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In silico identification of two novel viruses on Iranian pistachio
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The pistachio is a commercial nut crop that belongs to the family Anacardiaceae. Reports for viral agents
of this plant are limited to hop stunt viroid, pistachio ampelovirus A, and pistacia virus B. We investigated of
the presence of viruses in Iranian Pistacia vera by analyzing publicly available RNA-Seq data. Twelve
paired-end datasets were retrieved from the Sequence Read Archive (SRA) database of NCBI.
Transcriptomic data were mapped to P. vera reference genome using Hisat2 to eliminate plant RNAs. The
remaining data were de novo assembled by MEGAHIT and Trinity programs and the resultant contigs
subsequently were queried versus viral reference sequences using BLASTX. Two novel viruses related to the
family Kitaviridae were identified and tentatively named “pistachio virus x” (MT334618-20) and “pistachio
virus y” (MT362605-06). Based on the genome structure, sequences similarity, and phylogenetic
relationships we propose these novel viruses as possible members of genera Higrevirus and Cilevirus. High
reads number on different plant tissues, root and leaf, of pistachio virus x led us to make a conclusion on
possible systemic infection of this virus on Pistacia vera. To the best of our knowledge, it is the first report
of possible viral agent from Iranian pistachios.

Keywords: RNA-Seq, Kitavirdae, Pistachio, Virus, RNA.

The Pistacia vera (pistachio), a commercial nut crop, with the production of more than 1 million tons
around the world, is one of the most economically important members of the family Anacardiaceae (Zeng et
al. 2019). Despite its great economic value, the viral agents of pistachios are incompletely understood due to
the cryptic nature of some viral infections. Reports are limited to very few cases: hop stunt viroid in Tunisia
and Iran (Elleuch et al. 2013, Maddahian et al. 2019), pistachio ampelovirus A in the USA (Al Rwahnih et
al. 2018), and pistacia virus B (Emaravirus) in Turkey (Buzkan et al. 2019). Kerman province is one of the
largest pistachio cultivation centers in Iran, the second largest producer in the world after the USA. Previous
studies have shown that the flora of this province is the host for unknown plant viruses (Nury et al. 2020) and
detecting viruses that infect pistachios is not unexpected. Today, with the assist of high-throughput
sequencing methods such as RNA-Seq, the complexity of identifying novel viruses has been greatly reduced.
Various studies have demonstrated the ability of these methods in detecting unknown viruses (Buzkan et al.
2019; Ciuffo et al. 2020; Read et al. 2020). As the majority of viruses that are known to infect plants possess
RNA genomes, publicly available transcriptome data, often contain virus derived sequences, which can be
detected by metagenomic approaches (Gilbert et al. 2019). In this regard, we undertook a bioinformatic
analysis of published transcriptomic datasets for P. Vera originated from Kerman province to discover
possible viral agents.

The transcriptomic datasets were downloaded from the Sequence Read Archive (SRA) database in the
NCBI. Data can be accessed through SRR8772755 to SRR8772780 accession numbers or BioProject number
of PRINA526975. According to the metadata and the related publication (Zeng et al. 2019), these data were
produced by sequencing transcriptome of Ohadi cultivar under salinity stress in Rafsanjan during 2015—
2017. Downloaded SRA files were converted to fastq format using the fasterq-dump (version 2.10.7, SRA
Toolkit) (Leinonen et al. 2010). The Fastqc (Version 0.11.9) and Trimmomatic (version 0.36) (Bolger et al.
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Fig. 1 Schematic representation for the possible genomic structure of a. pistachio virus x (PisVX) b. pistachio
virus y (PisVY). c. Unrooted maximume-likelihood tree including PisVX, PisVY and viruses form Kitaviridae,
Virgaviridae, Closteroviridae, and Bromoviridae constructed with RaxML-NG with the LG+I+G4+F
substitution model and 1000 bootstrap replicates.

2014) programs were used to quality control and filter out low-quality reads. To eliminate plant RNA
sequences, paired-end reads were mapped on the P. vera reference genome (ID: 55403), downloaded from
NCBI by Hisat2 (version 2.2.1) (Kim et al. 2019), and the unmapped reads were captured as none plant reads
by Samtools (version: 1.10) (Li et al. 2009). After depletion of plant RNAs, the remaining sequences were de
novo assembled by MEGAHIT (version 1.2.9) (Li et al 2015). To detect viral sequences, resultant contigs
were queried against the viral reference sequences using BLASTX (version 2.10.1). Additionally, to check
the possibility of getting longer contigs, candidate sequences were used as a reference to map back the reads
with BWA-mem (version 0.7.17) (Li and Durbin 2009), then output files were used by Trinity (version 2.9.1)
(Grabherr et al. 2011) to perform reference-based de novo assembly. Finally, the resulted contigs from the
assembly were checked again by BLASTX to detect possible viral sequences.

