Journal of Life Science 2015 Vol. 25. No. 11. 1204~1213

ISSN (Print) 1225-9918
ISSN (Online) 22873406
DOl : http://dx.doi.org/10.5352/JLS.2015.25.11.1204

Genetic Relationships of Sandfish (Arctoscopus japonicas) from Five Different
Areas of Korea and Japan Based on Mitochondrial DNA and Microsatellite

Analyses

Eun-Mi Kim', Hyun-Sook Kang', Jung-Ha Kang', Dong-Gyun Kim', Cheul Min An', Hae Won Lee?

and Jung Youn Park'
'Biotechnology Research Division, NFRDI, Busan 619-705, Korea

*External Research Cooperation Division, NFRDI, Busan 619-705, Korea

Received September 2, 2015 /Revised October 8, 2015 /Accepted October 12, 2015

A comprehensive analysis of the population structure of the sandfish (Arctoscopus japonicas), the most
abundant fishery resource in the East Sea of Korea, has not been carried out, despite its importance
in Korea. The present study examined the genetic diversity and differences between five populations
(two Japanese and three Korean populations) of A. japonicas captured in the East Sea using both the
401 bp sequence of mitochondrial DNA (mtDNA, cytochrome b) and five microsatellite DNA
(msDNA) markers. The results of the analysis using the Cyt b sequence revealed 27 haplotypes. Based
on msDNA variations, the estimated expected heterozygosity (Hg) in each population ranged from
0.68 (Gampo, Korea) to 0.7765 (Erimo, Japan). Pairwise Fsr and AMOVA tests using both the Cyt b
sequence and msDNA data pointed to significant differences between the Korean and Japanese pop-
ulations (mtDNA; Fsr=0.2648, p<0.05, msDNA; Fs1=0.0814, p<0.05). These results were similar to the
results of UPGMA, PCA, and structure analysis. In these analyses, the five populations were assigned
to two groups (Korean populations and Japanese populations). These results shed light on the genetic
diversity and relationships of A. japonicas and contribute to research on the evaluation, conservation,
and utilization of Korean A. japonicas as genetic resources.
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g Aol o2 copye] mtDNAZ} Q1] ME & & copyH Bt
A8k nuclear DNAR. T PCR (Polymerase chain reaction)
S 2431771 folgta, RARAE 1, A2 A=
< 34 e S AL o AH 2§44 Aol
Aapzlel Agd A4 wAR gl do4, 18, 27].
Cytochrome b (Cyt b) +824= A4 12KbE F2A4e] 72
S} A gol & deA glom, oljRE XFT B2 FTAA AF
FAgH E4E A niAR g ALEI YTH5, 40, 43].
Microsatellite U} & 2~4719] @7]MEo] HHEHE B E
o2, AAAE FAAd Ak oz ZA31[20, 21], /A
=< O34 & UER 1L, Hardy-Weinberg 88 7Hd & 7]
171 W&ol doi[3], A [34], FE[31] 5 98 %9
4 AT B4 59 ASRATH AT 9 o] g5
[12, 39].
ghA, & AdFE EF5Y A9 & 3t F44
AE sotstr] Al d= Tl 3T &
7322 mtDNAS msDNAE AH§-3}o]
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Table 1. Collections of Arctoscopus japonicus samples for the
present study

Assay  Assay
Date collected mno.1 no. 2

n n

Sample site

Japan
Hokkaido (JHKD)
Erimo (JERM)

Eastern coast of Korea

2004. 10. 20 18 22
1999. 12. 03 17 22

Dokdo (KDD) 2014. 06. 01 7 8
Donghae (KDH) 2014. 06. 20 9 10
Gampo (KGP) 2014. 06. 27 32 34
Total 83 9

