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, 12 (500 cmx250 cmx
s 150 cm, 100 cm) ,
8 , 10 m’, , |
, , 24 h
[2] n-3 , ,
, (20:5n-3  EPA) 26~29°C, pH  7.2~7.8,
(22:6n-3  DHA), , 120
, 3,
3] n-3 6%~12%( 32.0% 8.0%)
, 41 10d 10 ,
[5]
s (hormone- sen- £1 ARWHTEIZIT

sitive triglayceride lipase, HSL)

(lipoprteinlipase, LPL) (fatty acid

synthetase, FAS) -6- (glucose
6-phosphate dehydrogenase, G6PD)
[6-8]
mRNA 3 s
1
1.1
< 1 b
1.2
2012 5 ,
20 w , 4 ( x
X 700 cm*x300 cmx150 cm, 100 cm)
2 1 10 , 5
, 1 5 22 ,4d
4
15d , 2 cm

Tab.1 Mating design of the present study
(0. aureus)(3) (O. niloticus)(3)
(0. aureus)(Q) v v
(O. niloticus)(Q) N v
1.3
100d , 24 h,
) 30 )
10 , 200 mg/L
MS-222 , ,
(SGR)
(FCR) (HSI) (VSI) (CF):
(SGR, %/d)=100x(In W—~In W)/t
(FCR, %)= (W~Wy)/Fx100
(HIS, %)=100x W/ W
(VSI, %)=100xW,/ W
(CF, %)=100xW,/L’
: Wo(g) ; Wi(g)
; 1(d) ; F(g)
() (g ; Wu(2)
5 Wu(g) ;
L(cm)
14
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, , (AAS)”! (CS) (EAAD!:
, AAS= (%)/[FAO/WHO
0.1 g , (%0)]
-80°C , CS = (%)/
1.4.1 105°C (%)
EAAI=[(1004/AE)*(100B/BE) x(100C/CEx... x
6.25 . (100J/JE)]"
. , N (EAA) ; 4, B,
’ 0
’ (550°C) 5 h c ..., J EAA (%,
3 DM); AE, BE, CE, ..., JE EAA
(%, DM)
1.4.2 (  6molL) L3
’ 1Y/T019-1996 GenBank FAS LPL HSL
(Aglient 1100 ) ( G6PD 4 ,
2 -actin(EU887951.1)
)
1.4.3 15¢  +15mL ; p-actin -, 2
( / =2/1, ) 3, ,
, 2 mL 0.5mol/L 20 mg , RNeasy Mini Hand-
,60C 30 min ,  2mL25% book(QIAGEN ) RNA,
, 60°C 20 min , 2mL OD260/ODgg9  1.90
2 mL , , RT-PCR PCR
(Shimadzu) GC-2010 [t
1.4.4 / 1.6
(FAO/WHO)1973 fS-actin PCR
(FAO/WHO ) , mRNA
B-actin , C
*2 s9F%
Tab. 2 Primer sequences
target mRNA sequence NCBI GenBank accession No.
F: 5-CGGCAACGAGTCTGAGGCTGA A-3'
FAS GU433188.1
R: 5-TGTCCCTGTGAGCGGAGGTGAT-3'
F: 5-~AGGCTGCGACATCCAGAACACT-3'
LPL GU433189.1
R: 5-GCCACGCTCTGCTGCTCA AT-3'
F: 5-CCGAGAAGCAGGTGGAGAAGGT-3'
HSL F1601660.1
R: 5-TGGTGGAGGCTGAAGCTCTGGT-3'
F: 5-ACAGGAACTGTCAGCCCACCTT-3'
-6- G6PD XM_003448158

