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INTRODUCTION

There are two or three species of bithy-
niids, Bithynia
manchouricus), B. misella and B. (Gabbia)

wanchourica (Parafossarulus

kiusiuensis in Korea(Chung, 1984). B. misella
and B. kiusiuensis has been confused as a dis-
tinct species of same species due to lack of
detailed morphological description. Various
species names were reported since the first
description of B. (Gabbia) kiustuensis(Shiba,

1934).
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Electrophoresis of protein has been used
extensively in taxonomic research on mol-
lusks for past 20 or more years(Burch et al,
1989). More recent studies have used electro-
phoresis for genetic analyses, and these study
have the potential for being a powerful tool
although this
method has some limitation(Davis, 1978).

The present allozyme analysis was under-

when appied to systematics,

taken to provide a systematic data with Ko-
rean and Japanese population of bithyniids.

MATERIALS AND METHODS

Snails were collected from various location
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in their natural habitats in Korea and Japan
(Table 1).
the glass bottles and starved for 4 hours to

All of the snails were placed in

clear their alimentary tracts and trematode
infected snail were discarded. Soft part of
each snail was isolated from its shell and fro-
zen at —60°C.
wed and minced with a knife chamber and

Individual animals were tha-

then grinded with a glass homogenizer after

A%

addition of 500 ml of distilled water. Each an-
imal was sonicated for a few seconds with a
sonicator (Lab-Line). Above procedures were
performed in ice chamber. The samples were
centrifuged at 7,000 x g for 30 min. at —4°C.
Supernatant was placed in 1 ml of cryotube
and stored at —60°C until used for electro-
phoresis. Storage of these tissue extracts did

not exceed a month. Total protein concentra-

Table 1. Polpulations of Bithynia manchourica, B. misella and B. kiusiuensis for the allozyme study

Species Population

Locality* collected Date of collection Collector
Bithynia manchourica
1) Daejeo Pusan, Korea July 26, '88 Kim, JJ.
(2 5-) 35.06N, 129.03E
2) Kaejong Kunsan, Korea July 18’88 Kim, JJ.
(R A ) 35.58N, 126 41E
3) Yangsoori Yangp’ yong, Korea Sep. 27, '87 Kim, JJ.
(Fe2]) 37.30N, 127.29E
4) Chunpo Iri, Korea July 1,80 Kim, JJ.
(F=x4) 35.56N, 126.57E
5) Daeya Imp'a, Korea July 1,87 Kim, JJ.
(dlokm) 36.27N, 127.07E
6) Chori Munsan, Korea Aug. 3,88 Kim, JJ.
(x=e]=) 37.5IN, 126.48E
Bithynia misella
7) Woosong Konju, Korea July 19, ’88 Kim, JJ.
- H) 36.27N, 127.07E
8) Osan Imp’a, Korea July 18, '88 Kim, JJ.
(2.4H) 36.27N, 127.07E
9) Chori Munsan, Korea Aug. 3,88 Kim, JJ.
Felgd) 37.51N, 126.48E
Bithynia kiusiuensis
10) Saga Saga-Ken, Korea May 27, '87 Terasaki
38.22N, 140.52E
Remarks;

*: The nearest city in Britannic Atlas from the collection site, and the longitude and latitude of the

city are in parentheses.
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tion of each sample were adjusted to about 3
mg/ml

1. Starch Gel Electrophoresis

Twelve percent starch gel was prepared
using potato starch(Sigma, S5-4501) by the
method of Divall(1984). The gel plates were
kept overnight at 4°C. Fifty microliter of tis-
sue extract was applied to Whatman No. 1
filter paper and inserted into a position previ-
ously marked 3 ¢m from cathodal end of the
slab. After loading of samples electrophoresis
was carried out for 5-6 hrs. at 150 volts in
the cold room(—4°C). Following electrophore-
sis the gels were sliced in 2.0 mm thick. Each
sliced gel was transferred separately into a
staining dish. A gel slice was incubated with
specific staining solution. Stained gels were
rinsed and fixed with fixative( parts of
water, 1 part of ethyl alcohol, | part of acetic
acid, and 1 part of glycerin). The fixative was
discarded and washed with tap water. The
gels were kept in the moist chamber in the
refrigerator after taking photograph of re-
cording. The gel and electrode buffer system
of Poulik(1957) was employed. The gel buffer
contained 0.076 M Tris-(hydroxymethyl)-ami-
nomethane and 0.05 M citric acid(pH 8.65).
The electrode buffer contained 0.3 M boric
acid and 0.05 M sodium hydroxide (pH 8.0).

