Korean J. Ecol. 11(1) : 37~53, 1988

stmAb Yol ECte| X< X Allozyme
Bloloff st A7

RPUFEHE - BRTER - Rkl
(AN G g3 - AR QF NG AP FFRAY)

Allozyme Variations in Local Populations
of Parafossarulus manchouricus (Gastropoda: Prosobranchia) in Korea

Chung, Pyung-Rim, Jae-Kyung Chang and Yung-Kyum Ahn*
(Dept. of Parasitology, College of Medicine, Yonsei University and
Dept. of Parasitology, Wonju College of Medicine, Yonsei University*)

ABSTRACT

The most medically important snail species of Korea is Parafossarulus manchouricus,
a member of the freshwater prosobranch family Bithyniidae. The human parasite
that this snail transmits is Clonorchis sinensis, the “Chinese liver fluke”, On the other
hand, this snail has physiological characteristics that reduce the turbidity of freshwater
by its filter feeding activity. However, a few basic studies have been carried out so
far,

The present studies were attempted to know 1) the possibility of culturing the snails
and 2) allozyme variations among 5 local populations of this bithyniid snails.

As the results of the studies, P. manchouricus was able to be cultivated in the labo-
ratory and showed considerable allozyme variations especially in the Chongpyung and
Paldang populations out of those collected from 5 localities in Korea. It is quite
suggestive that the endemicity of clonorchiasis might be related to the allozyme

variability.
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ol Z&9 °P7}“L‘r— o vlA FRHEE ARAE TR 4Aste Hold
o 3t4] A (filter feeding)7)5& 7bd 70 F(H#M) o 24 S HE(@WEE 4 F3L
AutRld F93 TG ARz g s o] % 3} (Meier-Brook and Kim, 1977). =¥
% AA ool AFAdoziE Arg Ao deudel g@ %w e A9E ¥
W fovl, @F4 99gele Fa A (Chun, 1960 AALE FEF ARl A
= -QH*?- o9 AAH 45l AT dF=Fo] HEH-E Wo| vk (Chung et al., 1980).
Ea giAde fAGA o2 A z2ade st FAH T GA T4 ohvx4t

o stAel] wiet Al FAANA BFe] EEvh oW 54yt AL olFE & fAA F
(locus)@} Wojell 93t oh& ¥-3 & veplivtyd ol ZALE T4 L v Ad A
FrA A (alleles)e] 47 wolol o8 Azet & F vk, oW Hast A" wolel 9
Sto] Fo] 3§t F-3 of 4 (banding pattern) & viepd = o] & allozymeo)2} st wh o] ¥4 4
o2 g Fo AEA L A=A, A Aol gAog THE F Yt

AATEFEZAT F4ANFY d4 A& d7357] 9138t Deutche} McShan(1949)
of ste] HLoz ArjGEe] Axd o, sFEF 2 AIFANH dFE dote] &
Zdolo] da A1 ol A xsle] $r}(Wright and Ross, 1963, 1965, 1966; Davis,
1967; Davis and Lindsay, 1967; Burch and Lindsay, 1968; Wu and Burch, 1975; Wuzin-
ger, 1979; Kitikoon, 1982; Chung and Burch, 1983). Burch$} Lindsay(1968)% Bulinus
D3] o o] ol A & (diploid species)s} o}l A F (polyplmd species)o]] A} esterase F 49
EH AL A8eH 5w, Kitikoon(1982) vl T35 § % (Schistosoma mekongi) o] F
2l Tricula apertad] A7) 8] W o] Fdf A isozyme patterns®] o] & w grou] E3| o
T B Zo Y& Tricula aperta®l 7}A ¥l == glutamate-oxaloacetate transaminase(GOT)
9 AN9GE FPFAA FAFE E w9

Chungs} Burch(1983) & &=, U, dint SAclA A A9-HoloA 5 FFA
ol A A A E A dute] GOT slow bandr} dimericdtr] 28 2 uwp glovt $vet A
SE Aoz S8 a4 8 $AE vie AR vhe ok 53] 993l
FA %A heterozygositys} 7+EF el =g w7 5-4 A& wadde 2
AE deleh, AFAGNA AAdD 97 1 A "’rEP/}-‘E GOT®]  polymorphisms}
heterozygosity= Sl & v|st=717 ol & &%% Zdul = s 44 4 Sl indicators}
] 4 9est? AUTHE AFAG L -&4 & A% AdE EF 2 v FFAY
(low endemic area) 2. ¥ & vt gz, ZAYEE Jgoyolrt Lxse] A & 9L
2A, AR A= A4y 7374174"—101] gheh, 3 F9) FEAA T gene pool &
AAZS Qd, = 27, A9A cid, BAZAY 239 D Fo)e) FEA Ak 0L
t}(Valentine, 1976 a3rlel oy °474°] Hol g dolA =Xt HkEA TR ook &
AES) AN E oY ¢ 9% Aotk maueld gAen 2AgorA T 9
B9 AN AT A 23AE b AL AFA A,

