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Abstract
In this study, a novel secovirid, tentatively named Broussonetia kaempferi secovirus (BkSV), was
identified from a Broussonetia kaempferi transcriptome dataset. Its bipartite positive-sense RNA genome
comprises two segments (6,300 nt and 3,564 nt), each encoding a single large polyprotein. The RNA1
polyprotein contains six conserved domains associated with replication, and the RNA2 polyprotein is
cleaved into movement and coat proteins. Amino acid identities of Pro-Pol and CP relative to known
members of Comovirinae were below species demarcation criteria. Phylogenetic analysis confirmed that
BkSV represents a new species in the genus Mersevirus, family Secoviridae.

Full Text
The family Secoviridae comprises a diverse array of economically important plant viruses. These are
non-enveloped, icosahedral viruses 25–30 nm in diameter that cause substantial yield losses in crops,
fruits, and ornamental plants worldwide [1]. Genomically, secovirids possess linear, positive-sense,
single-stranded RNA genomes of 9–13.7 kb. These genomes may be either monopartite (consisting of a
single RNA component encoding a large polyprotein) or bipartite (comprising RNA1 and RNA2, each
encoding a large polyprotein and encapsidated in separate virions). These polyproteins are subsequently
processed into mature functional proteins by virus-encoded 3C-like proteases [2]. In addition, a poly(A)
tract is present at their 3� terminus, and a specialized viral protein (VPg) is covalently attached to their 5�
terminus [3].

With advances in high-throughput sequencing, many novel viruses have been identified, expanding viral
diversity and prompting taxonomic revisions [4]. Based on host range, genome organization, and
transmission vectors, the genus Mersevirus was recently established in the family Secoviridae, which
currently comprises ten genera: four within the subfamily Comovirinae (Comovirus, Fabavirus, Mersevirus,
Nepovirus) and six unassigned genera (Cheravirus, Sadwavirus, Sequivirus, Stralarivirus, Torradovirus,
Waikavirus) [5]. The genus Mersevirus currently includes four viruses: Boehmeria nivea secovirus (BnSV),
jujube-associated virus 1 (JaSV), Mercurialis secovirus 1 (MSV1), and Paris polyphylla secovirus 2
(PpSV2). Members of the genus Mersevirus can be distinguished from other genera in the subfamily
Comovirinae by the presence of a protein containing a Ham1 domain at the N-terminus of the
polyprotein, which is predicted to possess inosine triphosphate pyrophosphatase (ITPase) activity [6].
Phylogenetic analyses based on the conserved Pro–Pol region and the coat protein further support this
genus as a distinct monophyletic clade [5].

Broussonetia species possess not only high economic and medicinal value but also promising
applications in ecological restoration and landscaping [7]. In this study, a novel secovirid belonging to the
genus Mersevirus was identified from Broussonetia kaempferi leaves exhibiting yellow spot symptoms
(Fig. S1). The complete genome of the virus was characterized, and it was tentatively designated
Broussonetia kaempferi secovirus (BkSV). 
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Leaf samples were collected from the research base of the Shaanxi Key Laboratory of Sericulture,
Ankang University, Shaanxi Province, China. Total RNA was extracted using TRIzol reagent according to
the manufacturer’s instructions. mRNA was enriched using oligo(dT)-coated magnetic beads, followed
by cDNA library construction and paired-end 150 bp (PE150) sequencing on the DNBSEQ-T7RS platform
at Genepioneer Biotechnologies (Nanjing, China). A total of 21,957,350 raw reads were generated, with a
Q20 score of 98.36% and a Q30 score of 94.77% (NCBI SRA: SRX32968257). Adapter trimming, quality
filtering, and length trimming were performed using fastp [8]. The resulting clean reads were assembled
using SPAdes [9], yielding 22,822 contigs with an N50 of 2,168 bp. Open reading frames (ORFs) and
deduced proteins from all contigs were predicted using ORFfinder
(https://www.ncbi.nlm.nih.gov/orffinder). Viral sequences were identified using two approaches: BLASTp
searches against the NCBI viral protein database and pHMM-based detection with VirBot [10]. In total,
two potential viral contigs were identified, with lengths and depths of 6,300 bp (467×) and 3,564 bp
(606×), respectively. These two sequences were subsequently mapped to the NGS DNA dataset of the
same sample (NCBI SRA: SRX32968258), and no matching reads were detected, indicating that the
identified viruses are RNA viruses. 

