2016 £ 9 H, 23(5): 1091-1098 .
Journal of Fishery Sciences of China 5}1' 0 i’b\ X

DOI: 10.3724/SP.J.1118.2016.15458

EnE SRR TR FRENEEEMEEREAEEERES T

LR, RRW, WA, 28, EEN, DA, £E duax

1. , 150070;
2. , 214081;
3. , 450044
. (Cyprinus carpio L.) 2 ,
23 (FR, n=192) (YX, n=96)
160 131 (N) (H.) (H.)
(PIC) 4.559 0.695 0.741 0.702, (PIC=0.5); 4
3.620 0.665 0.642 0.600 (PIC=0.5), N, H,
PIC (P<0.01),
; H, (P>0.05),
0.8~1.0, 37.39%; 0.5~0.7, 49.33%

0.8~1.0  0.5~0.7

FKHEiA: ; ; ; ;
hESES: S917 CEKARARRD: A XEHS: 1005-8737-(2016)05-1091-08
(Cyprinus carpio var. jian) ,
, (Cyprinus s s
carpio var. Wuyuanensis) (Cyprinus carpio ,
var. yuankiang), , , 1%
, , 12%,
10%,
, (8]
(Cyprius carpio haematopterus
Teminck et Schlegel) , ,
’ [1-2] [9] SRAP
[3-4]
, ’ , ’ : [10]
26.9%, B0 2013—2015 TRAP ,
(71 , (microsatellite)

YeFs HER: 2015-12-08; 1&1iT HHA: 2016-02-24.

E&mE: (2014A05CGO1, HSY201502).

E& BN (1980-), , . E-mail: xtley 123@163.com
BEESE: , , . E-mail: sunxw2002@163.com



1092 23
b
- 1 MRS
b
, 11 LEHH
b
H ’ 3
, 96 ;
[15-16] [17] , 4
0.5~ 48
0.7, >
[18]
) ) DNA
1.2 5|¥5iX7H
, 23
[19] [20]
, BAC
) b
, 1 Tag DNA dNTP
123 MHTEIFIZIIYA IR R AEIER R (FR)RIRIL BOTR (Y X) 09RO
Tab. 1 Sequencesand amplified results of 23 microsatellite markersin FFRC strain common carp (FR)
and Yuxuan Yellow River carp (Y X)
(5"-3") (53" /bp N,

marker forward primer(5'-3") reverse primer(5'-3’)  motif sequence  fragment size FR YX PIC
HLJ231  ctgctgtcaagccaaaaaca aaccatttcaacctggcaac - 188-197 3 3 0.350
HLJ401  aatgtgagcgataaaggg agtctgaggtgagegtgt (ca)y 173-235 5 0.775
HLJ486  ccattgtaaagccagcat acatcagtgtacggaggg (gt)19 112-165 6 6 0.745
HLJ526  cttctgctcatacgggttte acggcegttcgttgtggat (ca)s 164-292 10 10 0.894
HLJ617  aggtgactaatgcttgcgatac aaccctgtgaaccatccate (gt)1(gt)s 261-344 8 5 0.823
HLJ639  aatagaccgaggtcaaac gaatacaaaggcaggaag (ca)ss 247-300 6 5 0.747
HLJ665  tactgtgcagccatgcta gggcaggtatgacaagag (ca)iz 209-232 4 4 0.674
HLJ723  tgagccaatccatcagtc taagcaaacctccatcct (ga)i4 130-147 4 2 0.638
HLJ1113 tcgacgatcagccagataga agttggccaggttggattt (agat); 163-200 9 8 0.865
HLJ1170 tcaactgcagtctgctggac tcgacgatcactctcaaatg (cat)yo 172-196 9 6 0.784
HLJ1254 tcgatgaggagtgtgttgga cagacaggtgagtgcaggaa (gat); 194-206 3 4 0.585
HLJ1306 cagttgtacggttgccctct ccagaactgaccgatggagt (atg)i2 188-218 5 4 0.620
HLJ2772 gaggcagaggcagaacaaag tcactcataaaaacagtcccttg (att)s 233-248 3 2 0.526
HLJ3770 atgacgagaaacccccattc aggcttgtgaaactetgtge (atet) 2 155-199 9 10 0.845
HLJ3939 cagtgccaacggacacata ctgaggatgaaagcaacacc (aaata);s 195-320 8 8 0.831
CA905 atttcccctaagcaagacct gggcccacttacaaccctet (ac)y 160-189 5 3 0.588
CA1115  attactgcagtgcatcagggt cgacataacatttccccactac (tatc) o 262-335 8 6 0.804
CA1846  atcccattccattaagcace acaagcgacccatatagttg (tcta) 4 272-345 11 7 0.846
CA2181 tccaaatgaagcaggtct tgctaattcacatcaaccag (agaaa)s; 230-274 8 6 0.807
CA2260 tggaaatcacttcttctge attaattcacctgcetgttge (ctat);s 198-389 13 9 0.868
CA2263 tctetttgtcacacgcatac taacaactagccgttaaccg (ac)ia 159-211 7 6 0.766
CA2278 tagccacacttaaatagacg atcaaagctctgtagttctg (atata)7 151-218 11 9 0.834
CA2409  ctcgctcagtgaaccatctg gtggcctctctaatgtctge (gt)s 257-277 4 3 0.454
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1.3 DNA ZEUK PCR ¥ 1%
DNA ( )
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50 ng/ul 15 uL PCR ,
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number of alleles, N,) (effective

