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Genetic Diversity of an Endangered Fish, lksookimia choii (Cypriniformes), from Korea as
Assessed by Amplified Fragment Length Polymorphism. Lee, ll-Ro, Yoon-A Lee, Hyunchur
Shin', Yoon Kwon Nam?, Woo-Jin Kim? and In-Chul Bang* (Department of Marine Biotechnol-
ogy & 'Biology, Soonchunhyang University, Asan 336-745, Korea; *Department of Aquacul-
ture, Pukyong National Universily, Busan 608-737, Korea; °Biotechnology Research Institute,
National Fisheries Research and Development Institute, Busan 619-705, Korea)

Genetic diversity and population genetic structure within or among three stream
populations (Gab, Baekgok and Ji streams) of Korean endangered natural monument
fish, Iksookimia choii, were assessed by amplified fragment length polymorphism
(AFLP). AFLP analysis using three primer combinations generated 104 to 106 AFLP
bands, and percent polymorphic bands were similar in those three populations rang-
ing 21.5 to 24.5%. Heterozygosity and genetic diversity within or among populations
were quite low for all of these populations with average values ranging from 0.067 to
0.084 and from 0.076 to 0.087, respectively. Analyses of pairwise distance and genetic
similarity among three populations of I. choii also revealed the similar results with
very low genetic differentiation one another. Although pairwise Fst values were very
low, our data clearly indicated distinct genetic differentiation among the three popu-
lations. This is the first report concerning the genetic diversity and differentiation
of this species, and provides basic genetic information that should facilitate attempts
to conserve this species.
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29, 9AF9) =9 2 2Y Fo= Qs FRYPL 2
1A 9‘)\1:]-(Changeux and Pont, 1995; Ricciardi and Ras-
mussen, 1999; Penczak and Kruk, 2000). o]2}3F =g
7 BrelRel wAE SlaMe a4 £ ey,
<A (Inbreeding depression) B4, ete] o144 7
29 39 F 44 oepy M3 24 B3 2o gAe
A A3} v)$ 322310} (Stow ef al., 2006; Kawamura
et al., 2007; Kim et al., 2007; Danancher et al., 2008).

Amplified fragment length polymorphism (AFLP) 3
A a2 fA GRS AR W & 82, ran-
dom amplified polymorphic DNA (RAPD)2] z}AAQ =
restriction fragment length polymorphism (RFLP)2] X))
Ao P& =23 Hyolth(Vos et al., 1995). o] &
AR el B 4 SAEENAN 9 mAE 2
F517] s AMgstar gJow (Jones ef al., 1997; Li et
al., 2006), 53] D% $17)22] AL AR A7) o
4531 319 (Travis et al., 1996; Palacios and Gonzalez-
Candelas, 1999; Drummond et al., 2000; Schmidt and
Jenssen, 2000).
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1. Age] A%

£ Aol A48 vl 525, Tksookimia choii= 34
A BAR $ele de 3 2006 8ol Ak
on, A (RAFAA M =945, §FH (F2 AN
W3 Abpe]), A (EE Aok AEH F2)eA
FU(ES, 4x4 mm)E ARESte] Zhzt 1570 AR AR5}
Aot AR vEFNE Y 7.7+1.0cm, M 2.1+
LOge]gltt.

2. Genomic DNA?] 7]

725709 genomic DNAY: mejx|x=2n] YBg &
sl TNES-Urea buffer (10 mM Tris-HCl pH 8.0; 125
mM NaCl; 10 mM EDTA pH 8.0; 0.5% SDS; 8 M urea)2
o] &8led FZ&3}eiv} (Asahida et al., 1996). A7 AlzE
Z3sle= 152N proteinase K (Sigma, USA)E 100
hgmL9] $E2 H7}ehed 5504 124170 Fek WS

A% a1, phenol : chloroform : isoamylalcohol (25 : 24 : 1)
Aelste] llAL A A3} 2, 2-propancl® DNAE
AAAZ S AAA 7] DNAE 70% o eh-2-2 o] -3} A
A3tz 1X TE (10 mM Tris-Cl; 1 mM EDTA; pH 8.0)=
S A Z. ERst AlBr EBSsA £A3) 0.7% aga-
rose gel A17]°J5-& S84 DNAS] <fz} A& Felst &
Alglol] o] g3} ch
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Z 2ug®] DNAE EcoR I A|3t&4 (Promega, USA) 10
unit@ 37°Col|A] 4A|7t Axtsl & A Aeg A7|g¥

