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Caligula japonica (Lepidoptera: Saturniidae), an endemic species in Eastern Asia, is not only an
economically important pest to be controlled, but also a producer of expensive silk. We have
demonstrated previously the presence of a higher genetic diversity and a certain degree of genetic
differentiation related to geographical distribution in C. japonica based on RAPD and ISSR markers. In
this paper, we determined the 574 bp segment of the mitochondrial cytochrome oxidase subunit | (COI)
gene sequences of C. japonicain Chinato assess nucleotide sequence diversity (GenBank accession no.
FJ358506-FJ358517). The pairwise COI sequence identity between these samples reached 99 - 100%,
showing a low nucleotide sequence diversity (Pi = 0.0035). In NJ tree, these samples were divided well
into Northern and Southern group, which was consistent with that previously reported based on RAPD
and ISSR markers and suggested the genetic differentiation between them might have been occurred.
Further work is needed to define the genetic structure of different populations of C. japonica.
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INTRODUCTION

Caligula japonica (Lepidoptera: Saturniidae) is an
endemic species in Eastern Asia including China, Korea,
Japan and Russia. This species is also a wide-distributed
species in China. It enters diapause in the stage of egg for
living through the winter and enters dormancy in the stage
of pupa through the summer (Zhang et al., 2005). The
heterogametic females of C. japonica are XO type and the
present chromosome X might be fused by the progenitor
chromosome X and Y (Song et al, 1996). The
omnivorous larva can survive by feeding the economic
forest leaves form more than 38 species including Ginkgo
biloba, Populus tremula, Betula, Diospyros, Juglans,
Malus, Pyrus, Quercus, Rhus, which belong to more than
30 genus of 20 families (Ding et al., 2006). The moths of
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this species have not the ability of long distance migration,
so they were often introduced into a new place of
residence accompanying with the introduction of the
seedling of plant.

C. japonica is one of the important forestry and
medicinal plant pest to be monitored and controlled in
China (Wei, 2006). In recent years, it occurred frequently
in some areas of China and became the outbreak of the
disaster. In 2006, it out-breaked in Longnan area of
Gansu Province and more than 140 thousands of walnut
trees were eaten up, resulting in a direct economic loss of
150 million RMB for walnut production (Xin and Du, 2006).

C. japonica is also considered as a precious wild
silkmoth to be reared for silk production. It produces a
long oval-shaped, chestnut brown, mesh-like cocoon. The
silk of C. japonica has unique flashes of fluorescence and
exhibits distinct flashes in natural light: the reflectance of
fluorescence is higher than that of oak silkworm,
Antheraea pernyi and mulberry silkworm, Bombyx mori
(Huang et al., 2006). The price of C. japonica silk is about
ten times higher than that of the A. pernyi silk. This natural
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Figure 1. Map of China with locations from which Caligula japonica was sampled indicated a black dot

(see Table 1 for descriptions).

fiber has been used as raw material silk to spin the silk
yarn, which is used as the decorative goods to suit the
expensive fabric and the identification to mark the
high-security goods (Dong et al, 2006). The
domestication study of C. japonica has been carried out
by Sericulture Institute of Liaoning Province since 1995.
Recently, C. japonica has been reared successfully using
Juglans Mandshurica and Pterocarya stenoptera as feed
(Zhang et al., 2005).

Clarifying the genetic diversity of C. japonica will
provide a scientific basis for the regional control of forestry
pest or rational utilization and conservation of wild silk
moth resources. In our laboratory, we have showed a
higher genetic diversity of C. japonica sampled from
different areas by using RAPD and ISSR technical (Cao et
al., 2007; Yang et al., 2008). The polymorphism of C.
japonica on RAPD and ISSR markers ranged 60 - 91%
with genetic distance and 73 - 95%, respectively. Cluster
analysis showed the individuals from the same areas
were well clustered into one group and the samples from
different areas were well divided into Northern group and
Southern group.

In this study, genetic diversity based on mitochondrial
cytochrome oxidase subunit | (COIl) gene sequences of
12 C. japonica samples from different areas in China,

along with one Japanese sample were investigated. The
COl gene sequences have been extensively used to
investigate the genetic diversity within a species for their
rapid evolution rates (Schery et al., 2005; Froufe et al.,
2008; Xiao YS et al., 2008).

MATERIALS AND METHODS
Samples

Cocoons (pupae) of C. japonica from distinct geographic locations
(Figure 1) representing eight provinces in China were sampled from
July 2007 to August 2007 (Table 1). Five samples collected from
Liaoning province were used. Upon collection, pupae were kept
alive until they reached the laboratory where they were stored at
-20°C Single pupa was selected randomly as a representative for
each population. The voucher, numbered from LC 001 to 012
respectively, was deposited at College of Bioscience and
Biotechnology, Shenyang Agricultural University.