Assay no. 1, sequencing analysis of Cyt b gene 83 specimens
Assay no. 2, microsatellite analysis using 96 specimens
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DNA #% 74l (MagExtractor MFX-6100, Toyobo, Japan)&
AH4-3ke] total genomic DNAE #2314t}

mtDNA Cyt b HHo| HI|MLE 2N

S F59 mtDNA cytochrome b F 9] PCR %5 93l
At&-% primere forward primer: Cyt-L, L15338 (5'-CGA
AGC TTG ATA TGA AAA ACC ATC GTT-3)7} reverse pri-
mer: Cyt-H, H15763 (5-AAA CTG CAG CCC CTG CIC
AGA ATG ATA TTT GTC CTC A-3)E AH&3}9th[28]. PCR
%4 10% Taq PCR buffer 3 ul, dNTP mixture (10 mM) 0.6
ul, Hs Taqg DNA polymerase (2.5 U/ul; TNT Research, Seoul,
Korea) 0.3 1, forward9} reverse primer 27 1.2 ul (10 mM),
template DNA 3 g 91, 3 30 7t 348 S/75E
Y& &, PCRE Thermal cycler (PTC-0220 DNA Engine
Dyad Peltier; M] Research, MA)E ©] &3}, 95Tl A 11%&
Z} preincubation ¥, 94C |4 187} denaturation, 54 C 9 A
137+ annealing, 72°Cll Al 17t extension 3t] % 34 cycles
S 335 o1, full extension 72Tl A 587 A A8
ot PCR & 1.5% agarose gel JollAl 2719502 FZ4
DNA $1E9] §7& lst¢th PCR 42 QIA quick PCR
purification kit (Qiagen, USA)E A A g & H71AE £4 4
A+8-31 4 th. ABI PRISM Big Dye Terminator version 3.1 cy-
cle sequencing kit (Applied Biosystems, USA)E ©] &3}
ABI PRISM 3130XL Genetic Analyzer (Applied Biosystems,
USA)E F3l @714 <8< E485 o™, ABI DNA sequenc-
ing analysis software version 5.2 (Applied Biosystems, USA)
£ Agste @749 3d S AT

Microsatellite (msDNA) O} 24

B Ao AFEE MS markers 2006139l B 5[29]0] 74
g msDNA 7] FollA 57 vtA o HRE A&8te primer
(DR55, DR72, DR118, DR148, DR225)Z | 23} % T} (Table 2).
PCR 242 10x Taq PCR buffer 1 pl, dNTP mixture (10 mM)
0.2 ul, Hs Tag DNA polymerase (2.5 U/ ul; TNT Research,
Seoul, Korea) 0.1 pl, forward®} reverse primer Zt7; 0.4 pl
(10 mM), template DNA 1 ul & 21, % 10 wl7}A E+€
THTE ¥ ¥, PCRY Thermal cycler (PTC-0220 DNA
Engine Dyad Peltier; MJ Research, MA)E ©] &3}, 95l
A 11823} preincubation ¥, 94C el A 187t denaturation, 5
8T A 187t annealing, 72C o A 187} extension 3} %
34 cyclese 3319 0.1, full extension 72°C oA 587t
AABATE PCR & 1.5% agarose gel oAl A7|¥ 502
% ¥ DNA HE9] f75 &3t PCR 4H2 & Hi-Di
Formamide®} size standard, GeneScan 400HD ROX
(Applied Biosystems, USA)E E¢ 3t 95Tl A 287} de-
naturation & ABI PRISM 3130XL Genetic Analyzer (Applied
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Table 2. Distrubution of mtDNA haplotypes in 5 sample sites
of A. japonicus based on Cyt b gene sequences

Haplotype frequency

Haplotype
JHKD JERM KDD KDH KGP Total N %
Hap01 11 1 1 24 2892
Hap02 2 1 2 241
Hap03 1 3 3.61
Hap04 1 ) 2 241
Hap05 1 1 2 241
Hap06 1 1 1 1.20
Hap07 1 1 1.20
Hap08 1 2 3 3.61
Hap09 4 5 10 19 2289
Hap10 1 1 2 241
Hap11 2 2 241
Hap12 1 1 1 1.20
Hap13 1 1 1 1.20
Hap14 1 1.20
Hap15 1 1.20
Hap1l6 7 7 8.43
Hap17 1 1 1.20
Hap18 1 1 1.20
Hap19 1 1 1.20
Hap20 1 1 1.20
Hap21 1 1 1.20
Hap22 1 1 1.20
Hap23 1 1 1.20
Hap24 1 1 1.20
Hap25 1 1 1.20
Hap26 1 1 1.20
Hap27 1 1 1.20
Total 18 17 7 9 32 83 100

