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Detection of QTLs for Heading in Common Wheat (T.aestivum L.)
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Abstract: [Objective]l The study looked at detection of quantitative trait loci (QTLs) for heading date of wheat. [Method]
Recombinant inbred lines (RIL) and doubled-haploid (DH) population derived from crosses of the wheat cultivars ‘Wenmai6’ x
‘Shanhongmai’ and ‘Hanxuanl0’ x ‘Lumail4’ respectively were used for QTL analysis. Data was collected for days-to-heading and
was recorded in both field and greenhouse environments. The presence of a QTL was declared at a significance threshold of p=0.005
by Mixed-model composite interval mapping using QTLMapper1.6. [Result] Nine QTLs located on chromosome 2D, 3B, 3D, 4A,
5B, 6B, 6D and 7D were detected and their individual effects ranged between 3.97% and 22.91% to the total phenotypic variation.
Gene-interaction analysis indicated that there were gene-interactions between 15 QTL pairs with additive effects ranging from 0.77
to 2.16 days. [Conclusion] Detection of QTLs for heading data is sensitive to environment. QTLs of heading data spread around
chromosomes, and gene-interaction occurs frequently.
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Table 1  Statistical properties of phenotype values
Fy RA Tefk PEME WK mAME S bRdEE
Years Parents Lines Mean Max Min SD
2003 K H A 6 %5 Wenmai 6 213 h41% Shanhongmai 238 RILI 220.10 233 213 427
Field 3610 % Hanxuan 10 213 3 14 Lumaild 214  DHI 216.00 226 212 2.60
2004 i % #HF 65 Wenmai6 116 h41% Shanhongmai 132 RILI 116.14 128 106 437
Greenhouse sy 10 & Hanxuan 10 110 4% 14 Lumail4 112 DHI 114.29 122 108 3.10
i 6 5 &% i 65 higrgz
Wenmai 6 Shanhongmai Wenmai 6 Shanhongmai
30 - i i 30 - i l
25+
g g 20
g 5
23 23
£ £ 0
5 L
0 . 0 .
2125 215.0 217.5 220.0 222.5 225.0 227.5 230.0 2325 103.5 1065 109.5 112.5 1155 1185 121.5 1245 1275
FhAEHH Heading (d) A Heading (d)
HEAD HEADING
Curve: Normal (Mu=220.1 Sigma=4.2698) Curve: Normal (Mu=116.14 Sigma=4.3652)
A. RIL1 2003 4K FH AR5 43 A7 141 B. RIL1 2004 4F3 5 il 43 A1 I
RIL1 heading distribution of field condition in 2003 RIL1 heading distribution of greenhouse condition in 2004
Rk 105 Bk 14 k105 Bk 14
Hanxuan 10 Lumail4 Hanxuan 10 Lumail4
35 301 l l
0 st
-~ 25} —
g g o}
E 20 - E
15 F
5ot 5
3 H 1tk
& 10k &
sk 5
0 - 0 - - -
210 212 214 216 218 220 222 224 226 106 108 110 112 114 116 118 120 122
HhA#3Y Heading (d) HhAEIY Heading (d)
HEAD HEAD
Curve: MNormal (Mu=216.2 Sigma=2.6036) Curve: Normal (Mu=114.23 Sigma=3.0978)
C. DHI 2003 4K H il Bt 391 23 €] D. DH1 2004 4ifi & SR 43 A 141
DHI heading distribution of field condition in 2003 DHI1 heading distribution of greenhouse condition in 2004
E1 iESERSHE

Fig. 1

Frequency distribution of heading date of different populations
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Table 2 QTL detection of heading date

xpsp3200 — D132 [X [ Al 3D a4k ) MSI114 —
M60P35-120 [X[i], # H [F17 B AR AR 2 8.79% A1
3.97%. EAER A BRSO 2.

IR L], 2 MEERITHALE 2 MG ES S
SRR AR ) QTL A £, {HAE A& IR A A 35 FE T
(A R IRSL[FI ) QTL A7 a5 o Ui W /N 22 L i JE PRI 1)
WA AR A%, IF FNPREE S 1w U
2.3 NEIMFEE OTL LA B MEREES T

PR %25 % J () QTLMapper V1.6 %44, LOD=2.5
HBE, S22 HUEWE QTL A7 fUE] ) HAE BN (%
3.

