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Tab. 2 Genetic variation on all the 25 polymorphic loci in four common carp F; combinations

Fi F. combination
Hh Hj Jh Jj
locus Shannon Shannon Shannon Shannon
Na Ne | Na Ne | Na Ne | Na Ne |
CCE13 14 2.9767 1.7465 10 3.0557 1.6007 12 3.5623 1.8147 8 3.5776 1.6268
CCE19 4 1.5505 0.7083 6 1.9041 1.0230 3 1.7536 0.7595 3 1.1941 0.3557
CCE23 13 3.0667 1.6949 15 3.6688 1.9498 11 3.9552 1.8173 11 3.7403 1.7229
CCE25 4 1.5365 0.6983 8 2.8636 1.4470 5 2.6667 1.1917 8 3.3283 1.5573
CCE41 7 2.3320 1.2327 12 3.5033 1.7747 10 3.3295 1.6353 9 3.1582 1.5568
CCE43 4 1.4355 0.6186 4 1.3242 0.5166 7 2.9333 1.3466 11 3.4632 1.7359
CCE48 13 3.3029 1.8177 14 3.6119 1.8921 6 2.9512 1.3511 6 2.4200 1.2416
CCE55 2 1.0425 0.1013 4 1.7978 0.8618 5 2.9712 1.3335 2 1.4032 0.4620
CCE65 4 2.1753 1.0133 4 2.0076 0.8906 3 2.6253 1.0278 4 2.2655 0.9283
CCE76 3 1.7147 0.6720 3 1.5513 0.6324 3 1.9168 0.8370 3 1.5238 0.6160
CCEB89 3 1.3170 0.4597 3 1.4049 0.5443 3 1.2915 0.4563 3 1.3505 0.5150
Koi29 4 1.8400 0.8141 4 1.7126 0.7740 3 2.0868 0.7826 3 1.3170 0.4597
Koi33 2 1.0425 0.1013 3 1.2347 0.3863 4 1.3722 0.5719 6 2.3179 1.1858
Koi37 9 2.3960 1.3088 11 2.9333 1.5662 11 3.4588 1.7240 10 2.8639 1.4949
Koi39 9 2.5013 1.4229 12 3.3195 1.7740 4 2.1753 1.0133 4 2.5071 1.0389
Koi42 3 2.4253 0.9673 3 1.6661 0.7088 3 1.8726 0.8129 3 2.4615 0.9743
Koi45 3 2.0817 0.8813 4 2.4378 1.0965 6 2.4261 1.1781 5 2.2655 1.1218
Koi46 4 1.9760 0.9602 6 2.0584 1.0756 4 2.3511 1.0844 4 2.3669 1.0319
K0i108 4 2.4563 1.0495 3 1.7120 0.7400 3 1.5697 0.6699 3 1.5673 0.6081
HLJO02 3 1.7660 0.6969 2 1.7817 0.6306 2 1.7817 0.6306 2 1.8000 0.6365
HLJ10 3 1.9702 0.7533 3 1.9557 0.7536 3 2.1818 0.8877 3 2.2558 0.9377
HLJ13 4 1.6831 0.7745 5 2.8138 1.2098 3 2.0997 0.7924 3 2.6650 1.0392
HLJ44 7 2.5208 1.2735 6 2.9197 1.3106 5 2.5745 1.1359 6 2.7191 1.2602
HLJ46 3 1.2872 0.4331 2 1.2654 0.3650 3 1.4383 0.5426 4 2.3595 1.0828
HLJ48 6 2.6018 1.2010 5 3.0418 1.3052 5 2.3158 1.1114 6 2.3669 1.1490
mean 5.4+3.53 2.04+0.62 0.94+0.45 6.08+3.93 2.30+0.80 1.07+0.49 5.08+2.91 2.39+0.72 1.06+0.40 5.2+2.80 2.37£0.73 1.05+0.42

Note N, means observed number of alleles. N, means effective number of alleles. | means Shannon’s information index.
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Tab. 3 Heterozygosity for all the 25 polymorphic loci in four common carp F; combinations