Total twelve isoenzymes were employed.

2. Staining Solutions

Staining solutions of the enzyme were made
by the methods of Shaw and Koen(1968),
Wurzinger(1979) and Vallejos(1983) with minor
modifications.

1) Malate dehydrogenase(MDH)

1.0 M Na-L-malate, pH 7.0(6 ml), 5-Nicotin-
adenine dinucleotide(NAD 10 mg), 1[4,5-
Dimethylthiazol-2-y1]-2,5-diphenyl-tetrazolium

amide

# 4fo}7}) 3% 2] Allozyme ol

bromideMTT 20 mg), Phenazine methosul-
fate(PMS 5mg) and 0.2 M Tris-HCI buffer pH
8.0 (50 ml) were mixed.

2) Malic enzyme(ME)

2.0 M malic acid, pH 7.06 ml), Anicotina-
mide adenine dinucleotide phosphate(NADP
20 mg), MTT@20 mg), PMS( mg) and 02 M
Tris-HCI buffer, pH 8.0(40 ml) were mixed.

3) Glutamic oxaloacetic transaminase(GOT)

a-Ketoglutarate(100 mg), L-Aspartic acid(150
mg), Pyridoxal-5-phosphate(5 mg), Fast blue
BB salt(100 mg) and 0.2 M Tris HCl buffer,
pH 8.0(50 ml) were mixed. Fast blue BB salt
was added just before staining.

4) Acid phosphatase(ACP)

Na-a-naphthyl acid phosphate (1% 3 ml),
Fast black K salt(100 mg), 1.0 M MgCL < 6H.O
(I ml) and 0.2 M Acetate buffer, pH 5.0(100
ml) were mixed. Na-e-naphthyl acid phos-
phate was solved in 50% acetone solution.
The sliced gel was preincubated in 0.2 M ace-
tate buffer(pH 5.0) for one hour.

5) Alkaline phosphate(ALP)

Na-@-naphthyl acid phosphate(50 mg), Fast
blue RR salt(50 mg) 1.0 M MgCl. - 6H.:0(2 ml)
and 0.2 M tris-HCI buffer, pH 9.5(50 ml) were
mixed.

6) Esterase(EST)

1% substrate(W/V; | ml) was mixed with 35
mg of Fast blue RR salt and 50 ml of 0.2 M
Tris-HCl buffer(pH 7.4).
naphthyl butyrate or e-naphthyl acetate.

Substrate was o-

7) Alanine aminopeptidase(AAP)

Solution A: D,L-alanyl-A-naphthylamide HCI
(20 mg), 0. M MgCL (1 ml), 0.1 M phosphate
buffer(pH 7.0) to make 50 ml.

Solution B: Fast black K salt(30 mg), 0.1 M
Phosphate buffer(pH 7.0) to make 50 ml.

The gel slice was incubated in solution A
for 30min. then the solution was decanted.
The gel was incubated again in solution B for
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30min.

8) Leucine aminopeptidase(LAP)

Solution A: D,L-leucine-f-naphthylamide HCl
(20 mg), 0.1 M MgCl, (1 ml), 0.1 M phosphate
buffer(pH 7.0) to make 50 ml.

Solution B: Fast black K salt (30 mg), 0.1 M
phosphate buffer(pH 7.0) to make 50 ml.

The gel slice was incubated in solution A
for 30 min. and then placed in solution B for
30 min.