number of alleles, N.) (observed het-
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[21]
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information content, PIC) Botstein
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P1c1'{znlp,.2][nzl Z 2pl.2pj2J
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GenePop (Version 3.4) P
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2 HRE5SH
21 ¥igER
23 2
288
DNA ,
112~345 bp,
Na)  3~11 -,
6.956; 2~10 ,
5.696 0.350~
0.894, 91.30% (21 )
(PIC=0.5)2" (FR) (YX)
CA2260 HLJ1170 1
22 EHBEHNEESEN
23
(Ne) 1.875~9.073, 4.559;
(H,) 0.281~0.969, 0.695;
(H) 0.478~0.892, 0.741;
(PIC)  0.42~0.88, 0.702,
(PIC=
0.5) N. 1.064~7.551, 3.620;
H, 0.062~0.917, 0.665; H. 0.061~

1 CA2260 HLJI1170
1-48 ;M

9] (B D)

(DL1000); FR JYX

Fig. 1 Amplification results in partial samples of FFRC strain common carp (A, C) and Yuxuan Yellow River carp (B, D)
with microsatellite markers of CA2260 and HLJ1170
Numbers of 1-48 represent different individuals; M is DNA molecular weight standards of DL1000; FR and YX are FFRC
strain common carp and Yuxuan Yellow River carp, respectively.
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0.872, 0.642; PIC  0.059~0.853,
0.600, GenePop (Version 3.4)
(PIC=0.5) Hardy-Weinberg
5 T , 15 , HLJ231 HLJ486
, N, N, H. PIC HLJ665 11 ( 47.83%)
(P<0.01), H, (P=0.508) (P<0.01), HLJ526 HLIJ617
CA905 4 ( 17.39%)
, ; 6
HLJ617 HLJ639 CAl1115 CA1836 , HLJ665  CA1846 (8.70%)
CA2260 ( D, (P<0.01), HLJ617 HLIJ639
; CAlllL5S 4 ( 17.39%)
2

*2 RHEMBPERTEEEHAE BMMIIEFCHEEZHELSH
Tab.2 Genetic diversity indexes of 23 microsatellite markersfor FFRC strain common
carp (FR) and Yuxuan Yellow River carp (Y X)

FR YX

marker N. H, H, PIC Puwep  Puweer N. H, H, PIC Puwep  Puwee
HLJ231 2.022 0.453 0.507 0.420 0.000™ 0.999 1.076 0.073 0.071 0.069 1.000 0.893
HLJ401 4.030 0.760 0.754 0.717 0.882 0.118 4.062 0.719 0.758 0.711 0.362 0.638
HLJ486 3.860 0.578 0.743 0.703 0.000™ 1.000 4.168 0.729 0.764 0.721 0.568 0.432
HLJ526 7.952 0.938 0.876 0.861 0.960 0.040" 6.358 0917 0.847 0.826 0.677 0.323
HLJ617 5.751 0.948 0.828 0.804 1.000 0.000™  3.740 0.896 0.736 0.685 0.998 0.002""
HLJ639 5.020 0.838 0.803 0.770 0.814 0.186 2.630 0.781 0.623 0.572 0.998 0.002"
HLJ665 3.386 0.281 0.706 0.650 0.000™ 1.000 3.828 0.615 0.743 0.690 0.002"  0.998
HLJ723 3.535 0.729 0.719 0.666 0.481 0.519 1.653 0.333 0.397 0.317 0.094 0.966

