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Vandeputte ! 8 50 ng DNA, 0.5 pL (5 umol/L),
10 24 0.4 uL ANTP (25 mmol/L), 0.1 uL Tag DNA
, 95.3% ; (2.5 U/pL, Tiangen), 1.25 uL 10xBuffer 10 uL
(101 7 9 PCR :94°C 4 min;
(Hucho taimen) (3 ) 90 38 , 94°C 35s
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92.2%; Wang [ 16 10%
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50 469 ,
26 11 1 (XG*
417 ( (131, Koi*
) 52 ( (41, HLJ* 051, CCE*
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’ R Licor
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1 #MP5H* IR700 1R800 (Licor, USA) PCR
125 uL, 50ng DNA,
1.1 SRH#
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( 1~26 ) (5 umol/L), 0.5 puL (5 umol/L), 0.4 uLL ANTP
500~1000 . ’ (25 mmol/L), 0.1 pL Taqg DNA (2.5 U/uL,
400 Tiangen), 1.25 uL 10xBuffer 9 pL PCR
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Tab. 1 Information of microsatellite markers
locus /bp size range (5'-3") primer sequence (5'-3") no. of cycling
HLJO11 202-240 F: CACGACGTTGTAAAACGACTTAGCCAGCCAGAGACAAGC 20
R: CACTGCCACAAACCCATCTA
HLJ048 151-183 F: CACGACGTTGTAAAACGACGGGGTCTGTGTGTTGGTCTT 20
R: CGGGGGAAATGTGTTTAAAGT
CCE633 242-300 F: CACGACGTTGTAAAACGACCAGTGTCTAAAATGTGTCGC 20
R: ACCAGCATCTCTCTGAAAAG
Koi21 217-245 F: CACGACGTTGTAAAACGACTGTCCTTTATTGCTCAGAAC 20
R: CCACCACATTCATCACAT
Koil2 236-278 F: CACGACGTTGTAAAACGACCTGACCCTGAAGAGAACAAC 21
R: GCCTCATCAAAGACATCAAG
HLJO09 210-236 F: CACGACGTTGTAAAACGACGGGGTCTGTGTGTTGGTCTT 20
R: CGGGGGAAATGTGTTTAAAGT
CCE547 221-273 F: CACGACGTTGTAAAACGACAGCCTTGTGTTCTGCTCTGGA 21
R: GCCTCTGGTGGCAATGATTAT
CCE621 221-273 F: CACGACGTTGTAAAACGACCACTCCTTGAAACCACAGA 20
R: CACCTGAAGCCACAATCTA
XG389 161-217 F: CACGACGTTGTAAAACGACTTTGCGGTCAGTTGTATTTG 21
R: TGTGAGTGCTTTGGTTATGC
XG238 280-316 F: CACGACGTTGTAAAACGACTACACCAAAACCTCACAACT 21
R: ATCACAGGCATCTGAACAC
XG211 276-336 F: CACGACGTTGTAAAACGACGAACAGTAGCAGACAGTGAGAG 21
R

: GTAGAAGCACCAATACAAAGAC

Note: The italic in primer sequence was the adapter connected with the fluorescent primer.
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(PIC)

b

1.4 HEFRITEHH 22 WIBNAEESHRIERELH
417 (BW, g) 522
(BL, cm) (TL, cm)3 , 391 , 11
K (K=100x 5
BW/BL’) 52 (1), 1
DNA ; 11 90
469 11 ( 2 512 (
; Cervus 3.0 0.642~0.876(  0.792);
(general linear model, GLM: 0.702~0.857( 0.792);
SPSS19.0) 0.676~0.84( 0.76) Hardy-Weinberg
, 11 Hardy-Weinberg
2 BERESW , 11
21 HERKMERSH
A7 115~ 30.3%~55.0%,
186 g, 14627 g; 17.5~ 99.79%
21.2 cm, 18.98 cm; 21.1~ 2
25.4 cm, 22.45 cm; 1.77~ ) )
2.47, 2.13 8 99.3%
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Fig. 1 The alleles in 50 Cyprinus carpio haematoperus parents on Koi12 locus
2 NMHIEENSEHRENEREREAPHNSHE
Tab. 2 Parameter values of the 11 microsatellite loci in Cyprinus carpio haematoperus mixed family
locus
N, H, H. PIC Foun E-1P E-2P E-PP E-1 E-SI
HLJO11 6 0.790 0.790 0.756 +0.002 0.402 0.581 0.761 0.922 0.625
HLJ048 9 0.805 0.702 0.665 -0.083 0.303 0.484 0.680 0.875 0.569
CCE633 9 0.758 0.784 0.763 +0.023 0.431 0.612 0.810 0.933 0.625
Koi21 7 0.642 0.795 0.763 +0.107 0.416 0.594 0.775 0.927 0.629
Koil2 8 0.839 0.837 0.815 -0.001 0.499 0.670 0.842 0.952 0.656
HLJO09 6 0.777 0.796 0.766 +0.010 0.422 0.600 0.783 0.929 0.63
CCE547 9 0.851 0.834 0.725 -0.066 0.375 0.554 0.747 0.909 0.606
CCE621 11 0.876 0.725 0.814 -0.029 0.504 0.673 0.849 0.952 0.655
XG389 5 0.805 0.857 0.676 —0.058 0.304 0.477 0.654 0.876 0.581
XG238 12 0.791 0.811 0.840 +0.039 0.550 0.712 0.878 0.963 0.669
XG211 8 0.783 0.777 0.782 +0.017 0.443 0.620 0.798 0.936 0.639
mean 8.2 0.792 0.792 0.760 —-0.004 0.423 0.598 0.780 0.925 0.626
accumulating - - - - 0.998 0.999 0.999 0.999 0.999
probability of
exclusion
23 ETFEEHZERSW ;
, 10000 , 29
26 R 95% , 11 s 440
100%

