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Genetic potential analysis of Germany mirror carp (Cyprinus carpio
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Abstract: Using 30 microsatellite markers and combining quantity characters such as body weight, body size and body
width, we evaluated the genetic potential of 3 Germany mirror carp populations. Number of effective alleles (Ae), observed
(Ho) and expected (He) heterozygosity values and polymorphic information contents (PIC) were all caculated. 287 alleles
and 559 genotypes were detected. The DNA fragment length was 109—400 bp. The Hardy-Weinberg Equilibrium was
checked and phenomenon of some disequilibrium were studied according to the test of . The result showed that the level
of genetic variability was moderate, but genetic potential of Shuanglai population was much lower than that Huanxin and
Songpu breeding populations. Polymorphic Information Contents (PIC) of the 3 populations of Germany mirror carp were
between 0.08787 and 0.5377, both of highly and moderately polymorphic markers were 13. The number of effective alleles
(Ae) were between 1.1014 and 6.4665. The observed (H0) and expected (He) heterozygosity values were 0.0968-0.9892
and 0.0926—0.8554 respectively. The linkage correlation was analyzed using data of body weight, body size and body width
and 30 loci. The result shown that there existed 2 loci, HLJ319 and HLJ693 associated with body size. The HLJ693 locus
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significantly correlated with body weight character. The HLJ677 locus linked with body width. And then the result were
verified in Recombinant Inbred Lines (RIL) of common carp. It shown that the HLJ319 locus was significantly linked with

body size, the same as the result of common carp QTL location.

Keywords: Germany mirror carp; economic characters; genetic markers; genetic potential
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Table 1 30 pairs of microsatellite maker sequence
Renatura- Renatura-
Locus Primer sequence (5 -3 % Repetitive -~ tion Locus Primer sequence (5 “- 3 % Repetitive tion
sequence tempera- sequence temperature
ture ('C) (C)
F: AGACCACCGCAGTAACAA F: GGCTACAAGGCAACACTG
