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Molecular phylogenetic analysis of Nannophya pygmaea from the Tono area
of Gifu Prefecture, Japan, and South Korea

Motoyasu MiNami”, Yui Asioka” and Sayaka NAKAMURA"

Abstract

To investigate the phylogeny of the Tiny dragonfly, Nannophya pygmaea (Odonata: Libellulidae), 41
individuals were collected from 14 sites in the Tono area of Gifu Prefecture, Japan (TGJ group). We
amplified a partial sequence of the mitochondrial cytochrome ¢ oxidase subunit I (COI) gene (658 bp.)
from the TGJ group and compared it with the same sequence of 68 N. pygmaea specimens were collected
from 6 sites, South Korea (SK group), to analyze the genetic diversity. The TGJ group comprised four
haplotypes (TGJ01-04), all of which differed from those in the SK group. Neighbor-joining phylogenetic
tree generated based on the COI sequences revealed divergence between the two groups. The distribution
of the 10 haplotypes in the SK group was random and did not vary with distance or among the geographic
regions in South Korea, but this pattern of genetic distribution was not observed in our study. Rather,
although the distribution of the TGJO1 haplotype was ubiquitously in the Tono area, the remaining
haplotypes (TGJ02, TGJ03 and TGJ04) exhibited localized distributions. Although our study was limited
by the number of individuals and the size of the area surveyed, we were able to clarify the phylogeny and

genetic variation in N. pygmaea in the Tono area of Gifu Prefecture, Japan.
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Introduction

Nannophya pygmaea (Odonata: Libellulidae), one of
the smallest dragonflies in the world, is distributed from
China to Korea and Japan, through Southeast Asia, and
Australia (Ishida et al., 1988). In Japan, this species is
widely distributed throughout the Japanese mainland and is
listed as an endangered species in some prefectures (Ishida
et al., 1988). The habitats of N. pygmaea include specific
marshes that are too shallow to support fish species that
prey on dragonfly larvae. Since N. pygmaea adults remain
at the same marsh after emergence (Ishida et al., 1988), the
species is well suited for use as an environmental indicator
species. However, populations of N. pygmaea are threatened
by extensive habitat destruction, mainly due to factors such
as urbanization, and water pollution. These threats have a

negative influence of the populations of this species and can
act to decrease overall genetic diversity.

For example, in South Korea, N. pygmaea is listed as a
second-degree endangered wild animal, generally due to
the same environmental problems that exist in Japan (Kim
et al., 2007). Given this background, Kim et al. (2007)
sequenced a region of the mitochondrial cytochrome ¢
oxidase subunit I (COI) gene from 68 specimens collected
in 6 sites in South Korea. Their study showed that the
populations in the southern part of South Korea exhibited
higher levels of genetic diversity compared to regions
elsewhere in the country. Moreover, phylogenetic analysis
and uncorrected pairwise distance estimates showed that
genetic diversity estimates were relatively low in this species
(Kim et al., 2007). For the long-term conservation of the
species at a national scale, Kim ez al. (2007) proposed that
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Table 1. Frequencies of 4 haplotypes of Nannophya pygmaea
in 14 sampling sites on the Tono area of Gifu Prefecture,
Japan.

Number of haplotype
Locality
TGJO1 TGJO2 TGJO3 TGI04
1 1
Kitaogi-cho, Tajimi 1 B . .
(four different sampling sites)

(357 201, 137° 02" 1 : ’ )

3 — — —

Kita-machi, Tajimi 4 B B B
(35° 201, 137" 06')

Hoshigadai, Tajimi 3 B . .
(35° 19", 137° 08')

Izumikitayama-cho, Toki 3 1 - -
(35° 23,1377 11"

Tsurusato-cho, Toki 3 - B B
(35° 16, 137° 13")

Kamado-cho, Mizunami 4 B - -
(35° 25,1377 17)

4 - 2 -

Takenami-cho, Ena 2 - - _

(four different sampling sites)

(357 25,137° 21" 3 . 1 :

1 - 1 -

Naegi, Nakatsugawa 2 B B B
(357 32/, 137° 28"

Total 35 1 4 1

the populations in the southern part of the country required
more efforts to preserve species-level genetic diversity.

