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Correlation analysis of microsatellite DNA markers with growth trait
among 3 breeding populations of common carp
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Abstract: We screened out the molecular makers of 15 microsatellite loci for common carp ( Cyprinus carpio) , and compared these
markers with Huanghe carp ( C. carpio haematopterus Temminck et Schlegel ), Jian carp (C. carpio var. jian) and Heilongjiang carp
(C. carpio haematopterus) populations in aspects of body weight, body length, body width and body depth. The results based on GLM
show that Mfw5 is significantly correlated with body depth for Huanghe carp (P <0.05). For Jian carp population, HIj013, Cca09
and Mfw7 are significantly correlated with body weight, body length and body depth (P <0.05) ; Mfw2 is significantly correlated with
body weight and body width (P <0.05) ; while Mfw29 is significantly correlated with body weight (P <0.05). For Heilongjiang carp
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population, Mfw6 is significantly correlated with body weight, body length, body width and body depth (P <0.05) ; Mfw4 is signifi-

cantly correlated with body weight, body length and body depth (P <0.05); Mfwll is significantly correlated with body width and

body depth (P <0.05). Furthermore, the genes and genotypes related to growth traits in the 3 carp populations are found.

Key words: common carp; microsatellite; growth trait; correlation analysis
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ple sequence repeat, SSR), 8 EHWELE BIL(—
A1 ~6 NhREL) ALK DNA HEXE R F5], B
AfeZ . S2BMFMELREREENA, ik
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Mfw29 1 Koi34 3£ 15 %F8]4,

5|1 i Invitrogen /A &G i ; FI T SSR-PCR
I B & 2 #1 500 bp DNA ladder i § TaKaRa
FEAEYTER(KE)BRAF; fHME HA TaKa-
Ra AR A 7= # ABI PCR ¥ 381, KW & E UVP
B G R 55N Bl A P21 UVP GelDoce-Tt™ Imaging
System,,
1.3 REHZE
1.3.1 ZE[F4 DNA f2Bcmatife Pk iigfd
. HREAFFEEMECEAR, F 2009 44 ARIA
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A AR, 12 A B#ET — K&,
A, 3 AR BIBENLEL 30 4~ MACR AR MK,
28 TaKaRa %t R 41 $2 BUA T & 156 B 3 47 8 DNA
PRBOFKN DNA BT RFIREE S, A -20 CIK
iR fER A
1.3.2 PCR ¥ ¥f=yilll % TPE PCR N
AZ N 15 pL, f93% 10 x buffer 1.5 pL, Mg’* (25
mmol -L.7')0. 8 pL, dNTPs(4& 2 mmol-L™')1.2 pL,
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TS 14 (10 pmol -L™")0.75 uL. itk DNA (4
ng-pL"')0.8 pL, TagDNA & (5 U-ul')0.15
pL AL E K 9.8 pL, PCR R FEFH 94 C 5
min, 1 MEFF; 94 C 30s, 50~60 C 30s, 72 C
30s, 35 4MEH; 72 °C 7 min, 4 CIEFE. 8% BH
IEREEEREHLIK 180 V., 3 h, FEH] GoldView Jukl( |k
BFARAEYRHE AR H &) Yt 15 min, UVP #
B BUE  G FRAHIT AR AF o
1.4 RIEHRIESERKEREXESHT

Fi SAS 9. 0 #R/4- i — i e A5 B ( general linear
model ) X} 15 M B EVRiC 5 A #E, EHEF R I
TLEFERRE AR & . AR KBRS TR
ST KM T EbRiC A F 3 R 7Y 8]
T E, |33 MEAP S5 ERHRAE R