B QFE S 4496 $rd gk A4Yels AT, AU BRoel $4
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o) 82 o] (Parafossarulus manchouricus)®) 7.2 19833 949 F-¥ 1984y 78 7x A= 5
A Aoty $AZ Japiges ATl A8 Ak 19833 =) AR 4
gl A A (REDF B 4AE A=A, BEF AENE AL A%e] sedd
Ao zgr Pagct. A A9 W2 Table 1o A= vh} Zeh

Table 1 Snail populations of Parafossarulus manchouricus collected from various localities

Populatxon Locallty collected Date collected Habltat
1. Chongpyung strain Chongpyung/Kyung-Kl-Do Sep 1983 Fish farm
2. Kunsan strain Kunsan/Chun-Buk Sep. 1983 Ditch
3. Chinju strain Chinju/Kyung-Nam Oct. 1983 Lake
4. Paldang strain Paldand/Kyung-Ki-Do Jul. 1984 River
5. Kimhae strain Kimhae/Kyung-Nam May 1984 Ditch

Wy AE
78 A%-2 Chung(1983)9] el wpet A3 i},

LRI A 20cm, 7}E 25cm, Eo] 35cme %8426 5% sodium thiosulfate® 3]
g8 $54 718 Dol 4989 B w2 Aestdch. Aot AeEl egg masstt ¢
A Azol Aol ful GEDE F8F 2 (glass finger bowls)ol} Fepa=l Eslo]
(green plastic trays; 7.5x20x30 cm)oll Al AL&5 gl om 2 Edelo]= 1,500 mle] A=
SEsE o AHLagrt.

MBEEH FEFE *}-Q—ﬂﬂ A AGALEE AAY BHoz 5% sodium thiosulfate &
4L 1,000 mlg 1~2ukg Astele] AFAL 7| TP 7E o] T3 ch(aeration). A= El
7249 #F pHe 6.5~7.00]

FAL BE ASFEZE 15 Watt B o] 2l Awk(Fig. Dol ¥3 19 1247 B4 &

zAEtg o 124 7k A 59

AgrEsie] 423de Foldl A
of FA F 2 AA (aerator) & FOHFEGL
2o Eohad Fdel: 2T 4
A4 Y3 S £& do] o]EY §3
& Ujlgkg_ml 2 #L air compressor® 7
97 s A ZE FAES S50k

AgA L Yok o] Ho] gl o] Fig. 1. Shelving unit for culturing bithyniid snails,
o] A AA&FZ 4F FFEFLL 25°C WA 27°Crt HE2E o)

n
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AAGA N A Aed periphytono] Py o] g Ao B& FAste Ag4ze Ydn
ub fol AbSo] 4L dgpr), Periphytonol]| 3= Navicula spp.8} Gomphonema spp. =
<l benthic diatoms7} F2 Y43 gglon), EL FhwAel Yx ol T ol
S HAsg o

A s AHS o] ZA & Ceralife®s} Tetra SML®S- Algalgdct, Hols F 23 = giak
Tolsglon welo) astio] welgle F 4 Aol F Felsha ergreh

TEZ Avo] AAGE vt e 95, 42 @EEE) 7 3~7 mm ¥ = ALY +
€503 8 234 BEF agoh.

PP Az d8a AAEE AFA 0] 5, 1083), Sol& allozymew o] &
2l ol MaAq Ao w %% (Chung and Burch, 1983), A7 % ot » BN
E A L AAE 24N 59 sAAGomiy U ool 2ty fe
S AAG G $8L vlwshsgeh

= AN 271952 Chung(198D9) 44 vhe 44% horizontal starch gel
electrophoresis 2 ) 3}« 2t}

HeYolel = AEH(ysate) XM= 2 H$ole) shAL Az s el EelglE =
= AAFAE R Yol B3 scalpelz Aul oo o] % 1mlxte] Sorvall® 4434 Eu
ol 200 pl9] Z5F=9} 94 do] Bronwill Biosonic® [ Sonicator2 4] 47k ul4] 3¢ v}

[e)

EE £3E o 715E Aot YEAAY JAA4 G Sas zAag oo
30,000 goll A} 307 W 5948 5.(4°C) 23RN E E#2E microcentrifuge® o] 50 ol
A T3] —70°C deep freezero] w313t chr} ]"é—% FHeo]l Eagwe] A FEo
2.2 ARg3t ).

