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Isozyme Variation in Two Species of Freshwater Pleurocerid
Snails in Korea: Koreanomelania nodifila and Koreoleptoxis
globus ovalis

Jun-Sang Lee, Jung—Ho Ko and Oh-Kil Kwon

Division of Life Sciences, College of Natural Sciences, Kangwon National University, Chunchon 200-701. Korea

ABSTRACT

A genetic analysis using starch gel electrophoresis
was performed to clarify the degrees of genetic
differentiation among two species of the genus
Koreanomelania and Koreoleptoxis (Gastropoda,
Pleuroceridae). The average genetic similarity
coefficients (S) among the populations of K. nodifila
was S = 0.848 (0.805-0.905) and K. globus ovalis was
S = 0.755 (0.666-0.860). The genetic similarity
coefficients between Semisulcospira gottschei and K.
nodifila, S. gottschei and K. globus ovalis, and K.
nodifila and K. globus ovalis were 0.194, 0.301, and
0.301, respectively. So between K. nodifila and K.
globus ovalis seems to be genetically two distinct taxa.

Keywords: Starch gel electrophoresis, Genetic
similarity coefficients, Koreanomelania,
Koreoleptoxis.
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I, Miyanaga (1942) = °1%& Semisulcospira % 6 5 3
3 oo AYslHA v. Martens (1894) 2 M.
nodiperda pertinax®t M. ovulum < Semisulcospira
nodifila (v. Martens 1886) 2 E£olg o 7|E3ct ©
3 Morrison (1954) 2 v. Martens (1886) 2| M. nodifila
Z Oxytrema 422 7153 n} 9t} 7 & Kwon and
Habe (1979), Kwon (1990) = %W t+&7] & Semisul-
cospira, Koreanomelania® 27| &°8 FE3L
Koreanomelania 4 v. Martens (1886) 2] M. nodifila
s}t M. globus® E331sich 28y Burch et ol. (1987) 2
v. Martens (1886) ¢ M. nodifilas Hua (Koreano-
melania) nodifila® 7131, =3 v. Martens (1886) <]
M. globus® 2% FAF #4 T3 543 2EE A2
4 (Koreoleptoxis) © Alo}E  (Koreoleptoxis globus
ovalis) o3 WESslY 34 tie7| 35 Koreoleptoxis,
Semisulcospira, Hua®] 37 £2% &3 Slrh

£ A7+ v. Martens (1886) 2] Melania nodifila®} 1
%9k v. Martens (1886) 2 M. globus® 573=]°] Kwon
and Habe (1979) ¢l 2)3l9 Koreanomelania 428 ¥
go] $+¥ Burch and Jung (1987) ¢ Koreoleptoxis
globus ovalisS At Z H7]9ES ©]-43 isozyme 4

& Fobol 57 29 ¥RA K4 AF%nA gk
WE W

AR FFLctE7] (Koreanomelania nodifila)
(Fig. 1B, C)&} w]F41}&7) (Koreoleptoxis globus ovalis)
(Fig. 1D)&= = 570 A9 shadelA] A4 S5 283
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A B

o AAstgct ¥ out groupo® AHEE EAiE7)
(Semisulcospira gottschei) (Fig. 1A)E= 7% FHT F
sl A sk} (Fig. 2, Table 1).

AAH FA= *a'“é}‘aly}‘xl /J-o}.cﬂ‘— A]—E}]i .,_u]-s}. 3, 7]
FHAIE A AR a2 72’\] ek e R
2] YE-ES AAT & ¥57] (-807T) o 2H3t AV|AF
£ AsE At ARH 2 AAES A71G9F A v
Martens (1905), Burch and Jung (1987), Kwon (2001)
o] B2 upio) we} TRk

