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HR 4R S 25 P S50 ST 25 R, SRR T W TR I T U I S S G R S OSRE R AR (P, 1 T S
PR B S AR LY - 2 AR (P, . T 2009 4F 3 A LI Ze s 4l /Y, RAGE T — R AET S A58, 2012
S HIRMEA AL R F . ZRBR. KRG F 4 m 2 MM FHn F . X &R 156 PTHTARRKE. &
LT A VAR BT S A 138 4 Fu K&
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Osborn SZE A TFHISIYF A B L SWUA-,SWUC-, NASTF L 81 & th A e s % 4 £, 4
S35 B NCBIChttp: //www. nebi. mm. nih. )25 B 138 HH 5 8 B 20 51 90 8 510 4 .
1.3.2 PCR ¥ ¥ Z 4 m

SSR #ric i) PCR ¥ 3% [z I #% B8 10 pL 4K R 47, H 4 & 10 X Tag Buffer (&% Mg"™) 1.0 pL,
dNTP (10 mmol/L) 0. 2 pL., DNA template (50 ng/pL) 2. 0 pL, F-Primer (10 pmol/L) 0.5 pL., R-Prim-
er (10 pmol/L) 0.5 ul, Tagase (2.5 U/ul) 0.1 pL #1 ddH, O 5. 7 pl.

PCR WK R FREFF . 94 CHiZAEME, 5 min; 94 “CAEME, 45 s, 55 ‘CiB A, 45 s, 72 ‘CZEAH, 1 min, 3
35 ME; Fea 72 ‘CHEAR 10 min; 4 C R RAE.
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H. QTL 1y 44 8 McCouch S W5k, F/NE RUATFERE g in FAERE SO P RS S . 5 H R IR
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FEIE F MR AT 250 F . Foo 58 R B IAR SC MR e T 52 R R BN SR AR, B b
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®1 E¥EBMTFEHELETEHE. KEFCEROMAEGITE

KRN fib 3 P, P, WoME BORE FfH Fo 1 22 i B2 33
CHlI(spad) Ww 39. 10 37.40 28.13 54.13 37.42 4.79 0. 81 0.73

WS 56. 83 42. 64 30.70 69.63 49. 22 9.52 —0.03 —0.90

SUG/ % wWwW 0.22 0.13 0.018 0.38 0.13 0.07 1.02 1. 24

WS 0.77 0.62 0. 063 1. 64 0.50 0. 26 1. 39 3. 26

MDA/(pmol « L™')  WW 0.31 0.33 0.13 0. 96 0.42 0. 14 1.09 1.76
WS 0. 87 0.47 0.11 1. 39 0.65 0. 24 0.67 0.19

RWC/% Ww 94. 59 96. 53 76.12 123.53 96. 68 6. 31 0. 05 3. 26

WS 92. 47 88. 46 56.48 120. 48 89. 80 8.03 —0.32 2.85

LWR/% ww 70. 20 67.53 26.63 83. 84 65. 89 10. 48 —1.34 2.15

WS 77.96 71. 80 41. 59 89. 15 75.99 8. 86 2.06 —1.26
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PR P, P, We/NME e KAE ¥iE i 22 s JiE W FiE
CHI 1. 45 1. 14 0. 85 2.19 1. 33 0.28 0.53 —0.15
SUG 4. 82 3.59 2.54 9.17 4.09 1.11 1. 48 3. 15
MDA 2.77 1. 42 0. 37 4.09 1.68 0.70 0.73 0. 66
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251
i é; 15F
3& 10_
5k
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100

BRI

1.11 1.16 1.21 1.26 1.31 1.36 1.41 1.46 1.51 1.56
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I 1839 Xf20Ht SSR 514, XA F, . RABERIEAT Z MR, 8w g . B 2880
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Xt KA ZAMEAL 159 A, Hoh 3t @ RO 8 44 4, BAERRICA S 115 4.
2.3 BEAEPEIENHEE

