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BIOCHEMICAL GENETIC DIFFERENTIATION AMONG
WILD POPULATIONS OF MILKFISH (Chanos chanos) IN
INDONESIA
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ABSTRACT

Four populations of milkfish ((hanos chanos) were collected (N=100) from coastal water
of Aceh. Bali, East Juva and South Sulawesi and were examined electrophoretically at 29 loci
to determine the genetic variability and the population structure. Twelve loci (Adh. Aat-1.
Est-1, Est-2. -Gpd, Gpi-1. Gpi-2, Idh-1, Ldh-1, Mdh-1, 6-Pgd and Pgm-2) were polymorphic in
at least one population. Six loci (Adh, Est-1, Est-2, Gpi-1, 6-Pgd and Pgm-2) were reliable
genetic markers. The number of polymorphic loci, number of alleles per locus and heterozygosity
were 0.336, 1.577 and 0.068 respectively. These values were slightly higher than other marine
fishes. Significant differences in allele frequencies were observed at more than one locus
except between Bali and East Java populations. The mean Nei s genetic distance between
population pairs was 0.00155. This value is typical divergence between conspecific populations.
The UPGMA cluster analysis of genetic distance revealed that the milkfish populations formed
three geographical groups. The results suggest that the natural populations of milkfish in
Indonesia could be devided into 3 geographical groups located in the west (Aceh), midle (Bali/
E. Java) and East (South Sulawesi) Indonesia.

KEYWORD:

INTRODUCTION

The milkfish (Chanos chanos) is one of the most
important species extensively cultured in brackish-
water Indonesia ponds. Recently, this species has
become more important as frozen and live bait for
tuna long-line capture. The supply of milkfish fry
comes mainly from the wild. High demands on
the supply of fry emphasize the need for artificial
propagation to supplement the supply. The
technology for artificial seed production of milkfish
has been developed in Gondol Research Station for
Coastal Fisheries, Agency for Agriculture Research
and Development, and the technology has been
adopted by private hatcheries who mass produced
egg and fry to supply brackishwater pond of
milkfish culture (Sugama et al., 1997).

The broodstocks for seed production have been
collected from several regions in the country. An
understanding of milkfish population structure
particularly in this region is therefore a
requirement for broodstock development since the
existence of subpopulations or stock, heterogeneity
will necessarily influence the formulation of
stocking and/or conservation practices (Macaranas
et al., 1990; Taniguchi & Sugama, 1990).

Several authors have shown that proteins and
enzymes are useful genetic markers for fish in
culture and breeding studies (Taniguchi et al.,
1983; Sugama et al.,, 1992; Agenese et al., 1995;
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Goudie et al.,1995). Proteins and enzymes
electrophoresis is also considered to be an
extremely useful technique in population genetics
and is particularly powerful in identifying of
genetic differentiation between populations
(Allendorf & Utter, 1979; Sumantadinata &
Taniguchi, 1982; Taniguchi & Sugama, 1990).

Although various studies have been conducted
on reproduction, larva rearing, nutrition and
disease of milkfish, none study directed toward
genetic improvement. Therefore, genetic studies
of this species were conducted to obtain basic
information on the amount of genetic variability
and genetic differentiation among wild
populations. Electrophoresis was used for
allozyme analysis. The results may be important
for the future development of milkfish breeding
and proper management of natural populations.

MATERIALS AND METHODS

Electrophoresis

A total of 400 milkfish, (BW:10.0-35.8 g) were
collected from the coastal waters of Aceh (sample
size n=100), Tuban, East Java (n=100), Singaraja,
Bali (n=100) and Takalar, South Sulawesi (n=100).
Whole fish were freighted to Gondol Research
Station for Coastal Fisheries, Bali, where they
were held frozen at-20°C until electrophoresed.

*) Researcher of Research Station for Constal Fisheries, Gondol.,
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Four tissues (skeletal muscle, liver, heart and
eye) were dissected, tissue extracts were prepared
and starch gel electrophoresis was performed
following the methods of Sugama et al. (1996).
Fifteen enzymes and protein system were
evaluated (Table 1). The staining procedures
followed the method of Show & Prasad (1970). Two
buffer systems Tris-citric acid pH-8 (TC-8) and
(citric acid N-(3-Amino propylmorpholine pH:6
(CAMP-6) were used. Extracts from all four
tissues (skeletal muscle, heart, liver and eye) were
tested on all combination of buffer systems and
stained in the search for optimal electrophoretic
activity and resolution. The list of enzymes and
proteins examined, tissue specificity, locus

detected and buffer systems giving clearest
resolution are given in Table 1. A capitalized
abbreviation represents each enzyme. The same
abbreviation with only the first letter capitalized
represents the locus coding for that enzyme.
When multiple loci code for an enzyme, the locus
with the most anodal migration is designated
one, the next two and so on. Allelic variant are
designated according to their relative mobility.
The most common alleles is designated 100 and
other alleles are given numbers that indicate
their mobility relative to that of the common
allele. Cathodal systems are designated in a
similar way but given a negative sign (Shaklee
et al., 1990) (Table 2).

