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Phylogeography of Japanese alpine butterfly Erebia niphonica
(Lepidoptera : Nymphalidae : Satyrinae) inferred from
mitochondrial gene sequences

U BAN*, Masayuki SEKIGUCHI**, Takatoshi NAKATANT*,
Tateo ITOH*, Shin-ichi USAMI*** and Takao ITINO*

Abstract : Ercbia niphonica is one of the most widely distributed alpine butterflies in
Japan. By using the mitochondrial COI and ND5 genes, we reconstructed the molecular
phylogeography of E. niphonica in Japan. The Hokkaido clade was highly divergent from
the Honshu clade suggesting a history of ancient divergence. Within Honshu, there were
region-related, phylogenetically significant structures. Especially, the division between the
central and eastern Honshu populations was evident, indicating multiple immigration events
from the Asian continent and/or divergence in Honshu.
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Introduction

Isolated distribution of animal populations in high-altitude areas promotes genetic
divergence of a species. Alpine butterflies offer a model to study the historical divergence of
alpine organisms (Nice and Shapiro, 2001).

There are a lot of discontinuous mountain ranges in Japan. Pleistocene glacial cycles
resulted in significant elevational shifts in vegetation zones in each mountain range and have
generated intraspecific genetic differentiation in alpine plants (Fujii et /., 1999). For animals,
phylogeographic studies for alpine species are scarce, although Nice and Shapiro (2001) detected
a considerable extent of geographic genetic variations in the alpine satyrinid Oeneis chryxus
complex in the Sierra Nevada mountain ranges.

Erebia niphonica (Lepidoptera, Nymphalidae, Satyrinae) is one of the most widely
distributed alpine butterfly species in Japan. Although their distribution is limited to areas above
1000 m in altitude in Honshu, central Japan, they inhabit lowlands and mountains in Hokkaido,
northern Japan.

In his monograph, Warren (1936) treated E. niphonica (in Honshu and Hokkaido) as a
separate species from E. neriene in Far East. Ono (1973) and Kogure (1975), contrarily, proposed
that E. niphonica in Hokkaido originated via dispersal from Sakhalin, where E. neriene inhabits,

(Received May 11, 2007 ; Accepted: May 25, 2007)

*Department of Biology, Facultv of Scicnce, Shinshie University, Matsumoto, Japan

** Departinent of Degencrative Newrological Discase, National Institute of Newroscience, Kodaiva, Japan
*** Departinent of Ofolavngology, Shinshie University School of Medicine, Matsuinoto, Japan
Correspondence - Shin-ichi Usami, Email : usami @ hsp.md.shinshu-u.ac.jp

1)



[Sv]

Phylogeography of Ercbia niphonica

and that £. niphonica in Hokkaido and E. nceriene are thus conspecifics. They also proposed that
E. niphonica in Honshu is a Japanese endemic species, based on the geographic variation of male
scent patches and other sexual characters. Sekiguchi ¢/ @l. (2000) partially confirmed Ono and
Kogure’s hypothesis by showing the monophily of £. ncriene in Sakhalin and E. niphonica in
Hokkaido, although they did not characterize the divergence time of the Honshu and Hokkaido
clades. They also suggested some phylogenetic structures of intra-Honshu populations.

In the present study, we used more samples than Sekiguchi ¢t /. (2000) and reconstructed the
phylogeography of E. niphonica populations in Japan based on both ND5 and COI genes. Here,
we examine (1) the phylogenetic relationship and the divergence time flame between the Honshu
and Hokkaido populations of E. niphonica, and (2) intraspecific phylogeography of E. niphonica

in Honshu, central Japan.

Materials and Methods

Collection of samples
A total of 34 adult Erebia niphonica were collected during 1994 to 2001 from 23 localities in
Japan (Table 1 and Fig. 1), and stored in 10095 ethanol at —20°C until DNA extraction. E. ligea

(obtained at Daimon-sawa, Yamanashi) was used as an outgroup.