WE7le 28 Age 49 Lsp|ds AAT & 23
I S5 vl& (VW) & 1:12 34 glass homogenizer
(B. Braun Co.) = v}3t % 47ToA 15,000 rpm
(35,000 x g) o= 3087 AL AAEsto AWEE AAE
AeAE Hsted AR AMESIY B9E4 £ A3 A
71%9% 2 Yang ef al. (1991) # Buth (1986) &} wel] o}
g 3 AL A7]d5¥H  (horizontal starch gel
electrophoresis) = AAI3l91, geld starch (Sigma,
S-5651)F 11.5%° F=& HEirth

F4M gGA v Selander et al. (1971)3 Buth
(1986) o] HHHE HHsle AAsGr AV|G9E F oA
a4 W A e] 471954 (electromorph) & |83t Z
AAE FAREE glsige) el 7 F d Adhd §A
2182 BIOSYS program (Swofford and Selander, 1981)
o2 7zt Ao diH3IA}L HE (allele frequency), °|FA %
A} ¥1% (heterozygosity) & T-5F¢ °]&9] 437 WHolE:

C

Fig. 1. A, Semisulcospira gottschei; B and C, Koreanomelania nodifila, D, Koreoleptoxis globus ovalis.
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collection sites

Koreanomelania
ovalis.
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Table 1. Collection localities and sample sizes of specimens of the family Pleuroceridae employed in this study.

Species Localities NO.' of Date
specimens
Semisulcospira gottschei 1. Hangang (River), Yangsu-ri, Yangpyong-gun, Gyeonggi-do 20 June 2001
2. Hantangang (River), Jangheung-ri, Cheorwon-gun, 10 May 2001
Gangwon-do
Koreanomelania nodifila 3. Pyeongchanggang (River), Daesang-ri, Pyongchang-gun, 20 June 2001
Gangwon-do
4. Joyanggang (River), Buksil-ri, Chunseong-gun, Gangwon-do 10 Aug. 1999
5. Joryongchon (Stream), Bongsaeng-ri, Mungyong-shi, 10 May 2001
. Gyeongsangbuk-do
Korgo]ep toxis globus 6. Pyeongchanggang (River), Daesang-ri, Pyeongchang-gun, 20 June 2001
ovalis
Gangwon-do
7. Donggang (River), Goseong-ri, Chunseong-gun, Gangwon-do 20 May 2000
Table 2. Buffer systems and enzymes for electrophoresis.
Buffer system E.C.No. Enzyme Condition
2.6.1.1 Glutamate oxalate transaminase (Got)
1.1.1.43 6-Phosphogluconate dehydrogenase (6Pgd)
1.1.1.49 Glucose-6-phosphate dehydrogenase (G6pdh)
T.C. 11 1.1.1.8 a-glycerophosphate dehydrogenase( e Gpd) 100 V/5 hrs
1.1.1.37 Malate dehydrogenase (Mdh-1,2)
2.7.5.1 Phosphoglucomutase(Pgm)
- Esterase(Est-2)
. 3.4.11.11 Peptidase (Pept)
Poulik ) Esterase(Est-1) 250 V/4 hrs
T.C. II, continuous tris citrate II, pH 8.0
Poulik, discontinuous tris citrate, pH 8.2
zASS) dEA IS B2 @ 4 AT P $2 41 i AoRE ug
2 ZABAE  Roger (1972)9 +4# ZAx)9 Nei 3 s AT FAEAA ARE dFdderis v

3, 0] A 2HAE B

1973)°l 4%t

(1972) 9] A=A #o|x2 Fi}dx
]2 UPGMA "PH (Sneath and Sokal,

dendrogram< ZAEFSch  AREE isozymeZ}t buffer
system-= Table 29} 7t}
4 s

dzodtisr) (K. nodifila), WTFE9&E7] (K. globus
ovalis) Z+Z 37 ]9 Ak £ 90 AAE it = 3 247]
45 A% 879 AioA 107H4 FAAE AL
Z FAAPEE A =S 73-‘—}* Table 3%} 2t
A& 1009 FAA F ‘3——1-‘?—{—
Hol7h gdfov & 7+ Cﬂ
et 7 F Gote= G N
AR A= e 3 °‘+ “’H’**leﬂt 3 Ak 2% ¢
i AAE Al e FAH EAQIA (genetic
marker) & UEIsich £33 Gpdhi GFUciEr]dAE
E5A] gdgtoy wrErerldAe 498 b WHAAR U

