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Abstract
The complete genomic sequence of a putative novel member of the family Secoviridae was determined by high-throughput 
sequencing of a pineapple accession obtained from the National Plant Germplasm Repository in Hilo, Hawaii. The predicted 
genome of the putative virus was composed of two RNA molecules of 6,128 and 4,161 nucleotides in length, excluding the 
poly-A tails. Each genome segment contained one large open reading frame (ORF) that shares homology and phylogenetic 
identity with members of the family Secoviridae. The presence of this new virus in pineapple was confirmed using RT-PCR 
and Sanger sequencing from six samples collected in Oahu, Hawaii. The name “pineapple secovirus A” (PSVA) is proposed 
for this putative new sadwavirus.

Members of the family Secoviridae are non-enveloped 
viruses containing linear positive-sense single-stranded 
RNA [(+)-ssRNA] genomes that are monopartite or bipar-
tite. Each genome segment encodes a large polyprotein, is 
covalently linked to a viral protein (VPg) at its 5’- end, and 

has a poly-A tract at its 3’- end. Secovirids form isometric 
viral particles and are classified within eight genera: Nepo-
virus, Comovirus, Fabavirus, Sadwavirus, Cheravirus, Tor-
radovirus, Sequivirus, and Waikavirus [1]. Recently, some 
unassigned secoviruses were classified within the genus 
Sadwavirus. It has been proposed that this genus should be 
further divided into three subgenera: “Stramovirus”, “Sat-
sumavirus”, and “Cholivirus” [2]. An additional ninth genus, 
“Stralarivirus”, was recently proposed based on sequencing 
of several isolates of strawberry latent ringspot virus and 
phylogenetic analysis [3]. For bipartite secovirids, replica-
tion-associated proteins are encoded in the RNA1-coded 
polyprotein, while the RNA2-encoded polyprotein may con-
tain a movement protein and up to three coat proteins (CP). 
Some members may encode additional proteins, including 
a glutamic protease and proteins of unknown function. An 
additional open reading frame coding for a protein with 
unknown function is found in RNA2 of torradoviruses [1, 
2]. The host range of members of the family Secoviridae var-
ies among the genera, and these viruses are experimentally 
sap-transmissible. Natural transmission of most viruses is 
mediated by insects and nematodes, although sequiviruses 
require a helper virus, and others do not have a known bio-
logical vector [1].

Originating in South America, pineapple (Ananas como-
sus) is a widely distributed and consumed perennial mono-
cot, ranking as the eleventh-most-cultivated fruit worldwide 
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[4]. Pineapple was introduced to Hawaii in 1813 and became 
an economically significant crop [5]. Viral infections of 
pineapple by various members of the genus Ampelovirus 
have been associated with mealybug wilt of pineapple 
(MWP), which affects different cultivars of pineapple glob-
ally. Although pineapple mealybug wilt-associated virus 1 
(PMWaV-1), PMWaV-2, and PMWaV-3 have been associ-
ated with MWP, the etiology of the disease is not well under-
stood [6, 7]. In Hawaii, symptom expression of MWP is 
associated with the presence of both PMWaV-2 and concur-
rent feeding by insects of the pineapple mealybug complex 
[7, 8]. However, this association differs from that occurring 
in Australia, where MWP symptoms may be expressed in 
plants not infected with PMWaV-2 but infected by other 
PMWaVs [9]. Additional factors, including the presence of 
different strains of PMWaV-2, interactions between mem-
bers of PMWaV species and badnaviruses that have also 
been found infecting pineapple, and other uncharacterized 
viruses, may also be involved in the etiology of MWP [7].

