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288 (Cyprinus carpio) AlEIRIZEEM I EFRICTFIZSHE XS
ST

LEH Y, EAE? AR $TRE? S4442 % #HEL A AV o AV s

L KIERERS: KPeSAa b, T KiE 116023
2. P EKERERT TR B IRTLKPAREUT, BB MUREE 150070

FEE: 1ZC 200 M TSR C L 149 N2 8RR, FEBL (Cyprinus carpio) TAAMAEUIRZ MFE RIAT T
A E s (R AR DGR AT o S5 SRR BHA 8 AN L b id 55 VL) i 16 2540 ¢ (P<0.05) . i+, HLJ3086. HLJ2642 J2 HLJ3515
LU R B AHOC (P<0.01). 2 E R —Frid AR A, 13285 WU R0 AE W SRR A R 15 20 1) 5 e 5
B B FE MM DA D NCBI _LiifT BLAST LX), 8 878 HLI2891 15 B L £ g At i ik 53 25 26 Al 4 1 -2

(latrophilin-2-like) JERIAHL, —EEIE 92%, HLI3515 55T L fh 4 it 22 &R/ 75 & R 32B (serine/threonine-protein kinase
32B-like) FEAAHML, —3UEEIL 81%. 14 H N BRI =10 0 F A7 124 B &R (molecular marker assisted breeding) &
BT R M
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Screening and body correlation analysis of microsatellite markers
related to intermuscular bone number in common carp (Cyprinus
carpio)
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Abstract: In this study, 149 polymorphic markers were screened from 200 microsatellite markers. From a family of mirror carp,
which included 107 individuals. All samples were analyzed for body correlation, and intermuscular bone number was tested using the
General Linear Model (GLM) single marker regression. Determination of the threshold values by 10,000 permutation tests showed
that eight markers had significant correlation (P<0.05), in which HLJ3086, HLJ3642 and HLJ3515 had very significant correlation
with intermuscular bone number (P<0.01). In addition, the genotypes of the captured correlative loci were determined by Duncan’s
test using SPSS17.0 software. Markers were used to screen the protein and nucleotide database in the National Center for
Biotechnology Information (NCBI). Blasting results showed that HLJ2891 was highly correlated (92%) with latrophilin-2-like and
HLJ3515 was highly correlated (81%) with serine/threonine-protein kinase 32B-like of zebrafish. These functional markers and
genotypes may provide an efficient basis for marker-assisted selection of intermuscular bone number in mirror carp.
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FE4E (Quan et al, 2005), HEAEF M. AR K
i RS T E R B (Cheng et al,
2001; Wang, 2005). #ifil (Cyprinus carpio) 5% i
FRRE LA A LG, BB SEE . SRR
AR BRGNS 5. 5
MR . N YRR & e TR 25 3% ot e o5
W20 A ARt B WU PB4 5 T
IA, Bk, RIHAYERE T BB K
Rax ook B A #OR R S U &Sl Har
RGP FT B A AR T TR, I3k
BT ZAMEEK IR (B, SCTFAENLA
JECEIR O T AR A A k= o LR B Ak UL
PRIl BT S R R B E MR, A AR R R 7 T 1)
i, DAk, AT R R YL R S s AR L
WS, R LPRIRIE A o R 3558 Bl

JUL TR 50 2 i A7 A v o O JIL 1) oG v ) )
], LRSS aR ATk, ARl A0

FEAHFIEZ — (Meng et al,1987; Patterson & Johnson,

1995). HHIHF5T (Dong et al, 2006; Ma et al, 2012;
Meng et al, 1987; Patterson& Johnson, 1995) K HJJL
(71 S A R Sz A A ], AR TR] L ) s
RINIIAFAE R FE AR T, AL SRS TR EY)
PR E A

TSR IC BT = 2 SRS B, A
AL B R AR AL LRI U 2 TR (Yiet
al, 2006). LK, KM IAFRCHT SNP ARid
XPERE ARG, TSR A W A A S B IR 1
7T QTL Zp#r, FEAEEE &k LS T8
Z Ut (Jin et al, 2011; Sun et al, 2008; Wang et al,
2010, 2011 ),

AWFFORI 149 AN AR 16 B SR L] ) 2
AT HRAH R, %8 5 HAHSCH) 73 7 hRid
MAHKRIED, R4 T 8 M5 HAEEB AL, &
TER N —2 0 QTL K R MR LA ) 735 Fk
WCHI BB FH (molecular marker assisted breeding) #&
PEHIR K -