ol# e 2A e A Fake 357 pg/mloj G om] Facd Ly AgEE o
AR E 53t &+ Ygish

Starch gel electrophoresis Electrostarch(Lot #392)9} Connaught starch hydrolysed
(Lot #168-1D2 =7 22.5g4 o} 300 mle] gel buffer9} &) 71271 2= 1,000 mlz}t
B gz ade A 4goa 15% starch g & WS¢tk o] £018 A 2ulv Ao 4]
EERA B4 G AAH g AR E5°0) gl £4E AE TS oF 187 2HF 3
22 gelo] §HH Y& F71% wulgich o] starch gel& 24 0.63cm A9 g8
Aol ¥ FFaHEU4x Mo Sx, =HA & FE fPpen ol Aeeld 2
S WA ok 1A F AR YAz ol (2~4°C) BH2ute Bal thow A7
54 gelz AEAGT AEANE Aol B3 42F Wm oz Fedd glse A
o] Al A s o

Aol 242 9x5mm 372 FE o} (Whatman 3 MM)o] w& =x 23
o starch gel®] F&HE|($F%) 3cm Woj7l Fol BL @Eo] FHo2 Agich & e
gl 2% 1847 209 N 8E AT 4 gglom A% 4L gelite $Hoz 3
o WF AFo] AW FAY 43 W2 Aolo] Ex swA 439 ASAF gelre] 2
712 A ldcm) FF 45 P29 gel Aol & AAES zAsA. Gelo] Aule
F71% B2 At 9 THam o (HandiwrapD o2 dgich ol 4e] FHSe 4
5°C2] 54 (Mini-Cold Lab., LKB, Sweden)o]| 4] 2z e¢] = A % (Power supply; Hea-
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thkit model PS-4, IP-32)o] 1A= ¢t}

dAE AL AsdFo] Bt ohs, starch geld gel slicer® AH831e] 2mm FA 2 Z
o} ol BF 549 gel slicesT wWEZ 4 slicel: 2B 27 AT A uze] 44
o E4g4 g 37°C Foo)vlel A deivtEE s on 4 G4 S-S o 20
B A5eo 438 e, whAlg Z7be] gel slice:= 10% acid alcohol 324 o} (5 parts
of 959 ethanol, 4 parts of water, 1 part of glacial acetic acid)dl 103 F<¢F =A% o8
oA Rl Aeld 238 A4 Eohad Feiyel gol 4°C ygme] nAsAA B
Y4 A,

HI|HE0 A28 buffer systems 2 iFol A A3t 452 Poulik(1957)¢) £4
4:4 buffer system3} Spencer ez al. (1964)2] @154 buffer system8 A 43}¢ o},

Poulik?] buffer systemoj A= gel buffer2 76 mM Tris®} 5mM citric acid7} Ff5=F
g Aolm, AT P aU%Y (electrode buffer) o2  0.3M boric acid9} 60 mM NaOH7} 3§
555 g Aol

Spencere] buffer system-& = =839 o 2 0.1M Tris, 0. 1M maleic acid, 10mM EDTA,
10 mM MgCl-& AH831g 3, €98 9hE 18 IN NaOH= pH:= 7.42 ZA s} Gel
bufferi= =} AkF A o] 108 A Aoz 3,

A714 5L A9 o2 A-43 bromphenol blue dye(0.1% FH+49)7 Awdo 2y
H 9cm o] 589 & o E¥om Poulike buffer systemol A& 25 mA/gelol] 4] 64 7ko] 4=
£.59 5, Spencer?] buffer systemo] A &= 30 mA/gelol] 4] ¢k 184 7ko] 48 = v},

4 B4 v sAgezdy AA"d gyl AGA AMTE AFoE F
1AY &7 $48 vt 4 5249 714 2 g o] F4 .8 Wurzinger(1979) ¥ Chung
(1983)9] A W& whgkvt,

a o
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Bithyniidaes} (B})e] <8t& Al F+= Kruatrachue et al. (1982)7} Bithynia funiculata®}
B. siamensis% QT A Yol E A83td ASF vt 9z, Chung(1983)0] Parafossarulus
manchouricus, Bithynia tentaculata % Gabbia misella® AP AN A L35 v} glot o
Abgol A9 E5e AR 48 $hrh. B AddAE Chung(1983)9] @& Ediz
AstEn T4 d-3olet FE HPA ol & AR o] A% APE A
z3tgd vk 434 AFAE d& ¢ U

19831 99 ANAA A¢-Fol <, + 4 10v & Fuld A% F2o Fstn A%
HA o] Atstd Fg =AY vl o 44 & Table 29} e},

