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20~36 h) 3 (X1 X27),
1.4 Xoj Aj,
, x1.+x2. x1-+x0~
Xp; =———L; A =—L—L(y=1682),
0j J
3 2 Y
) (GY
[2-3, 9-10]
b
fi 23 fif} : 15-23
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(x1): 1~8 min (x2): 5~40 min 2 , 1 g )
(x3): 1~8°C (81.31%), fif} ;
[20] 0)
x1 BEABEZRESFSFHERRTKERDBR
Tab.1 Coding list of various factors levels for induced conditions in gynogenesis
. level factorial design
factor interval
=» () 0 D +»
/ min time after fertilization, x, 2.10 1 2.40 4.50 6.60 8
/min treatment duration, x, 10.40 5 12.10 22.50 32.90 40
/°C shock temperature, x3 2.10 1 2.40 4.50 6.60 8
13 .
Note: The above three factors are all rounding in the actual experimental operation and getting the optimal values.
*2 ZHEZREXEHEHAERBBUHARERER
Tab.2 Design scheme for three-factor quadratic orthogonal rotation and experimental results
experimental number X1 X2 X3 /% gynogenesis rate, y, /% hatching rate, y,
1 1 1 1 13.58 30.73
2 1 1 -1 4.96 27.37
3 1 -1 1 17.64 25.03
4 1 -1 -1 6.50 14.81
5 -1 1 1 2.92
6 -1 1 -1 0.67
7 -1 -1 1 0.44
8 -1 -1 -1 1.32
9 -1.682 0 0 4.50
10 1.682 0 0 10.30 25.17
11 0 -1.682 0 13.00 24.00
12 0 1.682 0 3.39
13 0 0 -1.682 5.90 15.89
14 0 0 1.682 14.39 24.54
15 0 0 0 13.43 31.75
16 0 0 0 18.00 32.09
17 0 0 0 14.90 28.27
18 0 0 0 10.80 26.40
19 0 0 0 17.48 30.14
20 0 0 0 16.91 32.01
21 0 0 0 14.02 27.24
22 0 0 0 13.58 20.42
23 0 0 0 17.10 32.07

1 control group 1 - -

2 control group 2 - -

- 81.31
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1.5 3 , a=0.1
3 , Fo =
DPS 2.32<Fy01(5, 8=6.63,
, Design Expert ,
Fy  =8.94>F(1(9,13=4.19
(%)= / x100% ,
(%)= / 4 , a=0.1
x100% , Fioo =
2 2.86<Fy01(s, 8=0.63, F»  =9.16>F( 19, 13=4.19
2.1 ,
2.2
; o) (02) (x1)
(x1, min) (o2, min) (x3, C)3 (x2) (x3) ,
(  a=0.10 , ,
)
¥, =0.15188+0.03525x, —0.01490x, + 0.02516x; + (1) D)

0.02205x,x; —0.03170x7 —0.02889x; —0.02199x3

M
¥, =0.28974 + 0.08175x, + 0.02774x; —0.05088x7 —
0.05112x; —0.03482x;

()

M, =0.15188+0.035255, —0.03170x>  (3)

Vi, =0.15188 -0.01490x, —0.02889)65 4)

Vi, =0.15188+0.02516x, —0.02199)632b ®))
(2) ()

x3 UABSERABER@)ARFRH ZRZMNEE R AR ESTR

Tab.3 Variance analysis table and quadratic polynomial model using ratio of gynogenesis (y;) as index

