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Identification and Analysis of Heat-tolerant Molecular
Marker Xwmc44 in Wheat
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Abstract: High temperature at reproductive stage destabilizes grain yield and quality especially in warm
climate wheat production region. Breeding for heat-tolerant wheat varieties is an important target of wheat
breeding in China, while identification of the molecular markers associated with the heat tolerant traits can
accelerate this process. The heat-tolerant indexes of five kernel traits including thousand kernel weight, kernel
length and kernel width, kernel surface area and kernel circumference were investigated by taking use of 169
wheat varieties ( lines ) , and genotyping with SSR marker Xwmc44 identified three allelic variants I, IT and
I11. A significant positive correlation between variant I and heat-tolerant indexes of four kernel traits ( thousand
kernel weight, kernel width, kernel surface area and kernel circumference ) was observed. The average values
of heat-tolerant indexes of kernel traits in wheat varieties ( lines ) with I allelic variation was greater than 1. The
wheat varieties with variant II was negatively correlated with the heat tolerance index of thousand kernel weight
( P<0.01 ), and negatively correlated with the heat-tolerance index of two kernel traits including kernel width and

kernel circumference ( P<0.05 ). The average value of heat-tolerance indexes of kernel traits in wheat varieties
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(lines ) with II allelic variation was less than 1. No detectable association was observed in variant 11l with the

heat-tolerance indexes. These results showed that Xwmc44 was related to heat tolerance of wheat, and II allelic

variation was a superior allele for heat tolerance of wheat. This will provide more information for heat-tolerant

wheat breeding with molecular markers.

Key words: wheat ( Triticum aestivum L. ); allelic variation; molecular marker; heat tolerance
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Intergovernmental Panel on Climate Change ) ¥4} 32
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INEAF PSR T 1 C,/NE T mil sk
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S A5 AR BRAR A 7 TH AR 0 25 22 5, 3K SE T DIAE
TEAN /N ZE T BRSO RIS AR ISR 32 ZR 4 5
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INZ TS FARIC . XL FhRie e 2 /N T A
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AlRETE . ST I, ARSI R LL 169 17 B 22 X
AN P (R D) s bk, X 2015-2016 4EEE T T
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1.1 ##

169 13 BERX B4 B (3 W http: //doi.org/10.13430/
j.cnki.jpgr.20200409002, fif % 1) 32 BRI T 3K
B AR L L AR P VTR AN PRI, it
NS (FR ) T 20152016 4E /N AR K Z2 i
TP =B FE X (A5, 38° 05" N,
114° 44’ E ), i5APENIFHES , N T 8 3% 171K S m,
ATHE 30 em, #REE 5 om, FACFRANE AL BT AR
TR 3 Wk, TRV H sk ARG
1.2 SFErickan

TNAE IR TSR AE SO -, SR CATB 3
PLH/NFE LK 40 DNA, Xwmed4 8] 43k [ Grain
Genes 2.0 ( http: //wheat.pw.usda.gov/ ).

1E 1 5] 4.5 -GGTCTTCTGGGCTTTGATC
CTG-3' ;s m5|#): 5 -TGTTGCTAGGGACCCGTA
GTGG-3' . FI¥hERFHHARAF A . PCR
IR SCHR A 975 1 58K, PCR P 1A
Z M :2X Flash hot Start Master Mix ( Dye ) 5 uL .
5| 9 W FE R 1 umol/L . 40~60 ng £ A DNA, H
ddH,0 #h % 10 pLo JZ W A2 5 : 94 C H1 42 PE 3 min;
94 C73ME 205,60 CiE K 30's, 72 CHEf 45 5,35 4
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Tl g g s FEL RGN, AR e, 0 AR Ge i 25 AR 57
eI
1.3 #ASEBAIFAEREIENAE
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X HE AR, R A P L IE AR B IR S 1Y
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WA IE & AL PE H A i B 3AME R 27.5 C,
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S=(1-Y/Y, ) /H, HHr, Y, BHE—E R e e 2R 58
T PR IR (TRLE PR B S ),
Y, Rz AP AR AR 0 FR AR AR R R AE s H=1-
Y/ Y, (H A IEE a3, Y, S5 Y,
PEEE, Y, At fh Y, feE M ),

e 3 i SPSS 13.0 1 Excel 5 . XF A ]
SR S AR B BB A T B R R T 25500
( One-way ANOVA ); FI| ] Pearson FHG/HrAsis )
WAl Xwmedd Pric B 5800 28 5 5 kR PR U
FEEE ARG

