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L1 HFHsER

SR AR E TR B ST a8
vk FEEIBEEY F, R, K85 FME
£1 fHT 7 5 & ( Cyprinus carpio var. wuyuanensis )
(8 )1 B K 3K 88 ( Cyprinus pellegrini Tchang )
(9),Z&XBIR,IXNF BRKE R KA,
1 0002 1 &% B, MR WHEAILS , AR
ERE Lt 6 MANEIRLHE. B
FEHMWERRA 73 BREME. AMRE L
kARl 51 AL T M 59 BAE- ik, L3t
110 A .

1.2 DNA 2E

FLH 4] DNA f#LE T 2% A
T RN EH . 45 0.2 mg BRI A L5 mL
# Bppendorf FH, LA 200 wL S (200 pg/
mL &AM K,0.5% + IR NLE B, 100
mmol/L EDTA(pH 8.0)),F 55 CARBEH
5 ~6 h, BAEIS G RN 3 ~4 KEZHA TN
o RASHIRM & S0/ RIRER AW (25:
24: 1) 3R 2 ¥, i A JC DNAase ] RNAase A
(20 pg/mL) ( MBI) F 37 TLRE 30 min; FH%
RS 1’ BE MLk BAE,
75% CMEVEY 2 YK, FIE T4, A 100 wL 0.1
x TE %o 1% BB % i o Tk R ) o se 8
RSN T E R R .

L3 STFRIENFR

AFLP &3 AR89 7% AFLP 7} B
Vos %V PR /A7) “AE ) AFLP #5 5 i /E
R e mAEw,

(DB 5 %8 . DU K A Mse I Ml EcoR
[ (NEB)#H &, MiE A QiEREFEY DNA 250
ng, EecoR 1 20U, Mse 1 2 U, T, DNA Ligase
(NEB)1 F 80 ,BSA(]1 mg/mL)2 uL,Mse [
$:3L(50 pmol/L) 1 pL,EcoR T $23L (5 pmol/L)
1w, T, HEHEEMHE 2 oL, N KEKE20 pL,F
9 700 PCR fE3R{Y I 37 T 3 h,

QY AR W) SRR RN AR
10 f5HC 4 pL, EcoR 1 B H3] 8(10 pmol/
LYBCl pL,Mse I fid 33| 4 (10 wmol/L)HL 1
wL,Tag BF0.2 WL(MBI) , A % Buffer 12.4 pL,
MK AKE 20 pL, PCR L&KM H 72 C 2

min, 25 MEFEEE 94 T 30,5 € 305,72 T
2 min, £ /)5 60 TR 30 min, My =&
1.5% BB EEAT R, 24 DNA R B K/MNES
JYFEAE 100 ~ 1 500 bp WIS, AT AHEAT B — 243
o

Q1Y Rk A T SN = s 20
fER 2 wWL, % LR ICH FooR T 3H 314 (10
pmol/LYBL 1 wL, Mse | #3551 47 (10 pmol/L)
Bt 1 pL, Tag 0.2 wL(MBI), [ Buffer 12. 4
wL, NREKZE 20 pL, FH Touch-down PCR
FEE,94 CTHEHE 2 min, HFEBEFT 11 MAFF (94
T30s, 66 C30s,72 C 2 min) , HiBKBEEEK
WHEAR 1 C; 25 Batfr 25 MG (94 T 30 s,
56 T 30 5,72 C 2 min) , F)5 60 THEAP 30 min,

(HEFFHEY B = MR I . BRI Y B =
1t ABI Prism 377 2f B il Fp AR L EATR M. B
1 pL PCR #4344 #5747 ,2. 0 pL Loading Mix
f3¥0.2 pL ROX -500( ABI),1.5 pL BT
MWLz, 0. 3 pl ) BAHE 2 1 (25 mmol/L
EDTA A 50 mg/mL %815 ),95 T aF 4 10
min J5,57 8§ B FrK - KB T %A ZE D 10 min, |
FEL1 pL AR T IRE R 5% , KE N 36
cm 6 mol/L FRZ B 45 {4 3 7R U e e e It
TTHIKSHE, LA R ROX =500 A& M8, L ABI
Prism 377 Data Collection Software 347 E & 15

EST £ FARie A X HEEERARMKRE
B FIEN BST B3 64 41 RIS #1E R
MR A Primer 3. 0 3L EST B3| % 35 %f, H
22 IR M Y AT, 2SI 12 3, )
ZMERBRIE . VI YWE 8% HETHEN
B e Ik BB RIS, B H R
D g AT B O, DS RERE.
1.4 BEAE