9) Glucosephosphate isomerase(GPI)

NADP'(8 mg), Fructose-6-phosphate(6 mg),
G-6-Phosphate dehydro-genase(50units), MgCl.
(40 mg), MTT(5 mg) and 0.2 M Tris-HCIl buff-
er, pH 8.0(10 ml) were mixed with 10 ml of
1.2%
sliced gel.

melted agar and then poured on the

3. Allozyme Analysis

When no allele had a frequency greater
than of equal to 0.95, the locus was consid-
ered polymorphic. Calculations of an allele
frequency and heterozygosity followed Fergu-
son(1980).
calculated by using computed program of
Green(1979) which was corrected by Hillis
and Cannatella(1983).
taxonomic unit(OTU) was

Nei's genetic diversity(1972) was

Dissimilarity between
two operational
calculated with unweighted pair-group met-
The
values of this method employed Nei's coeffi-

hod using arithmetic averages(UPGMA).

cient of genetic identity matrix .

RESULTS

Twelve loci from 9 enzymes were detect-
able in this study. Six out of 12 loci were
polymorphic(GOT, EST-2, ALP, ACP and GPI)
and the number of alleles per polymorphic
two to five. Average

locus varied from

heterozygosity in Bithynia manchourica ranged

(is

from 0.09 to 0.17 and from 0.09 to 0.14 in B.

misella and 0.10 in Bithynia kiustuensts.

1. Malate dehydrogenase(MDH) and
Malic enzyme(ME)

Monomorphic double bands of MDH were
detected
showed strong and fast band and MDH-2 was

in all samples examined. MDH-1

slow and the activity was poor(Fig. 1). Single
band of ME were found in all populations
(Fig. 2).

2. Glutamic oxaloacetic transaminase

(GOT)
Four alleles of GOT were detected. In all
populations of B. manchourica except the
Chori population, single band(GOT-b) was

found. The Chori population showed 4 bands.
Osan population of B. misella had a fast mov-
ing monomorphic band(GOT-b) as like of B.
manchourica. But Chori and Woosong popula-
tions of B. misella had two bands(GOT-b and
GOT-c). A single slow band(GOT-c) was de-
tected in all individuals of B. kiusiuensis ex-
amined(Fig. 3)

3. Acid phosphatase(ACP)

Two bands of ACP were occored. A fast

moving band was common in all three
bothyniids. A slow moving band was observed
in Daejeo, Chunpo and Chori populations of B.
manchourica, and Woosong and Osan popula-

tions of B. misella(Fig. 7).

4. Alkaline phosphate(ALP)

Three electromorphs for ALP were detect-
ed. The fast moving band(ALP-a) was com-
mon in B. manchourica and B. kiusiuensis, but
B. misella didn't show this band. The interme-
diate band(ALP-b) was common in all popula-

tions of three bithyniids. The slow movng
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Table 2. Allozyme frequencies and average heterozygosities of Bithynia manchourica, B. misella and
B. kiusiuensis

L Allozyme B. manchourica B. misella B. kiustuensis
ocus.
(allele) 1 2 3 4 5 6 7 8 9 10
MDH-1 a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
H* 0 0 0 0 0 0 0 0 0 0
MDH-2 a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
H* 0 0 0 0 0 0 0 0 0 0
ME a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
H* 0 0 0 0 0 0 0 0 0 0
GOT a - - - 0.36 - - - -
b 1.00 1.00 1.00 1.00 1.00 0.54 0.13 1.00 0.95 —
¢ - - = - - 0.05 0.87 0.05 1.00
d - - - 0.05 - -
H 0 0 0 0 0 0.58 0.23 0 0.09 0
EST-1 a ND - 0.12 0.05 - ND - —
b 1.00 0.88 0.95 1.00 1.00 1.00 1.00 1.00
H - 0 0.21 0.09 0 0 0 0 0
EST-2 a 0.25 0.50 0.50 0.50 0.50 0.50 0.18 - 0.05 0.06
b 0.75 0.50 0.50 0.50 0.50 0.50 0.18 0.34 0.05 0.32
c - - - - - 0.32 0.33 045 0.31
d - - - - - - 0.32 0.33 0.45 0.31
H 0.38 0.50 0.50 0.50 0.50 0.50 0.73 0.67 0.59 0.70
EST-3 a ND 1.00 ND ND 1.00 1.00 1.00 1.00 1.00 ND
H - 0 - - 0 0 0 0 0 -
ALP a 0.61 0.35 0.95 0.62 0.69 0.45 - - — 0.61
b 0.17 0.65 0.05 0.38 0.31 0.55 1.00 0.83 0.75 0.39
[¢ 0.22 - - - - - - 0.17 0.25 -
H 0.55 0.46 0.09 0.47 0.43 0.49 0 0.28 0.38 0.48
ACP a 0.56 1.00 1.00 0.25 1.00 0.45 0.88 0.93 1.00 1.00
b 0.44 — - 0.75 - 0.55 0.12 0.07 - -
H 0.49 0.46 0 0.38 0 0.49 0.21 0.13 0 0
AAP a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
H 0 0 0 0 0 0 0 0 0 0
LAP a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
H 0 0 0 0 0 0 0 0 0 0
GPI a - 0.05 - - - 0.06 - -
b - - -~ - - - 0.36 - - -
c - 0.05 - 0.19 0.13 - 0.58 1.00 1.00
d - - - - - - - 1.00
e 1.00 0.90 1.00 0.81 0.87 1.00 — - - —
H 0 0.19 0 0.31 0.23 0 0.53 0 0 0
No. examined 9 10 13 13 13 11 12 8 10 16
Average
heterozygosity 0.12 0.10 0.07 0.15 0.10 0.17 0.14 0.09 0.09 0.10

