genome organization of Stellaria aquatica virus A (StAV-A). Dif-
ferent colored boxes represent the ORFs, and the readthrough product
is indicated.

virus that is distantly related to previously reported members
of the family Tombusviridae. To confirm the HTS sequenc-
ing results, RNA was isolated individually from samples
stored at -80°C, which was then subjected to reverse tran-
scription PCR (RT-PCR) using SuPrimeScript RT-PCR Pre-
mix (GeNet Bio, Daejeon, South Korea). To detect StAV-A-
infected plant samples, a set of contig-specific primers were
designed (Supplementary Table S1). The expected 430-bp
amplicon was detected by RT-PCR only in S. aquatica
among the tested samples (n = 37). To confirm and deter-
mine the complete genome sequence of StAV-A, an addi-
tional four contig-specific primer pairs were designed. (Sup-
plementary Table S1). Each of the contig-specific primer
sets yielded an amplification product of the expected size
when S. aquatica samples were tested. All amplicons were
purified using an AccuPrep PCR Purification Kit (Bioneer,
Daejeon, South Korea) and subsequently cloned into the
RBC T&A Cloning Vector (RBC Bioscience, Taipei, Tai-
wan). At least five positive clones of each RT-PCR ampli-
con were sequenced independently by the Sanger method
at Genolech (Daejeon, Korea). The overlapping amplicon
sequences were analyzed and successfully assembled using
DNAMAN software (Lynnon Biosoft, Quebec, Canada).
In addition, contig-specific primer sets were designed
for 5' rapid amplification of cDNA ends (5'-RACE) and
3'-RACE (Supplementary Table S1). Both ends of the
genome sequence were determined using the 5'/3' RACE
System (Invitrogen, Carlsbad, CA, USA) [9]. All of the
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Fig.2 Phylogenetic analysis of Stellaria aquatica virus A (StAV-A), viruses form the genus Alphacarmovirus, and selected members of family
Tombusviridae. (A) Polymerase amino acid sequence. (B) Coat protein amino acid sequence
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been deposited in the NCBI GenBank database under the
accession number ON816018.

amplicons were cloned into the RBC T&A Cloning Vec-
tor (RBC Bioscience, Taipei, Taiwan). To obtain consen-

sus sequences, at least five positive clones of each PCR
amplicon were sequenced at GenoTech (Daejeon, Korea).
DNAMAN software (Lynnon Biosoft, Quebec, Canada)
was used to assemble and analyze overlapping amplicon
sequences. The complete genome sequence of StAV-A has

The StAV-A genomic RNA consists of 4,017 nucleo-
tides (nt), a size consistent with those of other alphacar-
moviruses. The StAV-A genome sequence contains five
ORFs and 5" and 3’ untranslated regions (UTRs) of 44
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and 321 nucleotides, respectively (Fig. 1B). The 5'-proxi-
mal ORF1 encodes a 27-kDa protein (260 aa, nt 45-785),
which terminates with an amber codon at nt 783-786.
The suppression of the p27 amber codon would result in
translation of an ORF1-RT 86-kDa polymerase (497 aa,
nt 45-2339), which terminates at an amber codon at nt
2337-2339. The 5'AAA-UAG-GGA3' amber codon and
the surrounding sequence is consistent with the consen-
sus sequence AA(A/G)-UAG-G(G/U)(G/A) required for
efficient readthrough [10-12]. The partially overlapping
ORFs 2 and 3 encode a putative movement protein of 7
kDa (61 aa, nt 2321-2506) and a 10-kDa protein (87 aa, nt
2412-2675), respectively. ORF4 encodes the 37-kDa coat
protein (343 aa, nt 2665-3696).

Pairwise comparison of the nucleotide sequence with
members of the genus Alphacarmovirus and other genera in
the family Tombusviridae, using DNAMAN, showed over-
all nucleotide sequence identity of 44-58%. Additionally,
alignment of the amino acid sequences of the StAV-A ORFs
with those of the other members of the genus Alphacarmo-
virus and selected members of the family Tombusviridae
yielded 32-64% sequence identity for the polymerase and
19-49% sequence identity for the coat protein (Supplemen-
tary Table S2).

To examine the relationship of StAV-A to members of
genus Alphacarmovirus, family Tombusviridae, the amino
acid sequences of the polymerase (Fig. 2A) and coat protein
(Fig. 2B) were used to construct a phylogenetic tree by the
maximum-likelihood method, based on the LG+G model,
using MEGA X software with 1,000 bootstrap replicates
[13]. CLUSTALW 2.1 was used for the pairwise sequence
alignment of the other Alphacarmovirus members and
selected members from family Tombusviridae [14].

In conclusion, we regard StAV-A as a novel member of
the genus Alphacarmovirus, family Tombusviridae. The
results fully comply with the ICTV species demarcation cri-
teria, which require less than 52% coat protein amino acid
sequence identity and less than 57% polymerase amino acid
sequence identity. To our knowledge, this is the first report
of the complete genome sequence of StAV-A infecting S.
aquatica in the Republic of Korea.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00705-022-05651-z.
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