Table 1. List of enzymes and other proteins examined, locus detected, tissue assayed, buffer

Enzymes and Proteins Locus Tissu Buffer®* Polymorphism
Alcohol dehydrogenase (ADH) Adh L TC P
Aspartate aminotransferase (AAT) Aat-1 M C-APM P
Aat-2 M, L C-APM M
Esterase (EST) Est-1 L C-APM P
Est-2 L C-APM P
o-Glycerophosphate dehydrogenase («-  o-Gpd M C-APM P
GPD) Gpi-1 L H C-APM P
Gpi-2 L, H C-APM P
Glucosephosphate isomerase (GPI) Idh-1 C-APM P
Idh-2 LM C-APM M
Isocitrate dehydrogenase (IDH) Ldh-1 M, H, C-APM P
Lactate dehydrogenase (LDH) Ldh-2 C-APM M
Ldh-3 M E C-APM M
Ldh-4 M, E C-APM M
Ldh-5 M, E C-APM M
Mdh-2 M, E C-APM P
Malate dehydrogenase(MDH) Mdh-2 M C-APM M
Me M TC M
Malic enzymes (ME) Mpi M TC M
Mannosephosphate isomerase (MPI) 6-Pgd L C-APM P
6-Phosphogluconate dehydrogenase (6- Pgm-1 L C-APM M
PGD) Pgm-2 LM C-APM P
Phosphoglucomutase (PGM) Sdh LM ‘TE M
Sod-1 L. H TC M
Sorbitol dehydrogenase (SDH) Sod-2 L, H TC M
Superoxide dismutase (SOD) Sp-1 L,H TO M
Sp-2 M TC M
Sarcoplasmic protein (SP) Sp-3 M TC M
Sp-4 M TC M
M
YL = Liver: M =Muscle, H = Heart, K= Fyes
*TC ="Tris Citrie Acid pH=8.0
C-APM = Citrie Acid Aminopropy lmorpholine pli= 6.0
‘P = Polymorphic; M= Monomorphie
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Table 2. Allele frequencies of polymorphic loci in four populations of milkfish, Chanos chanos.
Sample size for each populationis 100 and X? = values of Chi-Square test for goodness of
fit.

Locus Allele Population
Aceh East Java Bali South Sulawesi
Adh -40 0.245 0.205 0.240 0.275
-100 0.505 0.530 0.510 0.455
-140 0.250 0.265 0.250 0.270
X? 1.44 2.23 1.63 1.20
Aat-1 -100 0.945 0.990 0.985 1.000
-150 0.055 0.010 0.015 0
X 0.10 0.01 0.01 0
Est-1 100 0.860 0.920 0.915 0.925
90 0.140 0.080 0.085 0.075
X? 0.02 0.04 0.01 0.04
Est-2 100 0.830 0.870 0.890 0.945
75 0.150 0.120 0.100 0.025
50 0.020 0.010 0.010 0.030
X? 0.12 0.40 0.54 0.32
o-Gpd 130 0.090 0 0. 0.010
100 0.190 1.000 1.000 0.990
X? 0.01 0 0 0
Gpi-1 150 0.020 0.030 0.015 0.040
125 0.190 0.230 0.225 0.295
100 0.450 0.540 0.555 0.445
75 0.280 0.150 0.155 0.160
50 0.060 0.050 0.050 0.060
X? 2.12 3.72 3.28 1.80
Gpi-2 -50 0.015 0 0 0.015
-100 0.975 0.990 1 0.985
-150 0.010 0.010 0 0
X? 0.22 0.10 0 0.01
Idh-1 125 0.025 0 0 0.020
100 0.945 0.980 0.980 0.960
75 0.030 0.020 0.020 0.020
= 0.28 0.24 0.24 0.11
Ldh-1 150 0.010 0 0 0
100 0.990 1 i 1.
X* 0.01 0 0 0
Mdh-1 100 0.970 1 i 0.940
70 0.030 0 0 0.060
X 0 0 0 0.01
6-Pgd 120 0.005 0.005 0.020 0.030
100 0.840 0.815 0.800 0.780
50 0.155 0.180 0.180 0.190
o 1.16 2.60 1.12 2.48
Pgm-2 -100 0.135 0.080 0.090 0.025
-120 0.865 0.920 0.910 0.975
c 1.83 0.48 0.90 0.56
Data Analysis frequencies of phenotypic classes with those

expected under Hardy-Weinberg equilibrium. A
Alog-likelihood ratio for goodness of fit (Sokal locus was considered to be polymorphic if the
& Rohlf, 1981) was used to compared observed most common allele was equal or less than 0.99
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(1%) at one or more samples. Heterozygosity was
defined by h= 1- pi*, where pi® is the frequency
of the i-th allele. H is the average of h over loci
including monomorphic. Observed main allele
frequencies at polymorphic loci were compared
a cross all localities using heterogeneity test (X¥).
The genetic distance among populations were
calculated using Nei (1972) formula and
dendrogram was constructed from the matrix
genetic distance using Unweighted Pair Group
Method with Arithmetic Average (UPGMA)
(Sneath & Sokal, 1973).

