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ABSTRACT
The complete mitochondrial genome of the Aster leafhopper Macrosteles quadrilineatus was sequenced
using an Illumina-based next-generation sequencing approach. The genome is 16,626 bp in length with
78.0% AT content. It encodes 37 typical mitochondrial genes including 13 protein-coding genes, 22
tRNA genes, 2 rRNA genes, and 1 Aþ T-rich region. Two tandem repeats were identified within the
Aþ T-rich region. One tRNA gene rearrangement (trnW-trnC-trnY!trnC-trnW-trnY) was found between
nd2 and cox1.
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The leafhopper family Cicadellidae (Hemiptera) is distributed
worldwide with over 2600 genera and about 21,000 species
(Camisao et al. 2014). The subfamily, Deltocephalinae, con-
tains some of the most economically important leafhopper
species, accounting for a disproportionate 77% of all agricul-
tural pest species in the Cicadellidae (Zahniser & Dietrich
2008). One such species is the aster leafhopper, Macrosteles
quadrilineatus, that is widespread throughout the North
American continent. This species causes millions of dollars in
agricultural and ornamental crop losses annually by vectoring
the Aster Yellows phytoplasma that can infect hundreds of
plant species (Hoy et al. 1992; Frost et al. 2011; Frost et al.
2013). Macrosteles quadrilineatus relies on bacterial symbionts
for the provisioning of essential amino acids that are limited
in their phloem diets, which also helped the host exploit
novel niches (Moran 2007). The symbiont genomes of M.
quadrilineatus were recently analyzed and revealed to be the
smallest of any known bacterium (Bennett & Moran 2013).
Despite the agricultural importance of M. quadrilineatus,
population connectivity and species delimitation remains
poorly understood, and research could benefit from add-
itional molecular resources to address these questions.

Specimens of M. quadrilineatus were field collected from
Yale West Campus, West Haven, CT, USA (GPS: 41�15025.400N
72�59023.100W) in 2013. Pinned representatives have been
deposited in the University of Hawaii M�anoa Insect Museum
(Accession Number: UHIM2017.00001, UHIM2017.00002 and
UHIM2017.00003). 10 individual specimens were pooled for
genomic DNA extraction with a Qiagen DNeasy kit. Library
preparation and sequencing were done at the Yale Center for
Genome Analysis. Genomic libraries were prepared from 500

base pair (bp) fragments and sequenced on an Illumina
MiSeq (2� 250 bp PE reads). Reads were de novo assembled
with SPAdes V3.6.2 and contigs verified by assessing consist-
ent read coverage by read mapping with Geneious v9.1.5
(Bankevich et al. 2012; Kearse et al. 2012). The completely
assembled mitochondrial genome of M. quadrilineatus is
16,626 bp (GenBank no. KY645960) with an average read
coverage of 1165�. Gene annotation was performed with
Geneious v9.1.5 and further verified by comparison with the
previously sequenced Entylia carinata mitochondrial genome
(Mao et al. 2016). Finally, the 37 typical invertebrate mito-
chondrial genes (13 PCGs, 22 tRNAs, and 2 rRNAs) and the
Aþ T-rich region were identified.

The Aþ T content of the M. quadrilineatus mitochondrial
genome is 78.0%, which is similar to E. carinata (78.1%) (Mao
et al. 2016). The conventional start codons ATA, ATG, and
ATT could be assigned to 2, 4, and 7 PCGs, respectively. All of
the 13 PCGs use the complete stop codons (cox2 and a6 use
TAG, and the others use TAA). The putative Aþ T-rich region
is 2141 bp long (84.1% Aþ T content) with two tandem
repeats.

One tRNA gene rearrangement (trnW-trnC-trnY!trnC-trnW-
trnY) between nd2 and cox1 was identified, when compared
with the ancestral positions of other cicadellid species. This
gene rearrangement has been commonly reported in other
Hemipteran taxa (Wu et al. 2016; Zhou et al. 2016). The tan-
dem duplication/random loss model is the most plausible
mechanism to explain this local gene rearrangement (Boore
2000).

To verify the taxonomic and phylogenetic placement of
M. quadrilineatus, we performed a maximum-likelihood
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phylogenetic analysis with RAxML (see Figure 1 for details).
M. quadrilineatus formed a monophyletic group with other
Cicadellidae species, which were recovered as the sister
group of Membracidae. This is consistent with our previous
analysis (Mao et al. 2016).