TR ZZ 6 ‘5 /10 4032 DH BEAAT, 2 G500 JLRm
£ 9 AR X B N AFAESE R EAERN, (R 3) o Hp
2003 AERKHIREE FRE 2 41: —& 1B Jafkm

T Fric X [ Heta i QTL {7 & LOD e VI DS
Population Chr-Int Chr Site A H”2
DHI1 WMC144-WMS157* 2D 0.00 5.25 -0.7407 5.84%
WMS299-M539.1* 3B 0.04 6.44 1.2403 16.36%
WMS371-WMS335* 5B 0.00 7.45 1.4675 22.91%
A1142.1-A8166.1* 6B 0.12 5.97 1.0212 11.09%
WMS265-WMC161%** 4A 0.02 3.45 0.9994 10.38%
A2478.1-WMC505.1%* 3B 0.00 3.55 0.9218 12.53%
WMS295-WMC346** 7D 0.02 3.99 -0.9272 12.68%
RIL1 xpsp3200-D132* 6D 0.14 6.31 1.3389 8.79%
MS114-M60P35-120%* 3D 0.01 3.50 -1.0463 3.97%
* RN RHEM P IHRE R o ORRELM ISR TR
* Indicated the results of field condition; ** Showed the results of greenhouse condition. The same as below
%3 EEEBEESR
Table 3 Interaction analysis of the genes
Tefk FRId X [H] et i FRId X [H] POGRES LOD TR JILEYONA
Population Chr-Ini Chr Ch-Inj Chr H AAjj AAjj
RIL1 cSSR592-M42P45-308* 1B M22P41¢-S617* 5A 6.54 20.51% 2.0455
MS304-cSSR574* 5A xpsp3200-D132-6D* 6D 6.31 21.44% -2.0915
Xpsp2999-M50P39b** 1A M61p40c-MS47** 2B 6.68 16.93% -2.1603
MS71-MS95%* 2A xpsp3079-MC432%* 4D 3.12 5.13% 1.1893
MS515-M35P43a** 2D S205-S186** 5A 4.53 5.98% -1.2837
S311-D93%** 2D M36P33a-xpsp3079** 4D 7.38 13.82% 1.9515
MS2-MS52%* 3D M36P33d-M70P36d** 4D 3.81 7.40% 1.4278
S174-M42P38d** 5D M22P41a-M22P41¢c** 6A 3.46 4.35% -1.0951
S350-M35P43c** 7A M61p35e-MC517** 7B 3.85 9.86% 1.6485
DHI1 A3446.6-A2043.3* 1B WMS408-WMS604* 5B 5.50 12.31% -1.0757
WMC44-WMS259%* 1B WMS285-X3030%* 3B 5.59 7.74% 0.8630
WMC432-WM(C222%* 1D WMC380-WMS540%** 5B 3.51 6.13% 0.7677
WMC474-WMS374%* 2B WMC21-WMC505.2%* 3A 4.64 9.34% 0.9478
WMC453.1-WMC18%** 2D WMS260-A3156.3%* 7A 5.19 8.28% -0.8925
WMS410-WMC340%** 5A A3474.2-M162** 6A 5.94 15.82% 1.2335
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Fig.2 QTL position on wheat molecular genetic map
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WA QTL (WA I X A IE a7 /N 22 AU 1)
WFFE A, T Ik AN [R] P A R 1) 3L [R] QTL A A i)
PRI 0 DL AR S 132021 (ER G I S )/ 22 RS (1)
SR L DA 5 PRI IR O ZR AR 52 2%, 2004 4 Hanoeq
Szt b, EE A B I AN LSRR QTL A sy
2B, 2D I, [FEDGJEIAEEA B AR, SR T e
556 LN (o6 R 4 2000 4F Sourdille &M
£ TBS L AESLIN QTL S8l ESE ., LLEW
AR H 75 1 1) 45 SRS R)— Hi O B EREE FAS )4
MIRIMES, AEESFHR. ARKEHRE T KHA
PRI EFEZRLE, W RER, DMK
N BARBEAAAE RO A A AT B0 2, (FDG JRURD
LR ) S 2 T R B RO A A B T R QTL
BB E RN 2. 1996 4, Slafer 254G 45
SR L T gl R R AR K R e, AR
G e N BRI H AR 45 9

gr LTk, LW QTL Al 52 FRBE 4% 1 1 52 M 5
K, VB TS, Ny R G il ) B
QTL M fs¥ml. ok, HaE QTL 7tk i
PEE AN EL ARG AR R R AR, 765> T hw
OB & R N A 2 RN AR & BG4, iR
AR AR RO ) T B R H AR K

4 i

4.1 /NEEHIEEIAERTE 5% 10 5/ 522 14DH AL
6 /1215 RIL PN BIREAA o 25 2 DA BLIE 25 (1) 3
Bror AT . AE BB ARI IR 2 B TP R AR I 2
DRI 72 e, PR IARIE SR AR & 7 B A, 54K
W n] REP A W R PR 43 B
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5B. 3B 5 7D SFY AR by AR bR i AU 1
F3% QTL AN A8 AR s .
4.3 B QTL Rl 32 PR B4 I e Aok, DAt
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