DNA extraction, amplification and sequencing

We dissected the thorax muscles and digested them with 475l of 0.6% SDS and 25u1 of 20
mg/ml proteinase KK at 55°C for 45 minutes. The solution containing DNA was treated twice with
phenol. twice with phenol/chloroform/isoamyl alcohol (25:24:1), and twice with chloroform/
isoamyl alcohol (24:1). The DNA was precipitated with ethanol, washed with 709 ethanol, dried,
and dissolved in 1001 10mM TE. The 439bp region of mitochondrial cytochrome oxidase subunit
I (COI) gene and 487-bp region of NADH dehvdrogenase subunit 5 (ND5) gene were amplified by
the polymerase chain reaction (PCR) with the primers: 5’-ATAATTTTTTTTATAGTTAT-3
(CI13) and. 5-GTTTCTTTTTTTCCTCTTTC-3" (CI14) for COI sequences (Itino ef al., 2001),
and 5-CCTGTTTCTGCTTTAGTTCA-3" (V1), 5-AT CYTTWGAATAAAAYCCAGC-3 (C2),
5-TTCGAATTTAGCTTTATGTGG-3 (A3)and 5 -GTTCTAATATAAGGTATAAATCATAT
-3 (KA1L) for ND5 sequences (Yagi ¢f «l., 1999), and using the following temperature profile : 30
cycles of 94°C for 1.5 min, 45°C for 1 min and 72°C for 1 min (COI), 35 cycles of 95°C for 1 min,
45°C for 1 min and 72°C for 2 min (ND5). The amplified DNA fragments were treated with SAP
(shrimp alkaline phosphatase) and exonuclease I. The nucleotide sequences of both strands were
determined by using the Big Dye Terminator Cyvcle Sequencing FS Ready Reaction Kit (Applied
Biosystems) with an ABI Prism 377 DNA Sequencer.

Phylogenetic analyses

The combined sequence of COl and ND5 for each sample was aligned using CLUSTAL X
(Thompson ¢t «l., 1997). Phylogenetic analyses were conducted with Maximum-likelihood (ML)
method in PAUP* 4.08b (Swofford, 1998). ML analysis of mtDNA assumed the TrN +1 model of
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Table 1 Data for the butterfly samples. The acronym represents the location or mountain
range of each sample. HO : Hokkaido region, TO : Tohoku region, JO: Joetsu region, KI : Kita
Alps mountain range, CH : Chuou Alps mountain range, MI: Minami Alps mountain range,
YA : Yatsugatake mountain range. For locations, see Fig. 1.

Acronym Locality No. of samples Accession No.
COI ND5

Erebia niphonica
HO1 Tokachi Mitsumata, Hokkaido 1 AB303874 AB303898

HO2 Shiretoko-dake, Hokkaido 1 AB303875 AB303899
HO3 Nissho-toge. Hokkaido 4 AB303876 AB303900
TO1 Yakeishi-dake, Iwate 1 AB303877 AB303901
TO2 Ryumon-zan. Yamagata 2 AB303878 AB303902
JO1 Haklcai-san, Niigata 1 AB303879 AB303903
JO2 Hiuchi-vama, Niigata 2 AB303880 AB303904
JO3 Yunomaru-san, Gunma 1 AB303881 AB303905
JO4 Sajiki-vama, Gunma 2 AB303882 AB303906
JO5 Hafu-dake. Nagano 1 AB303883 AB303907
KI1 Kasagatake, Gifu 1 AB303884 AB303908
KI2 Nakafusa-gawa, Nagano 1 AB303885 AB303909
CHI1 Utsugi-dake, Nagano 1 AB303886 AB303910
CH2 Hinokio-dake, Nagano 1 AB303887 AB303911
CH3 Minami-Komagatake, Nagano 1 AB303888 AB303912
CH4 Kosumo-yama, Nagano 3 AB303889 AB303913
MI1 Kamanashi-yama, Nagano 2 AB303890 AB303914
MI2 Hase-Minamisawa, Nagano 3 AB303891 AB303915
MI3 Hijiri-dake, Nagano 1 AB303892 AB303916
MI4 Iro-dake, Nagano 1 AB303893 AB303917
MI5 Osawa-dake, Nagano 1 AB303894 AB303918
YAl Natsuzawa kosen. Nagano 1 AB303895 AB303919
YA2 Futago-yama. Nagano 1 AB303896 AB303920
Erebia ligea
ouT Daimon-sawa, Yamanashi 1 AB303897 AB303921

substitution. Model and parameter values were estimated by using MODELTEST 3.7 (Posada
and Crandall, 1998). One thousand bootstrap replicates were conducted with the heuristic search
option, with maxtrees set to 10000 and random addition sequence in effect.

