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o N/ B E
STUDIES ON GENETIC CHANGES IN COMMON-

AND ORNAMENTAL CARP (Cyprinus carpio),
USING MICROSATELLITE DNA MARKERS

Common carp, Cyprinus carpio is probably the oldest culturecs and most domesticated
fish species in the world. This species has been recognized not only for human’s food
consumption but also as an ornamental fish. The numerous varieties of the common carp
developed through a combination of forces including geographic isolation, adaptation,
accumulation of mutations and naturals as well as human selection pressures.

Genetic study of common carp has been carried out by using several marker types, such
as morphological traits (scalation and pigmentati‘on),' immunogenctic (histocompatibility
antigens), and biochemical markers. However, the low level of polymorphism displayed by
those markers in most common carp studied, has limited their uses.

Due to the low variability found in isozyme markers, a study based on more sensitive
markers, Such as microsatellite DNA, was seen as necessary. Microsatellites are segment of
DNA with short repeats of one to four nucleotide sequences. To date, microsatellite
markers in fish have been used in population studies, parentage and kinship analysis.

This study was investigated the use of microsatellite DNA markers to detect the
genetic changes in wild population, cultured and ornamental strains of common carp,
Cyprinus carpio with the aim of providing a means for developing proper management

policies of this species in terms of conservation and genetic improvement.

1. Isolation of microsatellitc DNA markers in common carp

Genomic DNA was extracted from blood samples and digested to completion with 3
restriction enzymes; Rsa I, Hinc IT and Hae III. The DNA was ligated to pUC 18 Smal/BAP
and transformed into . coli. The transformants were selected using ampicillin plates. The
colonics were blotted onto hybond-N membranes and hybridized with (GT),s probes. The
positive coloniés were grown individually. Then their plasmid DNA was extracted, purified
and sequenced.

Sixty-eight clones were sequenced, thirty-nine of which contained microsatellites.
However, only 4 cloned contained microsatellites gave clear PCR amplification bands. They

were Cea-8*, Cca-17%, Cca-21, and Cca-30* (Table 1). The polymorphic of those loci was
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tested in 50 individual fish. The number allele detected ranged from S to 11 while the

heterozygosity ranged from 0.500 to 0.780 (Table 1).

2. The mode of inheritance of microsatellite DNA markers

Four loci, Cca-8*% Cca-17* Cca-21* and Cca-30* were used to detect the
inheritance’s mode of microsatellite  DNA loci in normal progenies of nishikigoi.
Furthermore, those loci were used to detect the non paternal inheritance in gynogenetic
progenies of nishikigoi and parentage identification of Indonesian common carp.

The inheritance of microsatellite loci in six families of nishikigoi was shown to be
codominant mendelian mode (Table 2 and Fig.2). The absence of paternal inheritance could
be detected by using microsatellite loci in gynogenetic progenies. The recombination rates
between loci and their centromere could be estimated by using gynogenetic fish. The rate
was between 0.237 and 0.918 with an average 0.506, while the gene-centromere distance
was between 12 cM and 46 ¢cM with an average 25 c.M (Table 3). Microsatellite markers
were shown to be effective in parentage identification. The genotypes of parents were

successfully expected from the alleles detected in their progenies.

3. Genetic variability in wild population of common carp

Three microsatellite loci, Cca-17*, Cca-21*, and Cca-30* were applied to detect the
genetic variability in the wild stock of common carp. Twenty-four individuals were collected
from Shimanto River, Kochi Prefecture. The result showed that 6 alleles were detected and
gave the heterozygosity (He) 0.778 (Table 5). Based on the genetic variability detected, it

was shown that microsatellite markers were more sensitive than isozyme markers.

4. Genetic variability in recognized races of Indonesian common carp

Nine races of Indonesian common carp are recognized among fish farmers. They are
Cangkringan, Mirror, Sinyonya, Jember, Sutisna, Majalaya, Punten, Rajadanu, and Wildan.
Those samples were collected from the Research Agency of Freshwater Fisheries (RAFF),
the Agency for Freshwater Aquaculture Development Center (AFACD), and government
hatcheries at East Java province. Their genetic variability were analyzed by using four

microsatellite loci, Cca-8*, Cca-17*, Cca-21*, and Cca-30*. The average number of alleles
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detected was 5.19 and the average heterozygosity (He) was 0.656 (Table 5), while the

genetic diversity was 0.292.