Fi F1 combination
Hh Hj Jh Jj
locus
Ho He PIC Ho He PIC Ho He PIC Ho He PIC
CCE13 0.8750 0.6782 0.65 0.9167 0.6871 0.65 1 0.7353 0.70 0.9583 0.7358 0.70
CCE19 0.4167 0.3626 0.33 0.5833 0.4849 0.45 0.5455 0.4397 0.39 0.1739 0.1662 0.16
CCE23 0.9130 0.6889 0.65 1 0.7429 0.72 0.9524 0.7654 0.73 1 0.7482 0.70
CCE25 0.4091 0.3573 0.33 0.9048 0.6667 0.62 0.9091 0.6395 0.58 1 0.7166 0.67
CCE41 0.7500 0.5833 0.54 1 0.7304 0.70 1 0.7145 0.67 0.9565 0.6986 0.66
CCE43 0.3478 0.3101 0.28 0.2727 0.2505 0.23 1 0.6744 0.61 1 0.7295 0.69
CCE48 0.9412 0.7184 0.68 1 0.7400 0.71 0.7727 0.6765 0.62 0.7727 0.6004 0.56
CCE55 0.0417 0.0417 0.04 0.5500 0.4551 0.41 0.9474 0.6814 0.63 0.3478 0.2937 0.25
CCE®65 0.7273 0.5529 0.49 0.6957 0.5130 0.44 1 0.6329 0.55 1 0.5710 0.46
CCE76 0.5652 0.4261 0.35 0.4348 0.3633 0.32 0.6250 0.4885 0.43 0.4167 0.3511 0.31
CCEB89 0.2727 0.2463 0.22 0.3333 0.2943 0.26 0.2500 0.2305 0.21 0.2917 0.2651 0.24
Koi29 0.6087 0.4667 0.40 0.5238 0.4262 0.37 1 0.5324 0.40 0.2727 0.2463 0.22
Koi33 0.0417 0.0417 0.04 0.2083 0.1941 0.18 0.3043 0.2773 0.26 0.7500 0.5807 0.54
Koi37 0.7727 0.5962 0.55 0.9091 0.6744 0.63 1 0.7282 0.69 0.9091 0.6660 0.62
Koi39 0.7727 0.6142 0.58 0.9500 0.7167 0.68 0.7273 0.5529 0.49 1 0.6145 0.52
Koi42 0.9583 0.6002 0.51 0.5000 0.4091 0.36 0.6087 0.4763 0.42 1 0.6064 0.51
Koi45 0.7273 0.5317 0.46 0.8261 0.6029 0.54 0.8182 0.6015 0.54 0.7391 0.5710 0.52
Koi46 0.6250 0.5044 0.46 0.6522 0.5256 0.48 0.7826 0.5874 0.53 0.8261 0.5903 0.52
Koi108 0.8750 0.6055 0.53 0.5217 0.4251 0.37 0.4348 0.3710 0.33 0.4583 0.3697 0.31
HLJ02 0.6000 0.4449 0.36 0.6500 0.4500 0.34 0.6500 0.4500 0.34 0.6667 0.4553 0.35
HLJ10 0.7826 0.5034 0.39 0.7619 0.5006 0.39 0.8333 0.5532 0.46 0.8095 0.5703 0.49
HLJ13 0.5000 0.4175 0.37 1 0.6589 0.59 1 0.5372 0.41 1 0.6386 0.55
HLJ44 0.8182 0.6173 0.57 1 0.6744 0.61 1 0.6258 0.54 0.9091 0.6469 0.59
HLJ46 0.2500 0.2278 0.21 0.2381 0.2149 0.18 0.3636 0.3118 0.27 0.7895 0.5917 0.53
HL J48 0.9048 0.6307 0.56 1 0.6885 0.63 0.7727 0.5814 0.53 0.8000 0.5923 0.53
mean 0.62+0.27 0.47+0.19 0.42 0.70+0.27 0.52+0.17 0.47 0.77+0.24 0.55+0.15 0.49 0.75+0.27 0.54+0.17 0.49

Note: No means observed heterozygosity. Ne means expected heterozygosity. | means polymorphism information content.
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Tab.4 Inter-population Nei’s genetic identity (above diagonal)
and genetic distances (below diagonal) between four com-
mon carp populations

population th ) I b
Hh 0.9795 0.9193 0.9229
Hj 0.0207 0.9234 0.9242
Jh 0.0842 0.0797 0.9241
Jj 0.0803 0.0788 0.0789

70 | ]
Hh
Jh

0.02
—

1 4 UPGMA
Fig.1 UPGMA dendrogram of four common carp populations
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Tab. 5 Different genotypes for body weight based on po-

lymorphic loci
X +SE

locus genotype LS mean of body weight
Koi42 AA 264.33421.75%

AB 283.42+10.88"

AC 234.06+8.88°
HLJ13 AA 309.75421.41°

AB 242.85+8.17°

AC 245.39+10.83°

(P<0.05).

Note: on the same locus, different letters donate significant differ-
ence(P<0.05).

F, F,

(23]

(1) (Jh) ;

6 HAMIEHFICMAREFBMNZELER
Tab. 6 Comparison of genotypes for body weight based on
polymorphic locus within groups

X £SE
F;
locus  F,combination  genotype LS means of body weight
HLJ13 Hh AB 167.17+14.31°
AC 212.83+14.31°
Hj AB 284.33+20.34
AC 268.94+11.68
Jh AA 276.25+24.78
AB 266.37+11.37
AC 212.00+49.56
Ji AA 343.25+24.78
AB 254.67+11.68°
Koi42 Ji AB 354.8+21.61°
AC 245.26+11.09
(P<0.05).

