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QTL mapping of traits associated with drought resistance at
bolting stage in Brassica napus

HUANG Qian', ZHAO Yong-guo', HUANG Xiang-wei', ZHU Zong-he?, LIU Yun-qing’, MA Hai-qing’,
CHENG Yong', ZOU Xi-ling', XU Jin-song', ZHANG Xue-kun', LU Guang-yuan'
(1. Key Laboratory of Biology and Genetic Improvement of Oil Crops , Ministry of Agriculture/ Oil Crops Research Institute ,
CAAS, Wuhan 430062, China; 2. College of Agriculture , Anhui Agricultural University , Hefei 230036, China;
3. Agricultural Bureau of Xishui County, Xishui, Hubei 438200, China)

Abstract: Bolting is one of the most sensitive stages to drought stress in Brassica napus. To identify quantitative
trait loci (QTL) associated with drought resistance at bolting stage, we generated a F,.; populations with 183 lines by
crossing drought-resistant line QY8 — 1 with the drought-sensitive one Huyoul6. This population was subjected to two
treatments, namely drought stress from bud emerging to bolting stages and well — water at the same stages. The results
showed that shoot height, single plant fresh weight and leaf wilting index were all decreased by 52.6% ~55.3% in av-
erage under drought stress compared to the control. Moreover, the three traits were highly positively correlated, indicating
that they are suitable drought — resistant indicators. A linkage map was constructed with 335 SRAP markers, covering a
total length of 1661.9 cM. By using composite interval mapping method, a total of 28 QTLs were detected across 14 link-
age groups (LG), accounting for 1.1% to 36.6% of trait variation. Among these, 10 QTLs were identified for shoot
height, and the one in LG15 (¢SH — D - 5) was a major QTL accounting for 36.6% of variation. There were three oth-
er QTLs(gSH — DRI —1.,¢SH — D -5 and gLWI — D — 1) overlapping this interval, thus being an important genetic re-
gion for breeding selection via molecular markers. Meanwhile, there were also 4 minor QTLs overlapping at marker inter-
val Em01/Mel2 — 1—Em01Me(09 — 1 in LG16, only accounting for 1.1% ~ 8.1% of trait variation.

Keywords: Brassica napus ; bolting stage; genetic linkage map; drought resistance; QTL analysis
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Table 1  SRAP primer used in this study
CIL/E S 5195551 EIE7Ey ElE70s 2l

Primer Sequence (5” -3") Primer Sequence (5” -3")
EmO1 GACTGCGTACGAATTATT MeO1 TGAGTCCAAACCGGATA
Em02 GACTGCGTACGAATTTGG Me02 TGAGTCCAAACCGGAGC
Em03 GACTGCGTACGAATTGAC Me03 TGAGTCCAAACCGGAAT
Em04 GACTGCGTACGAATTTGA Me04 TGAGTCCAAACCGGACC
Em05 GACTGCGTACGAATTAAC Me05 TGAGTCCAAACCGGAAG
Em06 GACTGCGTACGAATTGCA Me06 TGAGTCCAAACCGGGCT
Em07 GACTGCGTACGAATTATG Me07 TGAGTCCAAACCGGTAA
Em08 GACTGCGTACGAATTAGC Me08 TGAGTCCAAACCGGTGC
Em09 GACTGCGTACGAATTACG

Eml10 GACTGCGTACGAATITAG

Eml1 GACTGCGTACGAATTTCG

Eml12 GACTGCGTACGAATTGTC

Eml13 GACTGCGTACGAATTGGT

Eml14 GACTGCGTACGAATTCAG

Eml15 GACTGCGTACGAATTCTG

Eml6 GACTGCGTACGAATTCGG

Eml17 GACTGCGTACGAATTCCA

Eml18 GACTGCGTACGAATTAAA

Em19 GACTGCGTACGAATTAAG

Em20 GACTGCGTACGAATTACA

ST RALIE , HoEA PR Py IR By KR
FHRW I B AR (F 2), Kb, MESEFT
6T 53.6% , Fpkff FF T T 55.3% , M 38
ERRBOEYTRET 52.6% . 76T 5030 1 IF 4t
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Table 2 Evaluation of drought related traits in rapeseed parents and population

SEAR Parent F,:3 Family
(2N 4bm — A A -

Trait Treatment QY8 -1 VP 16 YA I/ MAE SENE] T2 it £ 535S
Huyoul6 Mean Min Max Variance ~ Skewness  Kurtosis
B /em T Watered  60.40 20.00 47.10 15.40 81.60 182.40 0.23 -0.41
Shoot height T3 Drought ~ 47.60 8.20 21.80 1.60 58.20 160.80 0.73 -0.08
B BRAE T/ (Plant- g ') FEME Watered  275.40  244.20 270.80  240.00  299.80 155.20  -0.18 -2.46
Fresh weight T Drought  130.80 87.40 120.90 97.80 148.20 66.40 0.10 -1.51
I i W Watered 0.99 0.98 0.97 0.95 1.00 0.0 0.09 -0.97
Leaf wilting index T Drought 0.80 0.36 0.46 0.10 0.89 0.1 0.18 -1.30

M 22 55 48 AU WA Y P B B Y 4R
PRI RASEPE TR I, 7E T A T s BEARY
M ZEESHR B S = B B PR G B Y A W 2 IE
A, M5 R ET R 0.829% * F1 0,734 * 5 FARffE
A S A R R S A G (r=0.7347 7 ) (R
3), FHUL AT DL, 22 i B 5 S pfefif ot 2 Al f Ho Rk
PR , I Lok 26 PR W i A2 21 4 sk e [ 1y 3t
S b, BIRYERBTR RECZ R B AHOC R AL
B, Y7 0.996 LU b (3 3) i — Ul T X =4
PR Z I HA BV LR .

