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ABSTRACT
We have sequenced the complete mitochondrial genome (mitogenome) of the pine moth Dendrolimus
spectabilis Butler (Lepidoptera: Lasiocampidae), which has been a serious pest for the Japanese red pine
(Pinus densiflora S. et Z.) in Korea. The 15 409 bp complete mitochondrial genome (mitogenome) of the
species consists of a typical set of genes (13 protein-coding genes, 2 rRNA genes and 22 tRNA genes)
and the Aþ T-rich region, with an arrangement typical of Ditrysia in Lepidoptera. The 320 bp long Aþ T-
rich region of D. spectabilis contains the motif ATAGA near the 50-end of the srRNA, with a 14 bp-long
poly-T stretch – the ATTTA sequence – and a microsatellite-like sequence consisting of (TA)7, but lacks
the poly-A stretch often found immediately upstream of tRNAMet in other Lepidoptera. A phylogenetic
analysis using 13 protein-coding genes from Bombycoidea and Lasiocampoidea has shown that D. spec-
tabilis was placed as a sister to the congeneric species group, D. tabulaeformisþD. punctatus.
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The pine moth Dendrolimus spectabilis Butler (Lepidoptera:
Lasiocampidae) is distributed in Korea, Japan, China and
Russia, and had been a serious pest for the Japanese red pine
(Pinus densiflora S. et Z.) during the 1960s and 1970s (Shin
et al. 2008). Analysis of the species distribution in Korea has
shown that the phenology in Korea has changed from univol-
tinism to biovoltinism owing to climate change (Choi et al.
2011), although this information is not available for other
regions. In order to obtain genomic information for the spe-
cies, we sequenced the complete mitochondrial genome
(mitogenome) of D. spectabilis. One adult was captured from
a mountainous area at Uido Island, Sinan-gun, Jeollanam-do
Province, South Korea (34�3601100 N, 125�5201400 E). A voucher
specimen was deposited in Chonnam National University,
Gwangju, Korea.

The complete mitogenome was amplified into three over-
lapping long fragments, using genomic DNA as a template,
and subsequently into 26 overlapping short fragments, using
the long fragments as templates. The primers were adapted
from those used by Kim et al. (2012).

The D. spectabilis mitogenome is 15 409 bp in length and
includes typical sets of genes (2 rRNAs, 22 tRNAs and 13 pro-
tein-coding genes) and a major non-coding 320 bp Aþ T-rich
region (GenBank accession number KU558688). The size of
the total genome and of the Aþ T-rich region is nearly identi-
cal to those of congeneric species, including that of the same
species as reported from China (Qin et al. 2015), indicating
that the change in voltinism does not appear to be accompa-
nied by changes in general genetic constitution. Gene

arrangement in D. spectabilis was identical to that of the
major lepidopteran group, Ditrysia, in Lepidoptera, which is
ordered tRNAMet/tRNAIle/tRNAGln between the Aþ T-rich
region and ND2 (Kim et al. 2011). Twelve of the 13 PCGs
began with typical ATN codons, but the COI began with CGA
(data not shown), which is highly conserved in Lepidoptera
(Kim et al. 2014).

The 320-bp long Aþ T-rich region of D. spectabilis con-
tains typical conserved sequences, such as the motif ATAGA
close to a 50-end of the srRNA, with a 14-bp long poly-T
stretch. This motif and the poly-T stretch have been sug-
gested to be the site of replication origin of the minority
strand for mtDNA in the lepidopteran Bombyx mori (Saito
et al. 2005). Along with this motif, the Aþ T-rich region of
D. spectabilis contains the ATTTA sequence, the function of
which is unknown, and a microsatellite-like sequence consist-
ing of (TA)7. However, the Aþ T-rich region of D. spectabilis
lacks a poly-A stretch, which is often found immediately
upstream of tRNAMet in other lepidopteran mitogenomes
(Kim et al. 2014).

We downloaded the available mitogenome sequences of
10 Bombycoidea and Lasiocampoidea species, along with one
species of Geometroidea for use as an outgroup, and 13 PCGs
were utilized for phylogenetic analysis. Maximum-likelihood
(ML) and Bayesian inference (BI) methods were performed
using the GTRþ IþG model in CIPRES Portal v. 3.1 (La Jolla,
CA; Miller et al. 2010). The two analytical methods presented
an identical topology, showing the monopoly of each super-
family with high nodal supports and indicating that D.
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spectabilis is a sister to the congeneric species group, D. tabu-
laeformisþD. punctatus, rendering Dendrolimus a strong
monophyletic group (BI, 1.0 and ML, 100%; Figure 1).
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Figure 1. Phylogeny of Lasiocampoidea and Bombycoidea. Bayesian Inference (BI) and Maximum Likelihood (ML) methods produced the same topology based on con-
catenated 13 PCGs. The numbers at each node specify Bayesian posterior probabilities as percentages calculated by BI analysis (first value) and bootstrap percentages
of 1000 pseudoreplicates by ML analysis (second value). The scale bar indicates the number of substitutions per site. One species of Geometroidea was utilized as an
outgroup. GenBank accession numbers are as follows: Sphinx morio, KC470083; Manduca sexta, EU286785; Bombyx mandarina, AB070263; Rondotia menciana,
KJ647172; Actias artemis aliena, KF927042; Samia cynthia ricini, JN215366; Saturnia boisduvalii, EF622227; Dendrolimus tabulaeformis, KJ913817; Dendrolimus punctatus,
KJ913813; Apatelopteryx phenax, KJ508055 and Phthonandria atrilineata, EU569764.
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