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Introduction D

Carangids of the genus Seriola are economically important fish, widely
distributed throughout the Pacific and Atlantic oceans. Increasing fishing activity will
make a growing pressure to the natural population, in terms of lower effective .
population size. This will reduce the chance of successful reproduction of fish species,
and give a risk to change in genetic variability and population structure. Finally, the
species will be brought to “endangered” level and is possibly going to extinction.
Therefore the greater awareness and efforts to conserve the genetic resources are
needed. Since the genetic variability seems to be an important feature of a population
to evaluate short-term fitness individuals and the long-term survival of the population
[1}, an alternative may be pursuant to the eventual determination of the genetic
variability [2]. Recently, molecular genetic markers are widely used for population
studies [3]. Of the several genetic markers, microsatellite is being increasingly used
due to the highly polymorphism and inheritance in Mendelian way. This study was
designed to learn the population geﬁetics on aquaculture fish in genus Seriola, by
revealing the basic genetic information using genetic markers, for the importance of
their risk management and /or conservation.

I. Isolation of microsatellite DNA loci and their polymorphism for carangid of
the genus Seriola
As part of a program to develop easily assayable and highly polymorphic genetic

markers for population studies, microsatellite DNA regions of greater amberjack were
cloned and sequenced. Approximately 6.0 x 10° bp of greater amberjack were
observed, and 2.4 x 10° (GT)n loci were estimated in those genome. The average
distance between neighboring microsatellites was 25 kbp. Six primer sets have been
designed for complement the flanking regions. Four of these primers showed
polymorphism in the greater amberjack DNA. The microsatellite loci of greater
amberjack were also available to other Seriola species, but not for the other genera.

Three microsatellite loci of greater amberjack have been applied to examine the
genetic variability of four Seriola species i.e. greater amberjack, highfin amberjack,
yellowtail and yellowtail kingfish. The highest genetic variability was observed in the
kingfish samples, and then followed by greater amberjack, yellowtail and highfin
amberjack. Relationship based on the Nei’s genetic distance [4] showed greater
amberjack was relatively close to the highfin amberjack, while the kingfish was close
to yellowtail (Fig. 1). This division agrees with the morphological result.

IL. Genetic divergence of kingfish from the natural waters of Japan, Australia
and New Zealand

Genetic polymorphism in kingfish, collected from natural waters of Japan,
Australia and New Zealand were examined using microsatellite DNA and mtDNA
control region markers. Sixteen to 25.7 alleles per locus were observed in 3
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microsatellite markers, while the observed (and expected) average heterozygosities
were 0.782 (0.918), 0.750 (0.809), and 0.650 (0.888) for Australian, Japanese and

New Zealand kingfish respectively (Table 1). Twelve mtDNA haplotypes were
detected following digestion of control region sequences with five endonucleases:
- Haelll; Hinfl, Mbol, Rsal, and Tagql (Table 2). Significant genetic divergence was

observed between the kingfish population from Japan and those from Australia-New
Zealand. There was no significance differentiation among the Australian and New
Zealand population samples. Genetic relationship based on the UPGMA dendrogram
-of Nei’s genetic distance showed that Japanese kingfish was clearly separated from
the Australia-New Zealand ones (Fig 2). The Southern Hemisphere of yellowtail
kingfish is thought to be one of three morphologically similar, but geographically
separate population or subspecies [5]. The Australian and New Zealand species is
known as Seriola lalandi lalandi, while the Japanese one is S.lalandi aureovittata.

III. Genetic variability of greater amberjack used as seed fish in aquaculture-
farm of Japan '

Four populations of greater amberjack seed fish were collected from aquaculture-
farms at Wakayama and Kagoshima prefectures. Two seed populations come from
Vietnam while two others were originated from Japan area. Three greater amberjack
populations caught from the natural population were used as a control. Genetic
polymorphism was assessed using microsatellite DNA and mtDNA control region
markers. Moderate to high level of polymorphism was observed among the greater
amberjack samples. Nine to 12.7 ‘alleles per locus were observed in three
microsatellite loci, while the observed (and expected) average heterozygosities were
0.701 (0.778) and 0.654 (0.738) for aquaculture-farm and natural greater amberjack
samples respectively (Table 3). Thirty-three composites of mtDNA control region
haplotypes were detected via digestion with five endonucleases, Haelll, Hinfl, Mbol,
Rsal and Tagql (Table 4). Significant genetic differentiation was observed among
greater amberjack samples. Nei’s genetic distances revealed that at least two
genetically different sub-populations of greater amberjack were used in the
aquaculture-farm of Japan (Fig. 3).

