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ABSTRACT

Genetic variation and population structure of the slender bitterling Acheilognathus lance-

olatus of Korea (the Han, Geum, Dongjin, Seomjin and Nakdong Rivers) and Japan {the Katsura River)
were assessed by amplified fragment length polymorphism {AFLP) analysis. Five combinations of selec-
tive primers generated 345~ 374 DNA fragments, of which 55~ 131 were polymorphic. The Nakdong
River population had the highest genetic diversity and the Han River population had the lowest
genetic diversity. Dendrogram based on the distance matrix revealed that individuals from each
population consistently clustered together and bifurcated into two distinct clades (or population groups)
composed of the Han, Geum, Dongjin and Seomijin River populations and of the Nakdong and Katsura
River poputations, supported with high bootstrap values. The pairwise genetic differentiation (Fgy)
estimates showed that the six populations were genetically well differentiated (P < 0.01). The analysis of
molecular variance (AMOVA) after partitioning the six populations into two population groups revealed
very strong biogeographic structuring between them with 25.49% of total variance (P<0.01). Taken
together, the AFLP markers clearly divided six A. lanceolatus populations into two population groups.
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B2 Acheilognathus lanceolatuss FA}0}3} (Acheilo-
gnathinae)ol| &3h= Felz 859 Al ez §4
3= st 424 Honshu (AM)s| A Kyushu (JusM)ell 2
H ogA Bxstz doh(313 4 2002; Hashiguchi er al.,
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Pdapsele] 2E b wgow 3 Ad4Ee] 29
o] X.31% %) 31 (Hashiguchi et al., 2006; 4, 2009), A. lanceo-
latus= ZA8t Tanakia limbataE ©)E3+ Acheilognathus
& Rhodeus® X Tanakiot2] o33 253t w4sle] #HA]
¥ gl A% AAY 4 o] (Kawamura and Hosoya,
2000), A. lanceolatus 35t 7+2] wwl < Rwlo g o]E 719
F23 AT B AL ol AR o ey oF
Ak 2ke] ABEYH BAE Fotsr] H8) /4 FRE vl
gozg s AGHATH Aol dardel dFs vk

#HaN7R] A. lanceolatus®] T AFE= nEFrgo}
128 ribosomal RNA §-3Ake] Al Mg BAM& 23 249
ZFate) ABAEA Q79 (Okazaki er al,, 2001) | BT =
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g]o} cytochrome b §-3Ae] 34 A A& 53 Y&
AR A 7 vz d97 £330} (Hashiguchi ef al.,
2006). 12t o] ¥ AT-EME T Ate] 23 F
o 9o, Hi%o] d DNAE o183 A4y A7)
oldl & o]&e] §4 WHolo} Ak F2E W3 A7 A
2ot

Amplified fragment length polymorphism (AFLP) $-4]-2- &
sl el 2 7 oM 2w 3AE Jehy
7] W&ol (Vos et al., 1995; David et al., 2001), o] B4
£ 243 §3 W] BHL ARFAEA 7o) g 2
453 gtk 53] o] ¥4 7|4 32 XAl Aol 0}
£ oF Ao #44 ¥3 A7) 42 9)on (Chen
et al., 2005; Wang et al., 2007), 3+=2] 555N Cottus koreanus
(M % 2009), 2+E&-117] Pseudopungtungia nigra(3) 5, 2009),
o8| Hemibarbus mylodon (] %, 2008a)$} Zre] &9
71l A% H AFEFES de® 543 Ho] B4
249 v} gl meEby B Aol 3] 57 A9
A2 17] AN HAsh= A lanceolatusE A% 3t
o]E2] {1 Wel9} I F2E AFLP B4 & F3lo wot
s34} 3ot
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1. AEI0| JEE genomic DNA £&

2 A& A14-¥ A lanceolatus | A S 2007 59-EE]
20073 8¥7HA] =8 (A= AT I 3
= S$AE 2o 34 (FAEE AT A9, $4
AR ASA A, A AgEE QA7 A&
W), G572 A= Tk w3 SAM FH@x4
mm)$} Fdefub-g ALe-3led ARl B A lanceolatus
7§ A E~2 Katsura River [#)1] <4); Kyoto Prefecture Nantan-
shi (RUERIFF BEFHIANA AA8HAet ol 67 Aol 2
104318 Aoz mx|=eug ddstes] Wizard®
Genomic DNA Purification Kit (Promega, Madison, WI, USA)
E AH$-3le] genomic DNAS #2319t}

