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1.2
1.2.1
1 4 3 4

F1

F1 3 30
1.00~1.27 g

32
40 cm 40 cm

30 cm
2 4 4 3

F2 F2 15 20 25  30 4
3 30

35 40 45 4 3
10 15 20 25 4

3 30
1.00~1.27 g

40 cm
40 cm 30 cm 96 h

%
25.0~26.5 

3.5~7.0 mg L pH
7.5~8.5 0.4~2.3 mg L

6 7

Mean survival time MST

32

50% Median survival time
ST50 32

96 h Median lethal salinity-
96 h MLS-96

96 h
96 h

3
Tave 8

 HM %  = F MP  /MP
l00

F MP

F2

F2

 
HN %  = F NP /NP 100

F2

 
HS %  = F SP /SP 100
F NP SP

1

1.1
2006 5

  F1

F1   F1  
F1 1 20 d

30 d

1 4
Tab. 1 The mating of 4 genotype of tilapias

S.melanotheron O. niloticus

F1

O. niloticus
 S. melanotheron 

F1

S. melanotheron
O. niloticus 

 S. melanotheron
 O. niloticus

F1 O. niloticus  S. melanotheron F2

F1 S. melanotheron O. niloticus F2

F1 2004 .
Note F1 was bred in 2004.
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2 PCR PCR
94 4 min 94  30 s 49~70 

30 s 72 30 s 
35 72 10 min 8% W/
V

 
3

20

Ne
12 13

2

1
1/

n

e i
i

N p

He
14

2

1
1

n

e i
i

H P

PIC 15

1
2 2 2

1 1 1
PIC 1 2

n n n

i i j
i i j i

P P P

pi pj i j n

16 D = 1 I 

2 / ( )xy x yI n n n

nx+ny nxy

X Y

2

2.1
4 MST

ST50 MLS-96 3 MST ST50 MLS-96
P>0.05

MST ST50 4
P<0.05 F2 F2

P<0.05
MLS-96 F2

F2 P<0.05
F2 F2 1.71 1.75

0.69 0.70
4 MST ST50

MLS-96 F2 F2

H > 0
H

1.2.2
1 9 11

2

2 10
Tab.2 Sequence of ten microsatellite marker primers and specific annealing temperature 

Primer
5' 3'

Forward primer sequences
5' 3'

Reverse primer sequences Tann

PRL1 GTTAGCCCCCTCCTCACTCT ACCTTGCTCGTCACACCTG 53.8

PRL2 TCGTGTCTTGTGGGGAAACC TGAATGGATGCAACAGGATG 60.5

PRL3 CTTAACATTTTCCACCTTCACG CTTGCCTCCATTTTATAGTTCCTT 65.5

IGF ATGCTAGCA AACATCAAAGGTC GATATGCTGATGATGCACAGAGTC 67.0

ISP TGAGCTGAGCAGATGGAGCAGAAG ATGAACAGCCCTGTGAAGAGAGG 62.5

Os-7 TGTCTGCTGCCTCGGCCTG ACTGTGCCGCATCGCCAG 58

Os-7R AGAGGAAATGAGCAGCCTC GATGCGGCAACAGTTATGTC 54

Os-25 TTGTGAAATTGCATTGCACTC AACTCCCTTTGATCCTCTGC 53

Os-64 CAGTGTCTTCAGTTCCTTGC CAGAAGCATCTTATTGATGAC 54

Os-75 AGCCTAAAATAATGGAATCAC CCACAGAGTCATGGTTCAC 49
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4
Tab.4 Estimated heterosis of salt tolerance performance of two reciplocal hybrids

Reciplocal hybrid Salt tolerance index
/%

HM
%

HN

%
HS

F2

O. niloticus S. 
melanotheron F2

MST 14.85 144.2 48.4
ST50 0.96 152.9 38.4

MLS-96 4.4 65.2 32.7

F2

S. melanotheron
O. niloticus F2

MST 7.28 207.7 35.0
ST50 22.60 213.0 23.8

MLS-96 2.31 68.8 31.3

3 4
   Tab.3 Examination results of salt tolerance of 4 genotypes of tilapia n=90 X SD

