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Morphological Variations and Genetic Variations Inferred from AFLP (Amplified Fragment Length Poly-
morphism) Analysis of Cottus Populations (Scorpaeniformes: Cottidae) in Korea by Byeon Hwa Kun, Keun-
Sik Kim?, Ha-Yoon Song! and In-Chul Bang™* (Environmental Research Institute, Kangwon National University Chuncheon
200-701, Korea; ‘Department of Marine Biotechnology, Soonchunhyang University, Asan 336-745, Korea)

ABSTRACT Morphological and genetic variation of Cottus populations in Korea were compared to
each other in the watershed. Morphological variation was analyzed by meristic and morphometric cha-
racters, and by fertilized egg sizes. Genetic variation was assessed by amplified fragment length poly-
morphism (AFLP) fingerprinting. Cottus koreanus populations of rivers and streams running towards
the eastern coasts of the Korean Peninsula were significantly different in morphometric characters from
populations in rivers and streams running towards the western and southern coasts of the Korean
Peninsula, but did not differ in meristric characters and fertilized egg sizes. Cottus populations in the
upper streams-Yangyangnamadae Stream, Jusu Stream and Samcheogosip Stream-were the same in
meristic and genetic characters. However, the Cottus sp. population from Baebong Stream is related
to C. hangiongensis in meristic characteristics and to C. koreanus in the morphometric characteristics
of length of the ventral fin ray and in the fertilized egg size. Pairwise genetic distances assessed by the
AFLP method among C. koreanus populations were in the range of 0.110 to 0.221. Genetic distances
between C. hangiongensis and C. koreanus populations varied from 0.542 to 0.621, and those between
the Cottus sp. population of Baebong Stream and C. koreanus populations from 0.222 to 0.304. The
result of the UPGMA dendrogram shows the Cottus sp. population of Baebong Stream was clearly
separated of other C. koreanus populations.
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Fig. 1. Sampling sites of Cottus populationsin Korea. Circles, Cottus
koreanus; a square, C. hangiongensis, atriangle, Cottus sp.
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Table 1. Sequence information of adapters and primers used for AFLP
analysis

Sequence (5 — 3)
EcoRl Forward: CTCGTAGACTGCGTACC
Reverset AATTGGTACGCAGTC
Adapters
Msel Forward: GACGATGAGTCCTGAG
Reverse: TACTCAGGACTCAT
Pre-amplification EcoRl GACTGCGTACCAATTCA
primers Msel  ATGAGTCCTGAGTAAC

E/AGA GACTGCGTACCAATTCAGA
EcoRI  E/ACT GACTGCGTACCAATTCACT
E/AGA GACTGCGTACCAATTCAGA

M/CTA ATGAGTCCTGAGTAACTA
Msel M/CGT ATGAGTCCTGAGTAACGT
M/CGA ATGAGTCCTGAGTAACGA

Selective amplification
primers

5) Data analysis
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Table 2. Comparison of morphological characters among Cottus koreanus populations of female

Female Cottus koreanus Cottus sp. h anggtr:;Zn S
characters
1J BH NH ND YN Js 6] BB SOD
% of SL
HL 27.2+11% 27.2+12% 271+16* 27.7+16* 27.6+17%° 284+19 285+09° 281+18 276+1.72
BD 193+15° 192+16° 19.8+17® 19.1+21* 216+14° 201+16® 212+12° 21.0+1.2° 20.4+1.9®
CPL 162+1.0° 163+12® 171+12%° 17.1+16* 167+13® 164+13° 158+12° 162+13% 185+1.8°
CPD 8.6+03% 84+06° 8.6+0.6 8.2+1.1° 9.6+0.8° 9.2+0.8% 97+10° 99+08° 9.9+1.0°
VFR-L 195+20* 19.7+15% 193+21* 186+23%* 19.8+14>* 19.6+0.9% 203+1.0* 18.9+1.4* 18.6+1.4%
AFR-L 105+0.9* 10.8+0.7% 106+0.7% 104+11* 107+1.0™ 116+10* 115+1.3%* 11.2+10™  104+1.2%
% of HL
MW 55.6+2.0* 57.6+35% 575+32% 571+36%* 618+4.1% 650+58% 643+4.7% 584+4.7> 58.9+4.3%
SnL 292+13 299+16%* 294+21* 295+18 30.1+25  299+26% 302+21% 29.3+2.0° 26.9+1.3°
Meristics
P 12~13 13 12~13 12~13 13 13 12~13 13~14 13~14
D1 8 8 8 8 7~8 8 8 7~9 8~9
D2 18~21 18~20 18~20 19~21 20 19~21 19~20 18~22 20~22
A 14~17 14~17 14~16 14~17 15~16 15~16 15~16 15~17 16~17