2 ERG5HM

2.1 I ERF( R ) HREXERNTERS W

MR LAt Tk 5 AR B0 1
K -0.37~3.22, 7% 5 R B/, N 0.48% 5 KR
RS R TE Rl —4.87~9.70, H AR S R AUR K,
4 229% FINERBAEEORT 1 W/NZE SRR
OB SR T B BN T 1 /NS e OR TR #R
INZE RS B AT LR Y AR T R st
an A (R A 22 R .

R NERRERABIEHNER ST
Table 1 Variation analysis of heat-tolerance index of wheat
kernel traits

PER ME EBRE  TRAEH
Traits Mix. Max. (%)cv
TR ESEE HI-TKW -0.37 3.22 0.48
AP B PR HI-KL —4.87 9.70 2.29
KL BE B B HI-KW -0.70 3.17 0.82
AP R FRIAERFE 40 HI-KS -1.30 3.67 0.92
AFRLE K U £L HI-KC -2.15 451 1.10

HI-TKW : Heat index-thousand kernel weight, HI-KL : Heat index-kernel
length, HI-KW : Heat index-kernel width, HI-KS: Heat index-kernel

surface area, HI-KC: Heat index-kernel circumference. The same as below

2.2 /hEFE Xwmedd FFIRIEFMNT R RS INE
X 169 A~ /INAZ dib ol (2 ) 1) 2R TR s 1 g+ Dk 3
Mr, 255 7R« Xwmedd AI 3G H 110100 3 287
A AR S (B 1), v 42 S R s 1AL 1
FBE, 5 BIER A R 24.9%, 75 A SRR RS 11 R
P8 R B, IR A 44.4%, 52 A RP LR T A
PR B, 5 EATRY 30.8%. 455l (R ) A

LESIHIE R

w1000 bp
[ -
- -“_Hw__ - w00
i L = — - w500 bp
~ae ——
d P ‘_zzgz = =‘-: B2 0 e 400bp
- -
o, -— — S — Wl 300 bp
- o - ———
— e — — - et — et
— e o>
— e - e - W 200 bp

1 2 3 4 5 6 7 8 9

11 12 13 14 15 16 17 18

1: 1 02-6018; 2: 1 6228; 3: 11 8062; 4: 11 05-4860; 5: & 3515 6: Jki 10-15 7: ki 110-4; 8: Fhi 178-159: Fki 201-1; 10: Foki 3135
11: FORE 1035 12: KL 1835 13: KOhi 405-2; 14: KHKE 4275 15: F5-11-25 16: i 39 %% 17: E42-03-5-3-1-2
1: Han02-6018, 2: Han6228, 3: Han8062, 4: Han05-4860, 5: Hannong351, 6: Dalil0-1, 7: Dalil10-4, 8: Dali178-1, 9: Dali201-1, 10: Dali313,
11: Dali103, 12: Dali183, 13: Dali405-2, 14: Dali427, 15: F5-11-2, 16: Dali39ai, 17: E42-03-5-3-1-2, 18: Marker

1

SFHRIE Xwmed4 318 H B ERZERY

Fig.1 PCR fragments amplified with the marker Xwmc44

F2 #HINEREW( R )ENERER

Table 2 Allelic variations of wheat varieties ( lines )

mA (R ) SRR A || Rl (R ) SN AR SR || R (R ) S AR S 2T
Variety Allelic type Variety Allelic type || Variety Allelic type
137 733 Shixin733 111 M 361 YanYou361 I KA 10-1 Dali10-1 I