2. AFLP 24

AFLP 3M.& Vos ef al. (1995)2] whE-& dx w83l
3 stgiet. A8 270 9] A 8k& 4 (EcoRI$} Msel; New Eng-
land Biolabs, Beverly, MA, USA)& ARg38led genomic DNA
& A9E ¥ 7 495 DNAS ¢4 £28ln EcoRIg}
Msel adapterE 718} ligation ¥H-3-& 43 8}gir}. Liga-
tion ¥h-g-o] k=¥ DNAE 104 3jAg ¥ 14 F¢asd
s§4k-¢- (Polymerase Chain Reaction, PCR)& Al A) 519t}

il

PCR 272 95°C 30x, 56°C 60%, 72°C 60x2] £3Hk2-8
% 203 ulE3le] e, 7 PCR AFE-S S0u) 3A% &, 57
9] M)A zejolw| 23 (E/AAG-M/CAASH E/ACG-M/CGT,
E/ACA-M/CAT, E/ATT-M/CCT, E/AGT-M/CTT; Vos et al.,
1995)& Al43led 23 PCRE 4332} PCR 2742 95°C
30, 65°Cell A 56°C7HA] 39 0.7°CH 742719 30,
72°C 60&2] ¢8H-& 123] AA 3 ¥ AY 22§ 56°C
2 7AslY ¢3-S 3 243 WHEslg) 3% PCR A
B2 6% denaturing polyacrylamide geld] A7|dEF F,
SILVER SEQUENCE™ Staining Reagents (Promega, Madison,
WI, USA)Z g3t 3rlsieic. '

3. HIolE 24

PCR R E-& o] {5 we) 242} 15 02 X|§}s}
o] matrix 248 3, Arlequin 3.11 (Excoffier et al., 2005)
&AMl Aol H /A ek (genetic diversity)&
Arstdetl. 544 72 (genetic distance)o] ZH 3] AF=
(dendrogram)®= W]7}2AtE9-F2 8 (unweighted pair group
method using arithmetic average, UPGMA) 1§ ¢ 2 NTSYS-
pe 2.02i (Rohlf, 1998)3 ARg-3te] zHAJ s}t =8t A5k 1
5 209 A 2, A% W 40 Wol:= Arlequin 3.1 (Ex-
coffier et al., 2005)9] analysis of molecular variance (AMOVA)
3 (Excoffier et al., 1992)& $3) m}o}sioict.

4 =

2 dFgrE gF A lanceolatus 57 A (@ F
7y, 227 AR, GEhsd 989 /] A (Katsura
River)& diez 44 Wel& ¥437] 93 5749 A9
A Zepolw] 2ghe o|&3le] AFLP ¥AE& 33t A
29 A fx d= o 94 W= HF K94
chFAd g Table 1] vehfigic) Ahd & = 4
345~3747) olgl o, T34 W= $= 55(15.0%)~131
(24.9%)7 e1%3et. . 545 TR AEz 0.043~
0.123 & Bglow, 7 Ade] 00432 74 Wk 3
74 Aol 01232 7B w3+

AFLP BX & 53] dejzl #-44 Ael TA3ked 24
g ABx A g 5 A dE 1] SACAM AF
¥ 242 10709) A lanceolatus WA B2 24+ AR 87
F718tdct (Fig. 1. T AFE Al epd of&
o] A% faRANA T2 s 7, $AG A
A7} Aol 97%2] bootstrap Fto 2 A A FH & e A
B2 (Ee AT I8 YA o G 98
2] Katsura River A gto] 97%2] bootstrap 3L 2 AR &=
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Table 1. Summary of results for PCR bands generated by AFLP analysis using five different combinations of selective primers for each ten

