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Abstract

A virus isolate from tabasco pepper (Capsicum frutescens) has been reported as a strain of the comovirus Andean potato
mottle virus (APMoV). Using the replicative intermediate viral dsRNA, the pepper virus strain was sequenced by Illumina
MiSeq. The viral genome was de novo assembled resulting in two RNAs with lengths of 6028 and 3646 nt. Nucleotide
sequence analysis indicated that they corresponded to the RNA-1 and RNA-2 of a novel comovirus which we tentatively
named pepper mild mosaic virus (PepMMV). Predictions of the open reading frame (ORF) of RNA-1 resulted in a single
OREF of 5871 nt with five cistrons typical of comoviruses, cofactor proteinase, helicase, viral protein genome-linked, 3C-like
proteinase (Pro), and RNA-dependent RNA polymerase (RdRP). Similarly, sequence analysis of RNA-2 resulted in a single
OREF of 3009 nt with two cistrons typical of comoviruses: movement protein and coat protein (large coat protein and small
coat proteins). In pairwise amino acid sequence alignments using the Pro-Pol protein, PepMMYV shared the closest identities
with broad bean true mosaic virus and cowpea mosaic virus, 56% and 53.9% respectively. In contrast, in alignments of the
amino acid sequence of the coat protein (small and large coat proteins) PepMMYV shared the closest identities to APMoV and
red clover mottle virus, 54% and 40.9% respectively. A phylogenetic tree constructed using the conserved domains for the
Pro-Pol from all members of the family Secoviridae confirmed the comovirus nature of the virus. Phylogenetic and sequence
analyses supports proposing PepMMYV as a new species of the genus Comovirus.
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Pepper (Capsicum spp.) is an economically important
food crop grown worldwide, whose production is severely
affected by viral diseases [1]. Plant viruses in the genus
Comovirus (Secoviridae) include viruses with a relatively
narrow host range which are mechanically transmitted onto
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herbaceous hosts and are vectored by beetles [2]. They cause
economically important diseases, particularly in legumes,
but some also infect cucurbits and solanaceous crops [3,
4]. In 1995, a putative comovirus was reported naturally
infecting tabasco pepper (Capsicum frutescens) in Central
America [5]. The virus was detected in approximately 25%
of tabasco plants with virus symptoms and it was serologi-
cally related to Andean potato mottle virus (APMoV) but
differed from APMoV in host range, geographical distribu-
tion, and vector transmission [5]. Electrophoretic analysis
of dsRNA extracted from infected pepper plants resulted
in a banding profile similar to two other members of the
family Secoviridae [5]. We used the dsSRNA of the putative
comovirus in reverse transcription (RT)-PCR amplifications,
with comovirus-degenerate primers for the RNA-dependent
RNA polymerase (RdRP) region [6]. Sequence analyses
of products obtained by RT-PCR, together with reported
unique biological properties, suggested that the virus could
be a novel species of the genus Comovirus. With the objec-
tive of obtaining the complete sequence of the novel virus
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and comparing it to related viruses, we used the replicative
intermediate (RI) dsRNA to sequence the viral RNA using
Illumina MiSeq. In this investigation, we report the genome
sequence, sequence analyses, and phylogenetic relationships
of the novel virus which we named pepper mild mosaic
virus (PepMMYV) and proposed it as a putative species of
the genus Comovirus.

DsRNA aliquots of the original isolate of PepMMYV from
El Negrito, Honduras [5] stored at — 70 °C were treated with
DNase 1 and S1 nuclease (Promega, Madison, WI, USA)
and resolved in 1.2% agarose gels. Two dsRNAs of approxi-
mately 6.0 and 4.0 kbp, assumed to be the RI of genomic
RNA-1 and RNA-2 of the virus, were gel purified (Qiagen,
Valencia, CA, USA) and used for sequencing. DsRNAs were
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Fig. 1 Genome organization of pepper mild mosaic virus. The boxes
represent the cistrons for the cofactor proteinase (Co-Pro), helicase
(Hel), viral protein linked to the genome (VPg), the 3C-like protein-

ase (Pro), the RNA-dependent RNA polymerase (RdRP), movement
protein (MP), large coat protein (CPL), and small coat protein (CPS)
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Fig.2 Phylogenetic tree of the proteinase and RARP region (Pro—Pol)
of members of the Secoviridae family. Sixty-two sequences retrieved
from NCBI plus PepMMV were aligned with t-coffee [12]. The maxi-
mum likelihood tree was performed with IQ-TREE [13], and the best

fitted model according to BIC was LG+F+I4+G. A bootstrap of
1000 replications with branches >70% were collapsed. The bar repre-
sents the genetic distance
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Fig.3 Pairwise identity matrix of the proteinase and RARP region
(Pro-Pol) (a) and the coat protein (coat protein large and coat protein
small) (b) of viruses in the Comovirus genus included in Fig. 1. The
sequence identity matrices were calculated with the Species Demar-
cation Tool (SDT) [14] with MAFFT [15]. The plots were gener-
ated with ggplot package v.3.5.1 R Core Team [16]. PepMMYV, pep-

