Journal of National Fisheries University

45 (2) 8793 (1996)

Genetic variability and differentiation of a freshwater goby

Odontobutis obscura from Yamaguchi Prefecture™’

Harumi Sakai*?, Hiroshi Tsujii*?, Yoshiki Tanaka®*?,

Chikara Yamamoto*?, Itaru lkeda*?, and Akihisa Iwata*"

Genetic variability and differentiation were analyzed on 12 populations of the Donko

Odontobulis obscura from Yamaguchi Prefecture. Genetic variations were electrophoretically

determined for 18 allozyme-coding loci, in terms of proportion of polymorphic loci (PL), average

heterozygosity (H, and H.), Fsr and Ggr values, and Nei’s genetic distance (D). The study

group exhibited higher variability (PL=0.241, H,=0.083, H.=0.092) and differentiated popula-

tions (Fgr=0.062~1.000, Gg;=0.551) as compared to other fish groups, even among inter-

tributary populations (Ggy=0.120~0.137). The Tama River population, the eastern-most

population from the Japan Sea slope of Yamaguchi Prefecture, was distantly related to the other

populations (D=0,463) .

1 Introduction

The Donko Odontobuiis  obscura (Temminck et
Schlegel) (Odontobutidae © Gobioidei) is a common
freshwater goby occurs in Yamaguchi and other western
prefectures of Japan®. It deposits larger eggs than most
other freshwater gobies which exhibit an amphi-
dromous life history mode®. The large egg size yields
large larvae and results in a resident fluvial life
strategy®. The migration within a river course was
thought to be restricted®, therefore, the Donko is an
excellent object to study fish population differentiation
and freshwater biogeography. The present study exam-

ines the genetic variability, geographic differentiation,

and population structure of the Donko from Yamaguchi

Prefecture based on specific allozyme genetic indices.

2 Materials and methods

Twelve samples were collected from 1992 to 1994
(Table land Fig.1). Populations 3-5(TABE,
SKYK and KRKW) and 7-9 (TATN, KRMK and
ABU)were from three different tributaries of the Koya
River system and the Abu River system, respectively.
The fish were frozen and stored at -70°C until processed
for horizontal starch-gel electrophoresis (12% gel) 9.
The 12 enzymes, 18 loci, tissues, and buffer systems are

listed in Table 2. Locus and gene nomenclature follows
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Table 1. Sample data of 12 populations of Odontobutis obscura from Yamaguchi Prefecture

Population Date of Sample
No. River (River system) Abbreviation collection size
1. R. Kawatana KWTN Jun. 1993 25
2. R. Ayaragi AYRG Jul. 1993 15
3. R. Tabe (R. Koya) TABE Apr. 1994 25
4, R. Sakogayoku (R. Koya) SKYK Sep. 1992 18
5. R. Kurckawa {R. Koya) KRKW Jun. 1993 9
6. R. Yae (R.Kotou) KTOU Apr. 1992 15
7. R. Tateno (R. Abu) TATN Sep. 1993 6
8. R. Kurameka (R. Abu) KRMK Dec. 1993 12
9. R. Abu ABU Dec. 1993 3
10. R. Ooi 001 Dec. 1993 5
11. R. Tama TAMA Sep. 1993 9
12. R. Nighiki NSHK Sep. 1993 8
Table 2. Emzymes, enzyme numbers (E.C.), loci, tissues and buffer systems used
Enzyme (E.C) Locus Tissue Buffer
Aspartate arinotransferase (2.6.1.1) AAT-I* Liver TC
Alcohol dehydrogenase (1.1.1.1) ADH* L AC
Creatine Kinase {2.7.3.2) CK* Muscle RW
Glycero-3-phosphate dehydrogenase (1.1.1.8) G3PDH * M TC
Glucose-6-phosphate isomerase (5.3.1.9) GPL-1* M RW
GPL2* M RW
Isocitrate dehydrogenase (1.1.1.42) IDHP.I1* L, Eye TC
IDHP.2* M, E TC
L-Lactate dehydrogenase (1.1.1.27) LDH-1* E TC
LDH.2* M, E TC
LDH-3* E TC
Malate dehydrogenase MDH.1* M TC
MDH-2* M, L T
MDH-3* M TC
Phosphogluconate dehydrogenase (1.1.1.44) PGDH* E L TC
Phosphoglucomutase (5.4.2.2) PGM.2* M RW
Superoxide dismutase (1.15.1.1) S0D+* L RW
Xanthine dehydrogenase (1.1.1.204) XDH* L RW