Genotype

/g
Mean body 

weigh
/min
MST

50%
/min
ST50

96 h

MLS-96

y - x

Salinity-mortality 
regression

S. melanotheron 0.987 0.158b 359.33 32.81a 305.33 7.02a 33.9
y=4.96x 118.25
R2=0.970

O. niloticus 1.271 0.186a 75.87 16.83d 74.33 1.15d 13.8
y=4.14x 7.20
R2=0.978

F2

O. niloticus S. melanotheron F2
1.254 0.173a 185.28 42.12c 188.00 2.65c 22.8

y=5.46x 74.49
R2=0.972

F2

S. melanotheron O. niloticus F2
1.076 0.137b 233.45 31.45b 232.67 6.43b 23.3

y=5.78x 84.75
R2=0.955

P>0.05 .
Note Means in the same column followed by the same letter are not significantly different P>0.05

4
1

1 4

1. 2. 3. F2 4. F2 .

Fig. 1 Cluster dendrogram of salt tolerance performances of 

four genotypes of tilapias
1 .  S .  m e la not he ro n 2 . O.  n i l o t ic u s 3 . O.  n i l o t ic u s   S . 

melanotheron F2 4.S. melanotheron O. niloticus F2 .

4
3 4 2

F2 F2

F2 F2

2.2
3 MST

ST50 MLS-96 4
HN

HS

F2 HM

F2 HM MLS-96 MST
ST50 F2

F2
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2.3.2
6 6

5

F2 4.21 F2  4.03  
F1 3.79

F1 3.53 11.1% 14.1%
2.21 1.92 90.5% 110%

F1 67%
F1

F2 F1

11.2%
He F2 

0.748 F2 0.770 F1 

 2.3
2.3.1 PCR 10
Os-64 Os-75

F1 F2

Os-25 IGF
F1

F2 2

6 PRL1 PRL2 PRL3 Os-7 Os-7R
Os-25 ISP 6

92~350 bp

2 4 A Os-64 B Os-75 C IGF D Os-25 6

1 3 4 6 F1 7 9 F2 10 12 13 15 F1 16 18 F2 M DNA PBR322/ MSP

Fig.2 The microsatellite electrophoresis patterns by four primers A Os-64 B Os-75 C IGF D Os-25  in 6 genotypes of tilapia

1 3 O.niloticus 4 6 O.niloticus F1 7 9 O.niloticus F2 10 12 S. melanotheron 13 15 S. 

melanotheron F1 16 18 O.niloticus F2 M DNA Marker PBR322/ MSP  

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


194 15     

2.3.3 6
D

I 6  F2  F1

 F2  F1 F2

F1

F2 F2 F2

0.725 F1 0.692
0.485 0.537  

PIC
Nei 12 PIC >0.5

0.25 <PIC < 0.5 PIC <0.5
6 4

F2 0.687
F2  0.730 F1 0.674

F1 0.643 6.8% 13.5%
0.375 0.333 83.2% 119%

F2 F2

5 6 6 Ne He PIC
Tab.5 Effective numbers of alleles Ne genetic heterozygosity He  and polymorphism information content PIC  

of six microsatellite locus in 6 genotypes of tilapia

/
Locus
/alleles

Genetic 
indices

S.melanotheron

 F1

S. melanotheron
O.niloticus

F1

F2

S. melanotheron
O.niloticus

F2

O. niloticus

F1

O.niloticus
S.melanotheron

F1

F2

O. niloticus
S. melanotheron

F2

PRL1
Ne 3.050 5.045 2.587 3.140 4.685 4.295
He 0.533 0.785 0.812 0.681 0.786 0.767

PIC 0.510 0.753 0.780 0.302 0.752 0.509
PRL2

Ne 1.658 4.025 4.670 2.480 4.179 4.920
He 0.397 0.752 0.786 0.577 0.761 0.797

PIC 0.318 0.709 0.751 0.541 0.721 0.764
PRL3

Ne 1.895 1.935 3.607 1.890 3.560 2.630
He 0.343 0.483 0.723 0.472 0.719 0.619

PIC 0.395 0.434 0.672 0.360 0.668 0.645
ISP

Ne 1.980 2.870 3.720 1.860 2.750 3.98
He 0.496 0.652 0.732 0.463 0.636 0.749

PIC 0.373 0.577 0.682 0.356 0.563 0.722
Os-7

Ne 1.000 3.780 3.840 1.660 3. 660 3.69
He 1.000 0.735 0.739 0.397 0.734 0.729

PIC 0.000 0.687 0.692 0.318 0.686 0.681
Os-7R

Ne 1.780 3.920 5.780 3.575 3.495 5.762
He 0.450 0.745 0.827 0.720 0.714 0.826

PIC 0.403 0.698 0.803 0.67 0.651 0.802
 Mean

Ne 1.920 3.530 4.030 2.210 3.790 4.210
He 0.537 0.692 0.770 0.485 0.725 0.748

PIC 0.333 0.643 0.730 0.375 0.674 0.687
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3