* Heterozygosity per locus
Populations: |; Kimhae, 2; Kaejong, 3; Yangsoori, 4; Chunpo, 5; Daeya 6; Chori, 7, Woosong 8 Osan
9; Chori, 10; Saga



Z0A AL+ 74 2

1 2 3 4 5 6 7 8 9 10 11 12

T2 3 4 5 6 7 8 9 10 11 12

L Wl
- - - I —
oL T o - -
1 2 3 4 5 6 7 8 9 10 i F] 3 4 5 6 7 8 9 L

Fig. 1. Malate dehydrogenase patterns of Bithynia manchourica (1-4), B. misella (5-8) and B. kiusiuensis (9-

Fig.

12). All populations showed monomorphic electromorphs.
2. Malic enzyme patterns of B. manchourica (1-4), B. misella (5-8) and Bithynia kiusiuensis (9-12).
Only a monomeric band was detectable in the all three species.

Fig. 3. The enzymatic activities of glutarmate-oxaloacetate transaminase of B. misella, Osan population

(6-12) and B. kiusiuensis (1-5).
Homozygotes showing the fast-moving band occurred in B. misella and the slow-moving band was

found in B. kiusiuensis.

Fig. 4. Akaline phosphatase activities of female snails of B. manchourica (1-2), B. misella (2-7) and B.

kiusiuensis (8-10).

Fig. 5. Non-specific esterase activities of B. manchourica, Daeya population (1-2), Woosong population (4-

Fig.

8) and B. kiusiuensis (9-10).
The slowest thin bands(arrow) were found in B. manchourica.
6. Schematic representation of the non-specific esterase activities for the EST-2 locus in B. man-
chourica (1-4), B. misella (5-9) and B. kiusiuensis (10-11).
Slow-moving monomeric bands were not detectable in B. manchourica.
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Fig. 7. Acid phosphatase patterns of B. manchourica (1-8), B. misella (9-10) and B. kiusiuensis (11-12).
The fast-moving band was common in all three bithyniids. The slow-moving band occurred in
Kimhae population of B. manchourica (2) and Osan population of B. misella (10).

Fig. 8. The enzymatic activities of alanine aminopeptidase of B. manchourica (1-4), B. misella (5-7) and B.
kiusiuensis (8-10). All populations of three bithyniids showed the monomorphic band.

Fig. 9. Leucine aminopeptidase patterns of B. manchourica (6-10), B. misella (3-5) and B. kiusiuensis (1-2).
Only a single monomorphic band was detectable in the all three species.

Fig. 10. Glucose phosphate isomerase patterns of B. kiusiuensis (1-5) and B. misella, Osan population (6-
12).
Slow-moving bands(GPI-d, GPI-e) were not found in B. misella.

Fig. 11. Glucose phosphate isomerase patterns of B. kiusiuensis (1-2), B. misella (3-8) and B. manchourica
9-10).
The slowest band(GPI-e) was found only in B. manchourica (9, 10). Faster- and intermediate-bands
(GPI-b, ¢) occurred in B. misella (3, 4, 8), and a monomeric slow-moving band(GPI-d) was found
in B. kiusiuensis (1, 2).

