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Genetic Evidence Supporting the Existence of Three Distinct Species
in the Genus Odontobutis (Gobiidae) from Japan and Korea
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Abstract Three taxa of the genus Odontobutis (Gobiidae), O. obscura obscura from Japan, and O. o.
interrupta and O. platycephala from Korea were analyzed electrophoretically at 21 isozyme coding loci.
They were very distantly related genetically (Nei’s genetic distance =1.053 —1.230), alleles of 9 loci being
displaced and diagnostic of the three taxa. Accordingly, the two subspecies of O. obscura were judged to
be distinct species, for which the names O. obscura (for O. o. obscura) and O. interrupta (for O. o.

interrupta) are proposed.

According to Iwata et al. (1985), the gobiid genus
Odontobutis includes two species with three sub-
species; O. obscura obscura (Temminck et Schlegel)
from Japan, O. o. interrupta Iwata et Jeon from
Korea, O. o. potamophila (Giinther) from China and
O. platycephala Iwata et Jeon from Korea, which are
distinguished mainly by their cephalic lateral line
systems. A sensory canal is absent in O. o. obscura,
but present on the postocular part on the supraorbi-
tal pit line in O. o. interrupta and O. o. potamophila.
Two canals are present on the preoperculoman-
dibular pit line and three on the supraorbital pit line
in O. platycephala (Iwata et al., 1985). Three sub-
species of O. obscura were recognized because of the
subtler differences between each than between O.
obscura and O. platycephala, and because of their
allopatric distribution (Iwata et al., 1985). Iwata et
al. (1988) compared the larval development of O. o.

obscura, O. o. interrupta and O. platycephala, report- -

ing that the former two subspecies were more paedo-
morphic and similar to each other in their develop-
mental processes, than to O. platycephala. However,
to date the above taxonomy has not been tested by
genetic studies. This paper presents an isozyme
electrophoretic analysis of O. o. obscura, O. o. inter-
rupta and O. platycephala, with a brief discussion of
their taxonomic status based on genetic distance.

Materials and Methods

Two samples of Odontobutis obscura obscura from

Japan, and three of O. o. interrupta and two of O.
platycephala from Korea, were collected during
1991-1992 (Fig. 1). The fish were frozen immediate-
ly after collection and stored at —70°C until pro-
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Fig. 1. Map of Japan and the Korean Peninsula
showing collection localities of Odontobutis
obscura (@), O. interrupta (M) and O. platy-
cephala (A). I—Kotou River; 2—Koya River;
3—Yok River; 4—Ungchon River; 5—a tribu-
tary of Kum River; 6—Taega River of Naktong
River system; 7—Miryang River of Naktong
River system.
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Table 1. Enzymes, enzyme numbers, loci, tissue distribution and buffer systems used
Enzyme Enzyme number Locus Tissue Buffer

Aspartate aminotransferase 2.6.1.1 AAT-1* LM TC
Alcohol dehydrogenase 1.1.1.1 ADH* L AC
Creatine kinase 2.7.3.2 CK* M RW
Glycero-3-phosphate dehydrogenase 1.1.1.8 G3PDH* M TC
Glutamate dehydrogenase (NADP+) 1.4.1.4 GLUDHP* L AC
Glucose-6-phosphate isomerase 5.3.1.9 GPI-I* M RW

GPI-2* L, M RW
Isocitrate dehydrogenase (NADP +) 1.1.1.42 IDHP-I* E,M TC

IDHP-2* E, L TC
L-Lactate dehydrogenase 1.1.1.27 LDH-I1* E, H TC

LDH-2* M AC

LDH-3* E TC
Malate dehydrogenase 1.1.1.37 MDH-I* E,H L M TC

MDH-2* E,H,L,M TC

MDH-3* M TC
Malic enzyme (NADP+) 1.1.1.40 MEP* M AC
Octanol dehydrogenase 1.1.1.73 ODH* L RW
Phosphogluconate dehydrogenase 1.1.1.44 PGDH* E L TC
Phosphoglucomutase 5.4.2.2 PGM* M RW
Superoxide dismutase 1.15.1.1 SOD* L TC
Xanthine dehydrogenase 1.1.1.204 XDH* L RW

Tissue: E=eye; H=heart; L=liver; M=muscle. Buffer: TC=Tris-citrate Buffer (pH 8.0, diluted 1:9 for the gel)
described by Shaw and Prasad (1970), 4 mA/cm? for 4 hours; AC=amine (N-(3-Aminopropyl)-morpholine) citrate buffer
(pH 6.0) described by Clayton and Tretiak (1972), 4mA/cm?® for 3 hours; RW =discontinuous Tris-citric acid (gel pH
8.5), lithium hydroxide-boric acid (tray pH 8.5) buffer system described by Ridgway et al. (1970), 4 mA/cm” for 2 hours.

cessed for horizontal starch-gel electrophoresis. The
15 enzymes analyzed, 21 loci recognized and the
buffer systems used are given in Table 1. Locus and
gene nomenclature follows Shaklee et al. (1990) and

Table 2. Proportion of polymorphic loci and
average heterozygosity in 7 populations of
Odontobutis from Japan and Korea (see text).
Sample numbers correspond to location numbers

