
MITOGENOME ANNOUNCEMENT

Complete mitogenome of tea green leafhopper, Empoasca onukii
(Hemiptera: Cicadellidae) from Anshun, Guizhou Province in China

Jian-Hong Liu�, Cui-Ying Sun�, Ju Long and Jian-Jun Guo

Key Laboratory of Insect Informative System and Resource Development and Utilization of Guizhou Province, School of Agriculture, Anshun
University, Anshun, China

ABSTRACT
Tea green leafhopper, Empoasca onukii (Hemiptera: Cicadellidae), is one of the most serious pest insects
in tea plantations in Asia. In this study, Mitogenome of this species was assembled with high coverage
using Illumina sequencing data and the 15,167bp length was acquired. The base composition is 38.1%
for A, 11.2% for C, 10.5% for G, and 40.2% for T. The mitogenome includes 13 protein-coding genes, 22
transfer RNA, and two ribosomal RNA genes. The phylogeny showed that it is closely related to E. vitis
with high bootstrap value supported. The complete mitogenome of E. onukii can provide essential DNA
molecular data for further phylogenetic and evolutionary analysis.
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Tea plant, Camellia sinensis, is native to Asia, the Indian sub-
continent and it is today cultivated in tropical and subtropical
climate regions across the world. Tea green leafhopper,
Empoasca onukii Massuda (Hemiptera: Cicadellidae), is one of
the most serious pest insects in tea plantations in Asia
(Qin et al. 2015; Shi et al. 2017). Nymph and adult of E. onukii
sucks sap from young tea shoots and leaves and female
adults lay their eggs into the branches, causing damage
called hopperburn (Muraleedharan and Chen 1997).
Occurrence generations for this species were dependent on
climatic conditions and 9–17 generations were detected every
year in different areas in China. The peaks for population nor-
mally occur in June and September, resulting in serious loss
of tea production (Shi et al. 2014, 2015). Considering the
pest’s economic importance in agriculture, it is essential to
identify the complete mitochondrial genome and the related
phylogeny.

Samples were collected from tea plants by sweep net
from Pingba district (26.41�N, 106.25�E) of Anshun city,
Guizhou Province of southwest China during tea green leaf-
hopper occurrence. Specimens were preserved in absolute
alcohol and deposited in Key Laboratory of Insect
Information Systems and Resource Development and
Utilization of Guizhou Province, School of Agriculture, Anshun
University, Anshun, China. Genomic DNA was extracted fol-
lowing the manufacturer’s instruction in the DNeasy Blood
and Tissue kit (Qiagen, Hilden, Germany) for insect tissue.
Sequencing was conducted using the Illumina HiSeq platform
(San Diego, CA). The sequence was preliminarily aligned
within the CLUSTAL X program in BioEdit software

(Thompson et al. 1997; Hall 1999). Protein-coding genes
(PCGs), rRNA, and tRNA genes were predicted by using
MITOS tools (Bernt et al. 2013).

The complete mitogenome of P. dives is 15,167 bp long in
size (GenBank MG190360). The base composition is 38.1% for
A, 11.2% for C, 10.5% for G, and 40.2% for T. Complete mito-
genome of E. onukii contains 13 PCGs, 22 transfer RNA genes,
two ribosomal RNA genes and a major non-coding region
known as the CR (control region). J-strand codes nine PCGs
(NAD2-3, NAD6, COX1-3, CYTB, ATP6, and ATP8) and 14
tRNAs, while N-strand codes four PCGs (NAD1, NAD4, NAD4l,
and NAD5), eight tRNAs, and two rRNAs (16S rRNA and 12S
rRNA). Gene arrangement of mitogenome for E. onukii is iden-
tical to the most common type of the putative ancestor of
insects (Boore 1999; Cameron 2014).

To validate the phylogenetic position, the mitogenomes of
19 species in suborder Auchenorrhyncha of Hemiptera order
and an outgroup Drosophila melanogaster (Diptera:
Drosophilidae) were clustered together with E. onukii to con-
struct ML tree by using the maximum likelihood method
based on the Tamura-Nei model in MEGA 7 software (Tamura
and Nei 1993; Kumar et al. 2016). The tree inferred from 500
replicates was taken to represent the phylogeny of the spe-
cies analysed in this study (Felsenstein 1985). Result indicated
that E. onukii was closely related to E. vitis (Hemiptera:
Cicadellidae) with high bootstrap value supported (Figure 1).
Furthermore, three clades were correctly identified as
assigned and monophyletic family Cicadellidae, Delphacidae,
and Cercopidae with high bootstrap confidence (Figure 1). In
conclusion, the mitochondrial genome of E. onukii deduced
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in present study can provide essential DNA molecular data
for further phylogenetic and evolutionary analysis.
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KP064511   Cosmoscarta bispecularis

JF821187   Paphnu�us ruficeps

EU725832   Callite�x versicolor

JX844626   Aeneolamia con�gua

JX844628   Callite�x braconoides

JX844627   Callite�x biformis

Cercopidae

KC333655   Nilaparvata bakeri

JN563998   Nilaparvata muiri

JX880069   Nilaparvata lugens

JX880068   Laodelphax striatella

FJ360695   Laodelphax striatellus

Delphacidae

KP749836   Nephote�x cinc�ceps

KY645960   Macrosteles quadrilineatus

AY875213   Homalodisca coagulata

KJ815009   Empoasca vi�s

Empoasca onukii

KR024406   Idioscopus ni�dulus

KU167550   Bothrogonia ferruginea

KY123687   Japanagallia spinosa

Cicadellidae

OutgroupKJ947872   Drosophila melanogaster
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Figure 1. Molecular phylogeny of tea green leafhopper, Empoasca onukii (GenBank MG190360) and the related species in order Hemiptera based on complete mito-
genome. Phylogenic tree is constructed by maximum likelihood method with 500 bootstrap replicates. Genbank accession number for tree construction is listed
before the scientific name of species. The position of E. onukii is marked in solid diamond shape.
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