source of sum of degree mean F P
variation squares of freedom square partial correlation
X 0.0178 1 0.0178 0.8133 21.1351 0.0007
X2 0.0033 1 0.0031 —-0.4812 3.6698 0.0842
X3 0.0089 1 0.0089 0.6755 10.7686 0.0081
X 0.0167 1 0.0164 -0.8278 19.8902 0.0009
x 0.0133 1 0.0139 -0.7979 16.0599 0.0018
x 0.0083 1 0.0081 -0.6885 9.2736 0.0112
X1X2 0.0008 1 0.0008 -0.2505 0.9042 0.3861
X1X3 0.0042 1 0.0040 0.5244 4.8726 0.0460
XoX3 0.0000 1 0.0000 0.0273 0.0094 0.9980
regression 0.0698 9 0.0084 F,=8.93997 0.0003
residual 0.0122 13 0.0009
lack of fit 0.0068 5 0.0014 F1=2.32301 0.1498
error 0.0048 8 0.0006

sum

0.0878
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Tab. 4 Variance analysis table and quadratic polynomial model using hatching rate (y;) as index

sum degree partial F P
source of variation of squares of freedom mean square correlation
X1 0.0944 1 0.0959 0.8983 36.4785 0.0001
X2 0.0019 1 0.0020 -0.2370 0.7185 0.4306
X3 0.0112 1 0.0109 0.5049 4.1482 0.0678
X 0.0432 1 0.0436 -0.7965 16.4267 0.0017
x2 0.0432 1 0.0424 -0.7810 17.0117 0.0015
x; 0.0204 1 0.0207 -0.6088 7.8219 0.0179
X1X2 0.0074 1 0.0075 0.4256 2.9320 0.1223
X1X3 0.0002 1 0.0002 0.0777 0.0725 0.8271
XoX3 0.0020 1 0.0019 -0.2428 0.7395 0.4111
regression 0.2208 9 0.0247 F>=9.16449 0.0003
residual 0.0350 13 0.0026
lack of fit 0.0223 5 0.0044 F\=2.85777 0.0959
error 0.0123 8 0.0016
sum 0.2571 22
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L Le-o-9.8" ~e. - - .
0.15 . _97,8 o\.\ \9\0 0.15 ./8:!/0:2:?_070_‘0
Ky oy °.. ™, oo R "o
: o ‘°/ * * f‘_.; /r; ’ / .\
s o10f, o ,/ .. w O10F &y .
5 . | £ & . .
g ‘ S S/
?n . ‘. g . .
o5t S f»ﬁ 0.05F . |
/ 2 g
§ / 2 factors = / EES fa_(it_O;S
e . —— X 747x;
/ -e-X; / g Xy
o Xy 000k ¢ ’
. . C 1 1 1 1 1 1 1
000" , : : L . : : -1.5 -1.0 -05 00 05 1.0 1.5
-1.5 -1.0 -05 0.0 0.5 1.0 1.5 [ 22 K factor levels
[H 2 /KF- factor levels D
fi
1 iy . 2 o .'E .
Fig.1 The effects of various inducing factors on gynogenesis rate Fig.2  The effects of various inducing factors on hatching rate
-1.682
¥y, =0.28974+0.08175x, —0.05088x7  (6) ( )
' 0; ,
V2, =0.28974-0.05112x) (7)
b
Yy, =028974+0.02774x, -0.03482x3  (8)
, 2.3
i 2 5
> 3 > X1 X3
x1=0.56, x,=0.26, x3=0.57 , D Y1 , (x1)
, x1=0.80, x,=0, x3=0.40 , (x3) fi]
»2 12 s (x1)



