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MITOGENOME ANNOUNCEMENT

Sequence and organization of complete mitochondrial genome of the
firefly, Aquatica leii (Coleoptera: Lampyridae)
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Abstract

The firefly Aquatica leii (Coleoptera: Lampyridae) is widely distributed in China. In this study, we
sequenced and characterized the first complete mitochondrial genome of the firefly from the
subfamily Luciolinae. The circular genome of 16,856 bp in length contains 13 protein-coding
genes, 22 transfer RNA genes, 2 ribosomal RNA genes and a non-coding AT-rich region. Overall
base composition of the genome is 42.28% A, 34.80% T, 13.91% C and 9.01% G, with an AT bias
of 77.08%. All protein-coding genes start with an ATN codon, and terminate with the typical
stop codon TAA, TAG or a single T. The non-coding AT-rich region is unusually long (2239 bp),
containing six 113 bp tandem repeats and a microsatellite-like (TA)7 element. The genome
sequence is useful for studying the evolution of sexual signaling and many ecological
specializations in fireflies.
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The beetle family Lampyridae (42000 species), commonly called
fireflies or lightning bugs, are well known for their biolumines-
cent courtship signals (Lewis & Cratsley, 2008). All firefly larvae
use a faint glow at night to warn against predators, while adults
employ light signals for species recognition, sexual selection and
location (Branham & Wenzel, 2001; Lloyd, 1971). Although most
fireflies produce light as adults, some species are not luminous
at all and may rely exclusively on pheromones for mate choice.
In other firefly species, both pheromones and light signals are
used for sexual selection (Lloyd, 1997). The diversity of sexual
signaling permits fireflies to be an excellent group for studying
the evolution of animal communication signals and sexual
selection (Lewis & Cratsley, 2008). Mitochondrial (mt) genome
sequences are valuable molecular markers and will be helpful to
reconstruct the evolutionary history of firefly sexual signaling,
however, only one complete mt genome of Pyrocoelia rufa
(Lampyridae: Lampyrinae) has been determined (Bae et al.,
2004). Here, we report the first complete mt genome of Aquatica
leii (Lampyridae: Luciolinae), a firefly species widely distributed
in China, from another subfamily Luciolinae (Fu & Ballantyne,
2006; Fu et al., 2010), aiming to expand our knowledge of firefly
mt genomes.

Genomic DNA was isolated from thoracic muscle of an adult
male of Aquatica leii using DNeasy Blood & Tissue Kit
(QIAGEN, Hilden, Germany). The complete mitochondrial
genome was amplified with two pairs of universal primers
(Folmer et al., 1994; Vogler & DeSalle, 1993) and 12 pairs of
newly designed primers based on the mt genome of Pyrocoelia

rufa (Bae et al., 2004). All primer information will be provided
upon request. PCR amplification and sequencing procedure were
followed our previous work (Wang et al., 2013).

The complete mt genome of the firefly Aquatica leii (GenBank
accession number: KF667531) is a circular double-stranded
molecule of 16,856 bp in length, which is shorter than the other
firefly Pyrocoelia rufa (Bae et al., 2004) but longer than the two
luminous beetles closely related to fireflies (Li et al., 2007). Its
gene content, arrangement and orientation are identical to those of
most insects (Table 1), containing 13 protein-coding genes
(PCGs), 2 ribosomal RNAs, 22 transfer RNAs and a non-coding
AT-rich region (Beard et al., 1993). Overall base composition of
the genome is 42.28% A, 34.80% T, 13.91% C and 9.01% G,
which appears to show an AT bias of 77.08%. Seven intergenic
spacers ranging from 1 to 65 bp and 12 overlapping sequences
from 1 to 8 bp are scattered over the genome (Table 1).

The open reading frames of the 13 PCGs were inferred from a
sequence alignment of published mt genome sequences of
coleopteran insects. All PCGs use standard ATN (ATT, ATG or
ATA) as the start codon. Whereas six PCGs (ATP8, ATP6, ND4L,
ND6, ND1 and ND2) use the typical stop codon TAA or TAG, the
remaining seven PCGs terminate with a single T (Table 1). The
non-coding AT-rich region is unusually long (2239 bp) and is
located between 12S rRNA and tRNAMet, containing six 113-bp
tandem repeats and a microsatellite-like (TA)7 element. All 22
tRNAs could be folded into classic clover-leaf secondary
structures except for tRNASer (AGN).

Nucleotide sequence accession number

The complete genome sequence of Aquatica leii has been
submitted to GenBank under accession number KF667531.

Correspondence: Huabin Zhao, Department of Zoology, College of Life
Sciences, Wuhan University, Wuhan 430072, China. Tel: +86-27-
68753526. Fax: +86-27-68752397. E-mail: huabinzhao@whu.edu.cn

M
ito

ch
on

dr
ia

l D
N

A
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
N

yu
 M

ed
ic

al
 C

en
te

r 
on

 0
5/

18
/1

5
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Acknowledgements

We thank Kai Wang for assistance with the lab work and Dr Xinhua Fu
for help in the field.