R: 5'-AGCACCATGAGGTTCTGGACCA-3’
F: 5'-CCACACAGTGCCCATCTACGA-3'
R: 5'-CCACGCTCTGTCAGGATCTTCA-3'

f-actin control gene S-actin

EU 887951.1
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, F, F, (P<0.05)( 4
mRNA , 2-AAG DA F, 3 F1(P<0.05)
F, mRNA Fi—
+ (¥ +SD) ,
SPSS15.0 Duncan F,(P<0.05)
Excel F,(P<0.05)
0.05, 0.01 22
2 F,
2.1
5 4 F, 76.71%~
3, 100d 79.18%, 18.48%~19.65%,
(P>0.05) 1.18%~1.35%, F,
, (P>0.05) F,
(P<0.05); 0.98%,
(P>0.05) F,(P<0.05)
(P<0.05), 2.3
(P>0.05)
Fi— 6 , 4 F, (
) 17 , 7
x3 HEFFERANTFTEBERZTFRERKMELLR
Tab.3 Comparison on growth and male ratio in offspring of self-bred and reciprocal cross of GIFT and Aurea tilapia
combination o . /g /%:-d" 1%
initial boby weight  final body weight SGR feed conversion rate
OGIFT tilapiad x GIFT tilapia® 1.2240.02 170.40 £32.67° 1.41 £0.08* 2.07+0.05"
OGIFT tilapiad x Aurea tilapiaQ 1.24£0.01 145.37 £39.69° 1.21 +0.06" 1.94 £0.04*
® dyrea tilapiad x GIFT tilapiaQ 1.2240.02 144.65+40.17° 1.20£0.11° 1.97 £0.04™
D durea tilapiad' x Aurea tilapiaQ 1.1940.02 81.85 +26.47° 0.67 £0.02° 2.13 +£0.09°
@ dx ? ; © dx ? 86) dx

? ;@ dx ? . (P<0.05).

Note: @ the offspring of self-bred between GIFT tilapiad and GIFT tilapiaQ; @the offspring of reciprocal cross between GIFT tilapiad and
Aurea tilapiaQ; ®the offspring of reciprocal cross between Aurea tilapia & and GIFT tilapiaQ; @the offspring of self-bred between Aurea
tilapia & and Aurea tilapiaQ. Values with different letters mean significant differences between groups (P<0.05).

*4 SEFHERANTFTEEERRFRBIKIERNLILE

Tab. 4 Comparison on body indices in offspring of self-bred and reciprocal cross of GIFT and Aurea tilapia

/ / /9
combination liver weigght visceral we?ght hepatosomatic index viscerosomatic index condition fa/:;tor
GIFT tilapiad x GIFT tilapia® 3.85+0.92°  22.80+4.33" 2.3140.52° 13.71+2.34* 4.49£0.48°
GIFT tilapiad x Aurea tilapiaQ 3.43£0.75*  21.1342.18° 2.45+0.41° 15.07+1.93° 4.3940.32°
Aurea tilapiad x GIFT tilapiaQ 4.30£0.79°  17.95+2.47° 3.01£0.62° 12.58+1.57¢ 4.12£0.29°
Aurea tilapiad x Aurea tilapia®  2.64+0.62°  12.77£2.11° 3.2240.34° 15.62£1.37° 3.99+0.25

(P<0.05).

Note: Values with different letters mean significant differences between groups (P<0.05).
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®5 ETEFHFERMNNTFTFEERXBFRIAEFEM LR
Tab.5 Comparison on nutritional compositions in muscle in offspring of self-bred and reciprocal cross of GIFT and Aurea tilapia
Y( wet weight)

combination moisture crude protein crude lipid ash

GIFT tilapiad x GIFT tilapiaQ 76.71+0.58 19.65£0.32 0.98+0.11° 1.27+0.09

GIFT tilapiad x Aurea tilapiaQ@ 77.63£0.63 19.26+0.21 0.82+0.08" 1.32+0.08

Aurea tilapiad x GIFT tilapiaQ 78.03+0.44 18.74+0.45 0.64%0.06° 1.35+£0.06

Aurea tilapiad x Aurea tilapiaQ 79.18+0.61 18.48+0.27 0.57+0.07¢ 1.18+0.07
(P<0.05).