Results

The ML tree (Fig. 2) indicates that FE. niplionica populations in Hokkaido are highly
divergent from those in Honshu. When an evolutionary rate of 1.595 sequence divergence per
million vears in arthropod COI gene is applied (Quek c¢f «l., 2004), the estimated date of
divergence between the Honshu and Hokkaido clades is 1.55-2.35 Ma (million years ago,
calculated by using COI data only : sequence divergence of COI gene between the Hokkaido and
Honshu populations=0.023-0.035). Furthermore, the phylogeography of E. niphonica suggests
that there are two major clades in Honshu, one in central Honshu (clade A in Figs 1 and 2) and
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Fig. 1 The distribution of Ercbia niphonica in Japan (shaded) and the
sampling locations (dots). For details of the locations, see Table 1.
Regions A and B indicate the distribution ranges of clades A and
B. respectively (see Fig. 2).

the other (clade B) in eastern Honshu. Within each clade, several area-related subdivisions are

observed.

Discussion

The evident divergence of the Honshu and Hokkaido clades of Erebia niphonica (Fig. 2) is
consistent with the conclusion of Sekiguchi ot «/. (2000) that E. wniphonica of Hokkaido
constitutes a monophyletic clade together with E. neriene of Sakhalin, and the relationship
between the clade and E. niphonica of Honshu is not even a sister clade. The time flame (1.55-
2.35 Ma) of the disjunction between the Honshu and Hokkaido clades coincides with the periods
of glacial advances and retreats in the late Pliocene or the early Pleistocene. This suggests a
possibility that E. niphonica of Honshu diverged from some ancestral continental Erebia species
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Fig. 2 Maximum likelihood tree for FErcbia wuiphonica populations
inferred from mitochondrial COI (439bp) and ND5 (487bp).
Bootstrap values>509 from 1000 replicates are shown above
branches. The sampling locations are shown (see Table 1).

during this period. A more exhaustive phylogeny including E. niphonica of Honshu, E. niphonica
of Hokkaido, and other continental Erebia species is necessary to elucidate the history of
divergence of Japanese E. niphonica.

E. niphonica of Honshu is highly structured in the phylogeny (Fig. 2). Especially, the
subdivision between the central and eastern Honshu populations is significant (Fig. 2), suggesting
multiple immigration events from the continental populations, or divergence in Honshu.

In the phylogeographic study of Japanese alpine plant Prinutla cuneifolia, Fujii et al. (1999)
detected three major clades in Japan (Northern Hokkaido, Southern Hokkaido and Honshu), and
showed that the Honshu clade is especially highly structured. They proposed that P. cuneifolia in
Honshu diversified due to the contraction of their distribution in the periods of the glacial retreat
in Pleistocene. The highly structured phylogeny of E. niplhonica in Honshu strongly suggests a
scenario similar to the one proposed by Fujii ¢f @l. (1999).

;o=

5)



6 Phylogeography of Erchia niphonica

Acknowledgments

We thank H. Fujii, M. Suzuki, T. Matsumura, K. Maruyama, Y. Fukuda, K. Inami and K.
Kobayashi for the collection of specimens. We are grateful to S. Ueda for technical support and
T. Yagi for helpful discussion and critical reading of the manuscript.

References

Fujii, N., K. Ueda, Y. Watano and T. Shimizu (1999) Further analysis of intraspecific sequence
variation of chloroplast DNA in Prinutla cuneifolia Ledeb. (Primulaceae) : implications for
biogeography of the Japanese alpine flora. Journal of Plant Research, 112 : 87-95.

Itino, T., S. J. Davies, H. Tada, Y. Hieda, M. Inoguchi, T. Itioka, S. Yamane and T. Inoue (2001)
Cospeciation of ants and plants. Ecological Research, 16 : 787-793.

Kogure, M. (1975) Erebia “niphonica” should be separated into two species (a tentative study).
Usubaki, 5: 1-2 (in Japanese).