AT Rl A7 19833 1093 1196 1~2719] bl o (i E £ 5 U
v 52 ohEd 39 49l AgEied, AFFE AU E Ay gdo oS
3 39 Ag AFAste 5¢9E Fog BF s Fastdrh oj4Y #ARE v T 4
$#ole d 18] F 3~56¥] A#dte A F9¢ ¢ F Ak A= 2828 AaA
2y GAWFEE FAHY Ao 4T A dag gAY S5 A~ P m
A2 HE 9 RO Aol e Es ARE QLA 15~17¢ 0] At

AP Aol A Ad AAgg B Q3 F2% 200HE (A 10, SR 109D 0 £

L
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Table 2. Number of cgg masses laid by the Table 3. Mortality of Parafossarulus manchou-
Chongpyung and Kunsan straing of ricus in conventional aquaria
Parafossarulus manchouricus S e

" Cumulative
Number of Egg Masses Year  Month 11(1)‘tfillgN§ﬂa?fS ﬁféffﬁ%ty(%)
Year Month - Chongpyung X - - — —
L TR Kuwenswn e Se. :

1983 Sep. _ . Oct. 58 3.3
Oct. — 1 Nov. 57 5.0
Nov. — 2 Dec. 57 5.0
Dec. — - 1984 Jan. 55 8.3

1984 Jan. — - Feb. 53 11.7
Feb. ~— - Mar. 50 16.7
Mar. 3 5 Apr. 50 16.7
Apr. 13 17 May 15 25.0
I}iy 0 B Jun. 45 25.0
Tal. - _ Jul. 14 26.7
Aug. — _ Aug. 42 30.0

AN g wre] AAsta 9 AAYEE A - A Sade A5 ddt F
60u}2] & 19uke] 7} ol 30.0%9] Ad&S wgvl(Table 3).

19839 109 4k4t i -sdol el Al 2 1ol skl e F 23nbEl o fral b Aok
b F A FohaE Edole e lEalA ARG AnGREE g 108d 7}
A g 3del @A, 2 192974 = F 43| who]l 22w ¥ (micrometer) 7} A A5 & -
dnlA el A A8t 2 Al fFal el zlol & ¢f 0.9 mmgl 0w “ﬂ & 1569 &
Ztszb 9,18 mme] F3tg s oW wlEa Atabelr] Al A 9719 3ol g 44 Ak

Afz7ldd e o AFEFEA g el A sddAel s AL A (Bﬁﬂ)/] a7z
Agkow 2 ol F Aty zhA = el AAse AR e nadhFig 2). Fa9 A
E& dANA AAH & B RHDY Aot @4 vrold 23ukE 9] Abg {9 S
1071 D 7k Abg2) kel vt 1mpejute] Abmdsigoh (A @ 4.3%).

54 CHEES HIlHE

Z 117+ 8 &7 2741 9] buffer systemsz # 7] Txo] Hals) wl Poulik’s buffer
system(1957)°] M}t -2 A4S veidvh. G EA e A Ayala T (1973)9] why
of oJ3te] A4 A&l = Qv

# 529 5t 2 54F codingshs 447 (genes = locd  AATE AL 2
Fagor @ fad sk o ol g T R Wk 5 %3 1AL
2o 2 5&THe) N lociz BARAE. F FF Fow M A naws FAE

12, 2 9%% 2, 3, 4 So2 g
3} lociel] 7}4- w1wis] vheb}i= b8 bands (common allele; electromorph) & 100202 %
/k] &e] z} locusE Ur‘a}\ﬂ T2 d3o M QES st 7]E1r bandsi= %% bandel 1002,

¥ A4 mnd s A SAYAT U2 EF Fo o 5 bz (2 3
5}04 Fetgleh @ band(allele) o] W% (frequency) = w12 40 el A 45l gl ek,
2 Ho+ He

2N
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Fig. 2. Growth curves of the first generation (F\) of Parafossarulus manchouricus (Kunsan
strain).

o] 7]e] A Hox = allele®] homozygotesE 1petv]9lz, He = allele] heterozygotes %
selgled N& A/9%8 & AASE £AF Aol