While some studies have been conducted on the habitat
preference (Yoshida et al., 2004) and distribution (Ishida
et al., 1988) of this species in Japan, no studies have
examined the genetic diversity of N. pygmaea to date.
In order to clarify the genetic diversity of N. pygmaea in
Japan, we therefore investigated the partial sequences of
the mitochondrial COI gene region of the populations of
this species in the Tono area of Gifu Prefecture of Japan.
Moreover, the sequence data were then used to estimate the
genetic diversity within a target population and to perform a
molecular phylogenetic analysis using the specimens from
the Japanese populations (this study) and South Korean
populations (Kim et al., 2007).

Materials and Methods

We collected 41 N. pygmaea specimens from 14 sites in the
Tono area of Gifu Prefecture (Table 1). The left middle legs
of N. pygmaea specimens were removed for DNA analysis,
where after the specimens were released at the collection
sites. The tissues thus collected were stored at —20°C until

Table 2. The haplotypes defined by polymorphic nucleotide sites in a partial sequence of the mitochondrial COI genes of
Nannophya pygmaea on the Tono area of Gifu Prefecture, Japan, and South Korea.

Nucleotide potition

Haplotype
19 28 109 214 271 352 367 478 484 586 589 616 619 625 634
Tono area
TGJO1 C A A G A A T C A G T T T G C
TGJO02 * * * A * * * * * * * # % * *
TGJO3 * ® * * C * * * T * * * * * *
TGJ04 * * * * * G C T * * ® * * * *
South Korea *’
BARNPO03 * * G * * * * * * * * % * ® T
BARNP04 * * * A * * * * * ® * * * * T
BARNPO5 # * * * * B * * * A % * * %
BARN POS * * * * * * * * * * * * C * T

Asterisk indicates the identical nucleotide to which of TGJOI1.

1) Variation site are shown as nucleotide positions from 5' end of PCR amplified region, except forward primer sequence.

2) TGJO1 - 04 were confirmed on Tono area of Gifu Prefecture in Japan
3) BARNPO1 - 10 were confirmed in South Korea (Kim et al., 2007)
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total genomic DNA was extracted using a DNeasy Blood
and Tissue Kit (Qiagen, Germany) and purified using a
GeneClean Spin Kit (MP Biomedicals, CA).

PCR was performed in 50 pl reaction mixtures with
0.5 units of KOD-Plus-DNA Polymerase (Toyobo,
Japan) and 0.2 uM of each primer, according to the
manufacturer’s instructions. The primer sequences for
the regions flanking the COI locus were (forward) 5'-GG
TCAACAAATCATAAAGATATTGG-3', and (reverse)
5-TAAACTTCAGGGTGACCA AAAAATCA-3' (Muraji
et al., 2001). PCR reactions were performed using a
DNA Thermal Cycler (GeneAmp PCR System 9700,
Applied Biosystems, Foster City, CA) using an initial
denaturation step of 94°C for 2 min, followed by 40 cycles
of denaturation at 94°C for 15 s, annealing at 47°C for 30
s, extension at 68°C for 90 s, and a final extension step
of 68°C for 90 s. All PCR products were purified using a
QIAquick PCR Purification Kit (Qiagen) and subjected to
dye-terminator cycle sequencing using a DTCS Quick Start
Mix (Beckman Coulter, CA) with an automatic sequencer
(CEQ 2000XL, Beckman Coulter, Inc.).

The COI sequences were aligned with the published
sequences from South Korean species (Kim et al., 2007)
using MEGAS.05 software (Tamura et al., 2011), which was
also used to conduct phylogenetic analyses. Specifically,

neighbor-joining (NJ) tree were generated from the COI
sequences using the Maximum Composite Likelihood
algorithm in MEGAS.05. Bootstrap analysis was performed
to estimate the robustness of each node in the phylogeny
(10,000 replicates). The partial sequence of Orthetrum
triangulare melania COI (Accession No. AB126005) was
used as an outgroup.