Primers were designed to amplify the 5' and 3' termini of the two contigs (Table S1), and 5'-RACE and 3'-
RACE were performed using the TSO method (NEB, M0466S). However, no terminal sequence extension
was obtained. Further analysis using ORFinder revealed that both sequences contain a single ORF,
encoding large polyproteins P1 (2,063 aa) and P2 (993 aa), respectively. The 3'-UTRs of RNA1 and RNA2
are 50 nt and 81 nt in length, respectively, and both contain a poly(A) tail. The 5'-UTRs are 61 nts and 501
nt, respectively, and share a relatively conserved homologous sequence (Fig. 1). These results indicate
that the two contigs, designated RNA1 and RNA2, represent the complete viral genomic sequences
(GenBank number: PV528063, PV528064).

Subsequently, online BLASTp analysis showed that most viruses sharing relatively high sequence
similarity with P1 and P2 belong to the genus Mersevirus. An exception was Apis florea-associated
secovirus 1 (NCBI BioSample: SAMN51756889), which was identified from Apis florea. However, this
virus has not yet been officially recognized by the International Committee on Taxonomy of Viruses
(ICTV). Although some secoviruses can be transmitted by Apis florea [11], we could not verify whether
this honeybee serves as a transmission vector, as no Apis florea individuals were detected in our field
sites over nearly one year. Given that all Secoviridae members are plant viruses, this sequence was
excluded from subsequent analyses.

To further analyze their evolutionary relationships and structural characteristics, the homologous P1 and
P2 protein sequences of 37 viruses from genera Mersevirus, Comovirus and Fabavirus were downloaded
(Table S2) and aligned using Muscle software [12]. Conserved domains were predicted via the CDD tool
(https://www.ncbi.nlm.nih.gov/cdd)and truncated based on the characteristics of proteinase cleavage
sites. The results demonstrated that P1 was cleaved into six mature proteins by the virus-encoded
proteinase: protease cofactor (Co-Pro, 314 aa), putative nucleoside triphosphate (NTP)-binding protein
and helicase (NTB, 586 aa), VPg (85 aa), 3C-like proteinase (3CL-Pro, 196 aa), RNA-directed RNA
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polymerase (Pol, 593 aa), and Ham1 (288 aa) with putative cleavage sites Q314/F315, Q900/S901,
Q985/S986, Q1181/H1182, and Q1774/G1775, respectively (Fig. 1). P2 was cleaved into three domains, two
capsid proteins (CPs) located at the C-terminal region and a putative movement protein (MP) upstream
of the CP domain. The putative cleavage sites were Q382/N383 and Q763/N764, respectively.

Amino acid identity (AAI) analysis of the Pro-Pol region was performed using SDT software [13]. The
results showed the highest AAI values with members of the genus Mersevirus: 78.80% with BnSV and
77.30% with MSV1, whereas AAIs relative to other viruses ranged from 42.00% to 54.30%. SDT analysis
of the CP region revealed identities of 59.60% with MSV1 and 56.30% with BnSV, followed by 30.80% with
PpSV2 and 27.90% with JaSV; the highest identity to other secovirids was 27.70% with Cherry virus F
(Fig. 2). In the family Secoviridae, species demarcation criteria established by the ICTV specify less than
80% amino acid sequence identity in the Pro-Pol region and less than 75% identity in the CP. So, this virus
represents a novel species in the genus Mersevirus. The AAI values for CP were lower than those for Pro-
Pol, indicating rapid evolution driven by their structural constraints and adaptation to host-imposed
selection pressures [14].

To illustrate the phylogenetic position of BkSV, maximum likelihood (ML) and Bayesian inference (BI)
phylogenetic trees were constructed based on the Pro-Pol region of 37 viruses using IQ-TREE 3 [15] and
MrBayes 3.2 [16], respectively. One nepovirus from each of group A–C in the genus Nepovirus was used
as an outgroup. The two phylogenetic trees were largely congruent, with all isolates forming three major
clades in agreement with ICTV taxonomy. In both trees, BkSV clustered closely with BnSV and MSV1 and
fell within the genus Mersevirus (Fig. 3), supporting the classification as a member of the genus
Mersevirus.
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Figures

Figure 1

Genome organization of Broussonetia kaempferisecovirus (BkSV). Open reading frames (ORFs) of RNA1
and RNA2 are shown as boxes. For both RNAs, conserved sequences in the 5'-UTRs are shaded gray, and
poly(A) tails at the 3′-end are indicated as (An). Putative proteinase cleavage sites identified by sequence
alignment are marked with solid vertical lines.
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Figure 2

Amino acid identity matrix of the Pro-Pol and CP regions among 37 viruses from the genera Mersevirus,
Comovirus, andFabavirus.
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Figure 3

Phylogenetic trees inferred from the Pro-Pol region of 37 viruses. The trees were constructed using
maximum likelihood (ML) and Bayesian inference (BI) methods, respectively. Numbers at nodes indicate
posterior probability (BI) and bootstrap support (ML) values.
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