Note: on the same locus, different letters donate significant differ-
ence(P<0.05).

F7 HEMIEHINEAREFENSERER
Tab. 7 Comparison of genotypes for body weight based on
polymorphic loci between different groups

X £SE
F;

locus  F,combination  genotype LS means of body weight

HLJ13 Jh AA 276.25+24.78°
Jj AA 343.25+24.78"
Hh AB 167.17+14.31°
Hj AB 284.33+20.34°
Jh AB 266.37+11.37°
Jj AB 254.67+11.68*
Hh AC 212.83+14.31°
Hj AC 268.94+11.68"
Jh AC 212.00+49.56°

Koi42 Hh AA 129+48.33°
Hj AA 282.17+13.95
Jh AA 278.78+16.11°
Hh AB 204.33+19.73°
Hj AB 301.5+34.17°%
Jh AB 268.5+17.09°
Jj AB 354.8421.61°
Hh AC 188.53+11.72°
Hj AC 259.75+17.09°
Jh AC 251.5+19.73°
Jj AC 245.26+11.09"

(P<0.05).
Note: on the same locus, different letters donate significant differ-
ence(P<0.05).
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Microsatellite-based genetic diversity of 2x2 full diallel cross of Jian
carp and Huanghe carp and related bodyweight correlation
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Abstract: The objective of this study was to investigate the relationship between diversity of microsatellite loci
with common carp cross F;. 25 microsatellite loci were used to analyze the genetic diversity of 2x2 full diallel
cross of common carp(Cyprinus carpio) population and body weight variation among different genotypes. The
result showed that the number of alleles ranged from 5.08 to 6.08. Effective numbers of alleles ranged from 1.4 to
6.8, PIC were from 0.42 to 0.49. The average expected heterozygosity value was ranged from 0.47 to 0.55. The
highest genetic similarity index that came from the populations of Hh and Hj was 0.9795. The UPG MA trees
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based on genetic distance demonstrated that Huanghe carp was genetically near to Huanghe carp &xJian carp@.
The association between these microsatellite loci and body weight was analyzed by least square linear model. The
results showed that significant differences were detected between different genotypes of purebred carps on the
HLJ13 locus. Compared to this, this difference was only found in Jian purebred group of Koi42. AA genotype of
Koi42 was the most favorable one, while the Hj and JH combinations had higher body weight than that of their
parents’ pure breds. The study provis the foundation for molecular assistant selection of common carp in the fu-
ture.

Key words: Cyprinus carpio; microsatellite; body weight; diallel cross
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MR 1 FAXOESHRE-RAETFERNLER
Appendix 1 Hardy-Weinberg equilibrium test by locus

locus combination P locus combination P
CCE25 Jj 0.0251 HLJ10 Hh 0.0065
CCE43 Jj 0.0021 HLJ10 Hj 0.0148
CCE®65 Jj <0.001 HLJ10 Jj 0.0053
CCE65 Jh <0.001 HLJ10 Jh 0.0283
Koi29 Jj <0.001 HLJ13 Hj <0.001
Koi39 Jh <0.001 HLJ13 Jj <0.001
Koi42 Jh <0.001 HLJ13 Jh <0.001
HLJ02 Jh 0.0498 HLJ44 Jh 0.0022
HLJ48" Hj 0.0016 HLJ44 Hj <0.001

Mk 2 AREEARE-RAETEERNLE
Appendix 2 Hardy-Weinberg equilibrium test by combination

combination locus P combination locus P
Hh Koi42 <0.001 Hj HLJ10 0.0148
Koil08 0.0054 HLJ13 <0.001
HLJ10 0.0065 HLJ44 0.0022
Jj CCE25 0.0251 HLJ48 0.0016
CCE43 0.0021 Jh CCEG65 <0.001
CCE®65 <0.001 Koi39 <0.001
Koi29 <0.001 Koi42 <0.001
HLJ10 0.0053 Koi46 0.0317
HLJ13 <0.001 HLJ02 0.0498
HLJ44 <0.001 HLJ10 0.0283
HLJ13 <0.001
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Appendix 3 Genotypic linkage disequilibrium in different combinations
combination locus pair P combination locus pair P