Declaration of interest

The authors report no conflict of interest. The authors alone are
responsible for the content and writing of the article. This study was
supported by a start-up fund from Wuhan University to HZ.

References

Bae JS, Kim I, Sohn HD, Jin BR. (2004). The mitochondrial genome of
the firefly, Pyrocoelia rufa: complete DNA sequence, genome
organization, and phylogenetic analysis with other insects. Mol
Phylogenet Evol 32:978–85.

Beard CB, Hamm DM, Collins FH. (1993). The mitochondrial genome of
the mosquito Anopheles gambiae: DNA sequence, genome organiza-
tion, and comparisons with mitochondrial sequences of other insects.
Insect Mol Biol 2:103–24.

Branham MA, Wenzel JW. (2001). The evolution of bioluminescence in
cantharoids (Coleoptera: Elateroidea). Fla Entomol 84:565–86.

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R. (1994). DNA
primers for amplification of mitochondrial cytochrome c oxidase

subunit I from diverse metazoan invertebrates. Mol Mar Biol
Biotechnol 3:294–9.

Fu XH, Ballantyne L. (2006). Luciola leii sp nov., a new species of
aquatic firefly (Coleoptera: Lampyridae: Luciolinae) from mainland
China. Can Entomol 138:339–47.

Fu XH, Ballantyne L, Lambkin CL. (2010). Aquatica gen. nov from
mainland China with a description of Aquatica Wuhana sp nov
(Coleoptera: Lampyridae: Luciolinae). Zootaxa 2530:1–18.

Lewis SM, Cratsley CK. (2008). Flash signal evolution, mate choice, and
predation in fireflies. Annu Rev Entomol 53:293–321.

Li X, Ogoh K, Ohba N, Liang X, Ohmiya Y. (2007). Mitochondrial
genomes of two luminous beetles, Rhagophthalmus lufengensis and R.
ohbai (Arthropoda, Insecta, Coleoptera). Gene 392:196–205.

Lloyd JE. (1971). Bioluminescent communication in insects. Annu Rev
Entomol 16:97–122.

Lloyd JE. (1997). Firefly mating ecology, selection and evolution. In:
Choe JC, Crespi BJ, editors. Evolution of mating systems in insects and
arachnids. London: Cambridge University Press. p 184–92.

Vogler AP, DeSalle R. (1993). Phylogeographic patterns in coastal North
American tiger beetles (Cicindela dorsalis Say) inferred from
mitochondrial DNA sequences. Evolution 47:1192–202.

Wang K, Hao J, Zhao H. (2013). Characterization of complete
mitochondrial genome of the skipper butterfly, Celaenorrhinus
maculosus (Lepidoptera: Hesperiidae). Mitochondrial DNA. [Epub
ahead of print]. doi: 10.3109/19401736.19402013.19840610.

Table 1. Organization of the complete mitochondrial genome of the firefly Aquatica leii.

Gene Direction Position Size (bp) Intergenic length* Start codon Stop codon

tRNAIle F 1–63 63 0
tRNAGln R 61–129 69 �3
tRNAMet F 129–194 66 �1
ND2 F 195–1208 1014 0 ATA TAG
tRNATrp F 1210–1274 65 1
tRNACys R 1340–1402 63 65
tRNATyr R 1402–1465 64 �1
COI F 1458–2997 1540 �8 ATT Tþ tRNA
tRNALeu (UUR) F 2998–3061 64 0
COII F 3063–3741 679 1 ATG Tþ tRNA
tRNALys F 3742–3812 71 0
tRNAAsp F 3812–3874 63 �1
ATP8 F 3875–4030 156 0 ATT TAA
ATP6 F 4024–4698 675 �7 ATG TAA
COIII F 4698–5481 784 �1 ATG Tþ tRNA
tRNAGly F 5482–5545 64 0
ND3 F 5546–5897 352 0 ATT Tþ tRNA
tRNAAla F 5898–5961 64 0
tRNAArg F 5961–6025 65 �1
tRNAAsn F 6025–6090 66 �1
tRNAser (AGN) F 6091–6157 66 0
tRNAGlu F 6158–6221 64 0
tRNAPhe R 6220–6283 64 �2
ND5 R 6284–8012 1729 0 ATT Tþ tRNA
tRNAHis R 8013–8075 63 0
ND4 R 8076–9402 1327 0 ATG T þ tRNA
ND4L R 9396–9686 291 �7 ATG TAA
tRNAThr F 9688–9749 62 1
tRNAPro R 9750–9815 66 0
ND6 F 9817–10,305 489 1 ATA TAA
CYTB F 10,305–11,436 1132 �1 ATG Tþ tRNA
tRNASer (UCN) F 11,437–11,502 66 0
ND1 R 11,520–12,464 945 17 ATT TAG
tRNALeu (CUN) R 12,472–12,534 63 7
16S rRNA R 12,535–13,797 1263 0
tRNAVal R 13,798–13,867 70 0
12S rRNA R 13,868–14,617 750 0
AT-rich region 14,618–16,856 2239

*The positive number indicates the length of intergenic spacers, while the negative number indicates the
overlapping length between genes.
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