Means in columns with a same superscript |etter are not significantly different (P> 0.05).
* indicates significant of sex dimorphism.
Abbreviation: 13, Imjin River; BH, Bukhan River; NH, Namhan River; ND, Nakdong River; YN, Yangyangnamdae Stream; JS, Jusu Stream; SO, Samcheokosip
Stream; BB, Baebong Stream; SOD, Samcheokosip Stream (down-Stream); SL, standard length; BD, body depth; HL, head length; CPL, caudal peduncle length;
CPD, caudal peduncle depth; AFR-L, anal fin ray length; VFR-L, ventral fin ray length; MW, mouth width; SnL, snout length; P, number of pectoral fin rays, D1,
number of first dorsal fin rays; D2, number of second dorsal fin rays; A, number of ana fin rays.

Table 3. Comparison of morphological characters among Cottus koreanus populations of male

Cottus
) M aI? Cottus koreanus Cottus sp. hangiongensis
characters
1J BH NH ND YN JS S'e) BB SOD
% of SL
HL 281+12% 285+16* 288+13% 286+17° 280+20° 285+25 29.3+12° 2874207 28.9+1.6%
BD 19.6+1.22  201+17%° 211+16® 199413 214+14% 214+11* 221+20° 214+14® 21.8+1.7°
CPL 16.6+1.7% 163417 17.3+22* 167+29* 163+1.8 167+18 157+09 16.7+16% 17.8+1.9°
CPD 8.8+0.3° 8.8+0.6 89+1.07 8.8+0.8* 9.8+08° 95+08%® 98+10° 99+11° 10.2+1.0°
VFR-L 282+28® 282+38® 305+32% 289+31% 253+27® 269+27® 259+23" 258+32° 19.1+25°
AFR-L 148+16* 13.7+14® 137+1.7® 138+16%® 123+17% 132+21® 128+16® 121+18° 13.9+25®
% of HL
MW 71.3+58 70.1+6.0° 704+4.2° 70.3+59° 725+57%° 715+65 70.6+57° 69.2+4.8° 69.6+5.5%
SnL 305+1.2% 316+20* 314+16° 301+20° 311+1.8° 304+1.6® 302+20° 294+14° 28.1+1.9°
Meristics
P 12~13 13 13 12~13 13 12~13 13 13~ 14 13~ 14
D1 8 8 8 8 8 8 7~8 8~9 8~9
D2 18~21 18~21 18~21 18~21 20~21 20~21 19~20 18~22 20~21
A 14~17 14~17 14~16 14~ 16 15~17 15~17 15~16 15~17 16~17

Means in columns with a same superscript |etter are not significantly different (P> 0.05).
Abbreviation: 1J, Imjin River; BH, Bukhan River; NH, Namhan River; ND, Nakdong River; YN, Yangyangnamdae Stream; JS, Jusu Stream; SO, Samcheokosip
Stream; BB, Baebong Stream; SOD, Samcheokosip Stream (down-Stream); SL, standard length; BD, body depth; HL, head length; CPL, caudal peduncle length;
CPD, caudal peduncle depth; AFR-L, anal fin ray length; VFR-L, ventra fin ray length; MW, mouth width; SnL, snout length; P, number of pectoral fin rays, D1, num-
ber of 1st dorsal fin rays; D2, number of 2nd dorsal fin rays; A, number of anal fin rays.
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Table 4. Comparison of egg sizes among populations of Cottus koreanus, Cottus sp. and C. hangiongensis