2} locusd] 4 A ¥ o] = (heterozygosity) “h”z| &

h=1—-3 2

2 A4 AdE v 2= 2 locusd] i A alleled) W= E vl Aoloh, G dfo] &
A9 HF $AA wolw(H)E Welst A 9+ loci(monomorphic loci o] h=0)& 2
g5 AA lociel hx & Foted A4F Fad AA loci) F42 e FA2 vdehigld
(Ferguson, 1980). @3t allele?] wl =7} 0.95 o] gl A& Wolsl 9l lociz ZhF3t9 s
0.95 o]3le] W% & 7= locigk WMol 7t gli= A 2 & (polymorphic loci) 7tF31 4 ot

woAHAE & 117FK 9 Zawkio] FASg e 2 F otAY a4t E4 7HEdt
sf)\v‘r. 7 o] 4% lactate dehydrogenase(LDH)& 2 o] -%-=jo] /jAFell A Al AEHA &
gy o), phosphoglucose isomerase ¥4& ZFo]A & st5stgort 4o 7153
A AA5 G AEold. EAAY ExlA % 25 locit ¥4 g on 7 locus
} allele?] =% s}v}(monomorphic)ell A 74 (polymorphic)d.om A7 ©] 4] allelesr}
3} locus9] allozyme W olo] Feddl o & ol ¥ 4 glslth.

98 AAFol A allele Holo] o] dl lociz & 25 loci F 5 locie] 4] 20.0%¢) Hol&
<& B¢ 3 o]5& GOT, AIP-2(R), EST-4, EST-59 PGM-2 locifict. 53 AlP-29}
AIP-3 lociz g]o-dole Az fdo] gle B0l A F F3 4 (banding pattern)-&
dell = lociz A wb=A g $-ajo] o] halel Aat vrebitet

Sglvdel o) $ajo] AR FolA BT AR Weo] = (average heterozygosity; Hi)E A 4k
ZA5e] vlmd AL B dTs AL AezA AF, A AT A Helg &
Z e il FAFAA 0.01, FFFelA 0.023, FIFFolA 0.0728) FHAA HelE B
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Table 4. Allozyme frequencies and average heterozygosities for five local populations of Para-

Sossarulus manchouricus

Parafossarulus manchouricus

Locus Allozyme
(allele) Cho . -
ngpyung Paldang Chinju Kimhae Kunsan
GOT 100 0. 34 1. 00 1. 00 1.00 1.00
95 0.66 - — - —
n 19 10 20 20 20
h 0.45 0 0 0 0
AlP-1 100 1. 00 1. 00 1.00 1. 00 1.00
n 19 10 20 20 20
h 0 0 0 0 0
AlP-2(%) 100 1.00 0.5 1.00 1.00 1.00
95 — 0.5 - — -
n 8 6 10 10 10
h 0 0.5 0 0 0
AlP-3(%) 100(—) 1.00 1.00 1.00 1.00 1.00
n 8 6 10 10 10
h 0 0 0 0 0
AcP-1 100 1.00 1.00 1.00 1. 00 1.00
n 19 10 20 20 20
h 0 0 0 0 0
AcP-2 100 1.00 1.00 1.00 1.00 1.00
n 19 20 20 20 20
h 0 0 0 0 0
AcP-3 100 1. 00 1. 00 1.00 1.00 1.00
n 19 20 20 20 20
h 0 0 0 0 0
X0 100 1.00 1.00 1.00 1.00 1.00
n 19 20 20 20 20
h 0 0 0 0 0
MDH-1 100 1.00 1.00 1. 00 1.00 1.00
n 19 20 20 20 20
h 0 0 0 0 0
MDH-2 100(—) 1.00 1. 00 1.00 1.00 1. 00
n 19 20 20 20 20
h 0 0 0 0 0
EST-1 100 1. 00 1. 00 1.00 1.00 1.00
n 14 10 15 10 10
h 0 0 0 0 0
EST-2 100 1.00 1.00 1.00 1.00 1.00
n 14 10 15 10 10
h 0 0 0 0 0
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Continued
Parafossarulus manchouricus
Locus A(llﬁz;irge f
aliele Chongpyung  Paldang Chinju Kimhae Kunsan
EST-3 100 1.00 1.00 1.00 1.00 1.00
n 14 10 15 10 10
h 0 0 0 0 0
EST-4 103 0.07 0.75 - — -
100 0.93 0.25 1.00 1. 00 1. 00
n 14 10 15 10 10
h 0.13 0.38 0 0 0
EST-5 106 — 0. 45 — — 0.15
100 1.00 0.55 1.00 1.00 0.85
n 14 10 15 10 10
h 0 0.50 0 0 0.26
EST-6 100 1.00 1.00 1.00 1.00 1.00
n 14 10 15 10 10
h 0 0 0 0 0
EST-7 100 1.00 1.00 1.00 1.00 1. 00
n 14 10 15 10 10
h 0 0 0 0 0
EST-8 100 1.00 1.00 1.00 1.00 1.00
n 14 10 15 10 10
h 0 0 0 0 0
HK-1 100 1.00 1.00 1.00 1.00 1.00
n 14 10 15 10 10
h 0 0 0 0 0
HK-2 100 1.00 1.00 1.00 1.00 1,00
n 14 10 15 10 10
h 0 0 0 0 0
ME~1 100 1.00 1.00 1.00 1.00 1.00
n 14 10 20 10 10
h 0 0 0 0 0
ME-2 100 1.00 1.00 1.00 1.00 1.00
n 14 10 20 10 10
h 0 0 0 0 0
PGM-1 100 1.00 1.00 1.00 1.00 1.00
n 14 10 20 10 10
h 0 0 0 0 0
PGM-2 106 — 0.3 — — -
100 1.00 0.7 1.00 1.00 1.00
n 14 10 20 10 10
h 0 0.42 0 0 0
PGM-3 100 1. 00 1.00 1.00 1.00 1.00
n 14 10 20 10 10
h 0 0 0 0 0
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Continued
Locus Allozyme 7 Parafossarulus mam‘houficus -
(allele) Chongpyung Paldang Chm]u Klmhae Kunsan
LDH 100 ND ND ND ND ND
n 14 10 20 10 10
h — — _ — —
H, 0.023 0.072 0 0 0.01