AFLP-PCR ¥ #4550 Wl L @ % 2 R AT
AT, BN AFLP 3RiCH SR L ERW
HER— AR ALE, MY B (B
) A 1, B RE S 0, Fie i 2 R A 5
WHARKR + 2B ERFESTE”, #Q,
“Al04” Py A 3|3 E-ACG 5 M-CAG #1481
87,104 TR i BER/Dh e A FIS| A fT R W2
2. ME QAN LERH, EILICHER W
AU AR S 43 B K M AT 3, Hb, AFLP
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FRICH 404 a0 x a0, a0 x 00,00 x a0 3 Fp4r @I EST pricikMUIL B M-S EH BT 040, fidh i
B(EREHEBSBE AN ES 11111 1);

% R T AT AL,

F1 12 WESHeE EST FHFicMER
Tab.1 The information of 12 ploymorphic EST markers in common carp

EST f7ic SMHEFES) 5 -8 =8k (bp) BARE(T)
EST makers primer sequence 5’ —3° product size annealing temperature
F: TCTGGTAATGGCACAGTGGA
N o
ceur R; TGTTCCTCTCGCTTACAGCA 275 60
F: ACATCAGCGGGATACACACA
ceos R, GTGTCAGACGCTGAAGGACA H1 60
F; ACCGAGGAACATCAACTGCT
CCos0 R GGCCGACGTTTTGTCTTTTA 158 60
F: CACCCAGATCCGATGACACAG
Co94 R: TGAGGGAATGTGGATGTCTG 284 60
F: CCTGCTGCCCATAACAAAAT
ceoos R:CGTTGCATTCCAAAATCAAA ld 60
F: GCCGCCAACATTTTTCTAA
062 R: GIGGGCAGATTGTTGGACTT 194 60
F: AACTTCCCAAACTGTGCC
ceoe R: TICCAGCGGTGATGACTA 261 60
F:GGTGCCTGTTCCCTAAACAA i
cenz R ATGCTGTGTGTGCCAGGTAG 642 60
F:GCAATGCAGAAACCAAAGGT
CClis R, TCATTTGTTGGTGCTGGTGT 293 60
F: ACAAAATGGAGGTGGCAAAG
CC11s R:ATCGGCTCATTGAAAGTGCT 7 60
F: GCTOTGTATCCCACCATCAGC
CCl43 R: CCAGACACACAGCTTCCAGA 165 59
F: TCCAGCTCCACCAGAAGACT
cClar R: TICAGCTTTGGTTGCTGTTG 408 5
#2 110D EBERNTESIHASBHK
Tab.2 The abbreviations of AFLP primer combinations
A
A% fﬁﬁ{ M-CAG M-CAC M-CAA M-CTA M-CAT M-CTC M-CTG M-CTT
abbreviation
E-ACG A B C D B F - G
E-AAG H I J K L - - -
E-ACT M N 0 P Q R - AB
E-AAC - s - T U v - -
E-ACA W - Y - — - -
E-ACC - - VA - AA - AC AD

. RPT - RS AERAEER.

Notes: “ "

1.5
HHtE

OneMap B EE 7 E U R EEREX B

OneMap 414 614 B & 3%

()B4, ¥ REFRCER wWo £ i
B9 5 B R AT TIH 2K, BIEE OneMap Hir Adg 0 H)
SCASCHF B read. outcross #r4-F AYEE

(2)$)a R of. 2pts g, i F EM Bk E
I ki, X E LOD fH =4, R AEAE

means this AFLP primer combinations is not nsed in this experiment.

(max. rf) =0.35 B LB H , [ )G BKRE
HIl b ALFASCE EO0E BB .