1 AR5 7

1.1 SEIE#R

SIG H fa SR R YT K= B9 5 T RA il 52 56 i %
Ho T 2009 3L HEAE N4 40 B, M
PEAMA 20 B, ] 30 X SSR Aric wf HHEA T AL TS B
T MRIWAMAERG R RAATICA, W& h 29 4

BEARH 11 ANRAMEE 30 KR, [FHIFME 1 a LAY
BRIREE . TR .
1.2 RERXS

30 NMERBENLPIE 991 &, R 20 N A
BEMA LRSS, X 40 ASEA KRR TIE N
5y HT, R Cervus3.0 #XPF¥) NE-PP A2 4755
T, BEXEREN 9%, ZlETYEERA
X oy JE ik MR Z 10 8 MK R, AWFFTERIL 1T
MEEUZ (107 B HJVLA R W 25
(1™ 5% 2R JEAT JULTA) o) 250 NG DR 2R 23 A
1.3 ALEFIT4L

R AR 51 27 7 v B VLA o
1.4 FRICIEE

AWFFCR 149 N B AL bR HEA7 58 R 2
e SIIR I (1) AR 5 1) i 5% DR 20 0 25
BIFR B ERRD; (2) NCBI ¥dE /% (#) EST
Fric: (3) Yue & Orban (2002) F1 Guo & Gui(2007)
SRRSO A B AR IC . BT S 3 B it
A TREAR RS A B AR A . AR Y
H 92 [ Promega A, A7)0 E =44t
1.5 WIEMRFENE

S5y 1 B SL 5 FE RS ) (Sambrook & Russell,
2002) HHAT s> FEIEKA] DNA 4 HRgtifth .
PCR X MWAKZR N 11 pL, HA 445 20 ng/uL DNA [1)
B 1 pL. 5 U/uL Tagq 2R A% (Sanger) 0.1 uL. 1%
PCR buffer (10 mmol/L Tris-HCL+ 50 mmol/L KCl.
2.0 mmol/L MgCl,. 0.01% gelatin & 2 mmol/L
dNTPs, pHS8.3,) 7.7uL f 10 mmol/L Lt R34
% 0.25 pL. PCR JRNFEFH 94 CHAEYE 3 min;
94 CAZM: 30 s, BKIHSE 54~64 'C30s, 72 CIE
#130s, 3525 MEIR; 72 CHEM 5 min. 3§74
FH 6% AE AR 44 20 DA s I e e e W vk 0B A7 00 1, AR 4
Jo s BOSARH LI RO A K
1.6 HiES

e R R B 2 A B S R 4 2
LE 11 149 4401 #5id, I Gel-Pro Analyzer4.5(Han
et al,2005) #AF RN AL EHs . R SPSS17.0
WATHERIES ks, A GLM BEAEAThR
CAPEARAR DA M, BT R e y=u+g+e, i,
y AR, u AREARIIAE, g ASEN RN, e bk
72, 14 Ji] Permutation A5 56 ff 7 55 PR R 350 (1) 52 3% 1
7K>F-(10 000 ¥X), FH Duncan’s % 5 LA 70 #7 3k [K 244
B TR IR 2 5
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2.1 RN
R g JUL ) B IR S I A S (R L, R

JiI SPSS17.0 HPEHH KA REAR K-S FaBb)rik, Kot
WULRIECR (B R A E A, 3P
FRMEE . (R, VEIERIIE AT P LA 1. 2
R WL R ECE (1) P>0.05, FF & IE& M i

&1 107 EIRERALE R ERIES S RN

Table 1 Gaussian distribution of intermuscular bone number

PER FEME i i e e/ ME IS YN} P
Trait Mean Skewness Kurtosis Minimum Maximum P value
LIRS 80.600+6.014 -0.602 0.530 60.00 93.00 0.269

Intermuscular bone number

2.2 WD EEAMSAEREEREEES T

K H Permutation (10 000 /XD #4T GLM &7
) 5 25 A 36 (36 2) . HLI3356 HLJ1093 . HLJ3086.
HLJ3513, HLJ2642. HLJ2891. HLJ3515 }2 HLJ1362
L5 LA B B 25 A % (P<0.05), Hirh, HLJ3086.
HLJ2642 & HLI3515 55 JJL1A]) ) £ & 0 W 2 A o0
(P<0.01).