£ 34t & A ABEL 9SS Y8 Mse I
A 8t & 4 (Promega, USA) 2 unit2 A 7}sled 65°Col|A] 4
A7 Bt kA e, A ARE o) g REjd
& EcoR I/Mse [ adapter® #7}s}ed ligation HH-2-& Al
Al3ked et Ligation¥l DNA 5uLE djAtez 7z 10 pM
9] EcoR I primer @ Mse I primer (Invitrogen, USA), 1
unit Tag DNA polymerase (Intron, Korea), 0.6 mM dNTP,
10 X PCR -4 & #7}3}e] 1z PCR preamplification B}
& 4333tk PCR ¥H--2712 94°Cel|A 30%, 56°C
oA} 603, 72°CoNA] 602719 cycled & 203 wH¥s)
et PCR 13} ¥k$- AME-S TE $hE4e o2 50u] 34
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2% A Z annealing =2 56°Col|A] 3022 1A}
o 3 24318 V¥ 3R AT TF AF 20uLe]
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< AHg-ste] (Miller, 1997) v| 2370 2+ Axbd 5 A
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o] B <13 -H g (heterozygosity)? B §4 EPJ“
4] (genetic diversity) g 73+t :

7k Ahde] §A4 §-AL= (genetic similarity): Nei
and Li (1979)9) 39& ol 48152, A9t 404 A
(pairwise genetic distance)?} Z} Z7re) Hardy-Wein-
berg ¥ (HWE)E A7) 1% 44 £3)= (gene-
tic differentiation, Fst)¥ Arlequin 2 73] (ver. 2.000,
Stefan et al., 2000)& AL£2-3l93c}. Fst $3]¢)) o3t §-31
A AR (P2 329 =544 2|8 (random allelic
permutation) 33§ 10,0008 oAb HlEs}e] 385}
o} =3 2 QA ZE A% matrixE UPGMA (Unwei-
ghted Pair-Group Method using Arithmetic means)=
BA 5] Zhg 233} (clustering)dln o]F Edz
dendrogram-<- #HAl8}s o}

2% o ng

1§73 chebd

A A A H 155048 dAdes AFLPE 4:3)
g A3 3719 primer 2FHE/ACT-M/CAT, E/ACT-M/
CAC, E/ACG-M/CAC)el| 4] & 11071¢] S5 sHie=r} A=
Helew primer 2% JF 372 Jeh, o] 24
(Hemibarbus mylodon, ©], 2005)2] 537)8cl= HA }
ehdeh (Fig. 1. Asbd 934 H= nlee M3 24.5%,
WA 21.5%, A 22.1%2 FHA FAte] A4 A
Egtort Azt & zle)zt ¢lglen, vlazo) Ax o
A Wizo] v)EE 30.9%2 EAFHA o83 sl
= U2 0] (2005)7} Hud o] EX]9 17.0%10c} &7
vebgow, d39071%l ddolz oJF Gymnocypris
przewalskii®] A B8 (69.5~77.3%) Rol= 34 1}
Elytc} (Chen et al., 2005).

A& AGAE FA5] e o], &g
A A =Z7], A T2 AE & 59| torgt W
4 QAE0] T3 H o]} 3}m} (Mohammadi and Prasan-
na, 2003; Mendelson and Shaw, 2005; Singh et al., 2006),
o H W QAE FoA JA AL YN
MG R 54825 22 YA ARz o4& 4 gk
(Bonin ef al., 2007). Krauss (2000)3= AFLP #3248
T ART g F4E YeME A Had
307§A7F Heslcly dte] o}, Nybom (2004)2 A=
AFLP =% 2770%& ¥4 23 v 37 145045
AHEEE Aom Mg v} glvh B ATl Ak 15

Fig. 1. AFLP fingerprint patterns of three I. choii popula-
tions generated with a primer combination of E/
ACT-M/CAT. Lanes 1~ 15, Gab stream population;
lanes 16~ 30, Baekgok stream population; lanes
31~45, Ji stream population.

Table 1. Summary on the profiles of AFLP analysis for three
populations of I. choii.

Information of Gab Baekgok Ji Total
AFLP marker stream  stream stream
No. of samples 15 15 15 45
Total No. of bands 106 107 104 110
Total No. of
polymorphic band 26 23 23 34
Polymorphism (%) 24.5 21.5 22.1 30.9
Average genetic 921 (935 0942 0942
similarity
Averagex 0.084 0079  0.067 0.086
similarity

Average genetic 0.087* 0.079 0.076  0.088
diversity* +0.046 +0.043 =+0.042 =+0.046

* Mean+SD.
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Table 2. Pairwise distance (above the diagonal) and pair-
wise genetic differentiation (below the diagonal)
between the three populations of I. choii based on

the AFLP analysis.
Gab Baekgok Ji
stream stream stream
Gab stream - 0.018 0.017
Baekgokstream 0.120* - 0.021
Ji stream 0.105% 0.132* -

*P<0.01.
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Fig. 2. A representative dendrogram showing the phylo-
genetic relationships among three populations of
I choii based on genetic distance data. Dendrogram
was constructed by the UPGMA clustering meth-
od. G1-15, Gab stream population; B1-15, Baekgok
stream population; J1-15 lane, Ji stream popula-
tion.
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