Hh Koi42/K0i108 0.00014 Hj Koi42/K0i108 0.00005
CCE25/HLJ46 0.00091 CCE55/K0i108 0.00022
Koi46/HLJ46 0.0035 CCEB5/CCE89 0.00511
Koi45/K0i46 0.00506 Koi1l08/HLJ44 0.00585
Koi42/HLJ13 0.00669 CCE65/K0i46 0.00987
Koi108/HLJ13 0.00938 CCE43/Koi46 0.01113
CCE76/HLJ02 0.00989 CCE19/Koi45 0.01281
Ko0i29/HLJ13 0.01335 Koi37/HLJ13 0.01297
Koi46/HLJ02 0.01693 CCE55/Ko0i42 0.01508
Koi46/HLJ13 0.01876 CCE23/CCE43 0.02015
CCE19/HLJ02 0.02388 CCE48/Koi42 0.02309
Koi108/HLJ48 0.02516 Ko0i33/Koi46 0.02479
Ko0i29/Koi46 0.02593 CCE48/K0i108 0.03372
HLJ02/HLJ10 0.02844 CCE25/CCE48 0.03886
HLJ02/HLJ46 0.02882 Ko0i29/HLJ48 0.04255
CCE19/K0i46 0.02887 CCE76/K0i33 0.04295
CCE13/CCE48 0.02938 CCE43/HLJ48 0.04295
CCE19/HLJ46 0.03163 CCE19/HLJ02 0.04431
Koi37/HLJ46 0.03241 CCE55/K0i39 0.04694
CCE89/HLJ46 0.03996 CCE23/Koi42 0.04762
CCE55/HLJ46 0.04157 CCE25/HLJ46 0.04849
CCE55/K0i33 0.04171 Jh Ko0i39/HLJ44 0.00059
CCE76/HLJ46 0.04306 Koi39/HLJ46 0.00151
CCE55/HLJ10 0.0432 Koi45/HLJ44 0.00191
Koi33/HLJ10 0.0432 CCE48/HLJ10 0.00231
Koi33/HLJ46 0.0432 CCE13/CCE89 0.01003
CCE55/CCE76 0.04395 CCE76/HLJ10 0.01491
CCE55/CCE89 0.04441 Koi45/HLJ10 0.01603
CCE89/K0i33 0.04468 CCE13/CCE48 0.0162
CCE76/K0i33 0.04502 HLJ02/HLJ13 0.01688
CCE13/Koi29 0.04662 CCE76/CCE89 0.01756
CCE19/Koi37 0.0481 CCE43/HLJ48 0.02039
CCE13/CCE43 0.04891 HLJ10/HLJ48 0.02764

Jj K0i42/K0i108 0.00002 CCE43/HLJ46 0.02799
CCE55/Ko0i45 0.00034 CCE41/CCE89 0.03176
CCE55/K0i39 0.00072 Koi37/HLJ46 0.0335
Koi45/HLJ10 0.00348 HLJ13/HLJ44 0.03728
CCE25/CCE43 0.00361 CCE65/K0i42 0.03833
CCE25/CCE55 0.00541 CCE76/HLJ48 0.04122
CCEB65/CCE89 0.00826 CCE89/K0i39 0.04431
CCE48/Koi45 0.00871 CCE41/CCE65 0.04455
HLJ02/HLJ46 0.00992 CCE89/HLJ48 0.04482
CCE13/CCE55 0.01246 CCE55/Ko0i39 0.04647
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App.3 continued
combination locus pairs P combination locus pairs P
Jj CCE55/HLJ10 0.02044 CCE23/CCE65 0.02957 0.04989

CCE55/HLJ44 0.02061 CCE43/Koi46 0.03139
CCE13/Koi39 0.02453 Koi46/HLJ44 0.04123
Koi45/HLJ44 0.02476 CCE23/Koi37 0.04246
CCE41/Ko0i108 0.02487 Ko0i29/HLJ13 0.04852
Koi45/HLJ48 0.02527

CCE43/CCES55 0.02583

MR 4 X 54E S4B B % A 18 e Xt
Appendix 4 Genotypic linkage disequilibrium for different loci

locus pair P locus pair P locus pair P
Koi42/Koil108 <0.001 Koi37/HLJ46 0.021915 CCE55/Ko0i108 0.005873
CCE55/Ko0i39 0.000316 CCE19/Koi45 0.022582 Koi45/HLJ10 0.008196
Koi45/HLJ44 0.001306 HLJO02/HLJ46 0.022904 Koi45/Koi46 0.013725
CCE25/HLJ46 0.001633 CCE55/Ko0i45 0.023366 CCE25/CCE55 0.014661
Koi39/HLJ46 0.004078 Koi46/HLJ46 0.02489 CCE76/Ko0i33 0.016449
Koi39/HLJ44 0.005418 CCE76/CCE89 0.025443 CCE13/CCE48 0.020737
CCE65/CCE89 0.005567 CCE43/Koi46 0.026476 CCEG65/Koi42 0.027449
CCE19/HLJO02 0.04199 CCE76/HLJ48 0.036394 CCE76/HLJ10 0.032703
CCE55/HLJ10 0.042124 CCE23/CCE43 0.036642 CCE19/CCE76 0.032847