In 2018, leaf tissues from several asymptomatic pineapple 
accessions were collected from the United States Depart-
ment of Agriculture, Agricultural Research Service (USDA-
ARS), National Plant Germplasm Repository (NPGR) at the 
Daniel K. Inouye U.S. Pacific Basin Agricultural Research 
Center (PBARC) in Hilo, Hawaii, USA. Total RNA was 
extracted from about 0.1 g of basal portions of pineapple 
leaf tissue using an  RNeasy® Plant Mini Kit (QIAGEN) or a 
 Spectrum® Plant Total RNA Kit (Sigma Aldrich) following 
the manufacturers’ protocols. Pineapple accessions HANA 
158, 160, and 187 were selected to further characterize the 
genomes of PMWaV-1, -2, -3, and -4 based on the presence 
of PMWaVs screened by reverse transcription (RT)-PCR 
[10]. Total RNA was subjected to ribosomal RNA depletion, 
and high-throughput sequencing (HTS) was performed on 
an  Illumina® NexSeq 500 platform at the Foundation Plant 
Services, University of California at Davis.

Approximately 38M, 23M, and 36M Illumina single-end 
reads from HANA 158, 160, and 187, respectively, were 
adapter trimmed and subsequently assembled, and contigs 
were annotated as described by Green et al. [10]. In addition 
to the complete genome sequences of PMWaV-1 (13,071 
nt), -2 (16,259 nt), -3 (13,298 nt), and -4 (12,932 nt), two 
contigs (4,161 and 6,128 nt) retrieved from HANA 187 were 
found, suggesting the presence of a putative new member 
of the family Secoviridae infecting pineapple (Table S1). 
A search for potential protein-encoding segments in the 
genome was conducted using ORF Finder, and translation 
products were verified using BLASTp. The sequences of 
the 5’- and 3’-termini of RNA1 and RNA2 of the new virus 
were determined using rapid amplification of cDNA ends 
(RACE) reactions. To determine the 5’-terminal sequence, 
either double-stranded (ds)RNA isolated by the method of 
Morris and Dodds [11] or total RNA was used as a template 

for polyadenylation. The 3’-terminal sequence was deter-
mined by sequencing the products of RT-PCR using an 
oligo-dT primer to target the poly-A tails of RNA1 and 
RNA2 (Table S2).

Sequence lengths obtained for the two genomic RNAs of 
the new virus, including the untranslated regions (UTR) and 
excluding poly-A tails, were 6,128 nt for RNA1 (MN809923) 
and 4,161 nt for RNA2 (MN809924). BLASTx analysis of 
the two contigs showed that RNA1 shared 35% identity 
with dioscorea mosaic-associated virus of the proposed 
subgenus “Cholivirus” and strawberry mottle virus of the 
proposed subgenus “Stramovirus”, and RNA2 shared 26% 
identity with dioscorea mosaic associated virus and choc-
olate lily virus A of the proposed subgenus “Cholivirus”. 
These related viruses are currently classified as sadwaviruses 
within the family Secoviridae [2]. Based on these findings, 
we propose the name “pineapple secovirus A” (PSVA) for 
this putative new sadwavirus. In addition, Australia in 2002, 
two isometric viruses infecting pineapple and resembling 
strawberry mottle virus were partially characterized [12], 
but no sequence information on them is publicly available.

RNA1 contains a large ORF encoding a 1,865-amino-
acid (aa) polyprotein with a predicted molecular weight of 
210 kDa and carries domains associated with replication. 
Cleavage of the polyprotein is predicted to occur at spe-
cific dipeptides to produce five putative proteins: a protease 
cofactor (Pro-C), a helicase (Hel), a viral-genome-linked 
protein (VPg), a protease (Pro), and an RNA-dependent 
RNA polymerase (RdRp) (Fig. 1). RNA2 contains one ORF 
encoding a 1,119-aa polyprotein with a predicted molecular 
weight of 124 kDa. Analysis of RNA2 using the NCBI Con-
served Domain Search Tool (https ://www.ncbi.nlm.nih.gov/
Struc ture/cdd/wrpsb .cgi) revealed no conserved domains. 
In contrast, RNA2-encoded polyproteins in other members 
of the family Secoviridae commonly contain CP and MP 
domains [1]. Conserved motifs in the putative MP and CP 
were also found by multiple alignment of RNA2-encoded 
polyprotein sequences of PVSA and other stramoviruses and 
choliviruses. The most probable cleavage sites in the RNA1- 
and RNA2-encoded polyproteins, based on alignments with 
other sadwaviruses, are shown in Fig. 1. Interestingly, the 
last 185 nt in the 3’-UTRs of both RNA1 and RNA2 shared 
88% identity. This feature has been observed in other seco-
viruses as well [1, 13].