IV. Loss of genetic variability in greater amberjack from the artificial
propagated activity '

The seed production of greater amberjack was carried out at the Kinki-
University and the Prefectural Fisheries Experimental Station of Nagasaki. Twenty to
thirty breeders from four to five year’s age were used for reproduction. The breeders
are distributed into a 200 m® concrete pond with proportion of 4:3 (male: female)
after injected with gonadrotropin (500 IU/fish) for mass spawning. The offspring
were removed to a 20 m’-concrete pond and reared for six months. DNA was
extracted from the offspring to examine the polymorphism using microsatellite DNA
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and mtDNA control region markers. The genetic variability of greater amberjack from
artificially propagated activity was also compared with those observed in the natural
samples. Significant difference in genetic variability was observed among artificially
propagated samples. The genetic differentiation was also significant between natural
and artificial propagation samples. Lower variability was observed in the artificially
propagated samples than those observed in the greater amberjack from natural
populations (Table 5 and 6). These genetic change in variability and allele frequency
maybe caused by bottleneck effect and random genetic drift.

V. Fluctuation of the genetic variability during spawning time in a hatchery: a
reference case from red sea bream.

Genetic monitoring of brood stock in the hatchery is necessary to prevent the
erosion of genetic variability and the possibility exposure of deleterious recessive
genes. Genetic variability of red sea bream samples from different spawning dates
was assayed by the polymorphism of microsatellite DNA and mtDNA control region
markers. Fourteen to 18.3 alleles per locus was observed in 3 microsatellite markers,
while the observed and expected averages ranged from 0.843 to 0.919 (Table 7).
Twenty-three composites of mtDNA haplotypes were detected following digestion of
control region sequences with five endonucleases: Haelll, Hinfl, Mbol, Rsal, and
Taql (Table 8). Significant difference of genetic variability was observed among
samples from different spawning date. Fluctuation of genetic variability was found
during spawning activity. Pooling samples from different dates increased the genetic
variability during spawning, and it was comparable with those.observed in the red sea
bream samples from the natural waters (Fig. 4 and 5). Collecting offspring of
different dates may conduct the preservation of genetic variability in hatchery
samples.

Conclusion and Suggestion

The development of microsatellite loci has been conducted from greater
amberjack genome. Those loci were available also for the other Seriola species.
Genetic variability of samples collected from natural, aquaculture farm and artificial
propagation activity have been examined using microsatellite DNA and mitochondria
DNA markers. The present state of genetic variability of species in genus Seriola is
relatively at level “non-endangered” condition (Table 9). This study showed that high
polymorphism was observed in the natural and aquaculture-farm samples, but loss of
genetic variability was found in artificially propagated samples. Significant genetic
differences were observed between kingfish samples from Japan and Australia-New
Zealand. The Southern Hemisphere of yellowtail kingfish is thought to be one of
three morphologically similar, but geographically separate populations or subspecies.:
The Australian and New Zealand species is known as Seriola lalandi lalandi, while
the Japanese one is S. lalandi aureovittata. Significant genetic differentiation was also
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observed among greater amberjack used as seed fish in aquaculture-farms. At least
two genetically different sub-populations were distributed in the aquaculture-farm of
Japan. One of those stocks is come from the Vietnam waters. Further from a reference

case in the hatchery experiment, monitoring of genetic variability of red sea bream
was conducted during spawning activity, showed that the collecting offspring from
different date during spawning may be effective to preserve the genetic variability of
hatchery stocks.