Note: Values with different letters mean significant differences between groups (P<0.05).

x6 SEFFERMTFTHEERRERMATERS E LR
Tab. 6 Comparison on contents of amino acids in muscle in offspring of self-bred and reciprocal cross of GIFT and Aurea tilapia
Yo( wet weight)

amino acid GIFT tilapiad GIFT tilapiad Aurea tilapiad Aurea tilapiad P
0ac x GIFT tilapia®@ x Aurea tilapiaQ x GIFT tilapia®@ x Aurea tilapiaQ
Asp 1.85£0.09 2.12+0.04 1.854£0.09 1.78+0.04 ns
Glu 3.07+0.14 3.41+0.04 3.07+0.14 2.84+0.06 <0.05
Ser 0.81+0.03 0.80+0.01 0.82+0.02 0.65+0.02 <0.05
His 0.62+0.03 0.63+0.02 0.62+0.02 0.41+0.02 <0.05
Gly 1.04+0.02 1.01£0.01 1.11£0.02 0.92+0.04 ns
Arg 1.21£0.03 1.20+0.02 1.24+0.03 1.04+0.03 <0.05
Ala 1.27+0.03 1.26£0.01 1.30£0.02 1.06£0.03 <0.05
Tyr 0.60+0.02 0.61£0.02 0.60£0.02 0.48+0.02 <0.05
Cys 0.04+0.00 0.04+0.00 0.05+0.00 0.03£0.00 <0.05
Pro 0.53+0.05 0.53+0.05 0.60+0.05 0.65+0.03 <0.05
Thr 0.92+0.03 0.9240.02 0.93+0.02 0.79+0.03 <0.05
Val 1.10£0.05 1.10+0.03 1.11£0.03 0.9240.02 ns
Met 0.68+0.02 0.68+0.01 0.69+0.01 0.56+0.02 <0.05
Phe 0.95+0.04 0.94+0.01 0.96+0.01 0.79+0.02 <0.05
Ile 1.00+0.04 1.01£0.02 1.01£0.02 0.85%0.02 <0.05
Leu 1.49+0.08 1.49+0.08 1.49+0.08 1.43+£0.03 ns
Lys 1.79£0.11 1.79£0.11 1.79+0.11 1.75+£0.05 ns
YEAA 7.94+0.28 7.93+0.26 7.99+0.23 7.09+0.19 <0.05
YDAA 7.23+0.23 7.80+0.26 7.33+£0.23 6.60+0.17 <0.05
>TAA 18.97+0.56 19.54+0.41 19.25+0.47 16.96+0.41 <0.05
YEAA/TAA 0.419 0.406 0.415 0.418 ns
>DAA/TAA 0.381 0.399 0.381 0.389 ns
(NEEA) 4 (DAA), F,
16.96%~19.54%; 7 , 4 F,
7.09%~7.99%; 6.60%~7.80% 1,
F, s Lys Leu F,
Met+Cys F,
F1(P<0.05) 4 F, 0.6 F, Lys 1,
(P>0.05) F, Lys
F, Glu, Ser, His, Arg, Ala, s F,

Tyr, Cys, Pro, Thr, Met, Phe, Ile (EAAI) F1(P<0.05)
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Tab.7 Comparison on EAA composition in muscle in offspring of self-bred and reciprocal cross of GIFT and Aurea tilapia