3 ELBHEETERETER(E=ZR)RERE

RE(T=f/)BHEXESH
Table 3 Correlation coefficients between drought related

traits (upper triangle) and drought resistance

coefficients (lower triangle)

WEEE  REE e
T Shoot Fresh B
HEAR Trait height weight Leaf wilting
/cm /(plant-g~1) index
LS B/ em . .
Shoot height 0.630 0.829
, R

—tpﬁiﬁﬁﬁ/(plant g™ ") 0.997" * 0.734" "
Fresh weight
i s g
BRI 0.998" "  0.996" "

Leaf wilting index
% * FIRTE 0.01 KF L3,
Note: * * represent statistically significant at P <0.01.
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Fig.1 QTL mapping of drought resistant associated traits in rapeseed.
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Table 4  Putative QTL for drought related traits detected in the F.; families
oTL R Fric X I LOD TR DUHREE
LG Marker interval Additive R/ %
GgSH-W-1 9 Em07/Me07 - 5—Em02/Mel0 - 5 2.2 -4.98 7.1
gSH-W-2 10 Em01/Me05 - 1—Em06/Me04 - 5 2.6 -3.96 4.4
gSH- D -1 1 Em07/Me04 - 5—Em01/Me20 - 3 3.4 -5.84 16.8
qgSH- D -2 5 Em04/Mel9 - 5—Em07/Mel0 - 3 3.3 11.22 6.8
gSH- D -3 9 Em02/Mel5 - 2—Em07/Me05 - 7 2.1 -4.46 7.4
¢SH- D -4 12 Em04/Me03 — 1—Em04/Mel2 - 1 3.5 7.01 13.1
gSH- D -5 15 Em07/Me04 — 6—Em02/Me20 - 3 4.7 17.85 36.6
gSH- D -6 19 Em02/Mel2 - 7—Em04/Mel2 - 1 2.1 10.46 3.8
gSH — DRI - 1 15 Em07/Me04 — 6—Em02/Me20 - 3 8.4 0.09 6.5
qSH — DRI -2 16 Em01/Mel2 - 1—Em01/Me09 - 1 10.5 -0.05 4.3
qgFW - Ww-1 8 Em06/Me04 — 3—Em04/Me04 - 3 4.3 -0.75 3.4
qgFW - Ww -2 8 Em04/Me05 — 4—Em01/Mel5 -3 2.5 2.13 6.8
qgFW - Ww-3 11 Em06/Mel5 - 3—Em01/Me20 - 1 4.7 -1.09 4.9
qgFW - W -4 13 Em06/Mel6 — 1—Em06/Mel3 - 2 2.2 -4.13 1.6
qgFW - W -5 16 Em01/Mel2 - 1—Em01/Me09 - 1 3.4 -0.24 8.1
qFW - W -6 19 Em02/Mel2 - 7—Em04/Mel2 - 1 4.7 -0.07 2.0
qgFW-D -1 2 Em07/Mel6 — 5—Em01/Mel7 - 4 2.2 -0.17 2.5
qgFW—-D -2 12 Em07/Me05 — 6—Em04/Me05 - 7 2.1 0.34 8.7
qFW — DRI - 1 8 Em04/Me05 — 4—Em01/Mel5 - 3 2.8 -0.02 8.5
qFW — DRI -2 11 Em06/Mel5 - 3—Em01/Me20 - 1 2.2 0.01 4.0
qFW - DRI -3 13 Em06/Mel6 — 1—Em06Mel3 - 2 2.3 0.02 7.2
qFW - DRI - 4 19 Em02/Mel2 - 7—Em04/Mel2 - 1 3.6 0 11.2
qlWl — W -1 4 Em06/Mel6 — 3—Em06/Mel2 - 2 3.3 0.06 13.5
qLWI - W -2 8 Em06/Me04 — 3—Em04/Me04 - 3 2.0 -0.06 3.5
qLWI - W -3 16 Em01/Mel2 — 1—Em01/Me09 - 1 3.3 0.03 1.1
gLWI - D -1 15 Em07/Me04 — 6—Em02/Me20 - 3 8.6 0.09 5.2
qLWI - D -2 16 Em01/Mel2 - 1—Em01/Me09 - 1 10.4 -0.05 4.5
qLWI - DRI -1 15 Em07/Me04 — 6—Em02/Me20 - 3 7.1 0.01 3.1

fE:q, QTL; SH, MZEFL; FW, HpkifE;

LWI, M ZEEEEG W, EWUK; D, T243; DRI, iR RE

Note: SH, shoot height; FW, plant fresh weight; LWI, leaf wilting index; W, water supply; D, drought stress; DRI, drought resistant index.
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