Martens (1894) 9] Melania nodiperda pertinax typel2.
2 v. Martens (1886) 9] Melania nodifila type?l 7H9=
AT g A el Al £ A4 AR
ol v agtch 18y wgtker] 370 AHAT )
AE-L o FejA zpe]F Rolx] gdgkont o] Aoz o
53 Est-204] 9% AT zAE Ade 5= 34
2] Aok A5 FAe e A b, ¢ R} 8
He a PR 74° Aols Byl

Table 3] WA} HI=S o]&3le] AT 744 ¥
2 iEslglnh (Table 4). 24 K. nodifila 371 Heke] %4
T dEdAS A = 143, ¢ GFFU=E P = 43.3%
(20-60%), A4 AL oJFAIAM= Ho = 0.186
(0.15-0.25), FAAMIxel 3 7eh=l= o] AHFAPIE He
= 0.166 (0.105-0.201)2.% Yel} K. globus ovalis 3%
(A = 146, P = 36.6%, Ho = 0.071, He = 0.123) 2t}
e A il “4 Hol| =S R}

7

e $7 94 2AaAE Lolno] slsjel 7 A%

o]xg_,l:_

1\3’\_1_
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Table 3. Allele frequencies of seven populations in the family Pleuroceridae.

S. Gottschei K. nodifila K. globus ovalis
Locus  Allele 1 9 3 1 5 6 7

Got a 1.00 1.00 1.00
b .05
c .18 .95 1.00 1.00
d .82

6Pgd a .52 .50 .88
b .48 .58 .80 1.00 .50 .12
c 1.00 42 .20

aGpd a .05 .05 .05 .27 1.00
b 1.00 .95 .95 .95 .58
c .15
d 1.00

Mdh-1 a .50 1.00 1.00 .65
b .50 .50 .50 .50 .35
c .50 .50 .50

Mdh-2 a .20 .15 .05
b .15
c 1.00 1.00 1.00 .80 .85 .80
d 1.00

Est-1 a 1.00 .40 1.00 1.00 1.00
b 1.00 1.00 .60

Est-2 a. 1.00
b .30 .55 1.00
c .52 1.00 1.00 .70 45
d 48

G6pdh a 1.00 ND ND ND
b 1.00 1.00 1.00

Pgm a .10
b 1.00 .97 .90
c 1.00 .80 1.00 .03
d .75 .20
e .25

Pept a .55 .42 .95 1.00 1.00 1.00
b .45 .58 .05
c 1.00

o A gFHedAlE (Table 3)& |43} Rogers
(1972) 9] 442 244 (similarity, S) 2 Nei (1972) 9
|42 x}o|x| (distance, D) & T3t} v]@3tgc} (Table
5). TV A4 44 L9 K nodifila?} S = 0.848
(0.805-0.905) & U}, K. globus ovalis= ©|xt} e
S = 0.755 (0.666-0.860) 9] = E3ict 7 59 47 74
A FAxE 2AGE719 97717 S = 0.1949] wig-
g 2435 ZA S|} wFEthEr] Aol S =
0.301% 2.4tk AEgrteriel WyrsthEr] els S
= 0.3019 §4 AxE el =3t 9FUckEr) e o
TEvher] 749 A}olE & 5 ATk

Rogers (1972) & 44 244 (8) & EUE UPGMA

b

T T F- I 43
B l-H

oy e
o

o

o2 dendrograme AT 2# (Fig. 3), 4 9 $&
=23 543 Ao] (S = 0.194-0.30D)F FAH Jej
ErAAe} dxslge) 53] ZAhxE A FAENA A
% v. Martens (1894) 9 Melania nodiperda pertinax
type°] K. nodifila group® @7 FA= o] o] Fo| dFL
2719 local form%E& 2ot F gk 284y wFets
7] 371 Ak 9 HelF AojHs A & 5 glfelE &
st nAE] Aoke] wig 3 FAIRE A= el ohsiA
1Al #FEE 947t 275k

flr 4

"

o E

Von Martens (1886) 2] Melania nodifila®} M. globus
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Table 4. Average genetic variations of three species in the family Pleuroceridae.