FAO

. . . . GIFT tilapiad GIFT tilapiad  Aurea tilapiad Aurea tilapiad P
ttem amino acid  FAQ patten. egg protein . GieT tilaia  x Aurea tilapia9 x GIFT tilapia  x Aurea tilapiaQ
Tle 2.50 0.91 0.92 0.96 0.97 ns
Leu 4.40 0.77 0.78 0.80 0.92 <0.05
Lys 3.40 1.19 1.20 1.24 1.46 <0.05
Thr 2.50 0.83 0.84 0.88 0.89 ns
AAS Val 3.10 0.80 0.81 0.85 0.84 ns
- 2.20 0.75 0.75 0.80 0.76 ns
Met+Cys
- 3.80 0.92 0.93 0.97 0.95 ns
Tyr +Phe
Ile 3.31 0.69 0.70 0.72 0.73 ns
Leu 5.34 0.63 0.64 0.66 0.76 <0.05
Lys 4.41 0.92 0.93 0.96 1.13 <0.05
Thr 2.92 0.71 0.72 0.76 0.77 ns
CS Val 4.10 0.60 0.62 0.64 0.63 ns
- 3.86 0.43 0.43 0.45 0.43 ns
Met+Cys
- 5.65 0.62 0.63 0.65 0.64 ns
Tyr +Phe
EAAI 70.19 71.43 74.00 78.82 <0.05
2.4 1, (P<0.05)
F, FAS( la) G6PD( 1d)
8 , 4 F] mRNA F],
18 : 6 SFA,3 MUFA ,LPL( 1b) HSL( lc) mRNA
9 PUFA F, SFA, F,
MUFA PUFA (P<0.05), F, LPL G6PD mRNA
F, SFA, MUFA PUFA (P>0.05)
F, F, FAS LPL HSL G6PD mRNA
SFA MUFA R PUFA FPA 2
DHA F, FAS( 2a) G6PD( 2d) mRNA
DPA (P<0.05) , R*=0.761 5(P<0.01)
F, n-6 PUFA 0.538 7(P<0.05) LPL( 2b) HSL( 2c)mRNA
F1(P<0.05) ,
n-3 PUFA R*=0.782 5(P<0.01) 0.562 4(P<0.05)
(P>0.05)
3
2.5
mRNA 3.1
, 4 F, R
FAS, LPL, HSL  G6PD mRNA 4 d )
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*8 HEFTHERANTFTEERTFRAMABIHED SR
Tab.8 Composition and contents of fatty acid in muscle in offspring of self-bred and reciprocal cross of GIFT and Aurea tilapia
% ( wet weight)

fatty acid contents s S b e S yvcon SRy ey "
C12:0 0.035+0.006 0.031£0.008 0.034+0.008 0.045+0.009 <0.05
C14:0 1.655+0.027 1.113£0.079 0.899+0.123 0.565+0.083 <0.05
C15:0 0.200+0.012 0.174+£0.019 0.157+0.027 0.170+0.007 <0.05
C16:0 22.707+0.894 20.322+0.534 16.359+0.477 13.618+0.750 <0.05
C18:0 6.8000.172 5.588+0.441 4.476+0.469 3.94240.238 <0.05
C20:0 0.1534£0.013 0.088+0.012 0.088+0.009 0.086+0.009 <0.05
>SFA 31.550+0.784 27.316+0.551 22.01340.411 18.427+0.472 <0.05
Cle:1 3.33240.104 2.5514£0.194 1.935+0.143 1.506+0.308 <0.05
C18:1 27.768+1.456 21.068+1.033 14.160+0.095 11.856+0.764 <0.05
€20:1 1.092+0.113 0.83640.092 0.519+0.019 0.464+0.030 <0.05
YMUFA 32.19140.538 24.455+0.389 16.615+0.469 13.826+0.391 <0.05
C18:2n-6 19.194+0.687 15.014+0.956 10.078+1.097 9.698+0.443 <0.05
C18:3n-6 0.448+0.015 0.317+0.006 0.244+0.013 0.162+0.073 <0.05
C18:3n-3 1.982+0.088 1.520+0.187 0.890+0.140 0.852+0.059 <0.05
C20:2 0.714+0.050 0.601+0.035 0.423+0.043 0.541+0.081 <0.05
€20:3 0.795+0.047 0.746+0.052 0.699+0.039 0.534+0.062 <0.05
€20:4n-6 1.32640.318 1.446+0.173 1.499+0.196 1.55140.131 <0.05
C20:5n-3 EPA 0.528+0.066 0.449+0.019 0.534+0.086 0.664+0.031 <0.05
C22:5n-3 DPA 1.609+0.130 1.679+0.074 1.399+0.126 1.430+0.181 <0.05
C22:6n-3 DHA 6.469+0.991 7.506+0.988 7.799+0.927 8.243+£0.913 <0.05
>PUFA 33.064+0.592 29.279+0.514 23.566+0.514 23.675+0.628 <0.05
-6 20.968+0.811 16.777+0.493 11.82140.137 11.411£0.142 <0.05