5. Genetic variability in hatchery stocks of Indonesian common carp

The genetic variability in hatchery stocks of Indonesian common carp from 6 locations
were surveyed using four loci of microsatellite markers. Those locations were West Sumatra,
North Sumatra, West Java (Bandung, Sukabumi, and Bogor), and East Java. Fish samples
‘were obtained from both government and private hatcheries.

The average number of alleles and heterozygosity detected were 7.54 and 0.720,
respectively (Table 6), higher than those in nine recognized stock of Indonesian common
carp. The genetic diversity, however, was found lower (0.138) than that of nine recognized
stocks indicating that hatchery stock was consisted of mixed population while a recognized

stock was to be a fixed population.

6. Genetic variability in nishikigoi stocks from fish farms at Niigata Prefecture

Genetic variability in the most popular varieties of nishikigoi, such as Kouhaku, Taisho
and Showa were observed by using 4 microsatellite DNA Joci. Fish samples were collected
from fish farms in Yamakoshi village, Niigata Prefecture and Niigata Prefectural Inlandwater -
Fisheries Experimental Station.

The average number of alleles and heterozygosity were 4.08 and 0.440, respectively
(Table 7), while the genetic diversity was 0.093. The excess of homozygosity was observed

at several loci surveyed, indicating that inbreeding is taken places.

7. Genetic changes in wild population, recognized races, hatchery stocks and

nishikigoi

Genetic changes in wild population, hatchery stocks, races and ornament of common
carp were compared, based on three loci, Cca-17*, Cca-21*, and Cca-30*. Based on allele
and allele frequency detected in those loci, it was shown that wild population and ornamental
strain were separated from Indonesian common carp (Fig. 3). The average number of alleles
detected in wild popﬁ]ation and hatchery stocks were higher than that of nine races and
ornamental strain (Fig. 4). The average of heterozygosity (He) in wild .population was

higher than that of hatchery stocks and nine races, however, that of ornamental strain was
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the lowest (Fig. 5). The genetic diversity of nine races (0.292) was found higher than that of
hatchery stocks (0.138) and ornamental strain (0.093) (Fig. 6).

The genetic changes in 4 groups were well related with their genetic background
(Table 8). The lower number alleles detected in wild population compared to hatchery
stocks might be due to the small number of samples used in wild population. However, the
random mating occurred and large founder in wild population cause the high heterozygosity.
Both hatchery stocks and nine recognized had a large founder, however, non random mating
resulted its heterozygosity lower than wild population. The low allele number found in nine
races indicated that those races came from selection activities. The non random mating and
small founder in ornamental strain made its heterozygosity was the lowest. The higher of
genetic diversity found in nine recognized races indicating that they have a larger of based
population size compared to hatchery stocks, and ornamental strain. Small based population
size of ornamental strain might be caused of its originated from.color mutant of common
carp.

Considering the evaluation of their genetic variability, suggestions and
recommendations were made for their proper management policies in terms for conservation
and genetic improvement (Table 9). (1) Wild type of Japanese common carp probable has
become to be an endangered species, based on their genetic variability evaluation.
Theretore, the repeated genetic survey is suggested to be done with more samples and
locations to provide a proper management policy of this species in the term for conservation
of Japan inlandwater fisheries. (2) To improve the genetic variability in nine recognizéd
stocks, out-breeding within race must be undertaken, besides of observation of their
commercial traits. In the future, its possible to use those races as hatchery stocks. (3) To
maintain the economic traits and to prevent the inbreeding depression of hatchery stocks,
mass-selection should be done using low selection intensity because those stocks have
already had a good performance. Furthermore, extension program of broodstock
management should be given to hatchery managers. (4) The lack of precise genetic data
about color inheritance in ornamental fish makes the out-breeding activities is difficult to be
undertaken for improving its physiological traits and genetic variability. The mode of color
inheritance could be solved if biotechnological approaches are used, such as mapping QTL

(Quantitative Trait Loci) for controlling color pattern and chromosome manipulated fish.
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Fig. 1 Schematic illustration of isolation of microsatellite DNA loci.
Table 1. Nucleotide sequence of common carp microsatellites and primers for amplification of loci by PCR
Locus Sequence 57 — 3’ Annealing No. of alleles Size Heterozygosity
temperature (°C) (op)