DNA isolation, polymerase chain reaction and DNA sequencing

Total genomic DNA was extracted from partial abdomen of pupa
according to the method previously published (Zhao et al., 2000).
The COI gene was PCR amplified (polymerase chain reaction) and
sequenced using universal primers from Simon et al. (1994). The



Table 1. Samples collected in this study.
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Population source Code Latitude/ Host plant Voucher | Accession Haplotype
longitude no.

Mudanjiang, HLJ 44°35/ Juglans Mandshurica | LC001 FJ358509 H3

Heilongjiang 129°34

Jiaohe, Jilin JL 43°75/ J. Mandshurica LC002 FJ358510 H5
127°33

Kuandian, Liaoning LNK 40°80/ J. Mandshurica LCO003 FJ358517 H3
124°80

Fengcheng, Liaoning | LNF 40°46/ J. Mandshurica LC004 FJ358513 H3
124°05

Xiuyan, Liaoning LNX 40°30/ J. Mandshurica LC005 FJ358514 H4
123°30

Donggang, Liaoning LND 39°90/ J. Mandshurica LC006 FJ358516 H3
124°10

Zhuanghe, Liaoning LNZ 39°70/ J. Mandshurica LC007 FJ358511 H3
122°96

Longnan, Gansu GS 33°70/ J. Mandshurica LCO008 FJ358506 H1
105°70

Enshi, Hubei HB 30°20/ Ginkgo biloba LC009 FJ358515 H2
109°40

Wuxi, Chongging CQ 31°42/ J. Mandshurica LCO010 FJ358512 H2
109°60

Guiyang, Guizhou GzZ 26°56/ J. Mandshurica LCO011 FJ358507 H1
106°72

Quanzhou, Guangxi GX 25°96/ Pterocarya LCO012 FJ358508 H1
111°06 stenoptera

Japan Japan Unknowm Unknowm - AB015869 H6

two primers were LYQ3 (5'-CCTGG ATCTT TAATT GGAGA-3") and
LYQ4 (5°-GGTAA AATTA AAATA TAAAC TTC-3) respectively. PCRs
were performed in a 50 L volume with 0.5 U Taq (TIANGEN), 1 L
(about 20 ng) of Total DNA, 10 x PCR buffer, 4 L of MgCl, (25
mmol/L), 4 L of dNTPs (2.5 mmol/L for each), 10 pmol each primer
and water. PCR products were detected by 1% agarose gels. The
PCR fragments were directly sequenced in both directions after
purification with PCR product purification kit (TIANGEN, China).
DNA sequencing was performed on an ABI 3730 Genetic Analyzer
(Applied Biosystems, USA). The sequence data have been
deposited in GenBank under accession no. FJ358506 - FJ358517.

Sequence analysis

DNA sequences generated in both directions were assembled and
edited to obtain a consensus sequence for each sample using
Staden Package. The COI gene sequence of Japanese C. japonica
population (AB015869) was downloaded from GenBank database.
The sequence alignment was carried out using ClustalX version 1.8
(Thompson et al., 1997). MEGA version 4 (Tamura et al., 2007) was
used to calculate the number of variable sites and nucleotide
composition.

Sequence divergences were calculated by using the
Kimura-2-Parameter (K2P) distance model of base substitution
(Kimura, 1980) and phylogenetic tree was constructed using
Neighbour-Joining (NJ) method (Saitou and Nei, 1987) with
bootstrap test of 1000 replications. The K2P model was well suited
to produce the distance matrix when the genetic distance between
species analyzed was small (Nei and Kumar, 2000). DnaSP version
3.51 (Rozas and Rozas, 1999) was used to define the haplotype
and estimate the population genetic parameters (Pi).

RESULTS AND DISCUSSION

Only a single specific PCR product was amplified from
genomic DNAs of 12 C. japonica samples with the primer
pair LYQ3 and LYQ4, although three PCR amplifications
were separately carried out. The PCR products were
sequenced and assembled to have a consensus
sequence of 574 bp for each sample excluding two primer
sequences. We carried out a BLAST search on NCBI with
the sequence of LNF sample (Accession no. FJ358513)
as query sequence. BLAST analysis showed that the
determined sequence of LNF sample has 99% sequence
identity with that of the COI gene of Japanese C. japonica
(GenBank accession no. AB015869). No stop codons,
insertions or deletions were found in the COI sequences.
Translation analysis indicated that a total of 191 amino
acids were encoded by the 574 bp fragment. These
results affirmed that the determined sequence should be
amplified from mitochondrial COI gene fragment, rather
than nuclear gene fragment (Bensasson et al., 2000). The
base compositions of the COI sequence of LNF sample of
C. japonica varied among the individuals as follows: T
40.42%, C 17.07%, A 28.40% and G 14.11%, with a
strong AT bias (68.82%), as usually found in insect
mitochondrial genomes. As for the codon in the use of the
base frequency, the COIl sequence of C. japonica showed
almost unanimous bias with that of the other known
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Figure 2. COI sequence alignment of different haplotypes of Caligula japonica. Only nine variable sites were
detected from the alignments with a total of 574 bp in length. C. japonica H1-H6 refer to the six haplotypes of
Caligula japonica as shown in Table 1 (. = Identical).