Remarks: AIP-2(%®) and AlIP-3(2) bands were associated only with female snails.
100{—) =cathodally migrated zone in AlP-3 and MDH-2 loci.
ND=not detected.
n=number of individuals examined.

h=heterozygosity per locus.
I =average heterozygosity in each local population.

ek 53l gl AAAG} v A HA R FGI} Fg A FAA ol =}
L AL Fvl2¢ do]glth(Table 4).

54234 AAE QARG o 2 d4o] 5Pl phosphoglucose isomerasest Aol &
&FAo] 99 lactate dehydrogenaseZ A & 97}x] 2] F4FA o] o Y && ne o
=7 Zh

Glutamate-oxaloacetate transaminase(GOT) 3 7& A 93t ZE o ¢-Fo] Ao
A= "ol 7b gl fast band (GOTY)E 7}l A A ute] A 2= 9, A3 dol Axlo] o fast
bandi= E% slow band (GOT®)E 7}z NAEo] A Z59glew fast band?} slow band
Apolel intermediate bandz}=] 7hzl AAZE EAE ] gt & AP TelA HEE slow
band (GOT*) & elarofl Al zhebd 4 ¢l glvh(Figs. 3,4).

o] banding patterns® X o}, #3379 g $)ole] gle] GOT = 31r}o) locuse] ¢+ alleles
9 wolz =A% o] et =8 fast band9} slow band® 717 ¢, 5 AA
o} mAol| o3te] el E A (heterozygotes)o] /] dHA] 9] intermediate bands} v}ebvti= A
o8 wof GOT ok & dimerz 4= Zoz zFHelaet. HH T2 slow band
(GOT*™) = Azt SolAE veblle Aol Hilz E5F A3l wlyl 3 gh(Mendelian
population) §1-& &l ¥ 4= v

Alkaline phosphatase (AIP) =% A9 lociz} gl A= ot AlIP-1 locus= o] o
3ol Akl At Hd T A= EP"}«] band (AIP-1') %}-8- encodingdled Al o]} ¢l
gl ow] AlP-29} AIP-3 locie] 2]3t allozymesi= E5 4719 o) ¢ olo] A ul o= o] glg)
t}, ok (BRMR) 0.2 o] Zx AlP-2 locuse] allozymesi= R fast band (AIP-2!; F/F)z
2 F4o] Ag= gl slow band (AIP-2%; S/S)= ghgdol Algk vrelt allozyme] #
o] & w4vh, AlP-3 locus® encoding =l allozyme® 2 &Ao] EFZEow FEgy W
o] 7} ¢l monomorphicd F& FA-& R or] Atz o]l F & 4 A vh(Figs. 3,4).

Acid phosphatase (AcP) Acid phosphatase Z-4o] A& 2.5 A}/ 2] monomorphicdl F
g) gk Ab7o] el A = o] (AcP-1, AcP-2, AcP-3) s o] A=kztol 2te]7b 9l ivh(Table 4,
Fig. 4). W 2% AcP9 F38 bandsEo] #atsle] dl4o] Latal gelgo]l ARon o] &9
g Ao B ool ol A AbA] H gl ot
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

