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QTL analysis of cold tolerance for physiological traits
of winter rapeseed in northern arid-cold area

WU Jun-yan, KONG De-jing, FANG Yan, SUN Wan-cang, LIU Hai-qing, LIU Zi-gang, LI Xue-cai
( College of Agronomy , Gansu Agricultural University , Gansu Key Lab of Crop Improvement and
Germplasm Enhancement , Gansu Provincial Key Laboratory of Aridland Crop Science, Lanzhou, Gansu 730070, China)

Abstract: The superior cold resistance B. rapa variety “Longyou 7" and general cold variety “Longyou 9" were
used as parents and a F, mapping population was constructed. The results showed that 39 primers were selected for fur-
ther analysis of F, population. Based on molecular marker genetic map and QTL software, a total of 24 QTLs were detect-
ed for SOD activity, POD activity, CAT activity, MDA content, free proline content and soluble protein content from 10
chromosomes. Those QTLs were able to explain 11.1783% ~ 81.1753% of phenotypic variation. The dominant effects of
10 QTLs were positive effects, LOD values were between 3.2787 ~ 163. 7958. The data showed that the regions
BrlD90127 — BrID10421, BrID10421 — BrID10709 and BrID10709 — BrID101165 on 2A, BRMS034(R5) - Ra3 - H10
on 5A,Ral — FO6 — Ra2 — D04 on 6A, BrID10839 — Ra2 — E12 on 8A, BrID90115 — Ra2 — EO7 on 10A were common
regions shared by multi-traits. The result of present study is useful for the accurate position of winter rapa.

Keywords: winter rapeseed ( Brassica rapa L. ); cold resistance; QTL; northern arid-cold area
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Table 1  Distribution of 39 markers on the chromosomes

YefifA Chromosome 5|9 Primer
1A BiID10873 BriD101211 OI12F11(R1) KBRH139B23 - 1
2A BriD101147 BiID90127 BrID10421 BiID10709 BiID101165
3A BrID90283 BrID90131 BiID10157 BrFLC3(R3) BrID10323
4A BiID10723 Br1D90295
5A ENAIO(RS) BiID10719 BiID10123 BRMS034(RS5) Ra3 - HI0
6A BrID10371 BrID10629 BrID10397 8C0419 - 1 Ral - F06 Ra2 - D04
7A BriD101229 80108 O112E03
8A Ra2E12(R8) BrID10839 Ra2 - E12 0l13C12a
9A BrID10753 BiID10743
10A ENA2(RI0) BrID90115 Ra2 - K07

2.2 BRBLMFRBHEXER QTL 547

SEA RS E BRI F AR e g R, 7E 1 S
A3 TA2A 3A 54 6A 7TA 8A 2 10A 5§ 8 S5
@k AR F] SOD 1% 1 . POD 3 7 . CAT 1 1 .

MDA 5 i I 25 il 2B AN o] Vi PR B 1 gt 6 A1k
AREG 24 4> QTL(FE 2) o 10 A B PR 50% 26 90y 1
TERL N, LOD {HAE 3.2787 ~ 163.7958 Z [f], 24 4>
QTL H', Qsod . gsau — 6A — 2 A fif B0 FE BUE hy Fe i
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i, 11.1783% ., 2A.6A MY YLk b r 6 il 3 (1
QIL I8 % . 15 6 ik b, FF K B 5] SOD
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ABABABABABABABABABABABABAB

) 12.0537% ~ 81.1753% . H:URJ& CAT JiF Bl E R
AR O, EARIE] 3 4> QTL, RN (EH
AR )l 37.3135% ~ 39.2403% .52.2419% ~
61.4756% 12.4599% ~21.9624% (&l 3) ,

ABABABABABAB

- e

B 1 #ESIMEFREEFEER
Fig.1 Screening for primers for cross parents
Wk R A 2R, A RBEI 75, B KBl 95 A8 BIA A B RlH—Xi 514
Note: Arrows point at the different band. A is Longyou No.7, and B is Longyou No.9. Adjacent A and B is the same primer.

M ABABBBABAB -

BBBAAHABABAAAHABBBBBBBBAHAA-BBABAAAABBB

B2 514 BiD101147 £ F2 fEEB¥ (R P EI#E M 45 R
Fig.2 InDel amplification of primer BrID101147
T : M K marker, 55— ANKIE A Bl 75, B 9Bl 9 5,508 3 VKE IR F2 Bakk. A 95 RARBE N 7 S5 B Rl A SRR T, B O

B O S T A R Y B pR SR R B0, H o e A BRI Y, — i ety Y

Note: M is marker. The first lane is Longyou No.7, and the second is Longyou No.9. The left is F2. A is the genetype which band is like Longyou No.7,

and B is like Longyou No.9, H is the heterozygous genotype.
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Ch2
0 BrID101147
0 BriD90127
38.43 BriD10421
111.2%F BrID10709
238.86 v BrID101165
Ch6

07 \BrlD]0629
6674/- BrID10397

BrID10371

175.5% 8C0419-1
327.15 \Ral-F06
499.6 Ra2-D04
Chl10
0 ENA2(R10)
0 BrID90115
73.88 Ra2-E07
Ch8
0 Ra2E12(R8)
0 BrID10839
15.8 Ra2-E12
73.29 Ol113C12a
Ch6