Results and Discussion

The alignment of a continuous stretch of 658 bp of the COI
sequences revealed nucleotide variability at six positions. A
total of four haplotypes (TGJ01-04) was obtained for the V.
pygmaea specimens from 14 sites in the Tono area of Gifu
Prefecture (Table 2). The TGJO1 haplotype was identified in
85% (35/41) of all of the specimens in the Tono area of Gifu
Prefecture (TGJ) group, and is distributed throughout the
Tono area of Gifu Prefecture. The distribution of the TGJO1
haplotype appeared to be ubiquitously and independent
of both distance and geographic location in the Tono
area. However, the remaining three haplotypes (TGJ02,
TGJ03 and TGJ04) showed evidence of local adaptation.
In particular, the TGJ02 and TGJ04 haplotypes were both
only observed in one individual each in Izumikitayama-
cho in Toki and Kitaogi-cho in Tajimi, respectively

" BARNPO3
- BARNP09
37 ' BARNPO6
- BARNPOS
25 | BARNPO7
30 | BARNPI0O
| BARNP02

BARNPO1

43 1| BARNPO4
BARNPO5

SK group

47

TGJ02

TGJ04

4l TGJO1
94 1 TGJO3

TGJ group

0.02

Orthetrum triangulare melania
(Accession No. AB126005)

Fig.1. Neighbor-joining tree based on mitochondrial COI gene partial sequences of Nannophya
pygmaea on Tono area of Gifu Prefecture, Japan (TGJ group) and South Korea (SK group).
Orthetrum triangulare melania (Accession No. AB126005) was used as an outgroup. Numbers
beside the branches indicate bootstrapvalues in 10,000 replicates. Branch lengths represent
nucleotide substitutions. The alphabet and number were shown each haplotype name (shown in
Table 1 and 2). Sequence data of SK group was quoted from the report of Kim ez al. (2007).
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(Table 1). The TGJO3 haplotype was confirmed in four
individuals in Takenami-cho in Ena (Table 1). Although the
different geographic populations of N. pygmaea in South
Korea contained 10 haplotypes, the distribution of these
haplotypes did not show any variation with distance or
among geographic regions (Kim et al., 2007). This genetic
pattern was not comparable to that observed in our study,
as the regional genetic variation observed in N. pygmaea
specimens from the Tono area was less than that observed
among specimens from South Korea.

Sequence alignment of the four N. pygmaea haplotypes
(TGJO1-04) identified in this study and the 10 N. pygmaea
haplotypes (BARNPO01-10) identified in South Korea (Kim
et al., 2007) revealed 15 variable nucleotide positions.
In addition, NJ analysis revealed that the N. pygmaea
sequences formed two distinct clades (TGJ and SK groups)
(Fig. 1). We identified the intraspecific COI variants in
both groups and found that the four endemic haplotypes
comprising the TGJ group were responsible for the
separation of the clades.

Although somewhat limited in geographical scale, we
conducted this preliminary case study to clarify the genetic
diversity and regional genetic variation of N. pygmaea
populations in the Tono area of Gifu Prefecture. Future
studies will therefore involve genetic surveys of N. pygmaea
populations in other regions so that we can compare such
findings with those of this study.
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m =

IR EERMA EEEICERT SNV Fa T bR
(Nannophya pygmaea) DERMIZHRMEIC DN TOHLE

R, kW, i REE

Ny Fam hyARDI a3y RY 7 COLE ST 4 I,
(65847 1) 1T oWT, IR IR 1445 418 ORIES
Jb—7) O DNA BHZRE LTz, IRESNTEBES V-7
? COI &, #HETHE SN L 68EF (FEILV—7)
D COLIZDWTH T RIEFIFNT 24T o Tc. REIN—T
2o, BEZ V=T POIEHERINTWARWETZ R 450
NTmZ A7 (TGI01-04) BRI Nz, 2 LT, S
BIC X D0 TR 2R LTk R, RV —7 L dE S
N—T1XRIe D 2007 L— Nighhriiz, EEIZV—70
10D a2 A 71, BEENICT o FZ LMTHA L, HIFER
REETRDOhAZWEREINTNE, —JF, HEIZL—
TS %  HER S T2 TGI0L (85%) 12D\ TIH R4
RIZT BT L TNER, B D 3oDONT a7
(TGJ02, TGJ03 and TGJ04) 12>V C Ik /TEMEA D B
To. ARETE, FEMARBESICK A THWRNE, Hig
DNy Fay b URITBEEOL O LS TREMICE Y, &
B ERICHBIRTEER H D Z LB L R Ll oTz,
F—J—KR: nyFav bR, 2 har Y7 COLEGET,
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