Regarding the above results, it is suggested that the Japanese Seriola populations
should be used for development of aquaculture and preservation of genetic resources
of natural populations. This is because the importing the stocks from different
subpopulations will rise a risk of undesired effect such as loss of local adaptation,
genetic structural change and genetic disturbance. Further, monitoring genetic
variability and application of enough effective number of founders should be used in
artificial propagated activity to prevent the erosion of genetic variability and the
possibility exposure of deleterious recessive genes. It is also possible to maintain the
genetic variability in hatchery by collecting the offspring from different dates during
spawning time. Finally, using the genetic markers, the additional population samples
should be tested to clarify the genetic structure of genus Seriola from geographically
intermediate areas. ”
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Table 1.  Genetic variability of kingfish collected from Japan (J-1), Australia
(A-1 to 3) and New Zealand (N-1) revealed by microsatellite DNA

Sample Locus
Sdn-03 Sdn-06 Sdn-09 Average
J-1 N-samples 58 60 60
N-allele 36 13 9 19.3
Ho 07 0.8 0.75 . 075
He 0.961 0.748 0.723 0.809
Ho/He 0.728* 1.069 1.037 0.945
A-1 N-samples 80 80 80
N-allele 36 20 16 24
Ho 0.825 0.75 075 0.775
He 0.963 0.905 0.887 0.918
Ho/He . 0.857* 0.829* 0.846* 0.844
A-2 N-samples 69 71 78
N-allele ~ 30 21 17 227
He 0.884 0.718 0.744 0.782
He 0.95 0.908 0.754 0.871
HolHe 0.931 0.791* 0.986 0.903
A-3 N-samples 76 76 79
N-allele 37 23 17 25.7
Ho 0.763 0.671 0.62 0.685
He 0.961 0915 0.891 0.922
HolHe 0.794* 0.733* 0.696* 0.741
N-1 N-samples 25 24 24
N-allele 21 15 12 16
Ho 0.72 0.583 0.666 0.656
He 0.929 0.874 0.863 0.888
HolHe 0.775 0.667 0.772 0.738

*)Departure from Hardy-Weinberg Equilibrium at Bonferroni value,
P<0.01--> (0.05/5)

Table 2.  Genetic divergence of king fish collected from Japan (J-1), Australia (A-1 to 3)
and New Zealand (Z-1) revealed by MtDNA' analysis

Haplotype* J-1- A-1 A-2 A3 N-1
1 AAEFD ‘ 0.182 0 0 0 0
2 OAEFD 0.382 0 0 0 0
3 OAFFD 0.4 0 0 0 0
4 ABEFD 0.018 0 0 0 0
5 OAFFE 0.018 0 0 0 0
6 ABGFE 0 0.013 0.063 0.052 0.04
7 ABGFF 0 0.313 0.313 0.257 0.28
8 ABGFG 0 0.613 . 06 0.597 0.64
9 ABHFF 0 0 0 0 0.04
10 ABHFG 0 0.02s 0 0.039 0
11 ACGFF 0 0.038 0.013 0.026 0
12 ACGFG 0 0 0 0.039 0
No of sample 55 80 80 77 25
No of haplotype 5 6 4 6 4
Haplotype Diversity 0.66 0.525 0.538 0.576 0.509

*) Generated by Tagql, Haelll, Mbol, Rsal and Hinfl endonucleases
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Table 3.