RESULTS

Enzymes and protein examined, locus detected,
tissues assayed and buffer systems giving the
clearest resolution are presented in Table 1.
Fourteen enzymes and one protein (SP) ecoded by
29 loci were electrophoretically detected. Using
0.99 (1%) criterion of polymorphism, 12 loci (Adh,
Aat-1, Est-1, Est-2, -Gpd, Gpi-1, Gpi-2, Idh-1, Ldh-
1, Mdh-1, 6-Pgd and Pgm-2 ) were considered
polymorphic in at least one population sample
(Tables 1, 2).

Zymogram patterns for polymorphic enzyme
systems are shown in Figure 1. Among
polymorphic loci, the number of alleles observed
ranged from 2 for Est-1 to 5 for Gpi-1. Allele
frequencies of twelve polymorphic loci are
presented in Table 2. Goodness of fit to Hardy-
Weinberg equilibrium was tested for all
polymorphic loci. The genotypic distribution
observed at each polyvmorphic locus in all samples
were found to be in agreement with that expected
from the Hardy-Weinberg equilibriuun, (Table 2).
The higher levels of genetic variability are found
at Adh, Est-1, Est-2, Gpi-1, 6-Pgd and Pgm-2 loci

(Table 2) and will be used as genetic markers in
breeding studies.

Summary of genetic variability in four
populations of milkfish which were indicated by
the proportion of polymorphic loci the number of
alleles per locus and the average observed (Ho)
and expected (He) heterozygosities are presented
in Table 3. The proportion of polymorphic loci
ranged from 0.276 to 0.414 with an average of
0.336. The average number of alleles per locus
ranged from 1.482 to 1.689 with an average of
1.577. The observed heterozygosity (Ho) ranged
from 0.062 to 0.074 with an average of 0.068 and
average expected value He ranged of 0.062 to 0.073
with an average of 0.068. The ratio of Ho/He
ranged of 1.000 to 1.105 with an average of 1.007.
Since this value has nearly unity, there is no
indication of inbreeding in these milkfish
populations. In general, the value of genetic
variability for Aceh sample was slightly higher
than those of other samples.

The allele frequency differences among
populations were tested by Chi-Square for
heterozygosity at main allele of polymorphic loci
(Table 4). In some loci, allelic differences between
two populations were significant such as in main
alleles-100 of Est-1 and -Gpd loci for Aceh vsother
populations, Adh and Est-2 for South Sulawesi vs
other populations, also Adh, Est-1, Est-2, -Gpd
and Pgm-2 for Aceh vs South Sulawesi, while no
allellic differences found between Bali and E. Java
populations (Table 4).

This allelic differences indicated that these
populations is independence to one and others,

except for Bali and E. Java populations should be
considered as a single population.

Table 3. Summary of genetic variability in milkfish populations based on electrophoretic
analysis of 29 loci and 1% criterion of polymorphism

Population
Aceh East Java Bali South Sulawesi

Number of samples examined 100 100 100 100
Number of loci examined 29 29 29 29
Number of polymophic loci 12 9 8 10
Proportion of polymorphic loci 0.414 0.310 0.276 0.345
Number of allele per locus 1.689 1.517 1.482 1.621
Heterozygosity

Observed (Ho) 0.074 0.066 0.062 0.070
Expected (He) 0.073 0.065 0.062 0.070
Ho/He 1.013 1.015 1.000 1.000
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Table 4. Chi-Square (X°) values of heterogeneity test for each main allele at

polvimorphic locus between populations

Populations

Locus (d.f=1) Aceh Aceh Aceh E.Java E.Java Bali
vs vs vs vs vs vs
E. Java Bali S. Sulawesi  Bali S.Sulawesi S.Sulawesi