TC @ Tris-citrate buffer® (pH 8.0, diluted 1: 9 for the gel), 4mA/ew for 4h. AC: Amine (N-(3-aminopropyl) -morpholine)
citrate buffer” (pH 6.0), 4mA/ew for 3h. RW : Discontinuous Tris-citric acid (gel pH 8.5), lithium hydrooxide-boric acid
(tray pH 8.5) buffer®, 4mA/av for 2h.
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Fig. 1 Map of Yamaguchi prefecture showing sample
localities of Odontobutis obscura. Locality numbers cor-
respond to sample numbers in Table 1.

the system of Shaklee et al”. Different loci of the same
enzyme system are given Arabic numerals from anodic
to cathodic ones. The most common allele at a locus
scored in the Kotou River population (6 KTOU) was
designated as * J00'? and the other alleles were labeled
according to the relative mobility. The calculated
genetic indices include proportion of polymorphic loci
(PL, most common allele does not exceed 0.95) , obser-
ved and expected heterozygosity (H, and H.), fixation
index (Fsr), coefficient of gene differentiation (Gsy),
and Nei's!" unbiased genetic distance (D). Genetic
variability data (PL, H, and 1,) were obtained from
six different populations with more than 10 individuals.
Genetic differentiation data (Fgr and Gsy) were calcu-
lated from all 12 populations and from each three tribu-
tary populations of the Koya and Abu Rivers. Allele
frequency homogeneity was examined utilizing log-like-
lihood ratios {G-test) among the three tributary popula-
tions in both rivers. A dendrogram of D was drawn by
the UPGMA method'?.

3 Results

Alleleson AAT-1*, CK*, LDH-1*, LDH-3*, MDH
-3*, and XDH* were uniform through 12 populations
surveyed. Allelic frequencies of the remaining 12 loci
are presented in Table 3. Eleven populations, excluding

the Tama River population (11 TAMA), exhibited the

most and/or the second most frequent alleles in com-
mon. Alleles onsix loci, G3PDH*, GPI-1*, IDHP-1*,
IDHP-2*, MDH-1*, and SOD*, were notably dis-
placed and represent a diagnostic difference between the
TAMA population and the other 11 populations. Mean
values of PL, Ho, He, and H,/H, for 6 populations were
0.241, 0,083, 0.092, and 0.891, respectively (Table 4} .
The H,/H. ratios indicated homozygote excess 1 five
out of these six populations, though no populations
displayed significant departure from Hardy-Weinberg
equilibria {(chi-square test at p >0.05). Fg, value ran-
ged 0.062-1.000 in the total populations, 0.000-0.474 in
the Koya River populations, and 0.000-0.266 in the Abu
River populations (Table 5). Ggr value scored 0.551 in
the total populations, 0.120 in the Koya River popula-
tions, and 0,137 in the Abu River populations (Table 5) .

The allele frequency differences among three tributary
populations from the Koya and Abu Rivers were signifi-
cant (G-test, p < 0.001 in both cases).

Genetic distance data (D) between pairs of 12 popula-
tions are described in Table 6. The dendrogram of D
values is illustrated in Fig. 2. Eleven populations, other
than the TAMA population, formed a cluster at D=
0,075 + 0.038 SD. Inthe cluster, each of three tributary
populations from the Koya and Abu Rivers did not
comnect as neighbors. The TAMA population related
with the other 11 populations at D =0.463-+0.051 SD.

