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Abstract: [Objective] In this study, a doubled haploid (DH) population with 150 lines, which was derived from the cross of
two Chinese common wheat cultivars Hanxuan 10 and Lumai 14, was used as the plant material to identify the heat tolerance index
(HTI) for related physiological traits and thousand-grain weight (TGW) at grain filling stage in common wheat and carry out
quantitative trait loci (QTL) analysis. The purpose was to identify the essential QTL with stable and remarkable effects and find a
theoretical basis on marker-assisted selection for improving the heat tolerance in wheat breeding program. [Method] The
mixed-model-based composite interval mapping method was employed to identify QTL for HTI of related traits in two soil moisture
environments. [Result] A total of 12 additive QTL and 17 epistatic QTL for HTI of TGW and physiological traits related to heat
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tolerance were located on all chromosomes except 1D, 6D and 7B under two soil moisture conditions. One single additive QTL can
explain 2.64%-11.41% phenotypic variance for HTI, and a pair of epistatic QTL can explain 2.45%-8.84% phenotypic variance for
HTI. Nine of 12 additive QTL have interaction effects with the environments, and the interaction effect of single additive QTL with
the environment can explain 1.41%-4.66% phenotypic variance for HTI. Only 5 of the 17 epistatic QTL exist interaction effects with
the environments, and the interaction effect of single pair of QTL with the environment can explain 0.62%-2.32% phenotypic
variance for HTI. The allelic contribution to the HTI QTL came from both parents. Some DH lines were more tolerant to the heat
stress than their parents. [ Conclusion] To evaluate the heat tolerance at grain filling stage, the HT1 for TGW is a direct criteria, the
following two physiological index are indirect criteria, i.e. the HTI for flag leaves relative water content (IRWC) is an available
index under rainfed condition, and the HTI for canopy temperature depression (ICTD) is suitable under well-watered condition. The
QTL for HTIs mainly distribute on the chromosomes 1B, 2D, 5A, 5B, 6A, 6B and 7A, showing that these chromosomes have close
relationship with heat-tolerance at grain filling stage. The genetic effects of QTL for TGW HTI and chlorophyll content (CC) mainly
are additive effect, and that of CTD and chlorophyll fluorescence parameters (CFP) are mainly epistatic effect. The additive effect

and the epistatic effect are almost equal in the genetic effect of the QTL for the RWC HTI.
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Table 1 Trait heat tolerance index of DH population and its parents

28! 5 PR ik 10 5 a3 14 DH ##4& DH population
Env. Trait Hanxuan 10 Lumai 14 51 Mean i SD 7 Range (i Skew WP Kurt
e ITGW 0.900.02 0.8640.03 0.89 0.09 0.55—0.99 -1.40 1.85
Drought-stress IRWC 0.5640.15  0.7040.06 0.56 0.21 0.11—0.98 0.22 -1.00
condition
IcCC 0.5740.03 0.7240.07 0.54 0.25 0.06—0.99 0.02 -1.16
ICFP 0.440.05 0.3640.05 0.41 0.25 0.03—0.95 0.43 -0.89
ICTD 0.640.08 0.5940.05 0.54 0.22 0.05—0.97 -0.09 0.72
I ITGW 0.8840.03 0.820.04 0.91 0.08 0.54—0.99 2.20 5.57
Well-watered IRWC 0.6020.02 0.640.04 0.62 0.18 0.10—0.99 -0.47 -0.16
condition
IcC 0.6340.13 0.6040.21 0.56 0.25 0.04—0.97 0.16 -1.03
ICFP 0.5240.18 0.5540.10 0.52 0.24 0.05—0.98 -0.06 -0.96
ICTD 0.7140.03 0.6940.07 0.68 0.17 0.08—0.97 -0.69 0.78
2 2K T DH BHACE R EAME IR A e B AR X 1
Table 2 Correlation coefficients for trait HTIs at grain-filling stage under two water regimes
PEAR Trait ITGW IRWC IcC ICFP ICTD
ITGW - 0.028 0.046 0.121 0.208*
IRWC 0.413** - 0.062 0.079 0.012
IcC 0.124 0.085 0.355%* 0.055
ICFP 0.011 0.132 0.235* - 0.162
ICTD 0.086 0.035 0.112 0.045