BT 5265 Ji5265 11 1B 02-6018 Han02-6018 111 KAV 110-4 Dalil10-4 I

B 509 Shanmai509 11 18 6228 Han6228 11 KA 178-1 Dalil 78-1 11

47K 748 Jinhe748 1I HF 8062 Han8062 1 JkE 201-1 Dali201-1 I

47K 9123 Jinhe9123 11 11§ 05-4860 Han05-4860 I KAi 313 Dali313 11
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F2(4)
mAh (&) ST AR ST || R (R ) SN AR SR || R (R ) S AR S A
Variety Allelic type Variety Allelic type || Variety Allelic type
427K 4857 Jinhed857 1l HB4% 351 Hannong351 I JOKE 148-2 Dalil48-2 i
4 6164 Jinfeng6164 11 % 04-4358 Heng04-4358 I K7 103 Dalil03 I
47K 0459 Jinhe0459 II ffif 05-4444 Heng05-4444 I JkE 183 Dalil83 111
43 5032 Jinfeng5032 il 7 06 Wi 522 Heng06guan522 11 Fki 405-2 Dali405-2 1
4:7F 7183 Jinfeng7183 II 7 4399 Heng4399 I JOBL 427 Dalid27 I
47K 96023 Jinhe96023 i i 7228 Heng7228 I F5-11-2 11
4K 7178 Jinhe7178 11 % 0628 Heng0628 I KHKi 39 %% Dali39ai I
47K 8211 Jinhe8211 11 7 05 WL 216 Heng05guan216 I E42-03-5-3-1-2 1l
4K 9237 Jinhe9237 11 % 5362 Heng5362 I 131-03-3-1-3-2 I
43 4208 11 Tk 7% I A 8 45 BC4S2-4-11-1 I
Jinfeng4208 Xingmai7 Jingdong8BC4S2-4-11-1
4 9229 1 T 6+ I 34 8 5 BC4S2-5-1-2 1
Jinfeng9229 Xingmai6 Jingdong8BC4S2-5-1-2
4K 10-140 11 A% 85 Il 4¢ K 3197BC382-1-3-2 11
Jinhe10-140 Shijiazhuang8 Nongda3197BC3S2-1-3-2
47K 8431 Jinhe8431 1l 14k 17 Shiyoul7 I HZZ 9 5 Zhongmai9 1
47K 8515 Jinhe8515 1T 17 19 Shimail9 I 41 B08-5341 ShiB08-5341 I
4K 10-158 Jinhe10-158 11 fi4 18 Shimail8 11 YB66180 1l
47K 12-089 Jinhe12-089 il 11 06U-4532 Shi06U-4532 I 1114€ 055849 Shannong055849 111
4R 12-389 Jinhe12-389 1 {147 828 Shixin828 1 05CA349 1l
47K 12-110 Jinhe12-110 11 fi§ 8966 Heng8966 i 1114 055843 Shannong055843 I
47K 12-155 Jinhel2-155 I B4 9204 Kenong9204 111 1IF 05-5093 Han05-5093 I
8901BC5S3-3-9-4 11 B4% 213 Kenong213 11 K 585 Jimai585 1
8901BC5S4-1-3-2 I B4 199 Kenong199 11 11 06-6136 Shi06-6136 I
8901BC584-1-6-4 111 A4 1093 Kenong1093 11 £1 H083-366 ShiH083-366 I
02P067 11 4% 3106 Kenong3106 i Hifl 5766 Gaoyou5766 11
92R137-1-1 I L3 717 Jifeng717 111 1 608 Xiyou608 111
NAU28 11 LA 185 Jimail8S I i 10 % Xinmail0 I
H4¢ 09P16 Nannong09P16 il B 518 Jimai518 11 it 1804 Gaoyoul804 11
NAU617 111 FLYE 6 5 Jizib 111 i)t 5218 Gaoyou5218 111
CP02-63-13-1 il IiZE 09-1 Shiluan09-1 I 08CA101 1l
CP20-39-11-1 11 FLIM 02-1 Jishi02-1 11 £1#7 618 Shixin618 1
Cp02-8-5-6-2-1 I 474 175 Jinmail Il ML 2 %5 Hangmai2 I
Cp20-38-4-3-2 I 4 3% Jimai3 11 1 07-8069 Han07-8069 11
Cp93-8-11-2 il JA[4< 4198 Henong4198 1 & 9236 Gaomai9236 11
CP03-28-1-1 11 4 58-3 Henong58-3 111 HE 08-6012 Han08-6012 I
CP03-10-41-1 111 4% 829 Henong829 I LA 379 Jimai379 n
CP03-28-1-1-1-1-4-1 II 4% 9206 Henong9206 11 T4 9093 Henong9093 11
CH6002 11 1B 119 Cangmaill9 11 J7=E 366 Wanfeng366 I
% 76005 Lian76005 il # 071 Cang071 11 £125 10-2 Shiluan10-2 11
% 05152 Lian05152 I ¥4 08-113 Cangmai08-113 111 £ H09-7075 ShiH09-7075 Il
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mAh (&) BB A || Rl (R ) BN A || AR (R ) S 7R S
Variety Allelic type Variety Allelic type || Variety Allelic type
i 34 Yumai34 I 4% 805 Lunxuan805 i # 166 Caol66 I
JE|Z% 25 Zhoumai25 11 #1% 927 Luanxuan927 11 4% 2987 Tainong2987 1
J& 7% 26 Zhoumai26 I #57E 926 Luanxuan926 I K 170 Jintail 70 11
JHZ 27 Zhoumai27 il B4l 225 Shanyou225 I Ik 2018 Linyou2018 11
JHZ 28 Zhoumai28 i /IME 81 Xiaoyan81 11 1B 10-5223 Han10-5223 11
12 6099 Luo6099 1l HF 15 Yufengls I CA0996 1l
HA¢ AK58 BainongAK58 11 08CA307 11 JIfiZiE 02-1 Shiluan02-1 I
4% 4330 Bainong4330 11 D08-6 11 KAE 588 Tianhua588 111
935031 11 SH299 11 17 09-4061 Heng09-4061 I
Urd 16 5 Jinan16 111 FRt 921 Jiake921 I 1 10-4393 Shil0-4393 11
1114 1455 Shannong1455 11 W 11 Jieyoull i A 516 Jimai516 11
KA 66 Liangxing66 I A7 6011 Zhongxin6011 I 184 7912 Hannong7912 I
YT 18 Jining18 11 DHI155 1l 7k 998 Jiake998 11
114¢ 14 5 Shannong14 111