FIA B3R 159 A28 SSR bR iC AL s FE 473 B 40 B A8 2 0 H 8 780 3 % 38 1% 3% B PRI i A 3 15 A
B, JAH 122 4 SSR FRicfiaf. 4B LGI-LG15 fv 45 . Hh ARG ILA SSR #Ric e T 12 4~ 3E B fE %t
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2.4 TEEXEREERSE R QIL EL
2.4.1 ®FAAXHKE QTL 4%

TEH HERE R A F] 2 4> QTL(E 3 A 3), MR RAKITHY 2 4> QTL #RAL T4 3 i, Rt
RRIAZER17.1%.

T 5 E T A E] 5 A QTL, srul@mt Rk 1 34~ QTL, i T4 12 FsE 5 # 8, Ritik
RIAR S 25,800 ATV TEME BT 4080 1 A QTL, A 748 12 EBIRE, MRRAVESS 12.4%0; MR TESE ]
A QTL, i T4 5 E R, RRAE S 10.0%.

3 F.LREHGESHEMEREN QTLs 27

PEAR B PR AL HEHURE Qe ik LR HRiC L B RN RAER R/ %

LWR qLWRWW-3-1 3 A03 NAS1390/260 22.11 3.2 4. 62 10.0
qLWRWW-3-2 3 A03 cnussr2/250 50. 51 2.7 —4.05 7.1
qLWRWS-12-1 12 C09 SWUA09-218/700 12. 41 3.3 —2.81 8.9
qLWRWS-12-2 12 C09 SWUC605/800 24. 21 3.1 —2.97 10. 3
qLWRWS-5-3 5 A05 BRMS232/250 11. 91 2.6 —2.51 6.6

SUG qSUGWS-12-1 12 C09 SWUC605/400 89. 31 2.9 —0.10 12.4

CHI qCHIWS-5-1 5 A05 BRMS232/250 11. 91 3.9 —3.18 10.0

2.4.2 wFAAEMRKAFE R KN QTL £ 42
MFE 4 IES, AW A MK DS REENS] 14 QTL, VTFH 1 S, MRS 7. 7%.
F4 b REABHEASHEMRTEZHHN QTL 447

PR B AR A A HEHH Rk 4358 bric A B bRy ERIAE S R/ Y%
LWR-DRC qLWRDRC-1-1 1 A05 FTIO197 12. 31 2.2 —2.88 7.7
R & . 0

X T AR K o3 25 A T AR I 7 i 2 38 B o o R A8 e BTN AR SE S R AF AR R A . A7 0F 58 &
B, 7T RS RBUK ST RS 7 53R B B A BT AR, R SR A TR AR K 3 52 3
SN AR 2 5 R R T RO R M AN B AR A A, T R AL
JE ABL A PR K 23U A o i 2 B BCRE S3 BOR LA A, P 2 3R BT k3 O N T SRR S 3 A AR AR, AR ST
AT T A 38 R H TR 9 R R SR R TR S KO .

PV FE N FORAE T A AF T R B AT YRR R ) B0 T T AT AR PR A A B 52 B K
3 IR IE IR DA L I 23 A O T 5 B P e 4 T T A S 3 RO s K A TR S IR K 23 1 3t
WSO R A TS AE SRR 4 D RS RNAE K 3 A S R v ) MDA B 23 B L
X A B S LT R0 1 o R R B N, B A A B ST T A X B R . T R A
T MDA 5 et 43 S0 b 368 B[R] (3 3 4 568 B2 (19 52 L TH R A WP A SR TR & B (PEG-6000)
AT R T 20T, PR BIRl 54l i R 4 5K B > B AR, MDA i 2 B B R 2 B TR
Fes TR 38 R A B e ANl AR A S B A LR R e T A R 4l el B — R
GIE Y 5 PR bR O, RGN T R R PR A AT R W IR e AR AT T R AR B
M MDA B 8ees g e, HR e s R R IEm A K. BrERM, 220K iba s . K
LI R AR 5 K A A D (EUAS [ e R AN [ RIS I A R S R R AR — B

