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ABSTRACT Two novel iflaviruses were detected in the metatranscriptome of the gray
lawn leafhopper, Exitianus exitiosus (Uhler). The assembled genome sequence of Exitianus
exitiosus virus 1 was 9,858 nucleotides (nt) long and encodes a 3,083-amino acid (aa) poly-
protein. Exitianus exitiosus virus 2 was 10,219 nt long and encodes a 2,947-aa polyprotein.

The gray lawn leafhopper, Exitianus exitiosus (Uhler) (Hemiptera: Cicadellidae), is a vector
of maize chlorotic dwarf virus (MCDV) (1) and an experimental vector of Spiroplasma

kunkelii (2). An earlier study on the transcriptional response of E. exitiosus to the acquisition
of S. kunkelii revealed transcripts with homology to iflaviruses (Iflaviridae: Iflavirus) (3).
Subsequent sequencing of E. exitiosus from the same colony confirmed the presence of two
novel iflavirus genomes, Exitianus exitiosus virus 1 (EeV1) and Exitianus exitiosus virus 2 (EeV2).

Exitianus exitiosus was originally collected from Bermuda grass in Stillwater, OK, in
September 2014 and reared on a mix of cereal grasses. Total RNA was extracted from adults
using the E.Z.N.A. mollusk RNA kit (Omega Bio-Tek Inc., Norcross, GA). High-quality total RNA
(RNA integrity number [RIN],.8) was used to prepare 150-bp paired-end TruSeq RNA libraries,
which were sequenced on an Illumina HiSeq 4000 instrument by Novogene Co., Ltd. (Beijing,
China). Fifty million paired-end reads were sequenced (SRA accession number SRR15166997).
The E. exitiosus metatranscriptome was assembled de novo using Trinity v.2.13.2 (4), following
Chen et al. (5). Open reading frames were determined using TransDecoder v.5.5.0 (https://
github.com/TransDecoder/TransDecoder). A BLASTP search of the translated transcripts
against the NCBI nonredundant (nr) protein sequences database identified transcripts with
homology to a Scaphoideus titanus iflavirus 1 polyprotein (GenBank accession number
QIJ56901.1), which corresponded to EeV1, and an Exitianus capicola iflavirus 2 polyprotein
(GenBank accession number ULR75443.1), corresponding to EeV2.

The EeV1 draft genome was sequenced to 188� coverage, with 12,350 high-quality reads
mapping to the viral sequence. EeV1 has a G1C content of 36.7% and comprises a 59 untrans-
lated region (UTR; 362 nucleotides [nt] assembled), a 247-nt 39 UTR with a poly(A) tail, and a
9,249-nt coding sequence (CDS). The 59 UTR forms several stem-loop structures characteristic
of an internal ribosome entry site (IRES), a hallmark of the genus Iflavirus. The CDS contains a
single open reading frame (ORF) that encodes a 3,083-amino acid (aa) polyprotein (351.2 kDa).
A BLASTP search of the EeV1 polyprotein identified Scaphoideus titanus iflavirus 1 as the best
hit (sequence identity, 53.7%; query coverage, 99%). Annotation of the EeV1 polyprotein using
InterProScan v.5.55-88.0 (6) recovered four conserved domains for viral capsid proteins at the
N terminus (two rhv_like, one Rhv, and one CPRV_capsid) and three conserved domains at
the C terminus (RNA_helicase, Peptidase_C3, and RdRp_1).

Exitianus exitiosus virus 2 was sequenced to 1,484� coverage (101,134 reads) and has
a G1C content of 35.1%. The 10,219-nt EeV2 draft genome comprises a 59 UTR (1,205 nt
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assembled), a 173-nt 39 UTR with a poly(A) tail, and an 8,841-nt CDS. The single ORF encodes
a 2,947-aa polyprotein (336.5 kDa). A BLASTP of the EeV2 polyprotein identified Exitianus
capicola iflavirus 2 as the best hit (sequence identity, 60.7%; query coverage, 84%). Annotation
of the EeV2 polyprotein recovered all but one (Rhv) of the conserved domains identified
in EeV1.

The homology of the two iflaviruses was assessed by constructing a phylogenetic tree
(7–9) based on the polyprotein sequences of classified and unclassified Iflaviridae (Fig. 1).
The effects of EeV1 and EeV2 on host fitness remain to be explored.

Data availability. The E. exitiosus transcriptome shotgun assembly project has been
deposited at DDBJ/EMBL/GenBank under the accession number GJYH00000000.1. The
version described in this paper is the first version, GJYH01000000. The E. exitiosus reads have

FIG 1 Maximum likelihood phylogenetic analysis of reference and putative iflavirus polyprotein sequences (amino acids) retrieved on 4 February 2022 from NCBI
GenBank. The tree depicted is the best tree (lowest log-likelihood) from 10 independent runs. Sequences were aligned with MAFFT v.7.490 using the FFT-NS-i algorithm.
The phylogenetic analysis was performed using IQ-TREE v.2.1.3, the Q.pfam1F1R6 substitution model, and Carrot necrotic dieback virus (Secoviridae) as the outgroup.
Branch support was measured with 1,000 ultrafast bootstrap replicates and the –bnni flag to reduce the impact of potential model violations. Branch support is
depicted as colored circles at the nodes. Viruses discovered in other deltocephaline leafhoppers are indicated by leafhopper icons next to the virus names.
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been deposited in the NCBI Sequence Read Archive under the accession number SRR15166997.
The genome sequences of Exitianus exitiosus virus 1 and Exitianus exitiosus virus 2 have been de-
posited at GenBank under the accession numbers ON402368 and ON402369, respectively.
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