2.3 Xwmedd SHREMRABIEEH KBRS

X Xwmed4 53 FFRic 35 9 3 Bl 544 k)
ESFERLMAR ) AR B T G AT (3R 3), 45
7R TRV AR S 5 T E A RS B0 kR i
PRORAEE F s 2R TH R HRBHE BORTR R A K R TR
BRI I A G 06 R (P<0.05 ), 11 18 25 v A8 S5
A5 T PSS s T R B O S R
(P<0.01 ) 5 [R]EF 11 Y 4540 78 S A7 5 40 5 8 A

£ 3 Xwmedd ERTREE GFAIERABRIEHHEXRE

JEFR B P L A A B E B L 3 1 SR e R
(P<0.05). ZEHUTIT [ /NZE B4 RH SR FRLM IR Y FAURE

RECRAFOC . PUBFE BB, AR 35 SR I i 44
PR 22, PAJRRAE HEOE /)N DU) S A T R R
I, Xwmedd 73 FHRic iy 3 S0 AR 07 s, B
AT RVAE AR S5 W R AT AT A S 1 i EAT
T A S A T AR B S 0 AR 5, B ik
AU B4R AT REMT AARE 1 58

Table 3 Correlation coefficients between Xwmc44 allelic variations and heat-tolerance index of kernel traits