Mean No. of

. No. of specimens
Species

alleles per locus

Polymorphism

Mean heterozygosity

™) A) per locus (% p) Direct (Ho) Expect (He)
Semisulcospira gottschei
1. Yangsu-ri 10 1.5 50.0 .163 222
Koreanomelania nodifila
2. Jangheung-ri 10 1.2 20.0 .150 .105
3. Daesang-ri 20 1.5 50.0 .250 0194
4. Buksil-ri 10 1.6 60.0 0160 .201
Average 1.43 43.3 .186 .166
Koreoleptoxis globus ovalis
5. Bongsaeng-ri 10 1.4 40.0 .090 .106
6. Daesang-ri 20 1.5 30.0 .040 141
7. Goseong-ri 20 1.5 40.0 .085 122
Average 1.46 36.6 071 .123

Table 5. Rogers' (1972) coefficients of genetic similarity (S; above diagonal) and Nei's (1972) coefficients of genetic distance (D;

below diagonal) of seven populations of family Pleuroceridae.

Species and population Populations
1 2 3 4 5 6 7

Semisulcospira gottscher

1. Yangsu-ri 0.146 0.206 0.225 0.286 0.312 0.305
Koreanomelania nodifila

2. Jangheung-ri 2.383 0.905 0.805 0.291 0.232 0.188

3. Daesang-ri 1.895 0.045. - 0.835 0.349 0.272 0.208

4. Buksil-ri 1.740 0.130 0.079 - 0.486 0.390 0.299
Koreoleptoxis globus ovalis

5. Bongsaeng-ri 1.262 1.186 0.996 0.667 - 0.860 0.666

6. Daesang-ri 1.330 1.483 1.362 0.874 0.066 - 0.739

7. Goseong-ri 1.332 1.765 1.714 1.227 0.342 0.221

= Kuroda (1929) ¢ 238l Semisulcospira nodifila <}
S. globus® 7]Z5$t}7l Kwon and Habe (1979) = ©|

ZZo] WS 3= AME B ARo] AR
Koreanomelania 4°| HYAFH}t. 18y Burch et al.

(1987) & Kwon and Habe (1979) ¢ 9% K. nodifila s
Hua (K.) nodifila® 715392, %3t Burch and Jung
(1987) & M. globus®] 1 AA& JEAsti o)k o)
2} Alo}E Koreoleptoxis globus ovaliss WEsIGEd 1
He)7l Kwon (1990), Kwon et al. (1993) 9
Koreanomelania globus$t Ax|3}2F Kuroda (1929),
Miyanaga (1942), Kwon and Habe (1979),
(1990), Kwon et al. (1993) °lA E71" Semisulcospira
globus %= Koreanomelania globus< Burch and Jung
(1987) ol 93t Alo}Eo 2 Wy Koreoleptoxis globus
ovalis € Foz 2o} weha dArA 4 e o&
71 % J=3lE 9 £ (Choe and Yoon, 1997) %

Kwon

- 121

Koreoleptoxis globus (v. Martens, 1886) ¥ Zujdl| 443}
A de T 7FsAel £k

T4 o7 & deelRe] SHEa B4 J3 A7
Kim (1986), Kim (1995), Jung et al. (1999) o] <3}
A Ak FA7A Ho| Arel £7F f-A4 FradAlE ¢
3 vk gy ) A 7 /A8 F9BAE Lol 9
A= Al=EA] gt

2 a7l dFdoEr] 3 Al H7 dF3E (P)
st FYRIA AlE (Ho) o|BAFAUE (He) & P =

43.3%, Ho = 0.186, He = 0.166°.5 Yelyty, ujist)
%7] 37 AL P = 36.63%, Ho = 0.071, He = 0.1232