82

23

2.3.1 1) Vi, =0.15188+0.03525x; +0.02516x; +0.02205x,%; —
1( y o, x3 0 0.03170x7 —0.02199x3
, (x1) (10)
(x2) isyy, =0.15188-0.01490x, +0.02516x; —0.02889x3 —
iy, =0.15188+0.03525x, —0.01490x, —0.03170x; — 0.02199x2
0.02889x; (11)
©) , o)
, (x1) (x3), , 9 (10) (1)
(x2) (x3) : ( 3-5
020 38.00 WERZ % B K gynogenesis rate
: 0.0635623
016 0.0635623 - i
. Y P
/
2012 29.75 —
b s o / P
2 008 g
®we g p
X & .,E; El of
&g 004 = 2150
& BE
0 RE
g
13.25 .
> 0.0635623] "\ \
38.00 8.00 AN
2150 ™ 5.00 5002 o
ALPRISHE] 1325 3.50 AR ' ' ! !
. - . S 2.00 3.50 5.00 6.50 8.00
treatment duration 5.00 2.00 time after fertilization AR ]
time after fertilization
3 x( ) x ) il )
Fig.3 Response surface and contour plot for interaction effect between x; (time after fertilization) and
X, (treatment duration) on y; (gynogenesis rate)
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Fig.6 Response surface and contour plot for interaction effect between x; (time after fertilization) and
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Tab.5 Frequency analysis of the level combination in gynogenesis rate more than 10.00%
x X X
level ! 2 :
time frequency time frequency time frequency
-1.68 0 0.0000 4 0.14410 0 0.0000
-1 0 0.0000 10 0.3255 1 0.0360
0 10 0.3054 10 0.3393 8 0.2797
1 11 0.3733 7 0.2518 11 0.3956
1.68 10 0.3417 0 0.0000 10 0.3483
average coding 0.9437 -0.314 0.9163
standard error 0.1242 0.1735 0.1416
0 0.630-1.158
95% . . 0.687-1.167 -0.616-0.034
95% confidence interval
optimum scheme 5.93-6.93 16.09-22.85 5.81-6.91
R6 BEEAPLERT 21.00% A RKFHEWTRIR
Tab.6 Frequency analysis of the level combination in hatching rate more than 21.00%
X X X
level ! 2 3
time frequency time frequency time frequency
-1.68 0 0.0000 0 0.0000 0 0.0000
-1 0 0.0000 7 0.2787 3 0.1193
0 9 0.3234 13 0.4800 9 0.3579
1 10 0.4008 7 0.2717 9 0.3538
1.68 8 0.3105 0 0.0000 5 0.1988
average coding 0.9101 0 0.5950
standard error 0.1352 0.1489 0.1709
0,
95% . 0.647-1.157 -0.282-0.282 0.233-0.875
95% confidence interval
optimum scheme 5.85-6.91 19.57-25.43 4.98-6.32
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Optimizing conditions to induce artificial gynogenesis in Culter albur-
nus using a quadratic orthogonal rotation design

LI Ting"?, JIA Yongyi®, LIU Shili*, JIANG Wenping?, LI Ning"?, YANG Runging’, GU Zhimin®

1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China;
3. Chinese Academy of Fishery Sciences, Beijing 100141, China

Abstract: Culter alburnus gynogenetic diploids were created by activating eggs with ultraviolet-irradiated com-
mon carp sperm and preventing extrusion of the second polar body using cold shock to induce chromosome du-
plication in the eggs. A three-factor five-level quadratic orthogonal rotation combined design was used to deter-
mine the optimal combination of three experimental factors, including time after fertilization (x,), treatment dura-
tion (x,), and shock temperature (x3) to induce artificial gynogenesis in C. alburnus, using gynogenesis rate (y,)
and hatching rate (y,) as indicators in the quadratic regression model. Furthermore, the response surface method
was used to determine the effect of single factors and their interactive effect on the response value. We found that
the optimal combination of factors to induce gynogenesis (18.00%) was cold shock for 18 min at 7°C, applied 6
min after fertilization, whereas that for maximal egg hatch (33.00%) was cold shock for 23 min at 5°C, applied 6
min after fertilization. The relationship between the various factors on the response values was parabolic with a
downward opening. According to the factor contribution rates, cold shock start time had a highly significant effect
on cold shock, followed by shock temperature and treatment duration. This is the first study to use a quadratic
orthogonal rotation combined design to determine the optimal combination of factors to induce gynogenesis in C.
alburnus. These results provide a basis to explore the sex-determining mechanism in C. alburnus.
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