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The pan-East Sea Rim
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East Sea surface currents
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Dokdo is located in the center of the Pan-East Sea Rim.

Seodo
37° 14‘ 30.6“ N

131° 51‘ 54.6“ E
Area 88.740㎡

Height 168.5mHeight 168.5m

Circumference 2.6㎞Circumference 2.6㎞

Dongdo
37° 14‘ 26.8“ N
131° 52‘ 10.4“ E
Area 73.297㎡

Height 98.6mHeight 98.6m

Circumference 2.8㎞Circumference 2.8㎞

Seodo
37° 14‘ 30.6“ N

131° 51‘ 54.6“ E
Area 88.740㎡

Seodo
37° 14‘ 30.6“ N

131° 51‘ 54.6“ E
Area 88.740㎡

Height 168.5m
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37° 14‘ 26.8“ N
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Area 73.297㎡

Dongdo
37° 14‘ 26.8“ N
131° 52‘ 10.4“ E
Area 73.297㎡

Height 98.6m

Circumference 2.8㎞

Precipitation (강수량)
Annual average 1,240mm

Temperature (기온)
Annual average 12℃

Volcanic island (화산섬)
Basalt (현무암) 및 Trachyte (조면암)



Dokdo: the best place for island biogeography researches
The Korean Galapagos and oceanic island that has never been connected with continents

Black-tailed gull

Coastal mosslike stonecrop

5



군부(Chiton)
Liolophura japonica

Lischke, 1873

거북손
(Japanese goose barnacle)

Capitulum mitella
(Linnaeus, 1758)

바위게
(lined seashore crab)

Pachygrapsus crassipes
Randall, 1840

검은큰따개비
(acorn barnacles)

Tetraclita japonica
(Pilsbry, 1916)

갯강구(slater)
Ligia exotica
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A key marine invertebrates for our researches



Examples of marine invertebrate researches in the pan-East Sea Rim
A chiton Liolophura japonica

• (synonym) Acanthopleura japonica

• (분포) 전 세계적으로 일본, 대만, 홍콩, 태국 등지에 분포. 우리나라의 경우, 제주도, 전남,

경남 연안 및 강원 중북부 연안에 서식

• (특이사항) 일본 내에 서식하는 군부 집단에서 잠재적 자매종(cryptic species)이 존재함을

보고(Okoshi & Hamaguchi 2006)

• (선행연구) 국내 서식하는 군부는 2개의 유전적 타입이 존재하는 것을 확인

• (개체확보) 분포 기록을 참조하여 한국, 일본을 중심으로 9개 지점 이상에서 70개체 이상의

샘플을 확보

• (분석마커) COX1, 16S rRNA

Spots on the shell plates

No spots

KOREA JAPAN Type A

Type A & B



Rocks facing the sea

Rocks facing the shore

Type B
Scale bar = 0.1mm

small
&

cylindrical

Type A

girdle
large

&
flattened

spines

Differences in microhabitat preference Differences of morphological characters
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30°N 30°N

35°35°

40° 40°
Type A

Type B

CO1 variation sitesCO1 variation sites
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CO1 sequence analysis
: 9 populations, 293 individuals
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A lined shore crab Pachygrapsus crassipes

• (분류) Arthropoda 절지동물문 > Crustacea 갑각아문 > Malacostraca 연갑강 > Decapoda 십각목 > Grapsidae 바위게과

• (synonym) Grapsus eydouxi H. Milne Edwards, 1853, Leptograpsus gonagrus H. Milne Edwards, 1853

• (분포) 한국(동해의 삼척이남, 대한해협, 제주도, 황해 남부), 일본(하코다테-큐슈), 하와이, 갈라파고스 군도, 미국 서해

안(캘리포니아 이남), 칠레

• (특이사항) 북아메리카가 원산지로 알려져 있으며 서태평양 지역에서 발견되는 바위게는 1890년대 일본에서의 기록

이 최초. 선박의 밸러스트 워터(ballast water)를 통해 조에아 유생 시기에 옮겨진 것으로 추측하고 있으며 한국에는 19

세기 말 일본을 거쳐 오는 선박에 의해 유입된 것으로 알려짐

• (선행연구) 국내 서식하는 바위게는 3개의 유전적 타입이 존재하는 것을 확인

• (개체확보) 분포 기록을 참조하여 한국, 일본을 중심으로 7개 지점 이상에서 70개체 이상의 샘플을 확보, 북미 서식 개

체군의 유전정보와 비교 분석

• (분석마커) COX1, 16S rRNA

Neighbor Joining tree
based on COI haplotype sequences

Neighbor Joining tree
based on COI haplotype sequences

WP (western pacific pop.) EP (eastern pacific pop.)
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Statistical parsimony network
based on CO1 haplotypes

Statistical parsimony network
based on CO1 haplotypes

CO1 sequence analysis
: 10 populations, 170 individuals, 

from Korea and Japan



A sea slater Ligia exotica

1

2

3
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Strictly a coastal, not a marine animal

37 species in the genus Ligia

In South Korea, only one species

Only two reports related with L. exotica genetic 
lineages in South Korea (Jung, 2004 & 2008)

► Kingdom Animalia

► Phylum Arthropoda

► Class Crustacea

► Order Isopoda

► Family Ligiidae

► Genus Ligia

Taxonomy



● Eastern Coastline
● Southern Coastline
● Western Coastline

Collection site and number of individuals
: 25 populations, 489 individuals

Distribution of L. exotica on collecting sites
: three genetic types



Mainly occurred 
along the Eastern 

Coastline, including 
Ulleungdo Is., and 

Tsushima Is.