4 Discussion

The Donko, in this study, expressed much greater
genetic variability (Table 4) than other resident fluvial
fish, such as the Kawayoshinobori Rhinogobius
Sluminenus (PL=0.102, H.=0.037)"*, a freshwater go-
by, the Hanakajika Cottus nozawae (PL=0.027, [, =
0.009)', a freshwater sculpin, and the freshwater form
of the three spine sticklebacks Gasterosteus aculeatus
(PL=0.039, H, =0.008)'", The heterozygosity of the
Donko was higher than that of American cyprinid fish
{mean H, =0.052, 69 species)'®. Species of freshwater
fish are reported to exhibit less genetic variability than
marine and diadromous species *'*'%%  probably due

to the smaller effective size of population'®, However,
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Table 3. Alleles (allelic frequencies in parentheses) at 12 polymorphic loci in 12 populations of Qdontobutis obscura from
Yamaguchi Prefecture.
1 2 3 4 5 6 7 8 9 10 11 12
KWTN AYRG TABE SKYK KRKW KTOU TATN KRMK ABU 001 TAMA  NSHK
ADH* *100(680)  *-100 * 100 *.100 *.100 *100  *-100(667)* - JOO(66Ty  -100 *-100(600)  *-100 * 100
*-106(.320) Y. 1461.333) * - 146333} *-146(400)
G3PDH * 100 *100(500) 1000980y 100 *100(889) *125(033) 100 * 100 * 100 * 100 ~76 *100
*76(500)  *761(.020) *76LI11 Y 100(967)
GPIL-1* * 100 * 100 * 100 * 100 * 100 100 t100(81T)y  *100 * 100 * 100 105 *100
* 92083
GPL.2* *115(400) * 1150933 *115(960) *115(361)  *115  YI00(800) 100 *115(583) *115(167) *115(400) 100 @ *115(062)
* 1004.600) * 1000067 * 100(040) * 100(.639) *75(.100) *1O0LAYT) * 1001833} * 100(.600) *100{.938)
IDHP-1* *100 100 * 100 100 * 100 * 100 * 100 * 100 * 100 *100 ~ 109 *100
IDHP-2*  *132(1000  *100  *132(120) *100 100 *132(467) *132(41)y  *100 100 *100 114 132(167)
* 100{.900} * 100{.880) * 100(.533) * 100(.583) * 100{.833)
LDH.2* 100 * 100 *100 * 100 Y100 1000800y 100 *100 *100 * 100 100 100
*45(.100)
MDH-1* *100 * 100 100 *100 *100 * 100 * 100 100 *116(333) *100 80 *100
* 100(.667)
MDH.2*  * 130(360) *130(.633} * 130(.280) * 130(333) *130(.333) *130(.333) *130(417) *130(A1T) * 130(.667) *130(400) *130  *130(187)
*100(640) * 100(.367) *100(.720) * 100(667) * 100(.667) *100(.667) * T00(583) * 100(.583) * 100(.333) * 100(.600) * 100{813)
PGDH* * 100 “100 100184y 100 100 * 100 * 100 * 100 * 100 *100 * 100 *100
*“83(.160)
PGM-2*  *100(180) <107{063%)y *100 * 100 Y100 *100(8%00) 100 *100 100 *100 *100 100
*90(.820) *100(967) * 90{.100)
S0D* * 1001.500) 42 * 1OOL500) *100(722) * 100(556) *100(833)y *100 *100 *100 *100 *124 *100
*42(.5060) 205000 *42(278) 4204441 42167
Table 4. Proportion of polymorphic loci and average heterozygosity in 6 populations of Odontobulis obscura analized
more than 10 individuals
Population Polymorphic Average heterozygosity Ho/H Sample
e Ho/He
No. Abbr. loci*! Observed(Ho) Expected(He)*® Size
1. KWTN .389 142 .148 .959 25
2. AYRG 222 .067 084 .798 15
3. TABE 222 076 .083 916 25
4. SKYK 167 .068 073 932 18
6. KTOU 278 086 .084 1.024 15
8. KRMK 167 056 078 718 12
Mean*SD 2414084 0834.031 0924.028 8014112

*11 A locus is considered polymorphic if the frequency of the most common allele does not exceed 0.95.

