
Arma chinensis (Fallou) (Hemiptera: Pentatomidae) is 
a predaceous insect species in its native Asian range that 
can effectively suppress a wide range of agricultural and 
forest insect pests, including lepidopteran, coleopteran, 
hymenopteran and hemipteran species (Zou et al., 2015, 
2019; Pan et al., 2019). Recently, the development of next-
generation sequencing facilitated the discovery of many 
novel covert viruses, wherein several recently reported 
viruses belong to the order Picornavirales (picorna-like 
viruses) (Shi et al., 2016, 2018; Yang et al., 2019). Insect pi-
corna-like viruses have a nonenveloped, single-stranded, 
positive-sense RNA genome (+ssRNA) of approximately 
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Summary. – The complete genome of a novel virus from Arma chinensis was determined by RNA se-
quencing and rapid amplification of cDNA ends. This virus has a single-stranded RNA genome of 10,540 
nucleotides (nt) excluding the poly(A) tail. Two non-overlapping open reading frames (ORFs) in the sense 
direction were predicted: one long ORF at the 5' end of the genome (6,219 nt) that encodes a polypeptide 
of 2,072 amino acids (aa), and one short ORF at the 3' end of the genome (3,033 nt) that encodes a polypep-
tide of 1,010 aa. Phylogenetic analysis indicated that the virus clusters within a large cluster of currently 
unidentified picorna-like viruses with a high bootstrap value. We named the virus isolate Arma chinensis 
picorna-like virus 1 (AcPV-1). The prevalence of AcPV-1 infection in samples of Arma chinensis from the 
wild was at a low level (5.48%, 8 positives in 146 samples).
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9 kbp and consisting of five viral families, namely Dicis-
troviridae, Iflaviridae, Marnaviridae, Picornaviridae, and 
Secoviridae, and an unassigned group (Cholleti et al., 2018; 
Valles et al., 2017). Moreover, Shi (2016) reported that the 
Kelp Fly Virus Related Clade contained numerous unclas-
sified insect picorna-like viruses. Herein we report the 
identification of a novel RNA virus by RNA sequencing, 
isolated from A. chinensis, tentatively named A. chinensis 
picorna-like virus 1 (AcPV-1).

The samples of A. chinensis were collected at an ex-
perimental station of natural enemy breeding in Zunyi, 
Guizhou Province, China (27.45o N, 106.53o E) in 2019. To 
detect viruses, we used the whole bodies of A. chinensis, in-
cluding nymphs (n = 100) and adults (n = 100). Per 10 indi-
viduals were ground up under liquid nitrogen separately 
and put into a 1.5 ml tube with 1 ml TRIzol (Invitrogen, 
Grand Island, USA). After vortexing and centrifugation 
for 5  min at 12,000  ×  g, 50  µl of each sample were com-
bined together for extracting total RNA. RNA sequencing 
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analysis on the samples was performed using an Illumina 
HiSeq™ instrument (Illumina, San Diego, USA). First, the 
samples were used for total RNA extraction, mRNA isola-
tion, and fragmentation as described previously (Xu et al., 
2017). Subsequently, sequencing was performed using the 
paired-end and 150-nt read length options with no strand 
specificity, and de novo assembly was performed using 
Trinity (v. 2.0.6) (Grabherr et al., 2011). Then, the assembled 
contigs with an average length of 850.75 bp were aligned 
to multiple databases such as NR, String, Swissprot, and 
KEGG using BLASTx (E-value ≤ 10-5) for functional an-
notation. The RNA-Seq data were submitted to the NCBI 
Sequence Read Archive (SRA) database (accession num-
ber: SRR10098905). Lastly, a total of 6 gigabases (Gb) of 
clean data were obtained by RNA-seq, producing a total of 
27,058 contigs including 21,972 unigenes (Table S1). Using 
functional annotation with a nonredundant protein data-
base, one assembled contig (10,467 nt in length) showed a 
45% aa sequence similarity with the Milolii virus isolated 

from the ghost ants Tapinoma melanocephalum (Gen-
Bank Acc. No. ARU76991.1) (Laura et al., 2017). The cDNA 
templates were prepared as described previously and 
specific primers were designed to confirm the sequence 
of the contig (Table S2) by sequencing the PCR products 
(Xu et al., 2017). The PCR was performed as follows: 30 s at 
94oC, 30 s at 60oC, and 90 s at 72oC for 35 cycles. The 3' and 
5' ends were amplified by using primers listed in Table S2 
according to the method described by Wang et al. (2005). 
The PCR products were cloned into the pEASY-T cloning 
vector and then sequenced (TransGen, Beijing, China). The 
ORFs within the virus genomic sequence were determined 
using DNAMAN software version 6 (Lynnon Corporation, 
Quebec, Canada). Conserved domains were predicted us-
ing the NCBI Conserved Domain Search (https://www.
ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi). Percentage 
identities and alignments of the nt and aa sequences were 
calculated using the CLUSTAL W software (Thompson et 
al., 1994). Maximum-likelihood (ML) and neighbor-joining 