Fig. 12. Glucose phosphate isomerase patterns of B. manchourica, Chori(l1-4) and Daeya(5-12) populations.
The slowest band(GPI-e) was common in all populations of B. manchourica.
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band(ALP-c) was occed in Daejeo population
of B. manchourica, and Woosong and Osan
populations of B. misella(Fig. 4).

5. Esterase(EST)

Three regions of esterase activity were de-
in EST-1
locus. EST-1 was composed of two bands. A
fast band(EST-l-a) was observed only in B

manchourica(Yangsoori

tected. There were two alleles

and Chunpo popula-
tions). Locus lof EST-2 was composed of four
alles. Monomorphic faster two bands(EST-2-a,
EST-2-b) were detected v
Slower bands(EST-2-¢, EST-2-d) were common

in B. misella and B. kiustuensis. Heterozygo-

in B. manchourica.

sity of B. manchourica in locus EST-2 was
less than or equal to 0.50. and that of the
other two species was more than 0.50(Table
3). EST-3 contained single band, but no band
was detected in Daejeo, Yangsoori and Ch-

Genetic distance

1A %

unpo populations of B. manchourica and B.
kiustuensis(Fig. 5, 6).

6. Alanine aminopeptidase(AAP) and
Leucine aminopeptidase(LAP)

A single monomorphic band of AAP or
LAP was observed in all bithyniids employed
(Fig. 8, 9).

7. Glucosephosphate isomerase(GPI)

Glucosephosphate isomerase was composed
of 5 bands. This locus was species specific.
The slowset band(GPI-e) was demonstrated
only in all populations of B. manchourica, a
slow band(GPI-d) was observed in B. kiu-
stuensis only, intermediate band(GPI-c)
was detected in B. misella(Fig. 10~12).

and

8. Genetic distance

Genetic distances, average homozygosities

0.3 0.2 0.1 0
L " 1 1 1 3 i
Daejeo(B. manchourica)
Kaeong(B. manchourica)
0.010
Yangsoori(B. manchourica)
0.026
Daevya(B. manchourica)
0.102
—— Chunpo(B. manchourica)
0.246 0031 ‘—— Chori(B. manchourica)
W oosdng(B. misella)
0.103 Osan(B. misella)
Chori{B. misella)

0.217

Saga(B. kiusiuensis)

Fig. 13. Phenogram based on the genetic identities, shown in Table 3, of B. manchourica, B. misella and

B. kiusiuensis.
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Table 3. Genetic distances(above diagonal), the average homozygosities(on the diagonal) and the genetic iden-
tities(below the diagonal) of Bithynia manchourica, B. misella and B. kiusiuensis

OTU I 2 3 4 5 6 7 8 9 10
1 (0.737) 0.105 0.078 0.080 0.090 0.103 0.395 0.278 0.315 0.384
2 0.901 (0.822) 0.039 0.073 0.012 0.053 0.198 0.129 0.148 0.251
3 0.925 0.962 (0.849) 0.075 0.010 0.078 0.316 0.226 0.240 0.266
4 0.923 0.932 0.928 0.771) 0.061 0.031 0.276 0.192 0.223 0.321
5 0914 0.988 0.990 0.940 (0.820) 0.059 0.236 0.152 0.168 0.241
6 0.902 0.949 0.925 0.969 0.943 (0.745) 0.224 0.211 0.238 0.266
7 0.674 0.820 0.729 0.759 0.790 0.799 (0.774) 0.105 0.101 0.128
8 0.757 0.879 0.798 0.826 0.859 0.810 0.900 0.827) 0.007 0.266
9 0.730 0.862 0.787 0.800 0.845 0.788 0.904 0.993 (0.828) 0.257
10 0.681 0.778 0.766 0.726 0.786 0.766 0.880 0.767 0.773 (0.819)

OTU(Operational Taxonomic Unit) I; Kimhae, 2; Kaejong, 3; Yangsoori, 4, Chunpo, 5; Daeya, 6; Chori
7, Woosong 8; Kaejong 9; Osan 10; Saga

and the genetcic identities were calculated
(Table 2). The average homozygosities for the
six populations of B. manchourica were ran-
ged from 0.737(in Daejeo population) to 0.849
(in Yarngsoori population). The average homo-
zygosities for the the three populations of B.
misella were ranged from 0.774(Woosong popu-
lation) to 0.828(Chori and the

homozygosity of the Japanese(Saga) popula-

population),

tions of B. kiustuensis was 0.819.
13)
based on the basis of the genetic distance