HLI041 . GACTCACTCAGCACCAGA (CA) 3 HLI392 . tGeaaTTAATGAGGTCTG — (CA)2 54
F: GTACAGCGTGACAGCATT F: TGCGGTCATTACTCATTCG
HLJ044 . AAGTTCATCGGTGTCCTC (CA)s 3 HLI393 . cccaceacerarrrecac (CA0 54
F: AACCCTGAACTCACAAAC F: AAGAAGCCTCGGTCCTCC
HLI046 R, CACGGAAACTGAGAAGAC (GT)is 33 |HLIA00 B AAAGCCCAAAGCACATCA (A2 31
F: GATTTGTGCTCCTCAACC F: CCGACTCAGTGTTCAATT
HLJ049 R CTGTCACTTCTCCTTCCA (GT)s 34 |HLIA3 o GaaaccTaAGTCCCCAAC  (CAY 30
F: GAATGTCATGCGGTTCAT F: ATACGGTATGTCTGGAAA
HLIOST R TATTTGCTGGGTGTCCTC (GT)s S HLBTT g crGacTAGAGGAAAAGCA (0T 30
F: CAGATGGCAGACAGGTAA F: GAGACCGCATGACTTCAA
HLI0S8 . GAGCAAGTGAGGGAACAG (CA) 33 HLIB gl raGecaTeTGTCCTAAACGA  (GTe 30
F: TGGGTTGGTTCACAGACA F: AAGATGGAGGTCTGGTGT
HLI133 R TTCAGCGGATTTACAGAGC (GT)ss SLo HLBYS  piarcacgarrerTraGTGe  (TO)s 30
F: ACCTCATTTGAATCCCTG (CA) F: AAGAATGGGTGAGTAAGA
HLI30Z R AATAGAGTTTGTTTGCTGA S0 JHLIBT B ACTAGGATTTGGAAGAGC (A 30
F: CAGTGGGATTGTGGGAGT F: ACGTCATCAGACCCTTCT
HLI319 R CAGGGAGGGTCAAAGGTC (CA)s 33 |HLBY plergerGaTTrGTTATTGT — (ACH™ 30
F: CCTGACACCTGCCGTTCT F: GGTGTCAGGCTTTAGTCC
HLJ328 ¢ reerergrTeTGecTece (CA)o SI JHLIB06 g cATCTGAGTTTTCTCCAAGT — (CA) 48
F: GAAGAATGGGTGAGTAAGA F: ATCATCACAGCCAAAGAAGT
HLJ338 . ACTAGGATTTGGAAGAGC (AC)ss Sl HLIB09 k. TACGGACATAGTGCAGACAA (A1 48
F: TCCTCACAACCCTCCGTAT F: TGTTTAGAAGAGCCTGTTTG  (GT)ys
HLI343 R CAAAGGCATCCCATCAGT (TG SL HLJ82L R GCAGTTTATTTATTCTGGGAG — (GA): 32
F: AAGAAGGACTACGAGGAGA F: TCAGGTCAGGTGAGTCTT
HLI376 . TTCGGTTGCTTACTATGA (CA)is 34 [HLIBAS B CTGCTGTTGTCTGGTTCT (CA)s 51
F: GGGGAGACGAGAAGTGCA (CT)is F: CGACCGAACTCAGAACAC
HLI379 . AGCAGGTCTGTGGGCAAG CG(CT)s 34 [HLIBSS b GAGCACCGCATTAACAGA — (AC)w 48
F: GGCTCCTCCTCATCCTCT F: GACTGATGCAGCCCAGAG
HLI383 . GCACTTCTGCACCTTTCA (CA)s SIJHLIBS . GCACAGACATTTCATAGCG — (CA)» 50
alleles, Ne) (Observed heterozygosity, d=C(H O—He)/ He
Ho) (Expected heterozygosity, He) Excel2003
(Polymorphism Information Content, PIC)
)
n n-1 n
2.1 PCR
2 2p2
PIC =1—(ZPi )—(Z 223 P’
i=l i=l j=i+l 30 3 432
, n , Pl Pj DNA ,
| J =1+l : HLJO041 (SL)
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Fig. 1 The genetic diversity at locus HLJ643 of partial samples of 3 Germany mirro carp populations
SL indicates the population sampled from Shuanglai of Heilongjiang; HX indicates the population sampled from Huanxin of Tianjin; SP