, 95% 469 93.82%( 3)
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Fig. 2 Relationship between the number of microsatellite loci
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Tab. 3 Thedistribution of progeny in 26 full-sib families of Cyprinus carpio haematoperus

15

26

20
1,
20 23

family

parental pair

larger progeny of Yellow River carp

red color progeny

female male number of progeny /% percentage number of progeny /% percentage
1 HHPO2F HHP54M 11 2.84 0 0.00
2 HHPO3F  HHP50M 71 18.30 0 0.00
3 HHPO6F  HHP60M 13 3.35 0 0.00
4 HHPO7F  HHP46M 11 2.84 0 0.00
5 HHPI10F HHP49M 6 1.55 50 96.15
6 HHP14F HHP47M 2 0.52 0 0.00
7 HHP25F HHP36M 23 5.93 0 0.00
8 HHP28F  HHP15M 3 0.77 0 0.00
9 HHP31F HHP35M 6 1.55 0 0.00
10 HHP32F  HHP18M 41 10.57 0 0.00
11 HHP33F HHP27M 9 2.32 0 0.00
12 HHP34F HHP64M 25 6.44 0 0.00
13 HHP37F HHP45M 41 10.57 2 3.85
14 HHP39F  HHP70M 4 1.03 0 0.00
15 HHP42F  HHP58M 0 0.00 0 0.00
16 HHP44F  HHP52M 35 9.02 0 0.00
17 HHP48F HHP57M 1 0.26 0 0.00
18 HHPS1F HHP38M 42 10.83 0 0.00
19 HHPS5S5F HHP59M 2 0.52 0 0.00
20 HHP61F  HHP66M 0 0.00 0 0.00
21 HHP65F  HHP62M 11 2.84 0 0.00
22 HHP67F  HHP40M 3 0.77 0 0.00
23 HHP68F HHP13M 0 0.00 0 0.00
24 HHP69F HHPO&M 9 2.32 0 0.00
25 HHP71F - 18 4.64 0 0.00
26 - HHP41M 1 0.29 0 0.00
Note: “~” represents the missing sample.
24 REBERERDH 4
7
20 , 2
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7 16 Hardy-Weinberg (P<0.01)
(P<0.01,  4); 13 , 10000
, s 26 , 11
100%; 29
(P<0.05, 4) )
i 93.82% (1)
3 itig
, , O’Reilly 2"
[6-11]
(Salmo salar) ,
2%~3%
, Wang [ 16 Marshall !
, 81 ,
100%,  Gheyas 7 10 Q) [10]
24 (Hypophthalmichthys molitrix)
(129 123) 330 , ,
96.3% Ellegren'"! , 5 : ,
( 6 ) 26, 2
98%, 10 , 3)
99.99% 11
[22]
Botstein  [*] « . ,
, 4)
PIC>0.5 0.25<PIC<0.5
PIC<0.25 11 , ,
R 5%
[21] 11
1 (Koi21) 5%,
, , 11
T4 TAHAETERAHEKMER
Tab. 4 Growth traits of 7 Cyprinus carpio haematoperus families X +SD
. family
growth trait
2 7 10 12 13 16 18
/cm total length 22.63+0.69 22.29+0.44° 22.42+0.59°  22.29+0.56°  22.84+£0.79°  22.31£0.45°  22.60+0.51
/g body weight 152.53+13.54%% 141.94+6.44% 148.85+9.97  146.64+10.28° 145.75+9.73° 145.07+8.74%  146.85+9.75
/em body length 19.05+0.78 18.84+0.35%  18.99+0.57 18.90+0.56 19.234£0.56*  18.76+0.39° 18.98+0.53
relative fatness 2.21£0.276"8 2.12£0.088  2.17+0.101%  2.17+0.113%  2.05£0.091*  2.20+0.105®  2.15+0.11°
0.05 ; 0.01 ;

(P>0.05) ( ).

Note: The different lowercase letters within the same line mean significant difference (P<0.05); the different capital letters within the same
line mean extremely significant difference (P<0.01); the same letter within the same line means no significant difference (P>0.05) (2-tailed).
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Par entage assignment for full-sib families of the Yellow River carp
Cyprinus carpio haematoperus based on microsatellites
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Abstract: Parentage assignment is a powerful tool for pedigree analysis and family selection in aquatic animals.
Eleven polymorphic microsatellite markers were used to perform a parentage assignment for 417 fast-growth
progeny with normal color and 52 red progeny from 26 full-sib families of Yellow River carp, Cyprinus carpio
haematoperus. The average number of alleles for the 11 microsatellites was 8.2, and the mean values of observed
heterozygosity, expected heterozygosity, and polymorphism information content were 0.792, 0.792, and 0.76, re-
spectively. The combined probability of exclusion reached 99.79% when both parents were unknown (confidence
level, 95%). Among the carp progeny, 29 were not assigned, but 388 fast-growth progeny and 52 red progeny were
accurately assigned parental pairs, resulting in an identification rate of 93.82%. By comparison of growth per-
formance among seven families with 20 or more progeny, we identified several favorable parents and families that
should be kept for further selection. For body color, two parents with recessive alleles for the red color were iden-
tified. These results provide the basis and molecular tools for further selection towards breeding new varieties of
fast-growing Yellow River carp with the typical slim body shape and golden color.
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