(3) A group 14 i A EESMARIL BEAT
HEYE R, /)5 {F A red (Rapid Chain
Delineation ) fiy$> Xt &~ & 8 T B 50347 HE
o

(4) X TR LA ErndkeeE AL, KA
try iy 4 BEFTE 7. MESh, BT LA add. marker
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1 drop. marker 74 3 BN F B bk A5, /A H
ripple 4RI HET (9 W] S

(5) F 1 map fr-4 R 4% Kosambi s+ HF
BH, Bu{y Ky “ JEEE” (centiMogan, cM ), & 5 ]
MapChart 2. 2 $RH- 25 B S1EE ™,

A S M T EYRARR =
B EARIC R - BB (n) s B YR
-3 RIS = BT R/ R PR A EE SR O HT PR
o= EWUH DRI - 1 R ig K F W PR
(s) = B B/ e R PR 3, PRI 9 9 S B 3 )
SRR E S AR TR E Y IC K E
(Goa) , BEREEMPHE(Ge) MBHLE
RLF P

(1) Gel, %% Postlethwait 2! iy 7 &, 7
MK E NS EMA KN &S EE Y
IR 2 £, kb B K i b 12 5 S L 22 [A) B9 BB
B

(2)Ge2, B Chakravarti 2 f 1k, &
ATEHHENTBRREILTREERULARK

(m+1)/(m-1) , Ko m G EHBER RS
PRCH. ARLH R Gel M1 Ge2 V- B{H
AEENTNRKE. BEKNE TR Coa =
Goa/Ge,

2 iR

2.1 {EERFREHESESTER

7F 48 %f FAFLP ¥ei 5| W4 A ik i 30
AR S| P4 A A T B R A (110 A4~
FEA) B (6 2) o Bt 110 AT
PCR § 3, 374 MR 9 64Ric 1 513 4, H
LARMRRIC 911 4, B LH A 60. 2% ; T
FREGT=H 50. 4 MRIC, FA&RMRRC 30.4 1,
FE M fAFLP $Ri0 9, fF4 Sl R (A
H 627 (¥ 31 Al 1) WA EirIC 284 1,
F1,12 XFEAR EST fricH 4 9 MFA1:2:1
SE3MIE 1L 4B (ER3) . ATRE&EH
FEIS A EN £ BRC R 923 4,

FI WL ESHERLATEVRRARIVEE
Tab.3 The types and phenotypes of 923 polymorphic markers

_ . SLAA parent T X, offspring
Frina Frit#l
oss type o gekm WMEED TREAY  HRAKL  SEDEE
cross observed band observed bands segregation no. phenotypes
Bl.5 1 (EST) ab x a0 abxa ab,2a, b 1:2:1 3
B3.T % (EST) ah x ab ab x ah a,2ah,b 1:2:1 3
C.8 331 ( AFLP) a0 X a0 axa 3a,a 3:1 2
DIL.10 3 (EST) ab x aa abxa a,ab 1:1 2
D1.13 378 ( AFLP) 40 X 00 axo a,0 1:1 2
D2.18 202 { AFLP) 00 X 20 oxa a,0 101 2
2.2 EEEHEIEIWER s
3 g

1 923 MEFHARICHILHE 2460 MRIEEE
=9, {09 238 4~ fAFLP R12H 8 -~ EST #ric,
SIARTE 50 SR (A 1) ;50 MM EME A
26 MMESRE R | XTIl s ooE SR
T 48 MR, P E EHRE 4. 92 il R
RS 2 876. 64 M, B S QIR I BR
437.46 <M, T/MEIFE 7 2. 01 <M, FricJB] E
[BIFE & 14. 68 cM (3 4), %4 Postlethwait Fi
Chakravarti B /i 75 3 B9 0I5 1% ZE 60 B 04 T
By 4 321. 81 oM, R 56 BT IR 4G oY A i 5
RIS HESRE 2R 66.56% (& 2),

ARt g ST B ABL 377 2 B 3l R Y
i TR P s R 22 B0 FAFLP R AR IR T
REFHACR . 23 LA TR I Bl AR IC SR ¥
BRYRT 1.5 ~ 2 48, S5 s Bl ARLP
BEIEFRAT RN 4R B 1 AR BSR4 AT 45 SR — B
I 50 S EPURETS Ohno™ % 3y AR Y: 4
MR — 8089 (20 =100) ., HE, 1t F, REK
AFLP fRIC7E R R IE SR B & /R 7 B A 1Y
LLA)mE B , R BE S AR LR 8 2, UEH 75 3 9
B R — e R T, 7R 923 M ETS
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Fig.1 Genetic linkage maps of the common carp

Detailed genetic linkage maps of the common carp with markers indicated on the right and genetic distances (in Kosambi ¢cM) on the left.
AFLP Markers was named based on the abbreviation of primer sets and allele size.