12 3 45 6 7 8 9 1011121314 15 16

Fig. 3. Electromorphs of glutamate-oxaloacetate transaminase(A and B) and alkaline phospha-
tase(C and D) activities of Parafossarulus manchouricus. A, GOT banding patterns
in Chongpyung population; B, GOT banding patterns in Chongpyung and Paldang
populations(the first number series 1-9=Chongpyung population and the following
number series 1-8=Paldang population); C, AIP banding patterns in Chongpyung
population, the numbers 1-9=female snails and 10-18=male snails; D, AIP banding
patterns in Paldang and Chinju populations, the numbers 1-6=female snails and
7-9=male snails in Paldang population, and 10-16=female snails in Chinju population.
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Fig. 4, Diagrammatic representation of all the electromorphs in 5 local populations of Parafe-
ssarulus manchouricus (No. 1~3=female; No. 4~6=male).
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Xanthine oxidase (X0) XO2 4L ojx 57 Azt At FY FPLAL 59
X monomorphicdt tandFe] el A XO locusol = ofm wolx pehdz] gk} (Table
4, Fig. 1),

Malate dehydrogenase (MDH) 2! malic enzyme (ME) MDH¢] 24l 7 9- MDH-

, MDH-2, z# = MEQl 7 9% ME-1 94 ME-29] 7 2loci 4¢] ¢ of-0] °Véﬂ9\i
24 5% monomorphicgt Zo]lel A sf9-7o] A wkziel obf-#l welof AAolE Y& al
9l e} (Table 4, Fig. 4).

Esterase (EST) EST #4-¢ 1793 7|4 (4H) 24 = a-naphthyl acetate® A}-£3}
ek 25 871A 9 locizt &= gl (EST-1~EST 8) polymorphicgt F3 45 el
loci= EST-4, EST-5 glov #o]& xolx ekl locit= "EST-1, EST-2, EST-3, EST
-6, EST-7 @ EST-8 o]git}. EST-4 locuso] 9]3l allozyme Wol= u 2 abrliol A
olal . (EST-41%) 71 e} Ao F-ofl 4| == monomorphicdt F& o4& 1 o (EST-41%) allozyme
Wol o] zpo]ir Frol L 4 glalc}. EST-5 locusql #-$- sk} 9l -FabA] wlell Al b allozymes]
Wol & ﬁil(EST»S“’") 7] e}i-2 EST-5'% alleleo] 9] &} monomorphicdl & 434 7l4-
Ba 7 wWo]E & 4 glglch(Table 4, Fig. 4).

Hezokinase (HK) X712 monomorphicdt & oA (HK-1, HK-2 loci)e] QA=
o gj-go] Aghzkel wWolA ol #AY & glglch(Table 4, Fig. 4).

Phosphoslucomutase (PGM) PGM-1, PGM-2, PGM-39] 4] lociof] &3 FZA8A T

] @ 7§5]<}>d o uv] PGM-2 locusel] €3} allozymente] b o) $-8lo] Aol 4] ¥lo]jx gl &4
F23 5 QS B (PGM-21%) 7] g A el A1 &= 25 monomorphicdt allozymeo] 38 oF
49 el wole] ol % molA getrh(Table 4, Fig. 4).
a &

St MR M

G Al Fe A Qs 23S FEFER YF FUA5FEA 2 985 3t
£ dule] gi7] wEel o] & AFA AR gl Aok zEl v AT AASE
(o) \ 2] 1,

& et ego] Uglot dAlAA] A Asjel gt 2 olfE AE A
BEO7F Ab vt ?ﬂﬁ% 2 B FIRCEERD O] AAfEV A dAHA FAY Fds e
W2 (el A el A 7] wl o] et

g $-alo] 7t FHal Y= Blthymldaeﬂ}(ﬂ)ﬂ] 2=8}-= Bithynia siamensis®} B. funiculata=
Kruatrachue et al. (1982)¢] 2|8l AFH oz A5 wl 9ok, zelv AE AFEo] A
g 79 abake] gt =Rl A4lste v 9o 2] substratumo 2 A 21-E (mud)
S AR ol AHEd WA EEe] Usieh, &9 substratumo] &l A AP
fob asg 48 & g3 g9 %}ba o] o] #%d A FvF%F (cercariae) ]
AL A AEH QY shokahe] o gl A

S LRI 3
THHZA o] £ wl o] ¥

i
Zvpeb gt A A dolek AR zAo 2 &
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Z9 gd, substratum, 3§74 F3} A A Go] myslejek shlla Foluote ALl o
Fabgo] Fastel & Aolv), W Aol Ay substratumo 24 AAA A AEsby
#lo] & AbEgk Aol Lol fa (BhH)E A¥3tr] Adte EHddr(diatoms)rt B8 F&
agkoh, Eab§ie] o] spEhslEobyl substratum o 2 A Wz Al Al o] ol et st
7ol Zldi =), Vincent % (1981)0- 2 7} Bithynia tentaculata®) A FAFE o] Abe]o A
AT uk v B. tentaculatai= 3 13 dedshe] eo] 3 ATt 6MY) Al A
AE vk o] A L A A dAH = sl Y AoEA dgjele] A
Eo1dF 3 WA 4ol 1ael A& aykgbelie AE L Ak