yn-3 10.588+0.471 11.15440.315 10.622+0.072 11.189+0.131 ns
>n-6/>n-3 1.980+0.218 1.504+0.211 1.113£0.104 1.020+0.095 <0.05

15d , s Fy
Fy , 4 F,
119122 g, F, F,,
Fi
100 d F, ,
s 3.2
Fi
2006 , ,
)
6 5 R
[13]
, > , 4 F,
( Px 3)>
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(P<0.05).

Comparison on mRNA levels of lipid metabolism enzyme in muscle in offspring of self-bred and reciprocal cross of GIFT
and Aurea tilapia

1: GIFT tilapiadx GIFT tilapiaQ; 2: GIFT tilapiad x Aurea tilapiaQ; 3: Aurea tilapiad x GIFT tilapia®;
4: Aurea tilapiad'x Aurea tilapiaQ. Values with different letters mean significant differences between groups (P<0.05).
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Fig. 2 The relationship between crude lipid content and mRNA levels of lipid metabolism enzyme in muscle in offspring of
self-bred and reciprocal cross of GIFT and Aurea tilapia
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3 1 P’y :
F,
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Comparative study of the growth and nutrient composition of muscle
tissue of two species of tilapia and their reciprocal hybrids
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Abstract: Using a complete diallel mating system, growth and nutrient composition of muscle tissue, expression of
lipid metabolism enzyme genes, and the relationship between crude lipid content and mRNA levels of a lipid metabo-
lism enzyme were compared between two species of tilapia, Oreochromis niloticus (the GIFT strain of Nile tilapia) and
O. aureus. At the end of an experimental period of 100 days, the specific growth rate of pure-bred progeny of GIFT
tilapia was significantly higher than that of the two hybrids and the pure-bred progeny of O. aureus. The feed conver-
sion rate, hepatosomatic index, and viscerosomatic index of pure-bred progeny of O. aureus were significantly higher
than those of experimental groups. There was no significant difference in the moisture, ash, orcrude protein content.
Crude lipid content of pure-bred GIFT tilapia progeny was significantly higher than that of other groups. Total amino
acids, essential amino acids, and dispensable amino acids of pure-bred O. aureus progeny were significantly lower than
other groups. The rate of essential amino acid formation in four F; generations was consistent with FAO/WHO stan-
dards. Saturated, single unsaturated, polyunsaturated, and n-6 polyunsaturated fatty acids of pure-bred GIFT tilapia
progeny were significantly higher than those of the two hybrids and the pure-bred progeny of O. aureus. Correlation
analysis showed a negative relationship between muscle crude lipid content and mRNA levels of FAS (R*=0.761 5;
P<0.01) and G6PD (R*=0.538 7; P<0.05). In contrast, crude lipid content was positively correlated with mRNA levels
of LPL (R>=0.782 5; P<0.01) and HSL (R* =0.562 4, P<0.05). Overall, the results indicated that the growth and nutri-
tional composition of muscle of pure-bred O. aureus progeny were significantly lower than of GIFT tilapia or hybrids.
Thus, hybridization may increase growth performance of offspring and improve meat quality, as well as enhancing the
effect of selective breeding. Although there were no significant differences in mRNA levels of LPL and G6PD between
the two hybrids of GIFT tilapia, higher muscle crude lipid content may amplify mRNA levels of LPL and HSL.
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