Cea-8* . (GCDy .
F'' GGCTGTTTTACCTCTGTGAA 52 11 200 - 244 0.740
R AAATAACTTTGGACTGCT

Cca-17* (M2
F"' CAACACATAACCGCATTTCT 47 6 177- 187 0.620
R? CTTTCTTGTGATTGACCTCC

Cca-21*% (G
F AAGGTGAGTGTGACGACGG 53 5 67-77 0.780
R AGCACAAACACACGGTCAG

Cea-30* (GT)15+(GA)y
F CTGCCTTCTTCTACTCTACAC 50 10 256- 290 0.500
R TTGCCTCTATGCTTGATTTT

‘! Forward primer.  ? Reverse primer.
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Table 2. Genotypes of nishikigoi parents and their normal progenies at four microsatellite loci

Locus Family Parental Genotype F1 offspring genotype n
Female Male Observed number *!(expected in each class)
Cca-8* 1 *230/230 *230/230 *230/230
22(22) 22
2 *220/220 *220/220 *220/220
22 (22) 22
3 *228/242 *220/228 *220/228 *228/228 *220/242 *228/242
6(5.5) 5(5.5) 6(5.5) 5(5.5) 22
4 *228/220 *242/242 *228/242 *220/242
14 (11 8(11) 22
) *232/232 *242/242 *232/242
22(22) 22
6 *222(222 *242/242 *222[242
22(22) 22
Cca-17* 1 *185/185 *185/185 *185/185
20 (20) 20
2 *185/185 *185/185 *185/185
21(21) 21
3 *185/185 *185/185 *185/185
2121 21
4 *185/185 *185/185 *185/185
20 (20) 20
5 *185/185 *185/185 *185/185
2121 21
6 *185/185 *185/185 *185/185
22(22) 22
Cea-21* 1 *75/79 *75175 *75/75 *75/79
11(10) 9(10) 20
2 *77179 *79/79 *77/79 *79/79
9(11) 13(11) 22
3 *79/79 *75179 *75179 *79/79
8(11) 14(11) 22
4 *79(79 *77177 *77(79
22(22) 22
5 *75/79 *77177 *75177 *77/79
10(11) 12(11) 22
6 *75179 *77(77 *75177 *77/79
13(11) 9(11) 22
Cca-30* 1 *288/300 *288/318 *288/288 *288/318 *288/300 *300/318
6(5.5) 5(5.5) 5(5.5) 6(5.5) 22
2 *288/318 *288/318 *288/288 *288/318 *318/318
3(5.5) 14(11) 3(5.5) 22
3 *288/318 *288/318 *288/288 *288/318 *318/318
7(5) 9(10) 4(5) 20
4 *288/288 *288/318 *288/288 *288/318
15(11) 7(11) 22
5 *288/318 *288/318 *288/288 *288/318 *318/318
8(5.5) 7(11) 7(5.5) 22
6 *288/288 *288/318 *288/288 *288/318
9(10.5) 12(10.5) 21

*! Non significant at P<0.05.
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Fig. 2 Microsatellite alleles of nishikigoi and its F1 offspring at locus Cca-21* (lane 1: female parent,
lane 2 - 11 : F1 offspring, lane 12 : male parent). The size standard is a sequencing ladder of M13 mpl8.

Table 3. Progeny genotypes of meiotic and mitotic gynogenetic nishigoi at 3 microsatellite loci

Locus Family Maternal No. of fish Progeny genotypes G-Cmap
genotype observed 11 12 22 y? SD distances
' (M)
Cea-8* 3-G2NA *228/242 144 50 41 53
4 - G2ZNA *220/228 139 48 26 65 0285
98 67 118 0.07 12
0.187
3-G2NB *220/242 32 16 6
4 - GZNB *220/228 13 6 5 0.236
Ceca-21* 5-G2NA *75179 104 7 95 2
6- G2NA *75/79 66 2 61 3 0913
9 156 5 0.01 46
0.924
5-G2NB *75/79 13 S 8
0.919
Cca-30* 3-G2NA *288/318 144 36 59 49
5-G2NA *288/318 104 34 31 39 0410
70 90 88 0.08 18
0.298
3-G2NB *288/318 32 15 17
5-G2NB *288/318 13 6 7 0.354
11 and 22 arc homozygote for the first and second maternal alleles, respectively
"? post-reduction rates/gene-centromere recombination rates
Table 4. Genetic variability of three microsatellite loci in the wild type of common carp
Cea-17* Cca-21* Cca-30* Mean
No. of samples 24 23 24
No. of alleles 5 6 7 6.0
Heterozygosity (1o) 0.638 0.933 0.978 0.850
(lie) 0.629 0.797 0.719 0.715
(Ho/He) 1.014 1171 1.360 1.189
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Table 5. Genetic variability of 4 microsatellite loci, Cca-8%, Cca-17*, Cca-21%*, and Cca-30*
in nine recognized stocks of Indonesian common carp

