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Abstract
Little is known about the commensal viruses in wheat sawfly, Dolerus tritici, which is an important
agricultural insect feeding on wheat leaves. Here, we identified a novel single positive-strand RNA virus
from the larvae of wheat sawfly collected in northern China through RNA sequencing, and then
determined its complete genome sequence by rapid amplification of cDNA ends. The complete genome
consists of 9,594 bp in size including a poly A tail at 3′ terminus, which is predicted encoding a 326.3 kD
polyprotein. The phylogenetic tree analysis of deduced polyprotein revealed that this RNA virus was
clustered in the clade with deformed wing virus in genus Iflavirus, family Iflaviridae. The full genome of
this RNA virus shows 38.9-50.0% sequence identities with other iflaviruses. Sequence identity at the
amino acid level of coat proteins shows this RNA virus has highest identity with slow bee paralysis virus
at 33.6%, which no more than 90% suggesting that it is a new member in the genus Ifavirus. Thus, we
tentatively designated as “Dolerus tritici iflavirus 1” (DtIV1). According to our knowledge, this is the first
report of the commensal virus in wheat sawfly.

Full Text
Wheat sawfly (Dolerus tritici Chu) is an important global pest of common wheat (Triticum aestivum L.).
The larvae of wheat sawfly damage wheat leaves, causing a severe decline in wheat production [1]. With
the development of high-throughput sequencing technology, more commensal viruses have been found
in agricultural insects [2]. Insects from order Hymenoptera account for the highest proportion with nearly
300 viruses, and most of them come from beneficial insect bees [2]. As pests, the sawflies have rarely
been found any commensal virus until now. In the present study, we isolated and identified a novel
putative iflavirus from wheat sawfly, tentatively named Dolerus tritici iflavirus 1 (DtIV1).

Viruses in the genus Iflavirus, the only genus of family Iflaviridae, process a positive-strand RNA genome
with 9-11 kilobases (kb), with non-enveloped virions [3]. The genome of iflavirus has an open reading
frames (ORF) that encodes a polyprotein followed by proteolytic cleavage into functional structural
proteins and non-structural proteins [4]. A genome-linked viral protein (VPg) participating in viral life
cycle is covalently attached to 5′-end of the genome, and the 3′-end of the genome is polyadenylated [5].
According to the International Committee on Taxonomy of Viruses (ICTV), the genus Iflavirus includes 16
approval species [3]. All iflaviruses are identified from arthropods insects [6-8]. Some of them are
associated with symptomless infections [9,10]. While some can be harmful to host insects, such as
deformed wing virus, which causes characteristic wing deformity and premature mortality of honeybees
[11].

During a field investigation in March 2024, wheat sawflies were found feeding on wheat plants in
Yuanyang, Henan province, China. We randomly pooled three larvae for RNA sequencing (RNA-seq).
Total RNA was extracted from the sample using TRIzol reagent according to the manufacturer’s
instructions (Invitrogen, Carlsbad, CA) and then a library was constructed for RNA-seq by the Illumina
HiSeq X Ten platform. After removal of adaptor sequences, The CLC Genomics Workbench 9.5 was used
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for de novo assembly of RNA-seq data. The assembled contigs were subsequently screened against the
NCBI databases using BLASTn and BLASTx searches with default options
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). Three viral contigs were derived from an unidentified virus that
was related to members of the family Iflaviridae.

To obtain the full genome sequence of DtIV1, we used SMARTer RACE 5′/3′ Kit (Takara Bio, USA) for
performing both 5’- and 3’-rapid amplification of cDNA ends (RACE) to get the terminal sequences.
Subsequently, RT-PCR was carried out using the total RNA extracted from the single larva and primers
which was designed using the software Oligo 7.60 (OLIGO, Colorado Springs, CO) (Table S1). Three
fragments of DtIV1 with overlap sequences were amplified using RT-PCR. (Fig. S1). We amplified the
fragments of 3071 bp, 2893 bp and 3752 bp as well as well as 562 bp at 5′ terminal and 1433 bp at 3′
terminal with overlap sequences. Then, sequences were assembled using the DNAMAN (v6) program
(Lynnon Biosoft, San Ramon, CA). The whole viral genome was 9,594 nucleotides (nt) in length including
the polyA tail (GenBank accession PQ323359), with the 5′ untranslated region (UTR) of 807 nt and 3′ UTR
of 180 nt. Moreover, it was polyadenylated as viruses in family Iflaviridae [3], suggested that the virus
sequence was complete (Fig.1). The genome was predicted to have a single ORF (808 nt- 9414 nt) using
Open Reading Frame Finder (https://www.ncbi.nlm.nih.gov/orffinder/) that encoded a 326.3 kDa
polyprotein comprising 2868 aa. Compared to the deduced amino acid (aa) sequences obtained from
RNA-seq, it revealed seven aa were varied. Totally 18 ATG triplets existed in 5′ UTR and complicated
stem-loop structures were predicted in the 5′ UTR by a secondary structure prediction RNAfold
Webserver (http://rna.tbi.univie.ac.at/). Sequence identities were computed using LALIGN program of
EMBL’s EBI European Bioinformatics Institute (EMBL-EBI) with the default settings (EMBOSS Needle <
EMBL-EBI). The identities of deduced amino acid sequence of coat protein (CP) with those of species in
family Picornavirales were 6.6% to 33.6%, which was much lower than the species demarcation
thresholds in the genus Iflavirus [3](Table S2).