R OCT 1 5 A 3 i RV QTL GE AT 7 A, 4% 0 Fdg E AR SCET X H i 70 3 3 8 00 19 A
PR AN 7 MR EAT T QTL RE AL, AT B YA X H 88 8 3 35 1 00 109 A2 Bk AR S LS 52 2 it
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17 QTL EAL. AT ¥R T 5 43 H5ORN it 2 38 Jo J 4 5090 A B0 — B COF % 8 B 0 T 7% 3 Ak 3 71 6
3| QTL, B&AILRFEANE] QTL; M 7K I3 76 1F LA T 5 0 4 31 R &SR 2 QTL, HAL T F Y
PR, LI Se PR 22 5L D B B IR, 2 R R e BK

AT SRR Sy 22 6 R AR T B PR AR, B R I e GROK A B 24> QTL A7 g, HoAth iy RS I 2] 1
ANECBCA R E] QTL {78 4 QTL i BER A T el /)y 5 £ i PR A 52 R &b, A i Rk )
N S R AR ) 1A QTL. FEHIE P, WT BB SR A8 EE 1) 3ot A% 7 B i A iC B A BR R % A8, Rie
AR, T QTL Mk IRCRE M e Btk o — D09 N3 bR ic80aE . I KA I B . 7] i ik
oy 348 R R A AR AR KA

AWFFEH A 0 AR K TR B 2 AN R QTL A8, 1 H RA i A AR K T it 5 R 80k i 81 QTL
B, B ROk O 5 H i A SR 0y i B KA DG, [l — PR B QTL 20 A T 6] A9 & 38 . JF BLAESR
SEBIBEREET QTLWES, N qCHIWS-12-1 fil gQLWRWS-12-3, 1Mi HiX 2 4 QTL 5#ric BRMS232 2
B EYN. XA W — N 2R EcE B R EE SRR, A TIRAM.

S X

(1] Xscvk. b b se - i B8R 5 % 8 [T, F Rk, 2005, 1. 17—17.

(2] ®WEW. BEE 4R, S W ) X0l 3 R AR UKCE KA A5 a3 [T, EIFgE. 2006, 20(1) .
60—63, 65.

(3] 2 F. H B0 0 mEe v A b B A ¢ QTL 4387 [D]. R gl K%, 2008.

(4] M EAE. H & 2 ST 544 %08 R AR Gk QTL 4347 [D]. =R Pipg 4%, 2011,

(5] SBEHRS. b 3R BT IRAT B % (D], EHR.: Pir K%, 2009.

(6] #EHtn, A PEG Bl T 42 A4S 28 i Al CGRO Tt B4R BSR4 [T, P04l A SRR# R, 2009, 31(10):
1—7.

(7] Zoiss. 20 S I g 52 A0 DG MR A L& 0 Agst A% & 43 (D], EE K. PERIRA:, 2010,

(8] E%¥Z&. MYWAEMALEFMABA [M]. Jtat. WEHF MR, 2007

[9] SUWABE K, IKETANI H, NUNOME T, et al. Isolation and Characterization of Microsatellites in Brassica rapa 1. [J]. The-
or Appl Genet, 2002, 104(6—7): 1092—1098.

[10] PIQUEMAL J, CINQUIN E, COUTON F, et al. Construction of an Oilseed Rape (Brassica napus L.) Genetic Map
with SSR Markers [J]. Theor Appl Genet, 2005, 111(8); 1514—1523.

[11] VAN OOIJEN ] W, VOORRIPS R E. JoinMap® Version 3. 0: Software for the Calculation of Genetic Linkage Map [M]. Wa-
gemingen: Plant Research International, 2001.