i bR IO 5% A T I TR AR B R R, e N =M XA I IR 56 R YRR SR B SC R B >, **43 53 P<0.05. 0.01 235
7K Correlation coefficients in the right upper triangle are for well-watered (WW), and those in the left lower triangle are for rainfed condition. “and ™
represent the significance levels at P<<0.05 and 0.01, respectively
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LKy REAAAETAR RS, SBAE AR (-0.18)
X R T TOERR N 2.46%, W% QTLETE (W
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ML R E 2% 10 5, B2t QTL
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Table 3 Additive and additive>environment interaction effects of HTI QTL of DHLs at grain-filling and maturation stage

ERN QTL Fric X [a] (A= IR DUk HAERRL DR

Trait Marker interval Site (cM)® ac h?(a) % aed h?(ae) (%)

ITGW Q.ltgw.cgb-3D Xgwm456—Xgdm8 2 18 0.13** 3.47 -0.18* 2.46
Q.ltgw.cgb-6A P18322—Xgwm617 6.0 0.18** 3.82

IRWC Q.Irwe.cgb-2D P3176.12 —P1123.1 0.0 0.04* 11.41 0.01* 1.56
Q.Irwe.cgb-4D.1 Xgwm624—Xgwm194 2 1.0 -0.04* 7.65 0.01* 2.43
Q.Irwe.cgb-7A.1 Xgwm260—P3156.32 0.7 0.04** 11.15 0.28* 2.13

ICC Q.lcc.cgb-2D Cwm96.22 —WMC181 0.0 0.06** 6.13 -0.05** 4.66
Q.lcc.cgb-4B.1 WMC47—P3459.12 2.0 -0.07** 7.97 0.04** 2.47
Q.lcc.cgb-5A WMC742 —Xgwm291 0.0 0.04** 2.64 -0.03* 1.41
Q.lcc.cgb-5B.1 P41382 —P5166.3 2.0 0.07** 6.71 -0.04** 2.85
Q.lcc.cgb-6B WMC417.22 —P4232.5 6.0 0.06** 5.94 -0.04** 2.82

ICFP Q.Icfps.cgb-5B P2454.2—Xgwm4082 2.0 -0.11%* 7.86

ICTD Q.Ictd.cgb-6A.1 Xgwm1692 —WMC417.1 4.0 0.03** 2.94

‘R QTL LS HAEMARD: "R QTL SETARICHIBEET: © RNk A8 o 1 IEAH R B BEAR it 10 SR 3 RIS N MRS, f 0 2 R
B 14 SAIERBNA R *. 3 HIRE P<0.05. 0.01 B R EMACT: “RaItE QTL 5T RIRBI HARHUS, 5 MR BT AR,
{HRNAE MR . @ indicates the nearest marker from QTL; © locus represents the distance from nearest marker; ¢ positive value indicates the Hanxuan 10
genotype having positive effect on the trait. Negative value represents Lumai 14 positive effect. * and ** represent the significance levels at P<0.05 and 0.01,
respectively; drepresents the effect of QTL >ainfed condition interaction, the effect of QTL>well-watered condition interaction is the reverse of ae but the same

value
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6A-6A I, H AT PERLN Y N AUE, 2 ) AT Bk ICTD
FLRAR 2 4.63%F1 3.60%., AR IFH S5REEREH