Nice, C. C. and A. M. Shapiro (2001) Patterns of morphological, biochemical, and molecular
evolution in the Oeners chryyis complex (Lepidoptera: Satyridae): a test of historical
biogeographical hypotheses. Molccilar Phvilogenetic Evolution, 20 : 111-123.

Ono, H. (1973) Butterflies of Siberia (7). Naturc and Insect, 7: 2-16 (in Japanese).

Posada, D. and K. A. Crandall (1998) MODELTEST : testing the model of DNA substitution.
Bioinformatics, 14 : 817-818.

Quek, S. P, S. J. Davies, T. Itino and N. E. Pierce (2004) Codiversification in an ant-plant
mutualism : stem texture and the evolution of host use in Crematogaster (Formicidae :
Myrmicinae) inhabitants of Macaranga (Euphorbiaceae). Evolution, 58 : 554-570.

Sekiguchi, M.. T. Shinkawa, T. Nakatani and M. Kogure (2000) Molecular phylogenetic analysis
of the genus Eichia (Satyridae) of Japan. Butterflics, 26 : 14-21.

Swofford, D. L. (1998) PAUP*, Phvlogenctic Analysis Using Parsimony (*and Other Methods). 4.
0b ¢d. Sinauer Associates. Massachusetts.

Thompson. J. D., T. J. Gibson, F. Plewniak, F. Jeanmougin and D. G. Higgins (1997) The
CLUSTAL_X windows interface : flexible strategies for multiple sequence alignment aided
by quality analysis tools. Nucleic Acids Research, 25 : 4876-4882.

Warren B. C. S. {1936) Monograph of the genus Erebia. British Museum (Natural History).
London.

Yagi, T., G. Sasaki and H. Takebe (1999) Phylogeny of Japanese papilionid butterflies inferred
from nucleotide sequences of the mitochondrial ND5 gene. Journal of Molecular Evolution,
48 : 42-48.

FIHEE
<X = B Erebia niphonica FHARDOGFHEO P TR LA AT AHETH S, KTl EH

6



Phylogeography of Erchia niphonica

-]

NOBHE DL R = e h 7F73HERYEREL, ZhbioowT i b 2v P Y 7 DNA o COLEETF
(439bp) 35 X O NDSHHnF (487bp) & AV CHO FHIFRHE A /B L7z, F0OEER, ENES=
A FOEEZ L — FEAMNZ v = FEREL St RIS VTH, RERNCEREI
%tb il & & o MG A B e, B Amw%%%ioiﬁ@ﬁﬁmibmagbbf%
ERRLTEY, RENASODEZERA, @ ENNCBCTEMORIESARE -7 2 & ZRIE
2. TDZ &itDmMEEW®HWT®%ﬁNﬂHV&@ML(%D,HﬁDQ%ﬂmﬁbut
o AREENF 2 b b,

IRE - HiTRSEH
REFEMAFFICE T B 7Y+ TOVIREER
B ERY - BRI OR

* (T390-0877>  KAATHIIN 3-4-25
*T390-862D)  FAAHINE 3-1-1  {EMNRFHEFER AT RIER Ot feE0

7 4 3 = Nihonogomphus vividis Oguma ¥, £
Bp it o (S 3 75 C KT 0 AR <= R BT 3% i &
LTHNTHHH, MATELORAN 25114 LM
SRt hote, L LEHFD— ARIISE (‘)(06
F) 7TH A HERDONT, bR
ﬁkL(b5$ﬁl$%%%L,ﬁiuuﬂéhm?
5 etk (BE), MRV TOVEERTH 5.
Ok, EEO AT IFEE T A5 H B S e

SMAKFHAGFER R QI oE & S 0%
227 oz, F AR SR L. AT
LD TT, AT EH IR TH L., BuBEs
SN A e DB L TW B, I v =y r=®
FF Yl E B E L OO0, TAY S IXH
X2 LR feDTH D,

WHRATHINE 7 A 7 = 3

(2006.9.175Z58)
* Sawamura 3-4-25. Matsumoto, Nagano 390 0877, Japan

** Asahi 3-1-1. Matsumoto. Nagano 390-8621, Japan