Generally, in six paired-end datasets related to Iranian pistachios, we identified polyadenylated genome
for two putative novel members of the family Kitaviridae, tentatively named them “pistachio virus x”
(PisVX) (Fig 1 a) and “pistachio virus y” (PisVY) (Fig 1 b). Mapping back the trimmed datasets to PisVX
and PisVY indicated that in the best cases a total of 2,029,507 (SRR8772752) and 3,104 (SRR8772753)
reads were used to assemble genome segments of PisVX and PisVY, respectively. PisVY only exists on leaf
samples with the average per-base coverage of 41X and 26X for RNA1l and RNA2, while PisVX were
detected on several samples for root and leaf with an average coverage of 17,554X, 33,291X, and 20,486X
for RNAL, RNA2, and RNA3, respectively (Table 1). Excluding the poly-A of 3'-end, PisVX RNA1l
(GenBank accession number MT334620) is 8153 nucleotides (nt) in size, analysis with NCBI ORFfinder and
Conserved Domain Database (CDD) provided us the evidence for a large ORF (2632 aa) containing
conserved domains of Viral methyltransferase (VMT), RNA helicase (HEL) and RNA dependent RNA
polymerase (RdRP). To detect possible homologous sequences, the ORF was evaluated versus the NCBI

AY 83



Mohammadi et al. In silico identification of novel viruses on pistachio

Table 1. Number of reads mapped to pistachio virus x (PisVX) and pistachio virus y (PisVY) genome using BWA.

PisVX PisVY

Dataset Tissue RNA1 RNA2 RNA3 RNA1 RNA2
SRR8772752 leaf 962,714 533,389 533,404 461 161
SRR8772753 leaf 111,569 359,099 151,804 2,428 676
SRR8772754 root 489 1,162 558 - -
SRR8772755 root 204 200 109 - -
SRR8772759 leaf 13,588 13,914 10,253 - -
SRR8772779 leaf 35,942 105,480 48,516 - -

non-redundant (nr) protein database using BLASTp. As result indicated a protein (YP_004928118.1) related
to hibiscus green spot virus 2 with 40.24% identity and 99% query cover is the most identical record to the
ORF. RNA2 (MT334619) codes for two ORFs with lengths of 357 and 88 aa. BLASTp showed that they are
most related to movement proteins, p39 (40.45%) and p9 (40.74%), of hibiscus green spot virus 2,
respectively. The ORFfinder showed that the RNA3 (MT334618) contains three putative ORFs, two (p66
and p23) without significant similarity to any known protein, and one (p31) codes for conserved virion
membrane domain (SP24) homologous to structural protein (YP_004928121) of hibiscus green spot virus 2
with 35.83% identity. PisVY RNA1 (MT362606) encodes two ORFs with lengths of 2484 aa and 311 aa.
The ORF1 with 38.21% identity to polymerase (QFU28430) of passion fruit green spot virus, codes for
conserved domains of VMT, HEL, and RdRP. Also, the ORF2 is homologous to citrus leprosis virus C p29
protein (AKJ79133.1) with 31.37% identity. PisVY RNA2 (MT362605) contains three putative ORFs, the
first of which is 597 aa long and with unknown function, second ORF (325 aa) with 44.83% identity is
homologous to citrus leprosis virus C (ABG33782) and codes for 3A conserved RNA movement domain.
The ORF3 is 203 aa long with SP24 conserved domain and as BLASp indicates, it is close to structural
protein (QIH54362) of passion fruit green spot virus with 56.91% identity. To investigate for taxonomic
relationships, we performed a phylogenetic analysis with the RARP domain of PisVX and PisVY alongside
some reference sequences of Kitaviridae, Bromoviridae, Virgaviridae, and Closteroviridae. For
reconstructions of the unrooted maximum likelihood tree, all amino acid sequences were aligned using
MAFFT (version 7.453) and subjected to RaxML-NG (version 1.0.1) (Kozlov et al. 2019) with the
LG+I+G4+F substitution model and 1000 bootstrap replicates. The substitution model was predicted with
ModelTest-NG (Darriba et al. 2020). According to the ML tree, both viruses are related to Kitaviridae,
PisVX groups with a higrevirus (HQ852052) and PisVY share a branch with cileviruses (Fig 1 C).
Structurally speaking, RNA1 of PisVX and PisVY are quite similar to higreviruses and cileviruses,
respectively. However, analyzing the genome organization of PisVX indicated some difference with the
higreviruses, the RNA2 lacks triple gene block which serves as the MPs of the virus (Melzer et al. 2012),
nonetheless, a recent study has proposed that proteins p39 and p9 of higreviruses, are sufficient for virus
movement and could be as binary movement block (Quito-Avila et al. 2020). In the case of RNA3, the
organization of ORFs is completely different from higreviruses, but both share the presence of structural
protein. Also, some differences could be found in RNA2 of PisVY when comparing to cileviruses, however,
both conserved domains of movement and structural protein are present as other cileviruses. The family
Kitaviridae was recently accepted by ICTV as a monophyletic group with three genera Blunervirus,
Cilevirus, and Higrevirus. As proposed by the ICTV Kitaviridae study group, to distinguish a new species
the aa identity of polymerase (RNA1) should be less than 75%, which in both cases, PisVX and PisVY, are
well satisfied with 40.24% and 38.21% identities, respectively. Also, in both cases difference in structural of
genome organization could be detected in comparison with cileviruses, and higreviruses. Based on this
information we propose that Pis\VX and PisV'Y could be considered as possible novel members of the genera
Higrevirus and Cilevirus, respectively. To the best of our knowledge, it is the first genomic sequence report
for possible viral agent from Iranian pistachio. Great sequencing coverages on different samples for PisVX
led us to make a conclusion on possible systemic infection of this virus on Pistacia vera, which could not be
considered in the case of PisVY. We should note that this report concludes on presence of two novel viruses
on Iranian pistachio. Thus, to achieve complete viral genomic sequences application of the RACE technique

84 AL



Iran. J. Plant Path., Vol. 57, No. 1, 2021: 81-85

will be necessary. Also, more research is needed to study plant symptoms caused by these isolates and
identification of possible vectors of two viruses
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