indicates the population sampled from Songpu of Heilongjiang.

2 TMBENE HLIE93 7E RIL o #EAM Y LR
RIL
Fig. 2 Amplified result of HLJ693 in partial samples of RIL

RIL indicates sample been of Recombinant Inbred Lines.
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Table 2 The polymorphic information at 30 microsatellite loci of 3 Germany mirro carp populations

SL HX SP

Locus Ae Ho He PIC Ae Ho He PIC Ae Ho He PIC
HLJ041 1.10 0.1 0.09 0.09 1.64 0.35 0.39 0.37 1.18 0.17 0.16 0.15
HLJ044 3.22 0.75 0.69 0.63 5.06 0.50 0.80 0.78 3.94 0.76 0.75 0.70
HLJ046 1.36 0.31 0.26 0.23 1.36 0.31 0.26 0.23 1.53 0.40 0.35 0.31
HLJ049 2.46 0.51 0.6 0.51 3.34 0.30 0.70 0.65 4.21 0.60 0.76 0.72
HLJO057 1.75 0.33 0.43 0.39 1.68 0.36 0.40 0.39 1.73 0.23 0.42 0.40
HLJ058 2.65 0.99 0.63 0.55 1.26 0.22 0.20 0.20 1.34 0.27 0.26 0.24
HLJ133 2.20 0.6 0.55 0.49 2.17 0.38 0.54 0.51 4.06 0.72 0.75 0.71
HLJ302 2.67 0.71 0.63 0.55 1.50 0.34 0.34 0.32 1.60 0.35 0.37 0.36
HLJ319 2.32 0.7 0.57 0.51 4.43 0.77 0.77 0.75 4.04 0.73 0.75 0.72
HLJ328 2.86 0.63  0.65 0.58 4.49 0.95 0.78 0.75 5.01 0.73 0.80 0.77
HLJ338 2.68 0.12 0.63 0.56 3.89 0.49 0.74 0.70 3.82 0.69 0.74 0.70
HLJ343 2.95 0.14 0.66 0.6 2.33 0.37 0.57 0.54 3.43 0.49 0.71 0.68
HLJ376 1.25 0.23 0.2 0.18 1.31 0.20 0.24 0.23 1.27 0.24 0.22 0.20
HLJ379 1.72 0.6 0.42 0.33 2.35 0.98 0.57 0.48 2.60 1.00 0.62 0.54
HLJ383 1.83 0.26 0.46 0.39 1.85 0.38 0.46 0.43 2.44 0.36 0.59 0.56
HLJ392 1.41 0.35 0.29 0.25 1.87 0.42 0.46 0.43 2.13 0.56 0.53 0.48
HLJ393 2.0 0.97 0.5 0.37 1.97 0.56 0.49 0.45 1.60 0.41 0.38 0.33
HLJ400 3.29 0.6 0.7 0.64 2.64 0.46 0.62 0.60 4.38 0.70 0.77 0.74
HLJ643 3.06 0.59 0.68 0.62 5.84 0.82 0.83 0.81 6.33 0.96 0.84 0.82
HLJ677 2.61 0.33 0.2 0.54 6.47 0.58 0.85 0.83 3.11 0.81 0.68 0.64
HLJ693 1.81 0.33 0.45 0.35 2.86 0.22 0.65 0.60 1.71 0.15 0.42 0.38
HLJ695 1.97 0.54 0.5 0.37 1.44 0.25 0.31 0.29 3.45 0.34 0.71 0.66
HLJ697 2.03 0.38 0.51 0.39 2.11 0.53 0.54 0.47 2.25 0.80 0.56 0.49
HLJ699 1.9 0.54 0.47 0.36 1.91 0.53 0.49 0.45 2.27 0.93 0.57 0.46
HLJ806 1.97 0.46 0.49 0.37 3.08 0.60 0.69 0.61 3.44 0.77 0.72 0.66
HLJ809 1.32 0.28 0.24 0.21 1.43 0.37 0.30 0.25 1.90 0.77 0.48 0.36
HLJ821 1.33 0.29 0.25 0.22 3.28 0.90 0.71 0.64 3.67 0.70 0.74 0.68
HLJ845 1.88 0.48 0.47 0.36 1.64 0.33 0.40 0.31 2.88 0.40 0.66 0.59
HLJ855 1.71 0.59 0.42 0.33 3.51 0.63 0.73 0.66 3.73 0.93 0.74 0.68
HLJ856 1.56 0.47 0.36 0.3 2.44 0.90 0.60 0.52 2.53 0.83 0.62 0.53
Mean 2.10 0.47 0.48 0.41 2.71 0.50 0.55 0.51 2.92 0.59 0.59 0.54

, HLJ338

2.4 Hardy-Weinberg

Hardy-Weinberg

P

(Markov

(multi-locus test) ,3

>

HLJ379

chain method)