Adh 0.38 0.91 4.36* 0.28 4.42* 4.40*
Aat-1 0.83 0.79 1.12 0.00 0.01 0.01
Est-1 4.31* 4.18* 4.53* 0.00 0.01 0.01
Est-2 1.18 1.26 5.84* 0.62 4.43* 6.34*
a-Gpd 5.64* 5.64* 4.38* 0.00 0.11 0.10
Gpi-1 5.62* 6.18* 0.01 0.00 5.95* 6.01*
Gpi-2 0.12 0.02 0.14 0.15 0.11 0.11
Idh-1 1.18 1.18 0.38 0.00 0.12 0.12
Ldh-1 0.66 0.06 0.06 0.00 0.00 0.00
Mdh-1 0.44 0.44 0.44 0.00 1.89 1.89
6-Pgd 0.22 0.51 1.36 0.13 0.12 0.12
Pgm-2 1.10 1.28 6.38* 0.98 0.98 0.96
*P<005: F*F P<0.01; *F* P<0.001

The values of Nei's genetic distance (D)
between each pair of populations ranged between
0.00028 to 0.00270 with an average of 0.00155
(Table 5). To summarize the relations among
populations, a UPGMA dendrogram was
conducted on the basis of a matrix at Nei s genetic
distance (Fig. 2). The UPGMA cluster analysis of
genetic distance revealed very clear relationship
between genetic distance and geographic distance.
The result showed three main groupings of
populations that were Aceh, S. Sulawesi with Bali
and E. Java considered as one population.

DISCUSSION

The best estimated of genetic variation in
natural population is the average heterozygosity
(H) (Allendorf & Utter, 1979). The mean observed
heterozygosity (H) of four populations for milkfish
in the present study is 0.068. Winans (1980)
compiled data for 82 species of fish and calculated
a mean heterosigosity of 0.478. Swmantadinata

and Taniguchi (1982) found the average
heterozygosity of 0.066 for black sea bream,
Taniguchi & Sugama (1990) estimated
heterozygosity of red sea bream at 0.058 and Fujio
(1981) calculated mean heterozygosity for 103
species of marine fish at 0.053. Thus, the
heterozygosity of milkfish from the wild
population is slightly higher than other marine
fish.

The main interest of the present study was to
search if there is any genetic differentiation
among populations of milkfish within Indonesia.
The heterogeneity test revealed statistically
significant differences in allele frequencies
between pairs of populations except for Bali and
E. Java.

According to Grant et al. (1987), the allele
frequency differences between populations of
marine fishes resulted from the action of three
forces, i.e. migration, random genetic drift and
natural selection. They also suggested that little

Table 5. Matrix Nei’s genetic distance between every pair of four
populations of milkfish based on 29 loci

Aceh East Java Bali South Sulawesi
Aceh 0.00178 0.00196 0.00270
East Java 0.00028 0.00131
Bali -

S. Sulawesi

0.00126

15



K. Sugama and A. Prijono

AAT-1 §
IDH-1

AAT-2

{DH-1

LDH-2
IDH-3
LDH-4

LDH-5

o-GPD

EST-1
+120
+100
EST-2
+80
EST-1 = = k] R
00 %0 0 4 -100 150 120 = 100
EST-2 10 s w0 10 00 0 100 L W %
06 50 00 100 50 k3 75

GPI-1

Figure 1. Zymogram of polymorphic loci in milkfish
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or no genetic differentiation would be expected
between populations of marine fishes due to high
potential for gene flow between populations, the
lack of genetic drift in a very large population or
because combination of these mechanisms. These
patterns were observed in several marine fishes
such as Walleye pollock (Grant & Utter, 1980),
Pacific herring (Clupea pallasi) and Atlantic
herring Clupea horengus (Grant, 1984; Grant &
Utter, 1984 and Ryman et al., 1984) and Atlantic
cod Gobus morhua (Moxk et al., 1985).

The genetic differentiation observed between
natural populations of milkfish in the present
study could be explained by the lack of migration
or gene flow particularly between populations of
Aceh and S. Sulawesi which were isolated from
each other due to geographical distance.
Consequently no genetic differentiation observed
between Bali and E. Java populations indicated
free gene flow of the two populations due to very
close geographic distance.

The average genetic distance among
populations is 0.00155. This value is typical of
divergence between conspecific populations. The
UPGMA cluster analysis of genetic distance
formed three geographical groups (group Bali and
E. Java, Aceh and S. Sulawesi), and very clear
relationship between the genetic distance and
geographic distance (Figure 2). '

Bali
o v4“v{ East Java

F South Sulawesi
Aceh

0.503 0.002 £.001 ]

Figure 2. Dendrogram drawn from the genetic
distance between every pair of
populations of milkfish

The values of genetic distance and the highly
significant difference in allelic frequencies among
populations, suggested the independence of the
subpopulation of Aceh from others, except Bali and
E. Java was considered as one population. This
can be understandable since Aceh is geographically
much farer from the other populations. It was
concluded that the natural population of milkfish
in Indonesia could be divided into 3 geographical
groups located in Western part of Indonesia (Aceh),
Midle part of Indonesia (Bali and Java) and Eastern
part of Indonesia (South Sulawesi).
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