Acheilognathus lanceolatus individuals from six river systems

. N Total no. of Total no. of Average genetic
Population No. of individuals scorable fragments polymorphic fragmenis di\%er;éity
Han River 10 367 55(15.0%) 0.043+0.024
Geum River 10 363 96 (26.4%) 0.08240.044
Dongjin River 10 374 75 (35.0%) 0.069+0.037
Seomjin River 10 368 86 (20.4%) 0.075+0.066
Nakdong River 10 345 131(24.9%) 0.1231+0.066
Katsura River 10 349 113(32.4%) 0.092+0.062

Table 2. The pairwise genetic differentiation (Fgy) inferred from polymorphic DNA fragments generated by AFLP analysis between Acheilog-

nathus lanceolatus populations from six river systems

Population Han R. Geum R. Dongjin R. Seomjin R. Nakdong R. Katsura R.
HanR. - 0.590* 0.666* 0.677* 0.681* 0.761*
Geum R. - 0.593* 0.428* 0.523* 0.652%
Dongjin R. - 0.588* 0.621* 0.682*
Seomjin R. - 0.501* 0.629*
Nakdong R. - 0.459*
Katsura R, -

Symbol “*” indicates significant support for Fgy values (P<0.01).

Table 3. Results of the hierarchical analyses of molecular variance (AMOVA) based on AFLP analysis for Ackeilognathus lanceolatus populations
from six river systems. The percentage of variance (%) and probability estimated from permutation (P) are given at hierarchical level

Source of variation

Degree of freedom Sum of squares Variance components % P
Among population groups 1 581.625 13.243 25.49 <0.01
Among populations within groups 4 913.925 21.085 40.58 <0.01
Within populations 54 951.900 17.628 33.93 <0.01
Total 59 2447.450 51.956 100
= o2 SIS s =8 A BRleFy) A deldk AT F2E IARP] S8 AFLP #4& s}

£ 2E A% 2ol §204 Aol ngdon (P<00D), P2
EIE (Fop) 32 275 A7 A 7ho]
0428c= 7FA 3okw 317}z Katsura River Ak 7ho]
07612 714 =9k} (Table 2).

g Asxe $404 B3 & vlge g A lanceola-
tus ARSI REATAARATY AT 2FH TS
/Katsura River A<t 2§02 F33 & o|% A} 1% 7}
AT 2% e A 719 3= AxE AMOVA gl
EE 53] ¥ (Table 3). o] & F st 2§ 2549
%2l % ol (P<00)E Moo, 7 Ak g el ek
7re] Wol= 40.58%, A W 7NA ko] Hel: 33.93%=
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Aol M= = B9 A lanceolatus At 7k $-

At A& A o984 ke 15.0~249% 2 F3 If
29) Schizothorax prenti (87.1%; Song et al., 2006)8} SH=+
2] J297124l P. nigra(64.1%; 7} %, 2009) X} ko)
=3 2dEQ IIRFR Acheilognathus koreensis (37.6%;

7, 2003) B} skt

3H AFLP BA4$ E3] 92 & Wiz=e A A
lanceolatus A%r 73] Fa 34 ey I 27 &

817 28 H. mylodon (0.036~0.043; o] %, 2008a)%}
Cobitis choii (0.076 ~0.087; o] £, 2008b)3} A8} 4:3F0]9]
o}, =38} JF=7}3) Katsura River Fwh-2 0.092~0.1239 3t
& B 2AE BhE Ak ¥gher), Ponigra (0104~
0.170) 8} Y& fFolguH (A 5, 2009).

323} dE8 A lanceolatus F-2 AFS AllA 2 &
Az fAEdeH, ol BE A 74 434 BE=
E P<0.019 A FzelN folRer AAE UL,
AMOVA EXoMEe At 718 3 WHe] #52 ot
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Fig. 1. Dendrogram generated using the UPGMA method inferred
from polymorphic AFLP markers of Acheilognathus lanceolatus indi-
viduals from the Han (HO1-H10), Geum (G01-G10), Dongjin (DO1-
D10), Seomjin (S01-S10), Nakdong (N01-N10) and Katsura (K01-K10)
River systems. Bootstrap values greater than 50% are indicated at each
branch node.
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< 99, E 939 A9 & dRstx sidh
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