2 AkEEe] Slender (1976) o S$AMlF (P=43.7%,
Ho=0.15) ¢} Kim (1986) 2] S. gottschei (P = 44%, Ho
= 0.09, He = 0.13)8} FA3F 32 Bger} Kim (1995)
9] Semisulcospira % 5% (P = 58.0-83.3%, Ho =
0.470-0.591) Rl @3 #-x3 WHolE Rt
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3 4 6 .8 9 1.0
1 I 1 ) J i
Semisulcospira gottschei
1. Yangsu-ri
Koreanomelania nodifila
2. Jangheung-ri
0.24 | 0.90 g g
— 0.82 3. Daesang-ri
4. Buksil-ri
0.30 Koreoleptoxis globus ovalis

v am—— 5. Bongsaeng-ri
"0.85 9 9

0.70 6. Daesang-ri

7. Goseong-ri

Fig. 3. A dendrogram of seven populations in three species of the Family Pleuroceridae based on

Rogers' genetic similarity coefficients (1972).

aFdEr)e wrsver)e A9 At J7 /AA
24x= Z7H S = 0.848, 0.755% 7v|=Z Z=Er}y

Goniobasis floridensis 8 ATHS = 0.847) & FAH &
(Chambers, 1980) & 247, =u @4t A £ 3 £, 11
N Aol FA4 29U (S = 0.977-1.000) 2= wHA o
ghton} 7)5akel ARAY (Corbicula Japonica) 47 At
(S = 0.873; Lee and Kim, 1997) 3= A8k Yelyc)
224 Avise (1976) &) 23}2]F o o] Foal dutA
A FHFEE FW FAH 2AX9 (S = 0.970-1.000)
= AolE Bk

g AFUnET] 3 AY F AE AT FAE A
(Fig. 1C) = v. Martens (1894) 9] Melania nodiperda
pertinax type°]™ Miyanaga (1942) ©f 28l M.
nodifila®] FF°o|H2% A2 local formeo|tl. o] FAF
EAle] AL v, Martens (1886) ¢ M. nodifile A (7}
A= A7 55 AL, A8 g3 A5 ddE) &
S = 0.829] vk W2 FAA ZAAE Bou, e ol
7} A Qe wFEtier] 370 Ade] 8 = 0.708] FHA 2
Ax= 3% Z23E 2o Miyanaga (1942) 9 9% 5 A
2 elEsici AlaE

Z Fo 547 FA4F Fdxe ZAYE| d5edE]
7}S = 0.1949 wi§ @& gk By w3 Aok 9} o
TetEr)Abele 8 301& xgldh 53] d5drer|9)
ur&thEr1 2] 7%

)

0.

A ZAXE S = 0.301% AL F
HE2EEY 7 448 £34F S = 0.47-0.78 (Avise,
1976) 8t} Yo} o] F B-FF Tl FEI &3¢ Aol &

AW F3ees voln Uk webd 2 o) 7 P4

2O

FH+= Semisulcospira, Koreanomelania, Koreoleptoxis2]
37 o2 TE FE Aol eukelctn 2o

2 o

U 570 Aol A AR BFLE7] (Koreanomelania
nodifila) ¢ WF-&t}&7)(Koreoleptoxis globus ovalis) 7}
9 FA4 EH-EE EUE £33 59 74 fo4de A
oAt A7|95E o83 FHEL A AAESH F
W A A4 Zdxe GFedErl S = 0.848
(0.805-0.905) & ‘el mF-erker|E ojiet @2 § =
0.755 (0.666-0.860) 2] - 2olvh. ZF Fof £t {48 &
Ax e ZATE7|S dFLhE717F S = 0,194 o w2
Fe BT FA &7} WFEtEr] Aol S = 0.301%
vehggict. =3 dFdchEr1e) d-erEr] ele S =
0.3019] A7 ZHAXE Ko o]F TH] #3HA F3lefol

420 Aole] ol8E ¢ 4 ek
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