C. koreanus Cottussp.  C. hangiongensis
Sampling station 1J BH NH ND YN JS SO BB SOD
n=30 n=30 n=30 n=30 n=30 n=30 n=30 n=30 n=30

Eggsize(mm) 3.06+0.08 3.05+0.08 3.04+0.09* 3.05+£0.07% 298+006" 3.02+0.07*° 3.04+005 2934+006" 1.91+0.06°

13, Imjin River; BH, Bukhan River; NH, Namhan River; ND, Nakdong River; YN, Y angyangnamdae Stream; JS, Jusu Stream; SO, Samcheokosip Stream; BB, Bae-
bong Stream; SOD, Samcheokosip Stream (down-Stream).

Fig. 2. AFLP fingerprint patterns from nine populations of Cottus populations generated with a primer combination of E’/AGA~M/CGA. Lanes
1-4, C. hangiongensis population; lanes 5-23, 29-41, C. koreanus populations from Nakdong River (5-9), Imjin River (10-14), Bukhan River (15-
18), Namhan River (19-23), Jusu Stream (29-33), Y angyangnamdase Stream (34-38), and Samcheokosip Steram (39-41); lanes 24-28, Cottus sp.
populations from Basebong Stream. M, 1kb DNA ladder. Arrows indicates popul ation specific markers.
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7+ Aehd AFLP §-A42} A48 A3}, 3x39] selective
primerel| A 283749 f-& band7} AEE e, 7 A= 2¢
5] band7} & o] i} (Fig. 2). 570 MAZES &
3N NATE FHEHA R8T 5ol band7l F 40
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band7} ©}4~ 71 &= glv (Table 5).
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N

Table 5. The number of specific marker bands from nine Cottus popu-
lations by AFLP analysis

: No. of specific
Populations marker bands
Imjin River 0
Bukhan River 4
Namhan River 4
C. koreanus Nakdong River 0
Y angyangnamdae Stream 1
Jusu Stream 5
Samcheokosip Stream 6
C. sp. Baebong Stream 18
C. hangiongensis Samcheokosip Stream 45

o] §AA 7A=E Table 6] “Jebilet 5370 73 2+
SAA Age 0106~0.22124, FF $-AH #el= 0.148
oloict e} Akt 57k Fhe] 010602 71 73t
A vebgten, 537k At AR e Al Fdhe] 0.221=
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A, 283 AR AR AbRel AAEE ARE 7H] &
AA Arle 0.117~01742H, Ha 4% A== 0138
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u
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A, FA, 223 A A Al AXEke AR
el $44 Agl: 0110~0.2212 A, 7 §44 A=

7t fAH AR 0542~062124 FFE H44 AZ:
0.581% vjelytet. g w3 e] Cottus A5k =37 A
DE3 0.222~0.30424, FF 44 Ag)r}t 02712
ehgeon, 557 Adte] f474 7]z} 0.598= et
Wt
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Table 6. Pairwise Genetic distance from nine Cottus populations by AFLP analysis

) C. koreanus C. sp. C. hangiongensis
Populations
1J* BH NH ND YN JS SO BB SOD

1J - 0.176 0.131 0.151 0.110 0.144 0.184 0.276 0.542
BH - 0.156 0.167 0.147 0.180 0.221 0.272 0.585
NH - 0.106 0.116 0.109 0.129 0.265 0.577

C. koreanus ND - 0.149 0.157 0.164 0.283 0.574
YN - 0.117 0.122 0.222 0.589
JS - 0.174 0.276 0.581
SO - 0.304 0.621

C. sp. BB - 0.598

C. hangiongensis ~ YND -

*1J, Imjin River; BH, Bukhan River; NH, Namhan River; ND, Nakdong River; YN, Yangyangnamdae Stream; JS, Jusu Stream; SO, Samcheokosip Stream; BB,

Baebong Stream; SOD, Samcheokosip Stream (down-Stream).
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Fig. 3. Dendrogram reconstructed by the UPGMA method showing phylogenetic relationships among nine Cottus populations based on genetic

distance data.
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