Two sets of primers designed based on the HTS-derived 
sequences were used in tandem to detect the presence of 
PSVA in pineapple. PSVA-RNA1-F/R and PSVA-RNA2-
F/R (Table S2) amplified fragments of 566 nt and 395 nt, 
located in the RdRp-coding region of RNA1 and in the puta-
tive CP-coding region of RNA2, respectively. We collected 
13 MWP-symptomatic and 14 asymptomatic pineapple 
plants from Oahu. Total RNA was extracted as described 
above for use in an RT-PCR assay using cDNA and random 
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primers to detect single or mixed infections with PSVA 
and/or PMWaV-2. RT-PCR reactions were used to detect 
PMWaV-2 in pineapple samples as reported previously by 
Sether et al. [13]. Six of the 13 symptomatic samples were 
infected with PSVA, while all 13 of the MWP-symptomatic 
plants were infected by PMWaV-2. PSVA and PMWaV-2 
were not detected in the asymptomatic plants. Amplicons 
corresponding to fragments of RNA1 (MN833715) and 
RNA2 (MN833716) from PSVA isolate symptomatic-1 (S1) 
were sequenced directly. Sequence analysis using Geneious 
2019.2.3 showed that PSVA-S1 shared 94.2% identity at the 
nucleotide level and 100% at the amino acid level for RNA1, 
and 89.6% identity at the nucleotide level and 95.4% at the 
amino acid level for RNA2 with PVSA from HANA187 
derived from HTS. These preliminary results confirmed the 
presence of PSVA in Hawaiian pineapple fields.

Amino acid sequences of the conserved domains within 
the protease-polymerase (Pro-Pol) region were aligned 
using MEGA 7.0.1 [14] with those of orthologous members 
of the family Secoviridae to generate a phylogenetic tree 
(Fig. 2). A maximum-likelihood (ML) algorithm based on 
the Le-Gascuel model [15] was used with 1,000 bootstrap 
repetitions as branch support. PSVA clustered together with 
other sadwaviruses in the proposed subgenus “Cholivirus”, 
namely, dioscorea mosaic associated virus and chocolate 
lily virus A. Pairwise alignment of the Pro-pol region of 
PVSA and dioscorea mosaic associated virus showed 77% 
identity. Considering the ICTV species demarcation crite-
ria for secovirids (<80% identity in the Pro-Pol region or 
<75% identity in the CP) [16], PVSA should be considered a 
new sadwavirus subclassified within the proposed subgenus 
“Cholivirus”. These results support the placement of PSVA 
as a putative member of the genus Sadwavirus, family Seco-
viridae. Further research is needed to identify the biological 

vector of PSVA, investigate whether PSVA is related to the 
two isometric viruses infecting pineapple in Australia, and 
determine if this putative new pineapple virus is involved in 
the etiology of MWP.
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Fig. 2  Phylogenetic relationship of pineapple secovirus A (PSVA) 
with selected members of the family Secoviridae based on an align-
ment of their Pro-Pol amino acid sequences. The tree was constructed 
using the maximum-likelihood (ML) method based on the Le-Gas-
cuel model, with 1,000 bootstrap pseudo-replicates as percentage 
values for branch support. GenBank sequence accession numbers are 

provided before each virus name. The scale represents the number of 
substitutions per unit branch length. Asterisks represent the three pro-
posed subgenera (“Stramovirus”, “Satsumavirus”, and “Cholivirus”) 
within the genus Sadwavirus and the proposed genus “Stralarivirus”, 
which have yet to be ratified by the ICTV. The diamond indicates 
PSVA
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