A type

Mainly occurred along the
Western Coastline.

The unique type (B23)
represent for Dokdo Is.

B type

NOT occurred in Korean 
Coastline, but only in 

Tottori, Japan.C type
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Maximum likelihood tree based on 16S rRNA
haplotype sequences (GTR+I+G, 1000 reps)

Maximum likelihood tree based on 16S rRNA
haplotype sequences (GTR+I+G, 1000 reps)

Possible migration paths of sea slaters in Korea 
and Japan

(W: Western coastline, S: Southern coastline,
E: Eeast coastline, J: Japan)

갯강구는 확연히 구별되는 세 개의 유전적 type이 관찰되었고,
B type만이 존재하는 독도 개체군은 일본 집단과는 유전적으
로 다른 기원이며, 일본과는 이주 및 전입이 일어나지 않았을
것으로 확인됨
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Methods for phylogeographic and population genetic researches



Genome-based 
arthropod phylogeny



Integration of the multi-omics dataGeneration of the multi-omics dataHigh resolution sequencing

NGS technology
Next Generation Sequencing

WGS Whole Genome Sequencing

Transcriptome (> 10,000 transcripts)

2nd generation sequencing 
method

2.5 generation sequencing 
method
�RNA-seq
(transcriptome studies)

�Chip-seq
(DNA-proteins interaction)

�Dnase-seq
(identification of most active regulatory 
regions)

�CNV-seq
(copy number variation)

�Methyl-seq
(genome wide profiling of epigenetic marks)

� Re-sequencing
(extance of the reference genome of transcriptome)

� de novo
sequencing

Illumina 
SOLEXA

ABI SOLID

Roche 454 
pyrosequencin
g

Illumina HiSeq 2000
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Post genomic era for the phylogenomics of arthropods : Omics
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Unigenes

Orthologous 
genes

Common 
orthologous 

genes

Concatenated 
supermatrix

Construction of supermatrix (conserved genes) based on the omics data
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Arthropod phylogeny
Xiphosura

Pantopoda

Scorpiones

Opiliones

Pseudoscorpiones

Solifugae

Palpigradi

Araneae

Amblypygi

Thelyphonida

Schizomida

Ricinulei

Acari

class Merostomata

class Pycnogonida

class Arachnida

modified Shultz (2007)

Stomothecata

Haplocnemata

Pantetrapulmonata

Tetrapulmonata

Pedipalpi

Uropygi

Acaromorpha



20

Achelia bituberculata Carcinoscorpius tridentatus Tachypleus tridentatus Mesobuthus martensii Heterometrus longimanus

Thelyponidae sp. Ideobisium sp.
Leiobunum japonicum

japonicum Oligolophus tienmusanensis

Liocheles australasiae

Calommata signataNephila clavata

Lithobius forficatus Bothropolys sp. Antrokoreana gracilipes

Capitulum mitella

Argyroneta aquatica Chasmagnathus convexus

Triops longicaudatusProtaetia brevitarsis seulensis Lethocerus deyrollei Chiromantes dehaani

Pholcus gosuensis

Uca lactea lactea

A variety of arthropods
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Lithobius forficatus

Hwang et al. (2001)
Nature 413, 154-157
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Achelia bituberculata Carcinoscorpius tridentatus Tachypleus tridentatus

Back et al. (2014)
Int. J. Biol. Sci. 10, 479-489

Park et al. (2007)
BMC Genomics 8, 343



23

Mesobuthus martensii

Bothropolys sp.

Antrokoreana gracilipes

Capitulum mitella

Choi et al. (2007)
DNA Seq. 18: 461-473

Woo et al. (2007)
Mol. Cells 23, 182-191

Lim and Hwang (2006)
Mol. Cells 22, 314-322

Park et al. (2016)
Mitochondrial DNA Part A 27, 2268-2269



MITOME 미토콘드리아 유전체 DB 운영
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DB construction for the arthropod omics data
Lee et al. (2008)

Nucleic Acids Research 36, D938-D942
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(Institute for Phylogenimics and Evolution)

World class researches

- Publishing to Nature and high quality journals
- Construction of the internationally used database

Development of education programs

- Development of Interdisciplinary courses in biology
- Publication of the textbooks and brochures etc.

Advanced Infrastructure

- Establishment of the leading IPE
- Good work environment

International collaboration networks

- Genome institutes and Bio-resources institutes in Asia

Excellent personnel competency
- 3 Research professors
- 2 Post-docs
- 6 Masters
- 8 Research assistants

Excellent research management system

- Main: 22
- Collaboration: 15



Research for the phylogenomics and evolution of panarthropods
based on the omics data
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Onychophorans

Tardigrades

Xiphosurans

Arachnids

Pycnogonids Millipedes

Chilopods

Collembolans

Malacostracan
crustaceans

Branchiopod
crustaceans

Insects

- International hub for research of the phylogenomics and evolution
Research core for the phylogenomics of panarthropods
Education of the specialist for convergence of BIT

IPE
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International collaboration network
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Thank you for your attention!
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