Biosystems, USA)E ©]&3to] &4ttt

GOl 24

mtDNA Cyt b ¥ 92| @714 EL SeqMan software T2 1
P (DNASTAR Lasergene 8 package)= ©]83} sequence
assemblydt] A 23} At} Haplotyped] 24 2 Hl%, Woli
A B, A Hold 4 5o €42 DnaSP (v. 51001)S
ol g3tk A 7t HrIM L] F44 Zg= MEGA 5 [38]
©] Between group mean distance Kimura-2-parameter =
d[15]2 Adstith 744 JE72 £42 Arlequin 3.1
BF ol &3t R T 744 £33 A=E FAs] AT
Pairwise Fsr & 78k5lom, fd W £& Ad 249 F14
Hol 4 < 58 A9 A 2 FEAAE Lotir] 9
3] Tamura and Nei model [37] 2 &3}
of molecular variance) [9] £4& 3

msDNA w7 ¥ g 587459 2715 GeneMapper ver-
sion 4.0 (Applied Biosystems, USA)E o] &3la] 243514 o
o, Microsoft Excel 92 AAatgct $44d oy 248

98 FSTAT version 293 [10]2 At&3te] g FAAS
(number of alleles, Na), tHH+# 2 7] (product size range,
S), A& 2715 BAF W42 (allelic richness, Ar)E
TF3F9 . Arlequin version 3.1 software [8]5 AH-&3}¢] o]
A& (expected heterozygosity, Hy), ##A o|FHFE
(observed heterozygosity, Ho)& F43% 2™, Markov-
chain ¥ 2.2 Hardy-Weinberg equilibrium (HWE) ©] €|
ek 4 FAAT JAe W 22 A< (inbreeding
coefficients, Fis) [41]2] #4]-2 GENEPOP version 4.0 com-
puter package [33]€ ©]-&331.2.1, 1,0008] HFE3}o] F2o]4
< ZAsAt.

A4 Ad7z 4
ogsto] et 3t FHZ &3} A
Aeoto] Hlastlth Hd W =

= = A e 744 Wy
=8 $AACR st A 1§44 BAAEE dopi
7 19 [

] 918 Tamura and Nei model [37]& 2 &3 AMOVA
‘]

(analysis of molecular variance) [9] #41& Arlequin 3.1 [8]

€ A&t s T A ol BEEE o] &35t A9
Hao 7188 #AAE 249422 B F+ Principal
Coordinate analysis (PCoA) ¥4]2 GeneAlEx 6.4 program
[30]& ol &ste] EAstAT 44 A 712§ A T
A58A f+dBAE Populations 1.2.32 [17]E ©] 83} Nei
[22]] el wet Ds FHAYE AEste] UPGMA
(unweighted pair-group method with arithmetical average)
pBold oz AAsAn. A RAEAS LTS £
43}7] 413 STRUCTURE version 2.3 program [32]§ ©| &
dtod £4 S Rt AHd AA A9 F(K #)E T4
3t7] 918} Bayesian A4S FHsko 2749 K (K=1~10)
ol tial 203 wkEsle] i FAHA Pr(X K EEHAE
A 448t Gt (burn-in period: 5,000, MCMC, Markov Chain
Monte Carlo: 50,000). ] Z3& Evanno 5[7]¢ %< A&
sk AK gk Aldteta HA 9] K 3t-& AAste 479 2
ZEo] tg 2t Ao FAFS wE AA 25 FAE