Fig. 1

Amplifcation of the 3'/5' ends and the genome structure of Arma Chinensis picorna-like virus 1 (AcPV-1)
(a) Amplifcation of 3' end of AcPV-1 genome. (b) Amplifcation of 5' end of AcPV-1 genome. AcPV-1 indicates the genome sequence. The adap-
tor sequences are shown and the numbers on the sequence indicate the nucleotide location based on the genomic sequences. “-” = absence 
of nucleotides. “.” = identical nucleotides. Clone names shown on the left indicate their amplifcation primers and clone numbers (e.g., 
clone 3F2-16 stands for one clone amplifed by primer 3F2 and universal primer). (c) Genome structure of AcPV-1. The line represents the 
entire genome, and the two ORFs are shown below. The conserved domains are indicated by the shaded regions: P-loop NTPase = P-loop 
NTPase super family domain, picornain 3C = 3C cysteine protease, LAP1C = Lamina-associated polypeptide 1C, RdRP = RNA dependent 
RNA polymerase. The start and stop locations of the ORFs and the conserved domains are shown.
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(NJ) trees with 1000 bootstrap replicates were constructed 
using MEGA 7.0 software packages with conserved aa 
sequences (Hartley et al., 2016).

We successfully amplified the 3' and 5' ends of the 
AcPV-1 genome (Fig. 1a,b). The whole genome of AcPV-1 
was 10,540 nt in length excluding the poly(A) tail, had the 
nucleotide base composition of 28.6% A, 29.3% T, 22.5% C, 
and 19.6% G, and contained 123 nt 5' and 414 nt 3' untrans-
lated regions (Fig. 1c). Analysis of AcPV-1 using the DNA-
MAN software showed that the AcPV-1 genome contained 
two deduced ORFs on the same strand (Fig. 1c). ORF1 (nt 
124–6342) encoded a polypeptide of 2072 aa that had a 
predicted molecular mass of 232.71 kDa, a theoretical iso-
electric point (pI) of 7.26, and contained three conserved 
domains, including a P-loop_NTPase superfamily domain 
(aa 396–500), a Peptidase_C3 superfamily domain (aa 
1204–1387), and a RNA-dependent RNA polymerase (RdRp) 
domain (aa 1638–1902). ORF2 (nt 7096–10128) encoded a 
polypeptide with 1010 aa that possessed a predicted mo-
lecular mass of 111.44 kDa, a pI of 5.79, and contained one 
conserved domain of the LAP1C superfamily domain (aa 
731–897). All the conserved domains are shown in Fig. 1c 
according to the nucleotide location.

Blast searches using the whole genome nucleotide 
and deduced aa sequences of RdRp indicated that AcPV-1 

exhibited low identity with the known viruses, of which 
Hubei picorna-like virus 60 exhibited the highest similar-
ity (34% in RdRp). However, Hubei picorna-like virus 60 
has only a single large ORF (Shi et al., 2016). Thereafter, 
we focused on the phylogenetic analysis using the virus 
whole genome nucleotide sequences as well as deduced 
aa sequences of RdRp of AcPV-1 and 18 other virus spe-
cies. Model tests were performed using the ML tree with a 
LG+Gamma distributed with Invariant sites (G+I) model, 
which possessed the lowest Bayesian information criteri-
on scores. The ML tree based on RdRp showed that AcPV-1  
clustered within Kelp Fly Virus Related Clade (Fig.  2). 
Moreover, the NJ tree with the whole genome nucleotide 
sequences showed similar topological structures as the 
ML trees (Fig. S1). All the ML and NJ trees revealed that 
AcPV-1 clustered within the Kelp Fly Virus Related Clade. 
These results suggested that AcPV-1 could be considered 
a new prototype for a Arma chinensis picorna-like virus 
taxon.

The prevalence of microbes in their hosts can reveal 
potential interactions between them and their hosts. 
Pathogenic viruses always have a low field infection rate, 
e.g., Helicoverpa armigera nucleopolyhedrovirus. How-
ever, mutualistic viruses also have a high field infection 
rate such as Helicoverpa armigera densovirus (Xu et al. 

Fig. 2

Maximum-likelihood (ML) tree constructed using the amino acid sequences of the conserved RdRp domain from  
AcPV-1 and 18 other viruses

“�” indicates the AcPV-1 reported in this study. Bootstrap values (1000 pseudoreplicates) > 50% are indicated on the nodes.
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2014). We designed specific primers, ZCF4/ZCR4 (Table 
S2), to amplify a 737-bp fragment based on the genomic 
sequence of AcPV-1 to determine the infection rate. We 
detected 146 individuals collected from Zunyi (27°45'N, 
106°53'E) and found the Arma chinensis infection rate of 
5.48% (8 positives in 146 samples). Determination of the 
virulence of AcPV-1 will require further investigation by 
bioassays. We investigated the genetic diversity of AcPV-1 
in the 8 positive samples using the fragments amplified 
with the primers ZCF4/ZCR4 (Supplementary material 3). 
The identities among these fragments were more than 
99.5% and there were only 2 variable sites, suggesting a 
low level variability in the viruses from different host 
individuals.

Nucleotide sequence Acc. No. The complete genome sequences 
of AcPV-1 was submitted to the GenBank and the Acc. No. is 
MN966682.
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