3.1

F2 F2

4

F2 6
27 F1 26

19 19
F1 96.3%

70.4% F2 6
28 F1 25

19 19
F1 89.3%

67.9% F2 F2 DNA

3.2

17 18

2
2n=44 19 2n=32 20

0.654

F2 F2

F2

F2

3.3 F1 F2

F1 F2

F1 F2 F2

90%
70%

F2

6 6
Tab.6 Genetic distances and genetic similarities among 6 genotypes of tilapia

S.melanotheron

F1

S. melanotheron
O.niloticus

F2

S. melanotheron
O.niloticus O. niloticus

F1

O. niloticus
S.melanotheron

F2

 O. niloticus
S.melanotheron

S.melanotheron 0.176 0.265 0.654 0.245 0.198

F1

S. melanotheron
O.niloticus

0.824 0.109 0.523 0.234 0.201

F2

 S. melanotheron
O.niloticus

0.735 0.891 0.454 0.217 0.371

O. niloticus 0.346 0.477 0.546 0.218 0.307

F1

O. niloticus
S.melanotheron

0.745 0.766 0.783 0.782 0.132

F2 
O. niloticus

S. melanotheron
0.802 0.789 0.629 0.693 0.868

.
Note Data above diagonal mean genetic distances and below mean genetic similarity.
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Heterosis and related genetic analysis by SSR for the salt tolerance of 
reciplrocal hybrids between Nile tilapia Oreochromis niloticus  and blackchin 
tilapia Sarotherodon melanotheron

LI Si-fa1 YAN Biao1 CAI Wan-qi1  LI Teng-yun1 JIA Jin-hua2 ZHANG Yan-hong2

1.The Key Laboratory of Aquatic Genetic Resources and Aquacultural Ecosystem Ministry of Agriculture Shanghai Fisheries 
University Shanghai 2000902 China 2.Nationl Tilapia Seed Farm in Zhongjie Hebei Cangzhou 061108 China

Abstract Part one By using 4 genotype tilapias Oreochromis niloticus Sarotherodon melanotheron F2

Sarotherodon melanotheron Oreochromis niloticus F2 Oreochromis niloticus and Sarotherodon 
melanotheron a comparitive study was conducted for the trait of salt tolerance. The results showed that 1  The 
MST ST50 and MLS-96 of above 4 genotypes ranked as S. melanotheron > S. melanotheron O. niloticus F2 > 
O. niloticus S. melanotheron F2  > O. niloticus. There is a significant regression relationship between mortality 
and salinity in all  the 4 genotypes P<0.05 . 2  As for the surpass parent heterosis value vs Nile HN both 
reciplocal hybrids value showed positive but the value vs blackchin HS  showed negative. It indicated that the 
salt tolerance of both hybrids exceed that of Nile but not the blackchin. 3  As the average heterosis value HM

in Nile  blackchin F2  all three salt tolerant indices were negative but in blackchin  Nile F2  the MST 
and ST50 were positive except for MLS-96. It indicated that the salt tolerance of blackchin  Nile F2  slightly 
surpassed Nile  blackchin F2 . Part two Through SSR analysis for the above 4 genotypes and other two 
genotypes reciplocal F1 it was found that 1  For effective allele number Ne average heterozygosity He  
and polymorphism information content PIC  F1 all increased by 2/3 compared with parents which was due to 
the recombination of genes and F2 increased by 1/10 compared with F1 again which could be related with the 
genetic differenciation from F1 to F2. 2  The amplified bands by primers Os-64 and Os-75 were only found in 
Nile Nile  black F1  and F2 showing a strong heredity from the female parent Nile on the other side the 
amplified bands by primers Os-25 and IGFs were found in blackchin blackchin  Nile F1  and F2 showing 
a strong heredity from the female parent blackchin this character conld be used as a criterion to identify female 
origin of hybrids. Journal of Fishery Sciences of China 2008 15 2 189 197
Key words salt tolerance heterosis reciplocal hybrids Oreochromis niloticus Sarotherodon melanotheron
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