At
2 1

mtDNA Cyt b gene &4

mtDNA9| Cyt b gene g% 4] 401 base paire] @714 <
B4 A3, F 27719 haplotypel &, H3 % A G A 77,
del 2 AFellA 67, F=9 T3 AFAA 2z 4, X
Aol A 16709 haplotypeo] #Z =]t o5 A & 3H
haplotype 74 & &9 EH, Hap0l& Y& 27 G4 714
ol HAHYT(BAE: 61% AN E: 65%), Hap02~07
Hap14~15v= 982 Aol A5k 32 it ¥HE, Hap09+= ¢
guet Fell et 3A Gl A 7H Bo] ARHPL(FE: 57%,
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Table 3. Genetic diversity for 5 sample sites of A. japonicus based on mtDNA Cyt b gene sequence
Genetic diversity JHKD JERM KDD KDH KGP
No. of sequence 18 17 7 9 32
No. of polymorphic sites 14 12 11 10 28
No. of haplotypes (H) 7 6 4 4 16
No. of transitions 12 10 9 8 24
No. of transversions 3 2 2 3 4
No. of indels 0 0 0 0 0
Hplotype diversity (Hd) 0.6340 0.5882 0.7143 0.6944 0.8649
Nucleotide diversity (Pi) 0.00820 0.00799 0.00903 0.00852 0.00862
Table 4. Pairwise Fsr (abouve diagonal) and genetic distances Xt}rﬁ} t HAH 2ol FEE YEHUE pairwise Fsrdh S 5
(below diagonal) between 5 sample sites of A. japonicus S A Bl w9l o2 2 Aol H 7 Be 3(-0.0459)0]

based on mtDNA Cyt b gene sequence

JHKD JERM KDD  KDH  KGP
JHKD 00000 -0.0459 0.1671* 0.1979%  0.2802*
JERM 00080 00000 01983* 0.2230* 0.3047*
KDD 00100 00110 00000 -0.0392  -0.0096
KDH 00110 00110 00090  0.0000  0.0648
KGP 00120 00120  0.009  0.0090  0.0000

Symbol “*” indicates significant support for Fsr values (p<0.05).

7Viz.

3. 56%, 7+ %: 31%), Hap08, 10~133} Hapl6~27& $-2]1}
2t Fa ¢t 3A ol ARt #ZH 3 Th(Table 2).

7t A1 9" haplotype tH%4 (haplotype diversity, Hd)
Fol| A 7H £31(0.8649), ollE] Rl A 7HE W2(0.5882)
e At 97] ¥ E (nucleotide diversity, Pi)E = S0l A
VA =3(0.00903), ol 2] Zol A 7Hg FL(0.00799) 7S L

o AT

won, Ao Ta¢ 3290 dE9 24 B} FrhH o

=S %S e AT (Table 3).

A 7 FABAE BH7] A GG 719k f44
Aol A B xe o =7t 0008028 7H4 @ kS e
W, Bl =9 7, o2l Be} a7 27t 0012022 7F
A =2 e Yot 283 s ek 3x 9y g8
9] 249 Zhel| & 0.0100~0.01209] #S YERL, =9 &
ek 329 7hol= 0.00909] #-& UER A, 44 AL g
B3 @ o Y8 JHoE yHo e A #F T
& 91 th(Table 4).

a&é_}!ﬂ AL, ol =t ZE A ol 7H E& £4(0.3047)0]
HZE AT} (Table 4). =3 Y& {1+ Forgh2 0.167100
A 030472 UER Aoid o R Y8 e 7h9] 3H(-0.0459) 7%
gkt F ek 2he) 35(-0.0392~0.0648) 2T}k =11, 23 Afo 17}
D A E JERF(p<0.05), 8 A Ao} &
A g Add 4 Ado g FeHs 2HE HAFI

A A 23 = 8 JAD o] 114 iPOl s
7] 918 AMOVA testE 4 A 3
AA FHwol 9 19.07%, 24 A9 %W gl 7Hz4|
80.93% 2 #2 5 )th(Fer=0.1907, p=0.0000). A A9 &
(EA=S ARG F5(5E, 53, TE)2E EE st
A A, 278 1§ Y] Holke AA frddeld) 26.6%,
Z 2% Wl AY Je T wolEe -012%, 2 AY A U
MATL WMol =& 7352% =2 H2 5 9 Th(Fsr=0.2648, p=0.0000)
(Table 5).
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Microsatellite DNA &4

EFE 5{EE U o 2 5719 msDNA vh# (Table 6)
o] &3t A S FASAT AAFoR & tgdFd
BYouy A ¥ 7 fAARA MY {13 G
G 2A Yebstth(Table 7). A1 ol 42124 (Na)= 2-2371 %
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Table 5. AMOVA of Cyt b diversity in 5 sample sites of A. japonicas