IR S A DG IR A i kAT R R 2R ) B4 1)
Duncan’s £ B L4 (£ 2). HLI3086. HLJ2642
PN Fhrad th A RS, ANReET 2 &
FLi: 7850 T-hRIC HLI3356 LRI 217/224 A
PRI L) ) B SRR R R 217/217. 217/231,
224/231 AR (R JULTE] ) 4 22 e A 2 (P<0.01);
FE4y Thric HLI1093 HJEE AL 194/202 A4
Vi) o) 5 5 At 3 ol 356 AT 2R A 1) UL ) o) 4 22
i (P<0.01); 74 FArid HLJ1362 itk
DRI % 201/227 /M4 (1) JULTA) ) £ e b5 At 3 b g
AT 2R A A 1) JUL ) o) i 22 e A SR 3 (P<0.01);5 47
Thricd HLI2891 rhRE R g 285/301 A4 (1) tH B
AR LCEAR, BT, A S Br Se v 43 A
A&

3 i

3.1 WIDEfFESAEREEHEXS

T A bRl S B PR AR Il ELA Iy, & H
HEAL 7 2% AT )35 FRid 2 — (Song et
al, 2005) o AWFFLTRIE H 200 X 7r B L. 235
58 v 1A 5 | Akt s A UL T ) 50 E AT DG I P )
., R GLM AR e T 56 D5 2 5 1) Yl 25 1k
K, R 8 AN LIRS H W AR A
brid, FE 7B RGOSR, A LE
B Tl ) A sl S LD ) B 1Y) QTL K A i 47 B
ST A

*2 SAMRIEMSAEERENEFEZ
THEMS ELE
Table 2 Means and multiple comparisons of
intermuscular bone number at eight microsatellite loci

WEEREN P RS AR JULIE S i
Locus P Value Genotype Number Intermuscular bone number
217/217 25 81.160°+5.864
. 217231 26 82.923°+4.270
HLJ3356  0.015
217/224 19 76.790%+7.223
224/231 27 80.407°+5.806
202/202 20 79.550"+5.155
. 196/202 29 81.690°+4.706
HLJ1093  0.047
194/202 26 78.539%£6.592
194/196 24 81.917°+6.580
.. 240/240 40 82.550+5.382
HLJ3086  0.007
232/240 59 79.458+5.981
232/232 21 83.952°+4.653
HLJ3513  0.034" 226/232 46 79.500%£6.782
226/226 28 80.036™+5.124
.. 2317250 52 81.462+5.147
HLJ2642  0.002
220/250 45 80.356+6.050
272/272 43 81.721°+4.458
. 272285 29 78.483%+6.743
HLJ2891  0.048
272/301 17 81.941°+6.026
285/301 5 76.200*£7.396
160/160 26 78.539"+5.880
.. 160/170 32 81.719™+6.166
HLJ3515  0.004
147/160 20 78.250%5.149
147/170 22 83.546°+5.106
227/227 22 82.091°+6.248
. 227235 19 82.053"+5.739
HLJ1362  0.049
201/227 27 78.519+6.387
201/235 27 81.333%+4.641

'P<0.05; “'P<0.01.