HLJ856

3

(P <0.01),

HLJ393 HLJ643, HLJ046 HLJ328
HLJ821, HLJ046 HLJ643
(P<0.01) Hardy-Weinberg

73.33%
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Table 3 Genotypic equilibrium analysis of 3 Germany mirro carp populations
SL HX SP
Locus P d p d P d
HLJ041 0.6447 0.0454 0.1374 -0.1002 0.3822 0.0797
HLJ044 0.1853 0.0860 1 -0.3769 0.2942 0.0126
HLJ046 0.0807 0.1784 0.0026** 0.1850 0.0070** 0.1650
HLJ049 0.9018 -0.1529 1 -0.5743 0.9985 -0.2193
HLJO057 0.6702 -0.2251 0.1758 -0.1202 0.9962 —0.4566
HLJ058 0.7043 0.5812 0.1900 0.0567 0.8375 0.0676
HLJ133 0.7834 0.0993 0.9742 -0.2871 0.6280 —-0.04812
HLJ302 0.9043 0.1285 0.3475 0.0033 0.8305 —-0.0627
HLJ319 0.4054 0.2196 0.6912 —-0.0063 0.9610 —-0.0262
HLJ328 0.2938 0.0292 0.0001** 0.2245 0.8397 —0.0940
HLJ338 0.0000** 0.8124 1 —-0.3464 0.6469 —0.0695
HLJ343 0.6789 -0.7897 0.8951 -0.3512 1 -0.3101
HLJ376 0.2321 0.1212 0.9988 —0.1445 0.1334 0.0989
HLJ379 0.0000** 0.4233 0.0000** 0.6986 0.0000** 0.6260
HLJ383 1 -0.4354 0.9990 -0.1731 1 -0.3922
HLJ392 0.1410 0.2089 0.4524 -0.0878 0.5127 0.0511
HLJ393 0.000%* 0.9254 0.6896 0.1312 0.9999 0.0986
HLJ400 0.4457 -0.1392 0.6127 -0.2574 0.3966 —-0.0899
HLJ643 0.0000** -0.1270 0.9544 -0.0138 0.0000** 0.1423
HLJ677 1 -0.4622 1 -0.3176 0.9936 0.1933
HLJ693 0.5616 -0.2600 1 -0.6672 1 —-0.6325
HLJ695 0.4116 0.0845 0.3477 -0.2013 1 -0.5271
HLJ697 0.0326* -0.2629 0.4978 -0.0185 0.5003 0.2500
HLJ699 0.2181 0.1286 0.5233 0.0816 0.5309 0.6667
HLJ806 0.5306 —-0.0645 0.8817 -0.1304 0.2593 0.0694
HLJ809 0.1252 0.1563 0.3265 0.2333 0.4527 0.6042
HLJ821 0.1089 0.1635 0.0056** 0.2676 0.8516 —0.0540
HLJ845 0.7120 0.0313 0.9153 -0.1750 0.9898 —-0.3940
HLJ855 0.7060 0.4121 0.8354 -0.1370 0.6052 0.2568
HLJ856 0.0030** 0.3026 0.0000** 0.5000 0.0022%* 0.3387
* I
* represents significant difference; ** represents high significant difference.
2k , HLJ693 310/285
, HLJ319 2
280/220 220/220 , HLJI677
! ’ ’ 290/290 ( 4)
93 , 2.6 QTL
239.84 g, 18.97 cm, 8.29 cm
HLJ319 HLJ693, , HLJ693 ,
; HLJ677 3 , HLJ319 QTL
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Table 4 Relational analysis between genotype of genetic loci and dominating economic character

(%)

Mai . A P ¢ F (a=0.05)
ajor economic Genetic loci Genotypes verage ercentage o F values Fa values
characters values mean values
HLJ693 310/285 275.98 1.15 4.01* 3.10
Body weight (g)
HJL693 310/285 19.91 1.05 3.51% 3.10
Body size (cm) 220/220 *
y HLJ319 280/220 18.35 0.97 2.55 2.31
HLJ677 290/290 7.79 0.94 2.37* 2.32
Body width (cm)
*
* represents significant difference.
HLJS845
54 —
26 — HLJ(65§7*
- o HLJ617
©) HLJ190-HLJ497 gg - SCM22
. ’ HLJ091
28 r Interval Mapping f;‘i — HLJI211
24 1 54 — HLJ456
54 HLJ1207
o 20 + 2.6 . HLJ350
s o HLJ036
cler 26 HLJI24
S 24— HLJ430
12 3.8 HLJ053
3 HLJ365
8 2.6 — HLJ190
%g - HLJ319*
4 ' HLJ774
5.6 —
0 25 — HLJ497
3 82 RACEREY QTL ELLF QTL EIAY R EM £
X Y R (... ) 5% , (—) 1% , (C)
QTL R * QTL
Fig. 3 Mapping QTLs of body size trait in common carp and R ratio curves for evidence of QTL
The X-axis indicates the relative position on the linkage map, the Y-axis represents. The R-ratio. (...... ) and ( ) represent 5%

and 1% chromosome-wise significance, respectively, (C) represents a QTL graph for body size on the 2nd linkage group.* repre-

sents QTL loci of verification.

21 , QTL 2

HLJ190-HLJ497 ; HLJ677
, QTL
[21].
QTL , HLJ693
HLJ693
PCR 2 QTL
R 3[21]
3
31 3
Ae Ho

He PIC

(Ae=2.10-2.92,

Ho=0.43— 0.59, He=0.48-0.59, PIC=0.41-0.54),

22,23
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(Ae=4.75-5.78, He=0.70-0.78, P1C=0.69-0.75) ,
3

Taniguchit2%
, Ne=50 Ne He Ae :
Ne=(He (1-He)) 4ut3, u ,
u=4x 1028
, 3 734
3.2 QTL
[2_91:
3
QTL
: 3
HLJ319 , 0.97,
, QTL 2
, 16.4, -0.32,
31%, 20.00%,
P<0.001, , QTLs
, HLJ190
HLJ497
HLJ319 (21] ,
QTL ,

QTL

3.3

QTL )
HLJ693, HLJ677

QTL
(inbred) B0
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