Analysis

Source of variation

Percentage of

daf. Fsr

variation
All sites Among sites 4 0.1907 (p=0.0000) 19.07
(No grouping) Within sites 78 80.93
Regional grouping Among groups 1 0.2648 (p=0.0000) 26.6
(Korea vs. Japan) Among sites within groups 3 -0.12
Within sites 78 73.52

Significant was tested by nonparametric permutation tests (10,100 permutations).
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Table 6. Primer sequences and information about microsatellite markers from A. japonicus

Locus Forward (5'-3) Reverse (5'-3') Size (bp) Tm
DR55 6-FAM-CGTCTGCCCTTCGTGA CACAAACATTTCCCAACACT 204-262 58
DR72 HEX-GGATTTGCTTGGGTTTATT CAGAAGCACTTCCGTCTTAT 100-160 58
DR118 NED-CCTGTTGAAGCCTGGTG CGTCATCATCCTGAATCATT 170-214 58
DR148 6-FAM-AACTTAATTGCCTTCACAAA CCGACCTAACCACCAT 198-212 58
DR225 NED-ACAAGCGGTGTTCCTCATAC CGCTTCCTGTCITCAAAAG 170-218 58

Table 7. Genetic variability at 5 microsatellite markers in 5 populations of A. japonicus

Microsatellite markers

Populations (1)

DR55 DR72 DR118 DR148 DR225 Mean

Hokkaido, Japan (22)

Na 14 18 14 4 9 11.8

Ag 8.2 9.4 8.1 22 5.7 6.7

He 0.9222 0.9546 0.9232 0.2006 0.8142 0.7630

Ho 0.8333 0.5909 0.7368 0.2105 0.8095 0.6362

p 0.3359 0.0000 0.0602 1.0000 0.3739 0.354

Fis 0.0989 0.3865 0.2063 -0.0511 0.0058 0.0058
(0.3745) (0.0000) (0.0583) (1.0000) (0.3582)

Erimo, Japan (22)

Na 19 15 16 4 7 12.2

Ag 8.9 9 83 2.3 58 6.9

He 0.9397 0.9474 0.9257 0.2242 0.8455 0.7765

Ho 0.9000 0.6842 1.0000 0.1429 0.8095 0.7073

p 0.2526 0.0000 0.4552 0.0035 0.3277 0.2078

Fis 0.0434 0.2833 -0.0825 0.3684 0.0436 0.0436
(0.1332) (0.0000) (0.4776) (1.0000) (0.3264)

Dokdo Island, Korea (8)

Na 8 8 8 4 2 6.0

Ar 7.3 6.9 8.0 39 2.0 5.6

He 0.8901 0.8500 0.9091 0.6000 0.3626 0.7224

Ho 0.8571 0.5000 0.8333 0.5000 0.4286 0.6238

p 0.7618 0.0089 0.6486 0.3339 1.0000 0.5506

Fis 0.0400 0.4286 0.0909 0.1765 -0.2000 0.1072
(0.7979) (0.0098) (0.6255) (0.3341) (1.0000)

Donghae, Korea (10) 9 13 11 3 3 78
Na 7.3 9.4 9.1 26 22 6 '12
Ar 0.8954 0.9579 0.9500 0.4158 0.1947 0 6828
He 0.8889 0.6000 0.7500 0.3000 0.2000 0'5 173
Ho 0.8826 0.0016 0.0750 0.4717 1.0000 0' 186
p 0.0078 0.3864 0.2222 0.2895 -0.0286 0' 1755
Fis (0.8818) (0.0000) (0.0600) (0.4794) (1.0000) '

Gampo, Korea (34)

Na 16 23 18 3 3 12.6

Ag 8.0 9.2 83 2.1 3.0 6.1

He 0.9138 0.9473 0.9231 0.2177 0.4107 0.6825

Ho 0.9032 0.6765 0.8485 0.2353 0.3030 0.5933

p 0.6660 0.0000 0.4555 1.0000 0.2317 0.4706

Fis 0.0309 0.2890 0.0820 -0.0820 0.2652 0.1170
(0.6702) (0.0000) (0.6264) (1.0000) (0.2033)

Na=number of alleles per locus; Ag=allelic richness; Hr=expected heterozygosity; Ho=observed heterozygosity; Fis=inbreeding
coefficient.
*Not in conformity with Hardy-Weinberg equilibrium (p<0.005, Bonferroni-corrected value).