VRN o
2.5 MERTAIEE QTL AL S

1E 2 Fh Ko 260, MESR RO 5 A H ARk
AR AR E QTL 1 & Fhist A5 280w 0 R i i
BAETTERAF (B 1 o 3T ITGW, Rkl FA7
PERLOSE QTL, ARSI Bk RN B I 5 A58 ¥ LA 3%
L, EPERLS B KT S PR B 0 BARROR, 1 B
ZHEIR DU RN 8 T . IRWC F QTL Ik
ST VA K5 A = 53 L U YA ey A - e ) 4 5 A
HH SR B HAERS . SRR AT A QTL
X RIS SRR B e ) — MR, gL RN L AR
BRI R 74.2%. 124 ICC 1) QTL I8 KT

100 mga Faa Eae M aae
80 |-
< wf f ass
& A
o B P
S s 4 '

ICF
PRI 452 (HTI)

IRWC ICC ICTD

a: MM ae: MMk QTL SMABEEAERN; aa: LAPERN; aae:
A QTL 55 1 H AR 2B

a: Additive effect; ae: Interaction effect of a>environment; aa: Epistatic
effect; aae: Interaction effect of aa>environment

Bl 1 AR MR P 3 QTL BN R U
Fig. 1 Expression pattern of QTL effects on HTI of traits

5 DHEHMFMERMIMEKTIAER OTL EREK LN ST

Fo BN, HEAT S B R BOR I BARRLN,
T2 M TR P 30 A% 20T B % 4L R 43 $ 8E K . ICFP I
ICTD 1) QTL ¥532h A0 1 25487 B Jo R o 1 257
H A R ) A5 BAE B R /AN . iz, ITGW
FICC gL LI PE RN 3, ICFP A1 ICTD BA A7
PERON 9, T T IRWC, MRS A 2508
H L B

2.6 T QTL FEREK EMNS S

FLAG I )42 4] ITGW. IRWC. ICC. ICFP 1 ICTD

1) 12 AN QTL #1117 %f EAIME QTL (R 5) , Wik
4 1D. 6D i1 7B LLAM 18 & Yetifhk. #4H 54NN
PEEC EAZME QTL AL s efifs 1 26 (6A) , H 4
A QTL AL IRy 2 % (B A 7TA) , A 34
RO 8 4 (1A, 2A &) , HA 7 44 tik
1B 1 ANE 2 A QTL A7 (B 2) o MR #
B QTL otk EII B OUCKRE, Yetalk 1B,
2D. 5A. 5B. 6A. 6B. 7A % 5 /N3 HE S Wi A o6
F RO ZHIPER I AR H01) QTL FEAN R et fk ]
FE — Gt ARk N AR X B b B B3 AN 2
), FERLT —2 QTL #%, BIYE—ANJetikX BN
TERCT QTL #A X, 54, AR D RetER 1)
QTL fEYfk LI A A XS S, A X Ib &
e Bt H] IRWC [ 14 S Ik el _EAL AL 3 K
10 Zgetofk, Ho 1B, 4D fil 7A X 3 44 thfk b
A 9, o 64.3%; %M ICTD 19 5 AN sk &
REEAT RS Je 3 2k getfh, Horb 6A A5 3 M7 AL,
) 60.0%. MESR GL Akl L B TEIR R
B W 45 R R Ak G AR B 4 ASDL B
Wo W E IR G EMRIA 3 5%, HRGEEMA
I R B 18 2 MR, G0 1B Jefdk B 44 1

Table 5 Number of HTI QTL on chromosomes at grain-filling stage in DHLs

PR 1A 1B 2A 2B 2D 3A 3B 3D 4A 4B 4D 5A 5B 5D  6A 6B 7A 7D
Trait

ITGW A A

IRWC E EEEE E A E AE E AEE E
ICC EE E A E EE AE A AE E AE

ICFP E E EE E E A E E

ICTD E AEE E
pugid 3 4 3 1 3 3 1 1 3 2 2 3 3 1 5 3 4 1
Total

A FILE 4y BlZoRntE QTL A1 B4z QTL £/ A and E mean additive and epistatic QTL, respectively
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Fig. 2 Chromosome location of QTL for HTI at grain-filling stage in DHLs
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