Acknowledgements

This work was supported by the National Science Foundation Award
under Grant IOS1062363.

Disclosure statement

The authors report no conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.

Funding

This work was supported by the National Science Foundation Award
under Grant IOS1062363.

References

Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS,
Lesin VM, Nikolenko SI, Pham S, Prjibelski AD. 2012. SPAdes: a new
genome assembly algorithm and its applications to single-cell
sequencing. J Comput Biol. 19:455–477.

Bennett GM, Moran NA. 2013. Small, smaller, smallest: the origins and
evolution of ancient dual symbioses in a Phloem-feeding insect.
Genome Biol Evol. 5:1675–1688.

Boore JL. 2000. The duplication/random loss model for gene rearrange-
ment exemplified by mitochondrial genomes of deuterostome ani-
mals. In: Sankoff D, Nadeau JH, editors. Comparative genomics.
Boston, MA: Kluwer Academic Publisher; p. 133–147.

Camisao BM, Cavichioli RR, Takiya DM. 2014. Eight new species of Oragua
Melichar, 1926 (Insecta: Hemiptera: Cicadellidae) from Amazonas State,
Brazil, with description of the female terminalia of Oragua jurua
Young, 1977, and new records for the genus. Zootaxa. 3841:501–527.

Frost K, Esker P, Van Haren R, Kotolski L, Groves R. 2013. Seasonal pat-
terns of aster leafhopper (Hemiptera: Cicadellidae) abundance and
aster yellows phytoplasma infectivity in Wisconsin carrot fields.
Environ Entomol. 42:491–502.

Frost K, Willis D, Groves R. 2011. Detection and variability of aster yellows
phytoplasma titer in its insect vector, Macrosteles quadrilineatus
(Hemiptera: Cicadellidae). J Econ Entomol. 104:1800–1815.

Hoy CW, Heady SE, Koch TA. 1992. Species composition, phenology, and
possible origins of leafhoppers (Cicadellidae) in Ohio vegetable crops.
J Econ Entomol. 85:2336–2343.

Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M, Sturrock S,
Buxton S, Cooper A, Markowitz S, Duran C. 2012. Geneious Basic: an
integrated and extendable desktop software platform for the organiza-
tion and analysis of sequence data. Bioinformatics. 28:1647–1649.

Mao M, Yang X, Bennett G. 2016. The complete mitochondrial genome of
Entylia carinata (Hemiptera: Membracidae). Mitochondrial DNA Part B.
1:662–663.

Miller MA, Pfeiffer W, Schwartz T. 2010. Creating the CIPRES Science
Gateway for inference of large phylogenetic trees. Proc Gateway
Comput Environ Workshop (GCE); New Orleans, p. 1–8.

Moran NA. 2007. Symbiosis as an adaptive process and source of pheno-
typic complexity. P Natl Acad Sci USA. 104:8627–8633.

Figure 1. Maximum-likelihood phylogeny of Hemiptera species with fully sequenced mitochondrial genomes. Phylogenetic reconstruction was done from a con-
catenated matrix of 13 protein-coding mitochondrial genes with RAxML-HPC2 under the GTRCAT model in the CIPRES portal (Miller et al. 2010, Stamatakis 2006).

174 M. MAO ET AL.



Stamatakis A. 2006. RAxML-VI-HPC: maximum likelihood-based phylogen-
etic analyses with thousands of taxa and mixed models.
Bioinformatics. 22:2688–2690.

Wu Y, Dai R, Zhan H, Qu L. 2016. Complete mitochondrial genome of
Drabescoides nuchalis (Hemiptera: Cicadellidae). Mitochondrial DNA
Part A. 27:3626–3627.

Zahniser JN, Dietrich CH. 2008. Phylogeny of the leafhopper subfamily
Deltocephalinae (Insecta: Auchenorrhyncha: Cicadellidae) and related
subfamilies based on morphology. Syst Biodivers. 6:1–24.

Zhou N, Wang M, Cui L, Chen X, Han B. 2016. Complete mitochondrial
genome of Empoasca vitis (Hemiptera: Cicadellidae). Mitochondrial
DNA Part A. 27:1052–1053.

MITOCHONDRIAL DNA PART B: RESOURCES 175


	The complete mitochondrial genome of Macrosteles quadrilineatus (Hemiptera:Cicadellidae)
	Acknowledgements
	Disclosure statement
	References