Table 8. Pairwise Fsr (abouve diagonal) and genetic distances
(below diagonal) between 5 sample sites of A. japonicus

based on msDNA markers

JHKD JERM KDD KDH KGP
JHKD  0.0000  0.0031  0.0605* 0.0422*  0.0312*
JERM 0.1017  0.0000  0.0596*  0.054*  0.0423*
KDD 0.3681 03616  0.0000  0.0092  0.0069
KDH 02374 02757  0.1879  0.0000 -0.001
KGP 01383 01725 01253  0.0808  0.0000
Symbol “*” indicates significant support for Fsr values (p<0.05).

21942 #FHS]
=S R

el =y
=/ 51;‘_1_

Hardy-Weinberg % & ] o] &

o o
S He

SR ) Al T(FIS)

ol A 0428602 UEROT, A < 0.08989] W

2

Table 82 A 7+ #7324 o] A

Fsrtk &

#49 AdE 24

-0.001091 A 0.0605% UEFSOH,

g HAGE Aol e fofdt zto]

£ Yehdi =
=l @J}OIE} Pairwise Fsrdte
9] 34 G} o 27
2 BATHp<0.05).
4o fFAA AT 0080894 036812 HEH ATH =9

on, B At o EA 6972
oA 5670 7}

7 A W BEA o] YHFEH) 71UA 1A
E(Hp)2 22 0.5478~0.7073% 0.6825~0.7765% &= %L
™, A4 H3t Hodt Hed 247 062173 0.7254% LERSH.
< DR A= SE& 29§
EE Aol 123 DRI48AA = A2 oA #7F

%A Th(p<0.01, Bonferroni correction).

L ER AT
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3797 B 24 H 7ol = HF 0.2589(0.1383~0.3681)2] A
ofF Uetiof, d& A el H g 010177 o= A
Zkel gk 01313(0.0808~0.1879) Bt 2 FH 2 A ol
€ vede.

EF5E AY T Neid| 42 7Aglel 718§ UPGMA w3
A Ade AAH R Bl (HKD)% ol 2l Z(ERM) &
o] shute] 1F<& FAstn, B8 (KDH), ZE(KGP) 2 5%
(KDD) Heto] tt& 1< FAst Lelde F4< Yed
ATH(Fig. 1). FAE EAdAE 49 3709 FAE A
bﬂou 95.13% (A 1574 £=61.65%, A258 £=21.75%, A3+

S E=1174%)% AAFH oM, A1FHEH A2FH &l 9
3 £E == UPGMAY A & Z3}o} 5 Y3t AthFig. 2). =3l
S (JHKD)$} ol & Z(JERM) H o] 7HAl E2+tQ 1, 53l
KDH)¢t ZHZ(KGP) ol 7MgA #xstgloH, 5%
(KDD) Hl&te Atid oz &3 (KDH)% 22 (KGP) {3
A EES T

F242 A, pairwise Fsrt, UPGMAS} FAEEA o] 4

A=) KN

—_

0.1

-0.2000 o} Ay Fxo 2A3, 1) 57H4 ERE U SM«I
FAE OFE, 2 53 Y8 JAde st 219 152
7Hgste, A 7k HHA Aol & 5171 9% AMOVA testS
pairwise AAE. 1 A%, A4 B85 J9e v 1FoE
7H83t S wf Hol e A frHdolo] 58%, 7 A Hd
U AT Hol =& 9417% 2 Y EFETH(Fs=0.0583, p=0.0000).
2EA FH(EE, 53, XY dEEFH =) dew)e 2 aFo=
Uro] B4G Aae OF 19 Molke AA fraweld
JHKD
81
JERM
KDD
58
KDH
62
KGP

Fig. 1. Dendrogram based on Nei's genentic distance by UPGMA method for 5 populations of A. japonicas.