[12] VOORRIPS R E. MapChart: Software for the Graphical Presentation of Linkage Maps and QTLs [J]. The Journal of
Heredity, 2002, 93(1). 77—78.

[13] WANG S, BASTEN C J, ZENG Z B. Windows QTL Cartographer Version 2.5 [D]. Raleigh: North Carolina State U-
niversity, 2007.

[14] MCCOUCH S R, CHO Y G, YANO M, et al. Report on QTL Nomenclature [J]. Rice Genet Newslett, 1997, 14:
11—13.

[15] EFH, RIC. MRPRBUKX R G M2 R & B (1], d Gk, 1990, 1. 2730,

[16] W&, REAMSAEMFTMN [M] MBRE: BIRLRAHOR ML, 1989 231—237.

[17] £ . AT, BRE, % KRGS EHHTR R [T HEMEHEY 27, 2004, 26(3): 29—32.

(18] WFi%h, % Hhi. AREFRHT2X G AR 5 ] R R E¥H, 1994, 25(1): 13—16.

[19] & fta, 4R ARKEMAGR A AR U] PR RS540 . B RBM, 2000, 20(3): 197—200.

(200 2K, FFHUE. KA XA BT R R AR KR KRS R [J] hEREARSR, 1996, 17(1): 11—135.

[21] FhVEE. ERIUPHLEEBIAMER LB R L e 8 bRt 2 R a5 (DI, M. AR R, 2001,

[22] &Xutle, BWHE. AE E R EFPLEME B LT B EOE SRS [T, #db Rk =4k, 2007, 22(B10): 66—70.



%7 H IFA.F. HEDA G EEABERNERAD AT EAEBKY QTL 242 9

(23] HHEAE, BHKE, RS TR0 0w EAMERMERE [J] W IlE k=M. BAREM, 2006, 31(2):
133—137.

[24] MR, il P, 5FF. % T 500 X e B R T % R4 B A B R [T, VU O R E AR A AR R
2012, 31(2): 39—44.

[25] J™2e¥r, AR AR, ARBEZN. 46, W0 T 5 Ml X oA [l 90 346 28 B A BURR VR L 7 BERILE BRASZ 0 (). VE#I-#4R. 2007,
33(1): 113—119.

[26] PhARFT, = 3Ak, BEEE ., 5. ARGAKREH BRI BT [J]. FdbREMR, 2007, 22(6): 91—97.

Construction of a Molecular Genetic Map of
Rapeseed (Brassica napus L. ) and QTL
Mapping of Its Drought Tolerance-Related Traits

WANG Dan-dan, TANG Zhang-lin, JING Rong-rong,
WEN Jun, MA Yu-si

School of Agronomy and Biotechnology . Southwest University / Chongqging Engineering
Research Center for Rapeseed . Chongqing 400716, China

Abstract: Recombinant inbred lines (RILs) F,., from the cross between 36-Ai and Kelina-2, two varieties
of Brassica napus L. with striking difference in drought tolerance, were used as the mapping population,
and a genetic linkage map was constructed using SSR markers, which contains 15 linkage groups. The to-
tal length of the map was 762. 95 cM, with an average distance of 6. 25 cM between adjacent markers.
Composite interval mapping (CIM) with the linkage map was applied to identify the quantitative trait loci
(QTL) associated with drought tolerance traits (chlorophyll content, soluble sugar content, malondialde-
hyde content, relative water content and leafl water retention) at the seedling stage, and the drought toler-
ance coefficients were calculated. A total of 8 QTLs were found, distributed in Linkage groups 1, 3, 5 and
12. The single locus contribution to explain the phenotypic variance ranged from 6. 6% to 12.4%. An o-
ver-lapping region of the QTLs of chlorophyll content and leaf water retention was observed in Linkage
group 5.

Key words: Brassica napus L. ; drought tolerance-related trait; genetic linkage map; QTL mapping
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