499.6

o? \BrID10629
66.74/_ BrID10397

BriD10371

8C0419-1

\ Ral-F06

Ra2-D04

v

Ch3
0 BriD90283
0/ BriD90131
s1.144 LI \BriD10157
I34.0/ BrFLC3(R3)
L ]
259.88 BriD10523
Ch7
0—— BriD101229
0. 8C0108
L]
35.4 Ol12E03
Ch2
0 BrID101147
0 BrID90127
38.434 [T BriD10421 e
111.21 BriD10709
238.86 BriD101165
Ch2
0 BriD101147
0 BriD90127
38.43 BriD10421
111.21 BrID10709
238.86——— BrID101165
Ch2
0. BriD101147
o/ BriD90127  +
38.43 BriD10421
111.21 BrID10709
238.86 BriD101165 +

Ch5
0 ENA10(RS)
0 BrID10719
80.72 BriD10123

L
207.95/ \ BRMS034(R5)

.
368.8 Ra3-H10
Ch10
0—A— ENA2(R10)
BrID90115
73.8% v; Ra2-E07
Chl
0 BrID10873
0 B BriD101211
v
11.13 OI12F11(R1)
35.9. KBRH139B23-1
Ch3
0 BrID90283
0 BriD90131
51.14 a BrID10157
134.06 BrFLC3(R3)
259.88 BrID10523
Ch8
0 Ra2E12(R8)
0 BriD10839
15.8 Ra2-E12
73.29 Ol13C12a

H: @ SOD VETENY QTL; 4 POD Y& LN QTL;  CAT FEPENT QTL; v MDA £ i1 QTL; - HFES B & i QTL; « WIS A& 9 QTL,
Note: ® indicates the QTL of SOD activity; 4 indicates the QTL of POD activity; ® indicates the QTL of CAT activity; ¥ indicates the QTL of MDA con-

tent; - indicates the QTL of free proline content; + indicates the QTL of soluble protein content.

B3 BiEHEX QTLs ERBALNEE
Fig.3  The location of QTLs on the chromosomes
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Table 2 QTLs associated with cold resistance in winter rapeseed
AR . o oL e FIIHON, ik B
T MO A [E N .
i%zs ijf QTL Ch”few Position N TI ’E_rt I " LoD PVE B AU
Trait code a romosome /cm arker tntervas / % Add Dom
Qsod. gsau — 2A — 1 2A 36.00  BrID90127 — BrID10421 1435 64.60 0.24 -6.83
Qsod. gsau — 2A - 2 2A 44.00  BrDI10421 — BrID10709 16.11 6570  0.25 -6.64
Qsod. gsau —2A - 3 2A 229.00  BrID10709 — BrID101165 3.2 44.33 0.05 -4.31
Qsod. gsau — 3A 3A 181.00  BrFLC3(R3) - BrID10323 11.00 65.79 -3.07 3.34
Qsod. gsau — 5A — 1 5A 165.00  BrID10123 — BRMS034(R5) 14.30 .77 3.25 3.33
SOD JEHE Qsod. gsau — 5A - 2 5A 250.00  BRMS034(R5) - Ra3 - HI0 14.11  65.06 3.22 3.28
TI .
SOD activity  (sod. gsau — 5A - 3 5A 334.00  BRMS034(R5) - Ra3 - HI0 16.02  65.12 -3.26 3.33
Qsod. gsau — 6A — 1 6A 316.00  8C0419 - 1 - Ral - FO6 2.53  39.48 -0.01 -3.87
Qsod. gsau — 6A - 2 6A 339.00  Ral — F06 — Ra2 - D04 14.68 81.18 0.10 -7.28
Qsod. gsau — 6A - 3 6A 499.00  Ral - F06 — Ra2 - D04 279 1205 023 -1.92
Qsod. gsau — 7A 7A 6.00  8C0108 - Ol12E03 14.74  63.94 0.11 -6.73
Qsod.. gsau — 10A 10A 9.00  BrID90115 — Ra2 — E07 11.15  65.19 -0.06 -6.47
T2 PoD ‘{ﬂ# Qpod. gsau — 10A 10A 59.00  BrID90115 — Ra2 — FO7 2.66 33.63 -31.12 -28.25
POD activity
Qcat. gsau — 2A — 1 2A 4.00  BrlD90127 - BrID10421 3.91  39.24  0.46 12.07
T3 CAT & ﬁ Qcat. gsau — 2A -2 2A 35.00 BrID90127 - BrID10421 3.79 37.31 0.15 11.69
CAT activity
Qcat. gsau — 2A - 3 2A 43.00  BrID10421 - BrID10709 3.68  38.21 0.18 11.34
u MDA &5 Qmda. gsau — 1A 1A 8.00  BrIDI01211 - OII2F11(R1) 3.41  28.97  0.81 15.89
MDA content  (ymda. gsau — 8A 8A 15.00  BiIDI10839 - Ra2 - EI2 2.8 11.18 -2.12 -3.13
Qfre. gsau — 2A 2A 218.00  BrID10709 — BrID101165 2.77  54.55 3111 -312.74
iy AN
T5 . Qfre. gsau — 3A 3A 15.00  BrD90131 — BrID10157 2.73 5224 -43.12 -310.10
Free proline
Qfre. gsau — 6A 6A 95.00  BrIDI0397 — 8C0419 - 1 3.91  61.48 162.31  163.80
gy Qologsu-24-1 2A 1.00  BiID90127 - BiID10421 3.27 1913 2.65 48.06
T6 Soluble Qsol. gsan — 2A -2 2A 238.00  BrID10709 — BrID101165 527  21.96  3.95 -12.40
protein Qsol. gsau — 8A 8A 1.00  BrID10839 — Ra2 — E12 3.27  12.46  10.64 —-11.99

I Note: PVE—phenotypic variation explained.
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