F4 SEEFEEEILL

Tab.4 Information sammary of genetic linkage maps of the common carp
BRER Z4H BRER ZHUE
matrix name value matrix name value
Bl bRiC 83 (A°) o E BT OR () i
number of mapped markers average marker number of LG :
SRR () & BAREBHRCR(A) i
number of LG - number of largest LG
SRRISE Goa (cM) S — R () o6
length of Linkage map B number of LG with two markers -
HHA B Ge(cM) B AR (M)
estimated length of map 4321.81 length of longest LG 43746
FL T AR (M) 1468 B/ MESEEI LS (M) 5 01
average interval ' length of smallest LG ’
1621 LG22 LG27 LG28 LG29 LG30 LG31 LG32 LG33
S ol ST SRR BROSER S BeSER mom nOrOr
# L4 owe 22 s
1634 1.G35 L.G36 1637 L.G38 1.639 1.G40 1.641 LG42
uu :@:Jnx uu:@:lm EEI@Iﬁs gﬁ:@:;“ﬁg gg:@:ﬁw 20— a2 ao - frosiiid on:@:.ﬁ\mr 0.0—5— Bia
LG43 LG44 LG45 LG46 LG47 LG48 LG49 LG50
13‘; ;:? 1&2:\9:2%5*3 oo ﬁg nn:@:nﬁ: an T nn Nz nn:@:‘mrf nn AaTF

H2 smEeEglimi

AR MR ARE 2 AR, ZE DR A BT R R iE ARE B, B0 oM, BiD B RS 1 e SRTBR LR BLR ke
Fig.2 Genetic linkage maps of the common carp
Detailed genetic linkage maps of the common carp with markers indicated on the right and genetic distances (in Kosambi ¢M) on the left.

AFLP Markers was named based on the abbreviation of primer sets and allele size.
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PR s AR AR R B TR MR A —
4 AFLP WK ] ig B2 S8 =K E
BB RO AL AR B e B PR RO 78
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(LOD =28) ;\/4 LOD {H & 4 ;¥ LOD E &
5.44; g FE -G ok LN ERNRES
HEHRFEMREL™ , BAE—CHEN
LOD ik, fric 4l B . Bk, fEfsidar
REA DR K 6] — LOD {8, X747 B B9 22 81 RF 7T 1
A6 LOD 1, LAEE S S AR FR I A B0 R

SER -

(1] B, FLAS, E v de. v B XS R i 15 2 B
[ J]. RlZEmIE ,2008,53(5) 544 - 555.

[2] #5584 M. ] RAPD 1 AFLP 4RiC 1L f &
AP 1 e R (T ], Wi 5 R,
2003 ,34(5) ;541 =551.

[3] &K, Efed, fLA AFLP - Firici b =
XUF R E YR ERTEMIEI]. BBAER,
2004.,5:83 =93.

[4] LiL, Xiang J H, Liu X, e al. Construction of
AFLP-based genetic linkage map for Zhikong
scallop, Chlamys farreri Jones et Preston and
mapping of sex-linked markers [ J]. Aguaculture,

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

2005, 245 63 =73.

Lin XD, Lin X, Guo X M, et al. A preliminary
genetic linkage map of the Pacific abalone Haliotis
discus hannai Ino [ J]. Marine Biotechnology,
2006, 8(4), 386 —397 .

Margarido G R A, Souza A P, Garcia A A F.
OneMap: software for genetic mapping in
outcrossing species[ J]. Hereditas, 2007,144: 78

-79.

Garcia A A F, Kido E A, Meza A N, et al.
Development of an imtegrated genetic map of a
sugarcane { Saccharum spp ) commercial cross,
based on a maximum-likelihood approach for
estimation of linkage snd linkage phases[J]. Theor
Appl Genet, 2007,112(2) ; 298 —314.
Oliveira EJ , Vieira ML C , Garcia A A F, et al.
An integrated molecular map of yellow passion fruit
based on
estimation of linkage and linkage phases [J]. T
Amer Soc Hort Sci, 2008, 133(1) . 35 -41.
BRI, hE S0, N, 5. AR AR R
DNA FHE[J]. WA, 1994,4(1) .45 —46.
Vos P, Hogers R, Bleeker M, et al. AFLP: a new
technique for DNA fingerprinting [ J]. Nucl Acids
Res, 1995, 23(22) ; 4407 — 4414,
RFHE, RN, B B, % I A S ARTE
AL AR RIALAILT] . o KR, 2006,
13(2).193 -199.

VRERR, M £ 55, IR K, 5. R 2R Y DNA 8
RN ARTF 78k ()], it ff,2002,24.(3) :335 -
336.