Saturniidae insects (Pu et al., 2009). Only nine variable nucleotide sites were identified within

Analysis of the COIl sequences of 13 C. japonica these sequences, accounting for only 1.6% and of which
samples including Japanese sample, produced a 574 bp were the transitions between T and C. Only five
sequence alignment. Figure 2 shows COIl sequence haplotypes were identified in 12 sequences from Chinese
alignment result of different haplotypes of C. japonica. samples and three haplotypes shared. We designated
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Table 2. Genetic distance of different haplotypes of Caligula japonica
H1 H2 H3 H4 H5
H1
H2 0.003
H3 0.002 0.005
H4 0.003 0.007 0.002
H5 0.005 0.009 0.003 0.005
H6 0.007 0.011 0.005 0.007 0.009
LVE
LHZ
LHF Northern
HLT group
LHD
Tapan
L
6l | LHE
£
43|08 Southern
GZ group
43 €
HE
Antherasa pamy
| ——

il

Figure 3. NJ tree based on the COI gene sequence of Caligula japonica samples. Antheraea pernyi was the
outgroup. Bootstrap values from 1 000 replications are indicated above branches. The population codes of C.

japonica were shown in Table 1.

them as haplotype H1 - 5 (Table 1). The shared haplotype
H1 come from GS, GZ and GX samples; H2 from HB and
CQ samples; H3 from LNF, LND, LNZ, LNK and HLJ
samples with the highest frequency. Two haplotypes, H3
and H4, were identified in five samples that were collected
from Liaoning province. We identified the COIl sequence
of Japanese sample as haplotype H6. Sequence analysis
indicated that the pairwise sequence identity between C.
japonica samples reached 99 - 100%, with a nucleotide
sequence diversity (Pi) of 0.0035. This value was well
within the previously observed data in the range from
0.0015 to 0.0047 which meant lower genetic diversity
(Lan and Shi, 1993). The nucleotide sequence diversity of
Caligula japonica in China observed in this study was also
lower when compared to that in Thanasimus dubius
(Coleoptera: Cleridae) with the range from 0.010 to 0.014
(Schery et al., 2005).

Genetic distance of different haplotypes of C. japonica
was calculated based on the K2P model (Table 2). Among
the five haplotypes in Chinese samples, the lowest pair
wise genetic distance was 0.002 between H1 and H3 and

between H3 and H4; the largest pair wise genetic distance
was 0.009 between H2 and H5. Mean genetic distance of
all samples was only 0.006, which was similar with that of
A. pernyi geographic populations (range 0.002 - 0.006)
(Zhu et al., 2008).

Phylogeny analysis showed C. japonica samples used
in this study were well divided into Northern and Southern
group according to the geographical position (Figure 3),
although the bootstrap value on the evolution branches
was not strong. The result was consistent with that
previously reported based on RAPD and ISSR markers.
The samples including LNK, LNF, LND, LNX, LNZ, HLJ,
JL and Japan were grouped into Northern group. The
samples including GS, CQ, HB, GZ and GX were
clustered into Southern group. The lower bootstrap values
resulted from the smaller genetic differences between
COlI sequences of C. japonica samples. There was no
shared haplotype between Northern and Southern group,
whereas there were shared haplotypes within groups. The
result showed that genetic differences might have been
occurred between the Northern and Southern group. Due
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to the few variable sites, analysis of molecular variance
was not carried out.

In analysis of the COI gene sequence, 13 C. japonica
samples showed low nucleotide diversity, although a
higher genetic diversity of these samples had been
revealed by RAPD and ISSR markers with the maximal
genetic distance of 0.49 between HLJ and GZ samples
(Cao et al., 2007; Yang et al., 2008). These results were
consistent with that found in Chinese oak silkworm, A.
pernyi (Lepidoptera: Saturniidae) (Liu et al., 2006; Zhu et
al., 2008). The semi-domestic A. pernyi was originated in
Shandong province of China and its spread history was
estimated to be only four hundred years (Gu, 1995; Zhang,
1982). Therefore, C. japonica is likely to be a recent
spread species like A. pernyi.

The result of this study provides a preliminary molecular
biology clue for further studies on population genetics of C.
japonica. In order to fully grasp the internal relations of
geographic populations of C. japonica, the number of
samples, collection ranges and sequence length of
molecular markers selected should be increased. It is
helpful to produce more genetic information of C. japonica
for the regional control of forestry pest or rational
utilization and conservation of wild silk moth resources.
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