It can be seen in a phenogram(Fig.
which was shown in Table 3. The genetic dis-
tance value between six populations of B.
mancheurica and the other two species was
0.246. The genetic distance between conspecif-
ic populations was very low(less than 0.103 in
B. misella, less than 0.062 in B. manchourica).
The genetic distance value between of B.

misella and B. kiusiuensts was 0.217.

DISCUSSION

Isozyme electrophoresis and restriction site
analysis, are applicable to most studies of

intraspecific variation. These methods remain
the useful tools of choice, although DNA se-
quencing may be needed to resolve parti-
curaly difficult problems(Hillis and Moritz,
1990). Electrophoresis has been widely used in
molluscan systematics in recent(Wright and
Ross, 1963, 1965, 1966, Davis, 1967; Davis and

Lindsay, 1968, Wu and Burch, 1975
Wurzinger, 1979 Kitikoon, 1982; Chung and
Burch, 1983, Chung, 1984; Viyanant et al.,

1985). Genotypic information form this meth-
od is useful especially in systematics between
lower taxa.

Korean populations of B. misella and Japa-
nese populations of B. kiusiuensis are still on
the debate
1989). The present study aimed to futher in-

especially in systematics(Kim,
vestigation of genetic distance between three
bithyniids which were collected in Korea and
Japan, using starch gel electrophoresis.

For GOT activity, Chung(1983) observed
three presumptive alleles
this
alleles in a single presumptive genetic locus.

in bithyniids. In

study, there were four presumptive

In present study, four bands occured in Chori

19 —
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population of B. manchourica. Chori area is lo-
cated in norther part of Seoul, Korea and
other collecting sites are located southern
part of Korea. These sites are recognized as
endemic area of clonorchiasis, but Chori is
not included in endemic area. It is obvious
that there is no gene flow between the Chori
and the other areas from the lack of allele
encoding three bands which only found in
Chori population.

There are a number of sex-limited proteins
restricted the 1980).
Chung(1984) reported that he could not ob-

serve the some alleles of ALP locus in males

to gonads(Ferguson,

of B. manchourica and no activity at all even
in female of B. tentaculata and B. misella. The
fast moving band of ALP was common in B.
manchourica and B. kiusiuensis. There was no
evidence that encoding this isozyme was re-

lated with sex in this study.

Another interesting isozyme in present
study is GPI. All populations of three species
showed monomorphic bands. The slowest

band(GPI-e) occured only in all populations of
B. manchourica, and a slow band(GPI-d) was
observed in B. kiusiuensis. Intermediate band
between above two species, was detected in
B. misella. These results indicate that gene
flow among these three species.

Genetic distance value between B. manchou-
rica and the other species was 0.246. This
value is above conspecific level of Avise's
Kim(1989) that
there was no diffence in shell shape between

suggestion(1974). observed
Korean populations of B. misella and Japanese
population of B. kiusiuensts, and he suggested
that these species are synonym or would be
ranked in subspecies level.

Morphologically distinct species show very
low levels of divergence even when many loci
are screened(Murphy ef a/., 1983), and allozy-
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me divergence may have proceeded to the
point where too few electromorphs are sha-
red, and many of those that shared are con-

vergent(Derr ¢t al, 1987). However, genetic
variability could be high in environmental
condition(Levins, 1968; Gooch and Schopt,

1973), tropic resources(Valentine, 1976, Ayala
et al., 1975, Mileman, 1987). In this point of
view, electromorphs would be varied even in
identical species. Chung(1984) reported that B.
misella should be stand as a subgenus of
Parafossarulus rather than Bithynia, or per-
haps should stand alone as a genus. This
study employed only Korean populations of B.
misella and Parafossarulus, and compared with
American and European B. tentaculata. Also
present study was limited in collection. So,
such a systematic change should await broad-
of
with widley collected

er, inclusive study the family

Bithyniidae,
from Africa, Southeast Asia and Australia.

more

samples
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