Wu R, Ma C X, Painter I, ef ol. Simultaneous
maximum likelihood estimation of linkage and
linkage
Theoretical Population Biology, 2002, 61(3) ; 349
—363.

Voottips R E. MapChart: software for the graphical
presentation of linkage maps and QTLs[J] . Journal
of Heredity,2002,93(1) ;77 —78.

Postlethwait J H, Johnson § L, Midson C N. A
genetic linkage map for the zebrafish[ J]. Science,
1994, 264(5159) ; 699 —703.

Chakravarti A,Lasher L. K Reefer J E. A maximum
likelihood method for estimating genome length
using genetic linkage data[ J]. Genetics , 1991, 128,
175 =182.

B XS HER % AFLP FOLIRIC IR R
AR HESH(T]. Bk K55 ,2007,42

simultaneous  maximum-likelihood

phases in outcrossing species [ J ].



5 7o R, 5 R OmeMap B fiiy i 4l % P B 655

(2). 125 -129. of segregation distortion loci in Aegilops tauschii
[18] ©Ohne 8. The enormous diversity in genome sizes of [T]. Genetics, 1998, 149 319 —327.
fish as a reflection of nature’ s extensive [23] Causse M A,Fulton T M,Cho Y G, et al. Saturated
experiments with gene duplication[ J]. Tran Amer molecular map of the rice genome based on an
Fish, 1970, 99(1); 120 —130. interspecific backcross population [ J]. Genetics,
[12] Yu Z N, Guo X M. Genetic linkage map of the 1994, 138, 1251 =1274.
eastern oyster, Crassostren wirginica Gmelin [ J]. [24] kAT o EEEEEREESEMHESHERE
Biol Bull, 2003, 204{3) :327 —338. QIL g4 D]. L. [ ¥# K4 ,2008:53 -
[20] Wang L, Song L, Chang Y, et al. A preliminary 56.
genetic map of Zhikong scallop ( Chamys farreri [25] IHABER, AL, Bas, 2% —SH 315 -SSR
Jones et Preston 1904 ) [J]. Aqu Res, 2005, 36 40 A AFLP fRic W REa4 THRERNE S
(7) : 643 —653. [J]. 5y TAEH & #2006 ,4(3) :300 =316 .
[21] Lyile T W. Segregation distorters| J]. Anmu Rev  [26] XUjikde, 2635 , ¥F 1 B. T £ BT A0 B4
Genet, 1991, 25 511 —557. LODS Bt —Fh S IR [T]. 152248 ,1985,12
[22] FarisJ D,Laddomada B,Gill B S. Molecular mapping (3).232 —237.

The contruction of genetic linkage map of common
carp ( Cyprinus carpio L. )using OneMap software

GAOQ Guo-giang'?, CHANG Yu-mei', KUANG You-yi, LIANG Li-qun‘*
(1. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China;
2. College of Fisheries and Life Sciences, Shanghai Qcean University, Shanghai 201306, China)

Abstract; The common carp { Cyprinus carpio L. ) is the most extensively cultured fish in the world, as
well as in China. Construction of genetic linkage map of common carp is necessary to increase the
efficiency of selective breeding, especially complicated traits. So, it is the basis of keeping on the genetic
study of a species with construction of full genetic map and location of quantitative trait. In this study,a
genetic linkage map has been constructed for the common carp ( C. carpio L.) using the mode of
outbreeding full-sib family in OneMap software firstly. The segregation of 923 polymorphic markers,
including 911 fAFLP (fluorescent amplification fragment length polymorphism, fAFLP) markers and 12
gene markers were studied in a panel with 110 F, individuals derived from a single hybrid F, , which was
produced by crossing of red-purse carp ( C. carpio var. wwyuanensis ) and big-head carp ( €. pellegrini
Tchang). The results showed that the framework of genetic linkage map consisted of 238 fAFLP markers
and 8 EST markers in 30 linkage groups that ranged in size from 2. 01 ¢M to 437.46 cM and consisted of
between 2 and 48 markers. The total linkage distance spanned by these markers was 2 876.64 ¢cM with an
average of 14. 68 cM for the whole framework map, and the map coverage is 66. 56% . This genetic linkage
map is an improvement of further quantitative traits loci (QTL), fine mapping, marker assisted selection
(MAS) linked to important economic traits and comparative genome mapping in common carp.
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