denatured at 95 °C for 5 min and used to prepare RNAseq
libraries with the Illumina TruSeq™ RNA Library Prep
Kit v2 (Illumina Inc., San Diego, CA, USA). Sequencing
was conducted at the Roy J. Carver Biotechnology Center,
University of Illinois (Urbana-Champaign, IL, USA) with
an [llumina MiSeq next generation sequencer (paired-end
2x250) generating 127,647 reads. The reads were filtered
by quality and trimmed, and then de novo assembled with
Spades v10.2 [7] using a custom pipeline. The results
yielded 392 contigs. Generated contigs were subjected to
BLASTX searches using the non-redundant database from
NCBI. The sequence analysis indicated the presence of six
contigs with homology to comoviruses. Two contigs with
lengths of 6028 nt and 3646 nt represented the full length of
RNA-1 and RNA-2 respectively of the putative comovirus.
Other contigs with sequences corresponding to the families
Endornaviridae and Caulimoviridae were also obtained
(Supplementary Fig. 1 and Supplementary Table 2). Read
coverage plots for RNA1 and RNA2 are shown in Sup-
plementary Fig. 2A and 2B. The genome sequences of the
putative comovirus (PepMMV) were submitted to GenBank
(Acc. No. MK990555, RNA-1, and MK990556, RNA-2). To
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per mild mosaic virus; TuRSV, turnip ringspot virus; RaMV, radish
mosaic virus; CPSMV, cowpea severe mosaic virus; SgMV, squash
mosaic virus; BPMV, bean pod mottle virus; BRMV, bean rugose
mosaic virus; CPMV, cowpea mosaic virus; RCMYV, red clover mottle
virus; BBTMYV, broad bean true mosaic virus; APMoV, Andean potato
mottle virus

confirm that the assembled sequences corresponded to Pep-
MMV, virus-specific primers which amplified the RARP and
the partial CPL and CPS regions were designed and RT-PCR
reactions were performed using the dsRNA extracted from
the original virus isolate. RT-PCR products covering the
RdRP region of RNA1 (1033 nt) and a fragment of the CPL
and CPS regions of RNA2 (774 nt) were Sanger sequenced.
Alignment of RT-PCR and obtained NGS sequences resulted
in 99.4 and 99.2% aa identity with the corresponding regions
of the RARP and CP respectively.

Predictions of the open reading frame (ORF) of RNA-1
resulted in a single ORF of 5871 nt with five cistrons typical
of comoviruses, cofactor proteinase (Co—Pro, 1158 nt), heli-
case (Hel, 1803 nt), viral protein genome-linked (VPg, 84
nt), 3C-like proteinase (Pro, 621 nt), and RdRP (Pol, 2212
nt). The UTRs for the 5’ and 3’ consisted of 90 and 157 nt,
respectively (Fig. 1). Similarly, sequence analysis of RNA-2
resulted in a single ORF of 3009 nt with two cistrons typical
of comoviruses: movement protein (MP, 1266 nt), and coat
protein (CPL, 1152 nt and CPS, 588 nt). The UTRs for the 5’
and 3’ consisted of 460 and 177 nt, respectively (Fig. 1). The
RNA-1-encoded 3C-like proteinase cleaves both RNA-1 and
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RNA-2-encoded polyproteins [2]. The proteinase putative
cleavage sites, inferred from sequence alignments, are dis-
played in Supplementary Table S1.

A maximum likelihood tree was constructed using the
amino acid sequence of the conserved domains of the
3C-like proteinase and RARP (Pro-Pol) region of the RNA-1
of all members of the family Secoviridae (Fig. 2). PepMMV
clustered with other members of the genus Comovirus form
a single clade. In pairwise amino acid sequence alignments
using the Pro-Pol protein, PepMMYV shared the closest iden-
tities with broad bean true mosaic virus (GU810903) and
cowpea mosaic virus (X00206), 56% and 53.9% respectively.
In contrast, in alignments of the amino acid sequence of CPL
and CPS, PepMMYV shared the closest identities (54%) to
APMoV (L16239) and (40.9%) to red clover mottle virus
(M14913). These analyses showed an aminoacid percent-
age identity below 73% in the combined CP region and 80%
in the Pro-pol region, which are assumed to be the species
threshold for comoviruses (Fig. 3) [2].

Surveys for pepper viruses have been conducted using the
enzyme-linked immunosorbent assay alone or in combina-
tion with PCR as detection tools and have included testing
viruses in the genera Begomovirus, Potyvirus, Tobamovi-
rus, Cucumovirus, Polerovirus, Crinivirus, and Tospovirus,
among others [1, 8—10]. To the best of our knowledge, these
surveys have never included testing for virus members of
the genus Comovirus, and therefore, the true spread of Pep-
MMV in pepper is not known. Nevertheless, the virus was
detected in samples from farms at two locations in Honduras
(La Flecha and El Negrito) and three locations in Nicaragua
(Managua, Palo Verde, and Tipitapa) (5). PepMMYV, which
was considered a serotype of APMoV, is reported to cause
mosaic and yellow mottle symptoms in C. frutescens and
C. chinense, but only very mild mosaic symptoms in six
genotypes of C. annuum (Durkee Cayenne, Early Califor-
nia Wonder, Yolo Y, Long Red Cayenne, Jalapefio M, and
Hungarian Yellow Wax) which is the most widely cultivated
Capsicum species [5, 11]. Furthermore, PepMMYV alone did
not cause significant differences in the fresh weight of the
four C. annuum genotypes. However, in mixed infections
with potyviruses, synergistic effects consisting of severe
mosaic symptoms and reduced fresh weight were reported
in the four C. annuum genotypes [11]. Therefore, PepMMV
could play an important role in viral diseases of pepper.

The close serological relationship between PepMMV
and APMoV reported by Valverde et al. [5] was confirmed
by data from the coat protein (CPL and CPS) amino acid
sequence alignments shown in Fig. 3b. Nevertheless, dif-
ferences between APMoV and PepMMYV in host range
and vector transmission, combined with clear differ-
ence in amino acid sequence illustrated in the phyloge-
netic tree and pairwise identity analysis, support propos-
ing PepMMV as a distinct bipartite comovirus species.

Determining the taxonomic position of PepMMYV is impor-
tant to enable the accurate disease diagnosis.
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