&4 GO HIYE

4%9] Bithyniidaes} (B} o Fol wi&t ArdFEAel Axd ¥ glov (Kitikoon,
1982; Chung, 1983) -#{viet sl olgl bt djAd o allozymed] Weol - A4 A&
o2 B4 AL AL Ars Zlelrh

GOT & A o 4 2E o $u)o] 7 g+& monomorphicdl fast bands (GOTel A &3 o v} &
A A3 e g $-ado] slow bands (GOT*) &) allozyme o] ¥ x¢] 2w} hybrid bands#}
A #AdE o Qlel Ao g g-glolol A2 GOT+z dimerzwl Fawhiel& & A+t

I'

>,\J

5o

A3 ol Ad 9 FddFo A %3 o] slow bandsE encodingd} = alleleo] velvtr] ¢i=
Ae ABA G e AFGEz zboll #4474 (gene flow)o] ¢l&-& A gtz dsdrt. BF
Aeke] FA A & (gene pool)- & -4 (B2 o=, i71 ><1434 T2, =4 AHdex
9 434, Woe) 934 5 Al Wb wolsh el Aoz AFALh 53 Levins
(19685 FA4 Mol HA D HA A WS Yol AL Lo o QA

X9t HAE ol F

[s]
] 2o AR Wol2E Bl AL Levins(1968)2] w9l o3

28 33 $el Aol A GOT alloymes) sol7 QojvbA 9 Aal& FoA)
. v

<]
dol AEF H5ot ke A% 2o d
<

= A
o] F locie o $-3 0] 4 (sex)s} °44-4°1 AetE Aol 131"} o] 'r1001
/} °L744 Azl skol vk 4 AA (g ER) S el AEA i dE fadd sjdstE
Az g geheh MDA #o] 5o} gl Aad e Wlg wSs, BoAE, zdbE] 9
Abstoll A #elsl ubE ¢l o}t (Shaw and Koen, 1963; Doane et al., 1975; Cooper et al.,
1975) 3 ol Al A E A= B AP A ALl Lot

EST-4, EST-5, PGM-2 loci®] allozyme Wo]i= $2 Hust bzl cio] A #alxl 4 g
et Levins(1968)9] ®.itofl ofgieie] o] F X ofo] sgfg-afo] Aol gleIA] b4 g 3
AAzle 7HAl tez ZFEY ofd A EY A Welr A 4E9 woln ndd
28 FA @2 d=x 97 wEe] (Ayala and Valentine, 1974)§A A Wolst 27 £.9lu)

& FAAL 5= ok
q =

S vetel] FxHel ¥ Gl GRKFDY dFal o198 o) (Parafossarulus manchouri-
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cus)= 74 & & (Clonorchis sinensis)9] &5 F2A FFRATA 2 F 7HAx & 0,
2% o} b4 A (filter feeding) % 8l A 4A 54 =1 Fo] = EHE(turbidity) & FolA
ste] 209 wAe] FoFd F& AAZG}z Aok

B ogdTE 98 uay sAde gty A AR A9y AGE ez D olE
ARA A AEA e AESH A4 2 2) AadiAde ArgFer E43 allo-
zyme Wo % AMEEE v wetglh.

B AFeA Qelq Aste Besh e

Lo oge] A%e 484 A Asddor 252Ae o) GED A%A EFRF
(diatoms) & Hol 24 Folshiz dolgieh slgolE o 15] AAsE BEAgon] R
sel A7 5% AAE A5 GREDZ 4 wlAA o 150~1560] 89

2. Faule AsdEoR % 25 locizl ¥4 753 o] EF 5 locio| A allozyme
Wl 7b 235 9 ch(GOT, AlP-2, EST-4, EST-5, PGM-2). %3 AlP-29} AIP-3 & =3
(i F)oll A2k 2 FA)o] @5 o] g$-edol 9 4=} el = i lociqlo] elH giek. GOT locus
o o4 allozyme Wolt 5 YAl o Solol A hepiba] dimeriedt FbFEY

B F P ol EE Fdmet WA fEe] Ag Aoz rggd FHHA

sz
Gl

—
o

rm

= of o

23 5} ¥ o] (average heterozygosity) & & $-3o] Actd 2 vlws 2 At 2FF viwd

Agel FAxe dAs g AV E AR FIAALAA e AA T Wt 53]
58 A2E F s+

o] 49 A yol gPoly APA o] AR AGH Al &3
g7 Wolg] ol T xal AL PelA (EEEER ] ol E ez glgens] o 7

49 FAET 2T 4 Ak 24 2A 9 ¢ + ot
o 8 8 ®
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