SRS
2 R0
2.1 AKHURSH

Fi SPSS 13. 0 H1 i) Kolmogorov-Smirnov ( K-S) #6
Bk oA AR AR SR O A 2 75 182 S IEAS O3
fio BEMARIR. KK, REMKE N ESE
TR R VLB A KR B IME RS
FHEEME IR (R 1), FEREF M
R FTIE AR RIEE . R LK T HA
LGB RINRE R, XA —EE XA
KHRFATIER . 3 MR KPR PE
#HART0.05, BLBARTA W& HHREFT G ESS
i, YRR HELLBE R

F1 3IMEEFNERKERESSHRE
Tab.1 Test of normal distribution of growth traits of 3 carp populations

BERHA LS EZN FIOE R RAKE  RAME RE 23; 3 p
carp population growth trait X +SD maximum minimum skewness  kurtosis
57 Huanghe carp RFEE/ g 258.47 +19. 364 661 129 2. 068 6.265 0. 301
4K /mm 209. 40 +5. 417 283 160 0. 889 0.702 0.337
A& JE/mm 33.90 +0. 996 54 26 1.739 5.218 0.354
AT /mm 62.37 +1. 645 93 49 1. 438 3.533 0. 627
FEHH Jian carp Ny v 316.73 £16. 591 531 154 0.509 -0.393 0. 602
K/ mm 225.20 £3.580 256 183 -0.116  -0.495 0. 966
KR/ mm 37.80 +1.417 73 28 3.286 14. 885 0. 090
KT/ mm 67.20 +1.322 81 52 0.214 -0.519 0. 789
By T B8 Heilongjiang carp  {AfiH/g 201. 60 +6. 364 252 117 -0.612 -0.191 0. 704
4K/ mm 192.57 +2.828 217 159 -0.447 -0.365 0.957
A /mm 31.30 +0. 503 36 25 -0.251 0. 040 0. 569
1A%/ mm 57.70 0. 824 66 47 -0.217 -0.318 0.943

2.2 WIES|MAITHEEF PCR 31

BERTFEILTR et 1S XF 2R . EE PR
PHFTEWRTIY . HAPia5 9K PAGE 4521
JLE 1o TR A BE b B Tl (S A T
N2 A, RETR 3 FE 4 &) I, ARIEE
FIRAE LA IR E AR R K 4y E T BT
w7, I TR
2.3 WMIEfm5@E4ERKERNEXSN
2.3.1 PBEALRS B ERA KR AR 5o 2
Br FUF SAS 9.0 FiFH) GLM 42, 23#r ik

HEIFR TR S B EA TR A KRR
PORBHE G . 1 1S MU TR A, MiwS 58
TERRHAR AR B (P <0.05) o ¥ Mfws i
FARFZERB A FRMR S E (K 2) . 7EH
AR MfwS {37 5 b, DD e R RANMK AK  18 2%
T BD HEREAMA, 5HMEREKZERAE
%5 DD B[R B f) 1 o B2t R AR K FR) S (B B 1
HEERBEZFARE; A0 DD R fg5
BT, AR 2IEHR,

2.3.2 (RIS RS A K HOR BAE & 43
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M. DL500 bp DNA 43»F#7i2 (50 bp, 100 bp, 150 bp, 200 bp, 300 bp, 400 bp, 500 bp); 1 ~29. #E[HHEA;
30 ~59. EEAMA; 60 ~86. BIEITEFHEAM A
Fig. 1 Genetic diversity in microsatellite locus Cca09 of 3 carp populations
M. DL500 bp DNA makers (50 bp, 100 bp, 150 bp, 200 bp, 300 bp, 400 bp, 500 bp); 1 ~29. individuals of Huanghe carp;

30 ~59. individuals of Jian carp; 60 ~86. individuals of Heilongjiang carp

FIFH SAS 9.0 # {41y GLM 725 #4740 #r, i it
W5 M EAKHRAER BEHEMX(P<0.05) /8
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BEESEMFER B WEFA Y EE R T H A
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AN D AT RS IX 4 MBRIEAK

2.3.3 IR A S MBI TR AR MR A5G 20
o EH 3 ASERMREAREE(P <
0.05) AR TLEAL &L, I HAN [7) 25k PRI 2 f) A [) 1
RETZE B (FR4) . FEfLA Miwd 71, BB R
RUASAR AT B 3E  T AC BRI RIAMA, T AC
ERBAEE KRB ER T AA R B
BB ZEHFAMAKAK ., AREEER T AA EH
BUf); BB R RAMA R R R T HME R R, B
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R RIIMER B2 R T AR Y ; AB 3[R A4
PRE B R AR (A R T AR R R, (AR
RIZFAEE. TIARFEMER A SEERE. &
K. HREMAREIEMR.