*2 ! Biased estimate (Nei, 1978).
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Table 5. Fsr and Ggy values for total 12 populations, 3 subpopulations from the Koya River, and 3 subpopulations from

the Abu River

Loci Total Koya subpopulations Abu subpopulations
Fyr
ADH* .298 - -
G3PDH * 711 .009 -
GPLI* 617 - .000
GPL2* 519 474 262
IDH-I* 1.000 - -
IDH-2* 497 065 .266
LDH-2* 062 - -
MDH-1* 786 - 125
MDH.2* 162 .000 000
PGDH * 140 095 -
PGM.2* 799 - -
SOD* .610 .003 -
Gsr .551 120 137

Table 6. Nei’s unbiased genetic distance between pairs of 12 populations of Odontobutis obscura from
Yamaguchi Prefecture

Population 2 3 4 5 6 7 8 9 10 11 12
NSHK

1. KWTN 107 .068 052 073 084 081 067 077 065 544 073
2. AYRG 037 075 034 159 137 .089 120 109 432 137
3. TABE 026 000 069 078 025 065 042 526 064
4, SKYK 024 016 020 006 012 .009 .456 011
5. KRKW 071 081 020 .060 .038 510 066
6. KTOU .000 024 .001 022 378 011
7. TATN 027 013 022 420 .002
8. KRMK 012 005 A79 018
9. ABU 012 408 014
10. 001 483 015
11. TAMA 459

Population

1 KWTN

4 SKYK

8 KRMK

10 OO}

& KTou

7 TATN

9 ABU

12 NSHK

2 AYRG

3 TABE

11 TAMA

0.5 0.45 0.4 035 0.3 0.25 0.2 0.15 0.1 0.05 0

Genetic Distance
Fig. 2 Dendrogram (UPGMA) of Nei's unbiased genetic distance among 12 populations of Odonitobutis obscura from
Yamaguchi prefecure. Locality numbers and population abbreviations correnpond to in Table 1.
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the Donko also indicated higher heterozygosity than
marine fish species (mean H, =0.055, 106 species)®™.

The reason why homozygotes exceeded in some popu-
lations {Table 4) is not obvious. As the helerozygote
excess condition is also observed in populations from
other areas (Sakai, unpublished data) , the homo as well
as heterozygote excess conditions may be stochastic in
Donko.

The Fgy and Gy values reflect the level of differentia-
tion among populations. The more differentiated fresh-
water fish displays higher value (mean Ggy =0.325, 12
species) than the less differentiated diadromous fish
(mean Gsy =0.066, 7 species) and marine fish (mean
Gsr =0.045, 16 species) '™'®. The Donko, in this study,
as well as the Kawayoshinobori'®, expressed a higher
differentiation level than other freshwater fish. Even
among tributary populations, the Donko was differ-
entiated considerably (Table 2). The allele frequency
homogeneity test indicated that the tributary popula-
tions were heterogeneous. These results suggests that
both the tributary population size and the introgression
among tributary populations are restricted. The
restricted migration within a river course has been
discussed previously?.

The genetic distance between the TAMA population
and the other populations (Table 6, Fig. 2) extended to
the intra-specific level (D=0.025-0.609, mean 0.30),
well beyond the inter-specific values calculated for other
fishes (D=0.002-0.065)%". This indicates the existence
of biogeographically different groups of the Donko in
Yamaguchi Prefecture. The TAMA population is
related to the eastern populations along the Japan Sea
slope (Sakai, unpublished data) . The genetic differenti-
ation data above suggest that the effective population
size of the Donko is small. Contrarily, the genetic
variability data may support the alternative state. The
relatively high variability within a population may be
due to the introgressive hybridization among
subpopulations®”. However, the introgression among
subpopulations was determined to be restricted. This
paradox may be solved, considering the Donko river
populations are segregated into small tributary

subpopulations. The introgression among subpopula-

tions is usually restricted resulting in genetic differentia-
tion. Subpopulation isolation is disrupted by intense
typhoon caused river flooding. The resultant introgres-
sion between differentiated subpopulations results in

increased subpopulation variability.
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