Genetic variability of seed fish of greater amberjack collscted from artificial

propagated activity (H-1 to 3) and natural water (N-1 to 3) revsaled by

microsatellite DNA

Loci
Sample Sdn-086 Sdn-08 Sdn-09% Mean
H-1 N-sample 40 38 40
Wakayama N-allele 4 4 3 3.7
N-effective allele 28 22 29 2.7
Ho 0.846 0.458 0.821 0.708
He 0.859 0.554 0.857 0.823
Ho/He 1.249% 0.829% 1.249% 1921
H~-2 N-sample 40 40 40
Wakayama N-~allele 3 10 3 5.3
N-effective alleie 20 58 21 3.3
Ho 0.725 0.417 0.857 0.808
He 0.504 0.827 0.527 0619
Ho/He 1.438% 0.504* 1.281% 1075
H-3 N-sample 40 40 40
Nagasaki  N-alleie 3 8 3 4.0
N-effective allele 14 23 14 1.7
Ho 0.200 0.425 0.225 0.283
He . 0.275 0.567 0.293 0378
Ho/He 0.727 0.749% 0.768 0.748
N-1 N-sample 79 87 79
Oita N-aliele 5 22 1 40
N-effective allsle 32 14 38 113
Ho 0.570 0.701 0.700 0857
He 0.688 0.929 0.719 0.778
Ho/He 0.828% 0.755% 0.874 0.852
N-2 N-gsample 80 80 80 -
Kochi N-allele 6 22 8 12
N-effective allole 3 11.9 38 6.2
Ho 0.675 0.650 0.775 0.700
He 0.667 0.916 0.738 0.774
Ho/He 1.011 0.709* 1.050 0924
N~3 N-sample 80 76 80
Wakayama N-allele 5 24 5 11.3
N-effactive allele 25 13.8 25 8.3
Ho 0.600 0579 0.638 0.608
He 0.602 03827 0.604 0711
Ho/He 0.998 0.625% 1.056 0.893
*)Departure from Hardy-Weinberg squilibrium at Bonferroni corrected lavel, P<0.008
Table 6. Haplatype frequency of greater amberjack from artificial propagated
activity (H-1 1o 3) and natural waters (N-11to0 3) generated by five enzymes
# Haplotype H-1 H-2 H-3 N-1 N-2 N-3
Wakayama Wakayama Nagasaki Gita Kochi ‘Wakayarna
1 AAAAA 1.0 0.975 0.025 0.500 0.455 0.481
2 BAAAA - - - 0.014 0.091 0.039
3 CAAAA - 0.025 0975 0.097 0.065 0.038
4 DAAAA - - - 0.278 0.325 0.312
5 EAAAA - - 0.014 0.026 0.065
[ FAAAA - - 0.014 . -
7 FAAAC - - - 0.013 -
10 DAADA - - 0.014 . -
1 ACAAA - - - 0.014 . -
12 DAABA - - - 0.014 - -
13 DABAA - - 0.028 0.013 -
14 AABAA - - 0.014 . 0.013
21 EAABA - - - 0.013 -
32 AADAA - - - - 0.013
33 DACAA - - 0.013
34 AAAAD - - - - 0.028
N-sample 38 40 40 72 77 77
N-haplotype 1 2 2 11 8 9
Haplotype diversity 0.000 0.049 0.049 0.67 0.683 0672
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Table9.  Genetic variability of fish species collected from different

ecological revealed by microsatellite DNA markers

Species - NA NEA Ho He Ne
Thuna*1 12.7 4.5 0.798 0.761 8750
. Kingfish 217 8.7 0.752 0.809 19250

Greater amberjack 11.7 4.5 0.679 0.778 8750

Red sea bream*2 23.7 6.5 0.83 0.856 13750

Grouper 9.3 2.3 0.504 0.563 3250

Ayu*3 11.6 44 0.731 0.784 8500

Endangered population 2.4 1.67 0.200 0.201 1675

of ayu

Threespine stickleback  10.8 5.1 0.61 0.853 10250

Common carp*4 3.9 1.7 0.205 0.581 1750

Omamental-Nishikigo 4.4 23 0.380 0.462 3500

Carp*4

*1) Takagi et al. (1999)

*2) Ricardo et al. (1999)

*3) Takagi et al. (1999)

*4) Aliah et al. (1999)
Yellowtail
Yellowtail
Kingfish
Greater
amberjack
Highfin
amberjack

0.1

Fig. 1. Genetic relationship among four species of genus Seriola based on the UPGMA dendrogram

of Nei’s genetic distance of allele frequency

—530—



Japan-1

New Zealand-1

~—  Australia-2

Australia-1

Australia-3

0.1

Fig. 2. Genetic relationship among kingfish from Japan, Australia and New Zealand based on the
UPGMA dendrogram of Nei’s genetic distance of allele frequency

N-1

F~4

F-3

N-2

7/ ————F-1

Q1

Fig. 3. Genetic relationship among greater amberjack used as seed fish in aquaculture
farms of Japan based on the NEIGHBOR JOINING dendrogram of unweighted
Nei's genetic disctance of allele frequency '
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