BERTHAMBEREE,; AB H R RAR ) R 1 2%
BT BC R EAA, SHMBERMERNE X,
BERASEAIEE N A TRE S BT R, MR, AR IR
FIEAAR . 7 s Mfwll, AB PRI AEIAMAH KR

2 EUZ1/MPIECSARERRGFRE. FK. FEMFSHEHNERSERR
Tab.2 Multiple comparison of average body weight, body length, body width and body

depth of Huanghe carp at one microsatellite locus

(A=) H R A A /g &K /mm &%/ mm K7/ mm

locus genotype number body weight body length body width body depth

Mfw5 AB 4 251.250* £48.199  207.000* +13. 630 34.250" +2. 565 64. 000™ +3. 844
BC 4 331.000° £48.199  218.250" +13. 630 37.750" £2. 565 68. 500 +3. 844
BD 8 238.250" £34.082  211.500° +9. 638 33.125" +1. 814 58.750" £2.718
DD 3 332.333* £55.656  231.333" +15.739 37. 667" +2.962 70. 000* +4. 439

e FA—F AR AR B RE I 25 B 2 (P <0.05), TRFL

Note: Values with different superscripts in the same column indicate significant difference (P <0.05). The same case in the following tables.

x3 BENSAMRIECRTRERRFRE. AEMESHEHERSELER
Tab.3 Multiple comparison of average body weight, body length, body width and body depth of

Jian carp at 5 microsatellite loci

PLAs, FHA M K/ g K/ mm )&/ mm %/ mm
locus genotype number body weight body length body width body depth
H1j013 BE 4 313.250™ £39.061  227.750* +7.971 38.000° + 1. 856 70. 000" +2. 629
CE 9 392.778* £26.041  240.889" +5.314  38.889" +1.238 73.778* £1.753
DF 5 308. 800" +34.937  224.800" +7.129 36. 200" + 1. 660 65.200b +2. 352
EF 4 261.750" £39.061  215.500" +7. 971 35.750* + 1. 856 62.250" 2. 629
Cca09 BC 6 326.500" £20.359  231.000" +5. 355 37.667* +3.511 69. 833" + 1. 889
cC 4 246.500c £24.934  211. 000c = 6. 559 33.750* 4. 300 60. 750c +2. 315
CE 3 425.333" £28.792  247.333" £7.573 40. 667" +4. 965 76.333% +£2.673
DE 3 482.000* £28.792  253.667" +7.573 41. 667" £4.965 77. 000" 2. 673
EE 3 345.667" £28.792  233.667* +7.573 38. 333" £4. 965 70. 000 +2. 673
Mfw2 AA 3 360.333" +46.268  230.000° +10.068  37.000" +3.774 68. 333" £3.791
AB 10 336.300" £25.342  231.700" +5.514 37.700" +2. 067 69. 700* 2. 076
BC 3 393.333* £46.268  238.000" £10.068  51.333" +3.774 71.333* +3.791
CD 8 247.500" £28.333  210.500* +6. 165 33.625" +2.311 61. 000* 2. 321
Mfw7 BD 9 237.778° +16.557  209.667° +4. 484 33.556" +2. 540 61.222° +1.614
CE 3 482.000* £28.677  253.667" +7.766 41. 667" +4. 400 77. 000" +2.796
DF 8 376.000° £17.561  238.625" +4.755 39. 125" £2. 694 72.500% £1.712
FG 5 313.000° £22.213  225.400" +6.015 37.200* +3. 408 68. 000" +2. 166
Mfw29 AC 7 259.429" +30.733  213.714" £6.849 34. 429" +2.957 61.571" £2.475
CD 17 346.235* £19.721  231.941" +4.395 39. 647" 1. 898 69.294" +1.588
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x4 BRTIHEHNIAMRIECSARERRERE. AEMESHTEHERSEILR
Tab.4 Multiple comparison of average body weight, body length, body width and body depth of
Heilongjiang carp at weight microsatellite loci