Cca-8* Cca-17*% Cea-21* Cca-30* Mean
(within population)

Cangkringan-1

No. of samples 15 is 15 15

No. of alleles 6 3 4 6 475

Effective no. of alleles 381 211 3.17 3.63 318

Heterozygosity (Ho) 0.467 0.400 0.800 0.667 - 0583
(He) 0.738 0.527 0.684 0.724 0.668
(Ho/He) 0.633*%* 0.759 1.169 0.920%* 0.873

Cangkringan-2

No. of samples 18 18 18 18

No. of alleles 7 4 4 6 525

Effective no. of alleles 3.16 1.92 358 2.50 2.79

Heterozygosity (Ho) 0.500 0.500 0.944 0.611 0.639
(He) 0.684 0.480 0.721 0.600 0.621
(Ho/He) 0.731** 1.042 1.310 1.018 1.029

Cangkringan (Pooled)

No. of samples 33 33 33 33

No. of alleles 8 5 4 -7 6

Effective no. of alleles 397 2.20 341 3.03 3.15

Heterozygosity (Ho) 0.485 0.455 0.879 0.636 0.613
(He) 0.748 0.546 0.707 0.670 0.668
{(Ho/He) 0.648** 0.833 1.243 0.949 0.917

Mirror

No. of samples 18 18 18 18

No. of alleles 5 3 5 7 5.00

Effective no. of alleles 2.59 1.63 453 2.47 2.81

Heterozygosity (Ho) 0.889 0.500 0.944 0.500 0.708
(He) 0.614 0.387 0.779 0.596 0.594
(Ho/He) 1.447%% 1.291 1.212 0.839 1.192

Sinyonya

No. of samples 18 18 18 18

No. of alleles S 3 5 9 5.50

Effective no. of alleles 3.66 1.71 2.68 5.89 3.49

Heterozygosity (Ho) 0.667 0.278 0.500 0.389 0.584
(He) 0.727 0.415 0.627 0.830 0.650
(Ho/He) 0917 0.669 0.798 1.071 0.898

Majalaya

No. of samples 18 18 18 18

No. of alleles 4 5 4 6 4.75

Effective no. of alleles 2.53 231 3.62 418 3.16

Heterozygosity (Ho) 0.667 0.667 0.944 0.556 0.709
(He) 0.605 0.568 0.724 0.761 0.664
(Ho/He) 1.102** 1.174 1304 0.731%* 1.068

Jember

No. of samples 13 13 13 13

No. of alleles S 5 5 6 525

Effective no. of alleles 3.76 1.81 3.98 3.76 3.33

Heterozygosity (Ho) 0.692 0.385 0.692 0.846 0.654
(He) 0.734 0.447 0.749 0.734 0.666
(Ho/He) 0.944 0.861 0.925 1.153 0.982

continued..... Rajadanu
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Table 5. Cont.

Rajadanu

No. of samples

No. of alleles

Effective no. of alleles

Heterozygosity (Ho)
(He)
(Ho/He)

Sutisna

No. of samples

No. of alleles

Effective no. of alleles

Heterozygosity (Ho)
(He)
(Ho/He)

Wildan

No. of samples

No. of alleles

Effective no. of alleles

Heterozygosity (Ho)
(He)
(Ho/He)

Punten-1

No. of samples

No. of alleles

Effective no. of alleles

Heterozygosity (Ho)

© (He)

(Ho/He)

Punten-2

No. of samples

No. of alleles

Effective no. of alleles

Heterozygosity (Ho)
(He)
(Ho/He)

Punten-3

No. of samples

No. of alleles

Effective no. of alleles

Heterozygosity (Ho)
(He)
(Ho/He)

Punten-4

No. of samples

No. of alleles

Effective no. of alleles

Heterozygosity (Ho)
(He)
(Ho/He)

Punten (Pooled)

No. of samples

No. of alleles

Effective no. of alleles

Heterozygosity (Ho)
(He)
(Ho/He)