The deduced polyprotein of DtIV1 was predicted to cleaved into mature and functional proteins by the
putative autocatalytic and 3C cysteine protease cleavage sites according to the characteristics of
iflaviruses [10-12] (Fig. 1A). The Conserved Domain Database (CDD) at NCBI
(https://www.ncbi.nlm.nih.gov/Structure/cdd) and InterProScan (https://www.ebi.ac.uk/interpro/) were
used to analysis of the conserved domains of DtIV1 and showed a typical characteristic of genus
iflavirus [3]. At the N-terminus of polyprotein, two rhinovirus-like (Rhv) structural protein domains: Rhv1
domain (accession no. IPR033703) and Rhv2 domain (accession no. IPR033703), and a cricket paralysis
virus coat domain (CRPV) (accession no. IPR014872) were identified. The three conserved domains at
residues 358-524, 632-793, and 995-1207 corresponded to VP3, VP1 and VP2 of DtIV1, respectively. The
predicted coat proteins of DtIV1 contained four conserved sequences in structural protein region, as
described in picorna-like viruses [13,14] (Fig. 1B). The conserved VP4 cleavage site (Nx/DxP) was also
found at aa 535 position, at the end of the C-terminus of the VP3, suggesting that a small protein VP4
was positioned right between VP3 and VP1 [15]. At the C-terminus of polyprotein, non-structural proteins
appeared in the following order: RNA helicase protein (domain accession no. IPR014759) at residues
1509-1676, 3C cysteine protease protein (domain accession no. IPR009003) at residues 2125-2327, and
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RNA-dependent RNA polymerase (domain accession no. IPR001205) at residues 2386-2839. Three
conserved helicase superfamily domains were identified in DtIV1 that were usually associated with NTP-
binding, which were Hel-A (Gx2GxGKS), Hel-B (Qx5DD), and Hel-C (KKx4Px5NSN). While the motif Hel-C
of DtIV1 was slightly different from the consensus sequence KGx4Sx5STN [16] (Fig. 1C). The 3C cysteine
protease domains of picornaviruses, including a cysteine-protease motif (GxCG) and a substrate binding
motif (GxHx2G) were found in DtIV1 [16,17] (Fig. 1C). All eight recognized RNA-dependent RNA
polymerase (RdRp) domains featured in picorna-like family were also found in DtIV1 (Fig. 1D). The core
domains (IV, V, and VI) thought to be involved in catalysis and NTP binding of virus life [16,18,19].
Besides that, a highly conserved TSxGxP domain, similar to that found in some picornaviruses, was
located immediately prior to the RdRp domain I [11,20]. Overall, DtIV1 possessed characteristic domains
of structural proteins, RNA helicase, 3C cysteine protease, and RdRp of iflaviruses.

The identity values for the genomic nucleotide sequence and amino acid sequence of the polyprotein
and CP of DtIV1 with the viruses in order Picornavirales were calculated using EMBL. The identities were
only 38.9-50.0% for total genome, 9.7-32.6% for polyprotein, and 6.6-33.6% for CP (Table S2).
Phylogenetic trees based on the deduced amino acid sequences of polyprotein (Fig. 2A) and RdRp (Fig.
2B) were constructed using the neighbor-joining (NJ) method with 1,000 bootstrap in MEGA 11. foot-
and-mouth disease virus A and human poliovirus 1 of picorna-like viruses belonging to Picornaviridae,
and heterosigma akashiwo RNA virus of Marnaviridae were used as outgroups.In both trees, the
sequences of DtIV1 that we identified were clustered in a clade of genus iflavirus, with the closest
relationship with deformed wing virus.

In conclusion, we report the identification and genomic characterization of a new virus naturally infecting
wheat sawfly (D. tritici). Based on its overall genome sequence, structure, and phylogenetic relationships,
DtIV1 can be regarded as a member of the genus iflavirus, family Iflaviridae. To our knowledge, DtIV1 is
the first novel commensal virus in wheat sawfly. Further research is needed to investigate the origin and
host range of the virus and to assess the possible impact of DtIV1 on its host insect in the wheat field
ecosystem.
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Figure 1

Analysis of the genomic characteristics of Dolerus tritici iflavirus 1（DtIV1）. (A) Genome organization
schematic of DtIV1 with vertical lines indicating conserved 3C-protease cleavage sites inferred by amino
acid alignment and conserved protease consensus sites (conserved amino acids in blue font; variable
amino acids in black font). Alignment of VP1-VP4 proteins (B), RNA helicase and 3C-protease
proteins(C) and RdRp (D) of DtIV1 among the iflaviruses using the deduced amino acids. The amino
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acids shaded in pink indicate the conservative and similar residues. Viral information is given in Table
S2.

Figure 2

Phylogenetic analysis among the species in genus Iflavirus with other picorna-like viruses using deduced
amino acids of polyprotein(A) and RdRp (B).
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