A A eh_EARAN A TR AR I ME 2 W 225 2 (P<0.05),
Values with different subscripts in the same column mean significant
differences (P<0.05) .
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Bt — PR IR B 50 B M40 A i A 11 5 TR 7Y
DA S B MR 1) 3R BN AR AT W25 A e, 22 5%
N B AR L S B MR A LEOCHE (Wang et al,
201106 AHHFFUXS 55 JUL ) i) 250 6l 2 AH OC IR b i ik
ATHE R AY [R] 24 {H ) Duncan’s 2 HELES, ZEFRIC
HLI3356 1, JULIA]F 244 A 80.600, 11 & Al
114 217/224 LAV RIECEE N 76,7895, AH Lk At JE [A]
MEA R EH . 12T R b 223557 VLR |
H5a g 2D 0 R, AT DARE B —HE I R T R 217/224
I, 5 F R A LR T o %y, L
PREFZIE R A . fEFRIC HLI3513 A 3k K 7 4
226/232 [PINLIARIA e 3 RPN 2 B AT 2
Pedh, MO EEUEE R 232/232 FlI 226/226 (1)
Al G AR SEARHEAT A4S s M AEFRIC HLI3515
FEIRLh 160/160 FHFEPK A 147/160 [ LI 5]
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Sequences of 23 pairs microsatellite maker
N \ JRKIRIE (1)
TR Ao SIFS (5 -3) mm;j FrBeK/ (bp)
locus primer sequence 9 fragment size
temperature
F:tt
HLJ3356 gaaatggigteacgagya 60 217-231
R:catcatcataatcaaaacaaaaggtc
F:tccagctgcatcaacttcttt
HLJ1093 54 194-202
R:tagtggtggattccgtccat
F: tgcatatgagcaca
HLJ3086 egocaty 940 g 60 232-240
R:caaactttttgaacagtagtgtgtgtt
F: tcacaaaaagcgggtta
HLJ2642 anagicac gc0d 60 220-250
R:gaacatccataagagggcaat
F:cttccctatgaacaatacacagc
HLJ2891 60 272-301
R:gctctccaggtgctttatgg
F:gcttgga tcataggat
HLJ1362 4ctignagang 40 60 201-235
R:gtccgtecgtctgtetetg
F:aagctagattgcgaaacal
CAFS00975 gelagatigen 40 60 416-428
R:aaagcgacttacaaatgagg
F: tcaatgcctcgtctgt
HLJE511 ggadicastgectegicty 62 197-205
R:ccatcaagtgcaggtccttt
F: taatcct
HLJ2225 acggagggacggtaatecta 60 125-134
R:ccccattgtaaagccagcat
F:cgttcacagacgcaacaaat
HLJ2300 60 242-244
R:acacaccgcaaccacaatc
Ftcattacaaaatcggcattca
HLJ3508 60 431-490
R:cacgaacgggaccaaagg
F:ggcttattttcctgttctcattaca
HLJ3507 60 209-212
R:atgtgggtggggtcactg
F:atgt
HLJ2688 a191gggtgggaaagacasa 60 230-238
R:gcagtagagcagcaaaggtc
HLJ3515 F:tctgatttggatgtt
gattiggatgtigagea 60 147-170
R:aagaatgaaggcaagagagaagaa
HLJ2170 F:ccgttggtgtgttttccac 60 175-179
R:cccgtgtgtttagaggagagtc
F:aactcttcccgcetgcetctct
HLJ2194 60 175-205
R:gaccctcacaatcagtctcc
HLJ2593 F:catcttctccacgecactgt
60 212-216
R:ccgctttcttctttctttce
F:tgtgtgtatggatgttgttgct
HLJ3506 gigtgatggatgtigti 60 219-242
R:gagaggaggtggtgaaggtg
HLJ3999 F:tcccgtccatcctgaaatag 60 303-315
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HLJ3727

HLJ2662

HLJ3993

HLJ3942

R:ccatagaagaaagaaagccaaa
F:ttgattacagaacactcccctatc
R:tcacaaccagcccaacttt
F:aaaatactgaatgaaggctctgc
R:ttctatgaggcacaagcaatc
F:gcttctcctaaacctcaagtee
R:ccccacaacggtcaaaat
F:ttgatttctctatcgttctcatttg
R:tgtttttgccttggtggatt

60

60

60

60

164-190

230-241

195-232

314-327

B 1 o TR BRI i vk B A

Supplemental Figure 1 SDS-PAGE images of partial microsatellite markers

HLJ1362

HLJ2300

HLJ3507
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HLJ3515
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HLJ2994
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HLJ2662

HLJ3359

HLJ2194

HLJ2688

HLJ688
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HLJ1664

CAFS1317

CAFS1398

AR AR R, 107 MAEATFIRG S, FIREATIER 2 AU 149 ANk PR ARG SRR A 6% FEAR 1 2R TR I R e ot e Lk 3 AT 36 TR A8 432
] 72 FLEE AR, WORIUPIE SFEE (B —3: Mark+1, 2, 3----12 AME+Mark+F+M+13. 14, 15------68 AMA; &5 . 45 —H#+69, 70, 71w+
80 M+ —1%+81, 82, 83--++--107 /MA): Mark: sy TRARE: F: BEA: M: K.

In this study, one mirror carp family (107 individuals) was analyzed for body correlation, and 149 polymorphic markers were used for genotyping ; 6%
SDS-PAGE and shark tooth comb of 72 holes were used for genotype separation, and pointing samples were duplicated(the first sample: Mark+1. 2. 3
individuals+Mark+F+M+13, 14, 15...... 68 individuals; the second sample: one empty+69. 70, 71...... 80 individuals + one empty+81. 82, 83...... 107
individuals); Mark: DNA marker ladder; F: female parent; M: male parent.
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