13
4
2.10
0.462
0.524
0.881

13
5
3.07
0.385
0.675
0.570**

13
6
3.84
0.692
0.740
0.936

24
7
3.96
0.625
0.747
0.836

10
8
5.88
0.700
0.830
0.843**

23
6
5.02
0.435
0.801
0.543**

26
10
6.76
0.615
0.852
0.722%*

83
11
6.01
0.578
0.834
0.694**

13

1.99
0.615
0.497
1237

13
4
3.76
0.615
0.734
0.839

13

5
4.69
0.384
0.787
0.489**

24
5
319
0.333
0.688
0.484**

10
3
247
0.500
0.595
0.840

23
4
3.36
0.391
0702
0.557%*

26

3
2.05
0.308
0512
0.601**

83
5
2.92
0.361
0.658
0.550%*

13

2.18
0.692
0.541
1.279

13
2.96
1.000
0.663
1.509
13

2.86

0.769 .

0.651
1.182

24

252
0.667
0.603
1.105

10
253
0.800
0.605
1.322
23

278
0.826

- 0.641

1.289

26

334
0.846
0.700
1.208

83

291
0.735
0.656
1.120

13
3
2.00
0.231
0.500
0.462**

13
4
2.77
0.308
0.639
0.482**

13
5
277
0.462
0.639
0.722

24
7
2.91
0.625
0.656
0.952**

10

6
2.78
0.700
0.640
1.094

23
8
3.83
0.565
0.739
0.765**

26
8
4.46
0.565
0.776
0.728**

83

11
3.78
0.605
0.734
0.824**

3.00
2.07
0.500
0.516
0.969

4.00
3.14
0.577
0.678
0.851

5.25
3.54
0.577
0.704
0.820

5.50
3.15
0.563
0.674
0.835

5.00
3.42
0.675
0.668
1.010

5.75
3.74
0.554
0.721
0.768

6.50
415
0.584
0.710
0.823

391
0.570
0.721
0.791

**departure from Hardy-Weinberg equilibrium (P<0.05)
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Table 6. Genetic variability of 4 microsatellite loci, Cca-8%, Cca-17*, Cca-21* and Cca-30*
in hatchery stocks collected from 6 locations

Cea-30*

Cca-8* Cea-17* Cea-21* Mean
(within population)
West Sumatra
No. of samples 66 66 66 66
No. of alleles 7 5 6 14 8.00
Effective no. of alleles 420 1.93 2.39 6.49 3.75
Heterozygosity (Ho) 0.394 0.182 0.591 0.591 0.440
(He) 0.762 0.482 0.581 0.846 0.668
(Ho/He) 0.517%* 0.378** 1.018 0.699** 0.658
North Sumatra
No. of samples 58 58 58 58
No. of alleles 8 4 4 11 6.75
Effective no. of alleles 431 1.89 294 3.60 3.19
Heterozygosity (Ho) 0.586 0.397 0.690 0.466 0.535
(He) 0.768 0.470 0.660 0.722 0.653
(Ho/He) 0.763%* 0.844** 1.062 0.645%* 0.820
Sukabumi
No. of samples 34 34 34 34
No. of alleles 9 6 6 8 7.25
Effective no. of alleles 5.05 311 4.65 4.50 433
Heterozygosity (Ho) 0.647 0.529 0.882 0.706 0.691
(He) 0.790 0.668 0.773 0.767 0.750
(Ho/He) 0.819** 0.792%* 1.141** 0.920 0921
Bogor
No. of samples 38 38 38 38
No. of alleles 10 6 4 10 7.50
Effective no. of alleles 6.29 3.86 355 5.26 4.74
Heterozygosity (Ho) 0.632 0.711 0.896 0.710 0.738
(He) 0.830 0.731 0.709 0.799 0.767
(Ho/He) 0.761** 0.971%* 1.264** 0.890 0.962
Bandung
No. of samples 39 39 39 39
No. of alleles 7 6 6 11 7.50
Effective no. of alleles 5.88 4.20 3.18 532 4.65
Heterozygosity (Ho) 0.821 0.539 0.641 0.410 0.603
: ‘(He) 0.819 0.752 0.677 0.802 0.762
(Ho/He) 1.002 0.717** 0.947 0.511%* 0.791
East Java
No. of samples 97 97 97 97
No. of alleles 12 5 5 11 8.25
Effective no. of alleles 5.62 3.09 2.85 3.83 3.85
Heterozygosity (Ho) 0.598 0.361 0.784 0.567 0.578
(He) 0.822 0.676 0.649 0.739 0.722
(Ho/He) 0.727** 0.534** 1.208** 0.767** 0.809

** departure from Hardy-Weinberg equilibrium (P<0.05)
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Table 7. Genetic variability of 4 microsatellite loci, Cca-8*, Cca-17*, Cca-21* and Cca-30* in nishikigoi.