LA FEF A M R g K/ mm AJE/mm A/ mm

locus  genotype  number body weight body length body width body depth

Mfwd AA 7 167. 429° +8. 740 183.571" +5.083 29. 857* +0. 954 54.143" £1.522
AC 8 207.750" £8. 176 199. 750" +4. 755 31.875* +0. 893 58.375" +1. 423
BB 10 233.400" 7. 313 199. 900* +4. 253 32. 800* +0. 798 60. 500° 1. 273

Mfw6 AA 3 228.333" +13. 161 195.667* £7.335  32.333" +1.254 60. 667* +1. 978
AB 15 221.200* +5. 886 200. 533" +3. 280 32.733* +0. 561 59.933" +0. 885
BC 6 174.333" £9. 306 180. 500" +5. 187 29.167" +0. 887 54. 667" +1. 399
BD 4 178.250" +11. 398 188.000" £6.352  30.250™ +1. 086 55.250" £1.713

Mfwll AB 9 218. 333" £10. 967 204. 667" 4. 664 33. 444" +0. 824 60. 333" + 1. 341
BC 13 192.923" +9. 125 187. 846" +3. 881 30. 615" +0. 686 56.077" £1.115
CD 3 175. 000" = 18. 995 185. 000* £8.078 30.333" +1.427 55.333" £2.322

3 R RIAHE . GERMA BT Re 2RI R RIBEE Jr ik

3.1 RWIDEFRIEHH

P EARiC A3t B AR IC BRI O, 2 B
B PAEE A AR ITMCZ — T AR
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A, B, WEFRE T 15 X BB 258
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HLJ #1 KOI K W& & 2 51 ¥ # 17 7 41 K 6
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R Miwl 1 55 78 [ 55 65 1) B AR R Ak 1 g 354
K, MAFFAS H Miwll 55 58 Jp VT B 6 4 14 2 i

AEER, Fh TREAERE, EFHE—2H
ot
3.2 WIEHRCESEEEEKERIXEED T

ARARKEE REEWM R, EENEHSRE
PAAE PERCR AR RN R F A& B
PR R R e A KR B A AR A
SRR MiwS {3 g 5 55 ) 6 9 A K MR SR B
Cca09. HIjO13, Mfw2., Mfw7 Fil Mfw29 {i s 5 5
AR HRA LB Miwd, Mfw6 F1 Mfwll i/ 535
Yy YT BPAE A AR K MR A 56, IE 40 REED 4% g
R RIR Ry A FRE R R F5
P R S EE AR R LBk, BT — MR B2
PRt 5N E R BRI, SE — M5 —1E
KHARAR, DB i S BB — R 23 %
AL, 56 QTL & Lo X L7 S i 5t
SRRFAAR BEMERMLYE, FEAESEHRT
HBRARRMBEEAAERE, NMAEHEIFET
7 H 8o

TERL B R bR iC T Bh it & A N % 18 27 i
KHRB . WWHFZE A 5 M D RN S SRR A
FAEKEREBEMR, A3 N5RBITEHEMAK
MR EEME, WRA 1 ML RN S5 E R
HERAREEMSE, (HXE 5 8] BN A
R . TEKP=B P TP EE LT MR R %81
Sbral QTL & v F T, 35y 46 71 2B Jfp V1 EF
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