Table 9. AMOVA for 5 sample sites of A. japonicus, based on msDNA markers

Percentage of

Analysis Source of variation daf. Fst S
variation

All sites Among sites 4 0.0583 (p=0.0000) 5.83

(No grouping) Within sites 187 94.17

Regional grouping Among groups 1 0.0814 (p=0.0000) 722

(Korea vs. Japan) Among sites within groups 3 0.92

Within sites 187 91.86

Significant was tested by nonparametric permutation tests (10,100 permutations).
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Table 10. Proportion of each population of A. japonicus assigned
to each cluster (K=2) inferred from STRUCTURE pro-

gram
i Inferred clusters Number of
Population e
1 (Red) 2 (Green) individuals
JHKD 0.626 0.374 »
JERM 0.628 0.372 2
KDD 0.385 0.615 8
KDH 0.442 0.558 10
KGP 0.448 0.552 34

The highest values for each population is in bold.

Principal Coordinates (NeiP GenAlEx)

4 KDH

+ Kkap & JHKD

+ JERM

Coord. 2: 21.75%

4 KDD

Coord. 1: €1.65%

Fig. 2. Biplot of principal coordinates analysis based on the
Nei’s genetic distance for 5 populations of A. japonicas.

722%, 2t 1% U]
W AT Wl s
(Table 9).
ERE v A4S 2HTE £4E Y8 W=
THTE FEL AANT AT, AK ol 29 9 Hups B
HAATLAF(K=2) et 2749 R o= JHA st EA A
t}h(Fig. 3, Table 10). #4€ 5/ H&& HHFH 5ol whet
27114 THoE JHgsta, 74 Jdo] 2o ¥32 AFEE
SI1E0R BT v, 24 F Y AFoE RYHME,
et A r fdo] st A EEHAL, FE, F
dl, Z#x Fdo] g2 st FHo TEHAT £, K=2Y
w, #2744 FEEE T 194 = Jdo] 626%, A=
Aol 628%, 7 2914 E& ko] 615%, T3l Httol

A A 7 ol == 092%, 7 A AT
91.86% = UFEFTH(Fs=0.0814, p=0.0000)

L
T

1.00
0.80
0.60
0.40
0.20
0.00

JHKD

JERM

55.8% 18] ZHE ko] 552%F VFEFW Th(Table 10). w2}
A, Structure £4 2 XN E =3 & HFoF EEy

£ A% UeanE A4S 2T 5 Y

P A9 dEo HajEet R A9 =
© 2 mtDNA (Cyt b)9} msDNA B4& 43313t}

& DY Cytb G7IME 24 A A 27749
haplotype©] UEl o1, o] 5 % Hap013% Hap097} A A 3
dollM M 22 s ﬂ%i}‘}ili} g3t dE =F5
ol A ?'SJ haplotypeS & f-3t= 21-& Hap0l9l4 =54}
4z A9 2tz A Alddtane #EFHA ¥ttt (Table
2). Haplotype %4l Hap012 £ E3]= 249 (629%)°l
A, Hap09+ =79 Eall ek A4 (39.6%)A & W= U
Bt} o] 5 F haplotypeo] &= Faf ¢t} A& o= A9
e Aol & YERE major haplotyped & AlAFSIATH &

3], Hap09E 39 Ea9k A QoA B35 o], L;L =3
3t Y8 B % A ERE e TR F4F £
o & E}(Table 2).

A 28 9 el sle AlE
Haplotype Tt ol A+ 2t A9 g BFoA &
ZH(HA>05, 0.5882~0.8649)¢ LERI QL o, A 7]Thew ol 4
SO ZHPI<1.0%, 0.00799~0.00903) ¢ LHEF o] @ 53]
I 2o EFE Ad2 £33 vlwd HZo o Foi i+
AArsE AT Rk #3k7k z:]:Lo]] A3
A2 YukA 0 2 haplotype
S detus A 5-017] glEol
o] 4& %]‘“4 2o} H]JJ_

Ny

lo
fil
i
o op
L
o
1
L
S]—L

ox rr ¢S i o e & rr
r_>.£

LY =F
w3 2 FAHL dse HEH Il
EFE AT L fA8AE gdsr] AT Dxy 44 A
2] ¢} pairwise Fsrit 3 AMOVA 4] Ao A& g 53
d3 dE Fo = Hdo] W 24 Aol U &

o
E

KDD KDH KGP

Fig. 3. Population structure inferred by Bayesian clustering method using the STRUCTURE program. The different colors represent
two different clusters (K=2). Vertical lines separate the 5 populations of A. japonicas.
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