Cca-8* Cea-17* Cca-21* Cea-30* Mean
{within population)

Kouhaku

No. of samples 46 46 46 46

No. of alleles 7 1 5 5 45

Effective no. of alleles 3.04 1 2.99 2.10 2.28

Heterozygosity (Ho) 0.630 0 0.630 0.565. 0.456
(He) 0.671 0 0.665 0.525 0.465
(Ho/He) 0.939 - 0.947 1.077 0.981

Taisho

No. of samples 53 53 53 53

No. of alleles 6 1 4 7 45

Effective no. of alleles 1.96 1 274 2.04 1.94

Heterozygosity (Ho) 0.245 0 0.660 0.453 0.340
(He) 0.490 0 0.636 0.511 0.409
(Ho/He) 0.500** - 1.039 0.887** 0.831

Showa

No. of samples 30 30 30 30

No. of alleles 5 1 3 4 3.25

Effective no. of alieles . 2.77 1 2.23 2.44 2.11

Heterozygosity (Ho) 0.433 0 0.467 0.400 0.325
(He) 0.637 0 0.551 0.591 0.445
(Ho/He) 0.680** - 0.847 0.677** 0.770

Miscellaneons

No. of samples 25 25 25 25

No. of alleles 9 1 4 7 5.25

Effective no. of alleles 4.64 1 3.15 2.84 2.91

Heterozygosity (Ho) 0525 0 0.440 0.640 0.401
(He) 0.785 0 0.682 0.648 0.529
(Ho/He) 0.668** - 0.645** 0.988 0.758

**Departure from HWE (P<0.05), locus Cca-17* was not included in the HWE test.

—

Japan

Showa
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Fig.3 UPGMA dendrogram based on Nei's genetic distance of 3 microsatellite loci, Cea-17*,
Cca-21*, and Cca-30* among Japanese wild stock, nishikigoi, and recognized races

of Indonesian common carp.
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nine races, and ornamental strain of common carp.
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Fig. 5 Genelic changes in the average of heterozygosity In wild population, haichery stocks,
nine races, and ornamental strain of common carp.
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Fig. 6 Changes in genetic diversity of ninc races, hatchery stocks, and ornamental strain.
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Table 8. Evaluation of genetic variability in 4 different groups

Population Source Selection Selection Founder Assumed Genetic variability Genetic
methods intensity of base Av. no. of Average of diversity
pop. size alleles heterozygosity
1. Wild pop. Japan natural natural Jap.wild Small Med ? High -
com. carp
2. Recog. races Indonesia ~ mass selection high China, Large L;)w Lower Large
Dutch,
Germany
3. Hatchery Indonesia  cross-breeding low Majalaya, Large High High Relatively
stocks Sinyonya, small
Punten
4. Nishikigoi Japan family extremely Jap.wild Small Low Very low Small
selection high com. carp
by color
mutant

Table 9. Comments and suggestions based on the evaluation of genetic variability in 4 different groups

Population

Genetic varability Genetic

Avg, no. of Avg. of Diversity

alleles

Heterozygosity

Comments and suggestions

1. Wild population

Med. ?

High -

- Endangered species.

- Repeated genetic survey is suggested to be done with more
samples and more locations to provide proper management
policies of this species in the term of conservation of Japan
inlandwater fisheries.

2. Recognized races

Low

Low Large - Genetic variability should be increased by out-breeding within
a race without doing cross-breeding between races.

3. Hatchery stocks

High

High Relatively - To maintain the economic traits and to prevent the inbreeding
depression, mass-selection should be done using low selection

small

intensity because of those stocks has already had a good

performance.

- Extension program of broodstock management should be given
to hatchery managers.

4. Nishikigoi

Low

Very low Small - Mode of color inheritance should be cleared up before doing
crossbreeding for improving physiological traits and increasing
genetic variability.

- Mode of color inheritance could be detected by using

biotechnology approaches such as mapping QTL(Quantitative
Trait Loci) those controlling color patterns and chromosome

manipulated fish.
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