. in Figure 1
Okazaki et al. (1991). The most common allele at a
locus of O. o. obscura was designated as *100. Stain- . Polymorphic Average heterozygosity
ing procedures followed Murphy et al. (1990). Population loci Observed  Expected
O. obscura
Results 1 0.286 0.073 0.087
2 0.143 0.059 0.059
The proportion of polymorphic loci and average 0 me;mp @ 0.095 0.040 0.044
heterozygosity are shown in Table 2. Pooling of 4 0:048 0:038 0:023
samples of the same species or subspecies showed 5 5 0.143 0.058 0.054
loci in Odontobutis obscura obscura, 2 loci in O. o. 0. platycephala
interrupta and 5 loci in O. platycephala to be poly- 6 0.143 0.054 0.056
morphic (a locus was judged as polymorphic when 7 0.190 0.069 0.060

the most common allele did not exceed 0.95).
Allelic frequencies of 21 loci are presented in
Table 3. At all of the polymorphic loci, five popula-
tions (except for two of O. o. interrupta from which
the sample was very small) were accepted as the
Mendelian population. Alleles of 9 loci were notably
displaced, being diagnostic of the three taxa, O. o.

obscura, O. o. interrupta, and O. platycephala. Two
loci of the two subspecies of O. obscura vs. O. platy-
cephala, 3 loci of O. o. obscura vs. O. o. interrupta and
O. platycephala, and 2 loci of O. o. interrupta vs. O. o.
obscura and O. platycephala also showed allelic dis-
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Table 3. Alleles (allelic frequencies in parentheses) at 21 loci in 7 populations of Odontobutis from Japan and
Korea. Sample numbers correspond to location numbers in Figure 1, with sample size in parentheses

O. obscura O. interrupta O. platycephala
Locus
1 (N=15) 2 (18) 3 (54) 4 (5) 5(5) 6 (39) 7 (43)
AAT-1* *100 *100 *100 *100 *100 *100 *100
ADH* *—100 *—100 *—185 *—185 *—185 *—190 *—190
CK* *100 *100 *95 *95 *95 *100 *100
G3PDH* *100 (.967) *100 *130 *130 *130 *80 *80
*125 (.033)
GLUDHP* *100 *100 *80 *80 *80 *85 *85
GPI-]* *100 (.900) *100 (.556) *95 *95 *95 (.900)
*75 (\100)  *115 (.444) *70 (.100) *70 *70
GPI-2* *100 *100 *75 *75 *75 *85 (.628)  *85 (.849)
*70 (.372) *70 (.151)
IDHP-1* *130 (.467) *130 (.111) *100 *100 *100 *100 *100
*100 (.533) *100 (.889)
IDHP-2* *100 *100 *90 *90 *90 *87 *87
LDH-1* *100 *100 *100 *100 *100 *100 *100
LDH-2* *100 (.900)  *100 *100 *100 *100 *100 (.897) *100
*45 (.100) *20 (.103)
LDH-3* *100 *100 *102 *102 *102 *102 *102
MDH-T* *100 *100 *100 *100 *100 *100 *100
MDH-2* *130 (.333)  *130 (.333) *160 *160 *160 *140 (.372)  *140 (.649)
*100 (.667) *100 (.667) *97 (.628)  *97 (.326)
MDH-3* *100 *100 *90 *90 *90 *75 *75
MEP* *100 *100 *160 *160 *160 *0 *0
ODH* *100 *100 *110 *110 *110 *100 *100
PGDH* *100 *100 (.972) *100 (.731) *100 (.400) *100 (.800) *140 *140
*95 (.269)  *95 (.600)  *95 (.100)
*85 (.028) *85 (.100)
PGM* *100 (.900) *100 *98 (.537) *98 (.500) *98 *98 (.802)
*90 (.100) *85 (.426) *85 (.300) *110 (.198)
*70 (.037)  *70 *70 (.200)
SOD* *100 (.833) *100 (.972) *155 *155 *155 *35 (.974) *35 (.849)
*65 (.167)  *65 (.028) *¥—5(.026) *—5(.151)
XDH* *100 *100 *100 *100 *100 *95 *95

Table 4. Nei’s (1972) genetic distance (above diagonal) and number of diagnostic loci (below diagonal)
Sample numbers correspond to location

among 7 populations of Odontobutis from Japan and Korea.

numbers in Figure 1

Population 1 2 3 4 5 6 7
O. obscura
1 0.017 1.158 1.224 1.141 1.123 1.106
2 0 1.104 1.165 1.089 1.070 1.053
O. interrupta
3 14 14 0.041 0.003 1.132 1.130
4 14 14 0 0.036 1.230 1.210
5 14 14 0 0 1.117 1.113
O. platycephala
6 14 14 13 13 13 0.010
7 14 14 13 13 13 0
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placement.

Nei’s (1972) genetic distance (D) and the num-
bers of diagnostic loci among the 7 populations are
presented in Table 4. The D measurements were
1.089-1.224 between O. o. obscura and O. o. inter-
rupta, 1.053-1.123 between O. o. obscura and O.
platycephala, and 1.113-1.230 between O. o. inter-
rupta and O. platycephala.

Discussion

In contrast to the morphological and develop-
mental similarity between the two subspecies (Iwata
et al., 1985, 1988), Odontobutis obscura obscura and
O. o. interrupta were very distantly related genetic-
ally (mean D=1.147), such distance being a little
larger than that between the two species, O. obscura
and O. platycephala (mean D=1.128). In fact, D
measurements among these three (1.053-1.230) cor-
responded to the intergeneric level applied to fish
genera by other workers (Shaklee et al., 1982; Buth,
1984).

Consequently, the two subspecies of O. obscura
recognized by Iwata et al. (1985) are now considered
to be distinct species as is O. platycephala. Accord-
ingly, O. o. obscura should henceforth be referred to
as O. obscura (Temminck et Schlegel), and O. o.
interrupta as O. interrupta Iwata et Jeon.

Unfortunately, there was no opportunity to exam-
ine fresh samples of O. o. potamophila from China,
which is the form most similar morphologicaly to O.
interrupta (Iwata et al., 1985). If O. o. potamophila
is subsequently shown to be conspecific with O. inter-
rupta, either by genetic or other means, the name
potamophila has priority over interrupta.
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