HLJ1113 6.194  0.760 0.841 0.820  0.000”  1.000 5.829  0.833 0.833 0.807  0.396 0.605
HLJ1170 3.031 0.609 0.672 0.649  0.008™  0.992 4.881 0.865 0.799 0.766  0.946 0.054
HLJ1254 2510 0.542 0.603 0.534  0.060 0.940 2.095  0.479 0.526 0.440  0.081 0.919
HLJ1306 2,534 0.536 0.607  0.543  0.160 0.840 3.043 0.677 0.675 0.614  0.328 0.673
HLIJ2772 2.796  0.703 0.644  0.569  0.944 0.056 1.064  0.062 0.061 0.059  1.000 0.923
HLJ3770 5.771 0.708 0.829  0.805  0.000™  0.999 7.551 0.917 0.872 0.853  0.667 0.333
HLJ3939 4892  0.672 0.798 0.770  0.001"  0.999 5.668  0.812 0.828 0.801  0.130 0.8702
CA905 2.888  0.823 0.655 0.594  1.000 0.000”  1.998  0.531 0.502 0.413  0.865 0.135
CALll115 6.339 0.781 0.844 0.823  0.005™  0.995 2.824 0.760 0.649 0.617  0.995 0.005™
CA1846 6.100  0.818 0.838 0.816  0.180 0.820 3.107  0.479 0.682 0.642  0.000”  1.000
CA2181 4622 0714 0.786  0.752  0.005"  0.995 3.632  0.708 0.728 0.686  0.436 0.564
CA2260 9.073  0.901 0.892  0.880  0.411 0.589 3342 0.677 0.704 0.663  0.226 0.776
CA2263 4566  0.969 0.783 0.748  1.000 0.000”  3.302 0917 0.701 0.646  0.997 0.003"
CA2278 6.114  0.630 0.839  0.819  0.000™  1.000 5.633  0.906 0.827 0.798  0.940 0.060

CA2409 1.875 0.297 0.478 0.431 0.000™ 1.000 1.781 0.500 0.441 0.391 0.956 0.056
mean  4.559 0.695 0.741 0.702 - - 3.620 0.665 0.642 0.600 - -
: PHWE-D Hardy-Weinberg , X (P<0.05), **
(P<0.01); PHWE-E Hardy-Weinberg * (P<0.05) **
(P<0.01).

Note: PHWE-D and PHWE-E are the probability of heterozygote deficiency and excess in Hardy-Weinberg equilibrium test, respectively.
* denotes heterozygote significant deficiency or excess (P<0.05) and ** denotes heterozygote extremely significant deficiency or excess
(P<0.01).



5 : 1095

2.3 BEENEKENEEFIES

23 PHYLIP
GENDIST 7
2
0.226~1.998, , 0.8~1.0,
0.953; 37.39%(  2A);
0.169~1.321, 0.640 0.5~0.7, 49.33%( 2B)
g 20007 A W threshold 700 ¢
g 1800 r |ﬁ 600 |

500 ¢
400 ¢
300
200
100 |

HPREX frequency of occurrance

S S5
i b ~ bz = b=

WA [ S PE S genetic distance between female and male

0
QL

Y
% ?
2
2
2
v

2 (A) (B)
Fig. 2 Distribution of genetic distance between female and male in FFRC strain common
carp (A) and Yuxuan Yellow River carp (B)
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Genetic structure and genetic distance distribution between females
and males in conservation populations of two common carp varieties
using microsatellite markers

LU Cuiyun', ZHANG Xiaoli', GU Ying', LI Chao', DONG Zaijie>, FENG Jianxin’, CHENG Lei',
SUN Xiaowen'

1. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China;
2. Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China;
3. Henan Academy of Fishery Science, Zhengzhou 450044, China

Abstract: Common carp (Cyprinus carpio L.) is an important economic fish species with very rich genetic re-
sources, and it has been used to develop many carp varieties in China. The FFRC strain (FR) and the Yuxuan Yel-
low River (YX) strains of common carp have higher growth performance and improved body shape, and have been
certified by the National Certification Committee for Aquatic Varieties. Currently, these two carp varieties occupy
a pivotal position in fresh water aquaculture because they are farmed in most provinces of China and have brought
significant economic profits. Therefore, it is important to evaluate the genetic diversity of the conservation popu-
lations of these strains to maintain growth performance and make further genetic improvements. The objective of
this study was to analyze the genetic structure of the breeding populations, and to evaluate the genetic distance
between female and male individuals using microsatellite markers. A total of 160 and 131 alleles were detected
with 23 microsatellite markers in FR (n=192) and YX (n=96), respectively. For FR, the average values of number
of effective alleles (N.), observed heterozygosity (H,), expected heterozygosity (H.), and polymorphism informa-
tion content (PIC) were 4.559, 0.695, 0.741, and 0.702, respectively, suggesting that there is a high level of poly-
morphism in this strain. For YX, the mean values of N,, H,, and PIC were 3.620, 0.665, 0.642, and 0.600, respec-
tively, indicating a high level of diversity in this strain. The significantly lower N, H., and PIC values in YX than
in FR (P<0.01) suggested that more alleles were derived from different parents in FR with its hybrid breeding
background than in YX with its systematic selection background. There was no significant difference in H, between
FR (0.695) and YX (0.665), which indicated that YX maintains high genetic heterozygosity. The genetic distance(GD)
between females and males in each population showed a normal distribution. The GD ranged from 0.8 to 1.0 and
accounted for 37.39% of variability in FR, and ranged from 0.5 to 0.7 and accounted for 49.33% of variability in
YX. Therefore, to construct families in breeding programs, the GD threshold is 0.8—1.0 for FR and 0.5-0.7 for YX.

Key words: FFRC common carp; Yuxuan Yellow River carp; microsatellite; genetic structure; genetic distance
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