AR R T hIE AL FFRL e i AP IR ki E
Allelic type PUEHEEL HI-TKW PURFEE HI-KL PURSEE HI-KW PUESEEL HI-KS PUEHEEL HI-KC
I 0.161° 0.131 0.169" 0.170" 0.158"

11 -0.203" -0.130 -0.162 -0.148 -0.155

11 0.067 0.017 0.017 0.000 0.019

TR AR IFRIRAE 0.05 F10.01 KO 1t E A SE

“and” indicate significant correlation at 0.05 and 0.01 levels, respectively

2.4 Xwmedd DFIREEMNTRHIERE

X 43 54 48 ) Xwmedd B 10 By LI, T 25 £
AR S SRR B2 A3 T A R R A AR 2
T4 R TR HE PREEE B AT R B TR K7
LT FABRFE HR R PR ] B RO 25 T AR AR 5K
25 (F4), gRER: BA TRIENA TR
ANFE R CFR D) AR PR AU BT 34 1 4R K
T 1y B TR AE AR S B /N b R (R ) BURFRL
PR PR HOT B EH /N T 15 BAT I B A5 AR

SO/ Rl (3R ) BORPRL A PR PR O HME
HIERLT 1. B2 1 S0 5 AR R, L TR
F AR B RFRE T E PR B AL S K R
BCPRLR T AR AVER B B 2 T /N A AR
[ 143 26 PR PR RS B (B 22 e 1 3, BA TIT B 4%
(78 S RS B T IT B S 6 A48 S 1 b R 2 T
(T A FERLE AR TR B2 S AN 3 o TR
R PR OB 3 Al BB ) 2 TB] 4 T (2 2%
#E5o
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Table 4 Analysis of heat-tolerance index of kernel traits by Xwmc44 allelic variations
e L TR A KPR BE FPRLTERE FPRR IR FERLIE
E L ES
ViSisE e PAYE i FLYRS IR HUgass YRS
Allelic type
HI-TKW HI-KL HI-KW HI-KS HI-KC
I 1.13+£0.37b 1.46 +2.31a 1.24 +0.74b 1.27 £0.81b 1.29 +£0.99b
I 0.89 + 0.49a 0.61 +2.20a 0.85+0.82a 0.85 +0.90a 0.80 + 1.09a
111 1.05 + 0.52ab 1.00 +2.35a 1.02 + 0.86ab 1.00 + 0.98ab 1.02 + 1.15ab

A FREFIRIF—FN 0.05 KFF 225 B3 (LSD ik )

Different letters are significantly different at P<0.05 levels in the same line ( LSD method )

3 itig
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Supplementary table 1 The origin of wheat varieties(lines)

ER) Al (R P i A (R H
Number Variety Origin umber Variety Origin
1 i 733 g 36 JEAL 361 IR
2 3 5265 B 87 1§ 02-6018 Bl
3 Bk 509 B4 88 6228 Bl
4 &K 748 Ak 89 K 8062 ik
5 &k 9123 L 90 1 05-4860 [
6 42K 4857 B 01 Hiik 351 Bl
7 4F 6164 B 92 fiif 04-4358 b
8 &R 0459 g 93 i 05-4444 Bl
9 43 5032 g 94 #5706 M 522 B
10 &4 7183 g 95 17 4399 Bl
11 47K 96023 g 96 17 7228 Bl
12 &R 1178 B 97 iif 0628 Bl
13 &K 8211 B 98 i 05 W 216 JElS
14 GR 9237 B 99 i 5362 gl
15 43 4208 B 100 W75 bElS
16 47 9229 g 101 T 6 = B
17 4K 10-140 g 102 ARIES T B
18 &K 8431 B 103 Fifh 17 Bl
19 4K 8515 B 104 Fi# 19 Bl
20 4K 10-158 B 105 FiZ 18 gl
21 &K 12-089 Ak 106 A 06U-4532 ik
22 &K 12-389 Ak 107 i 828 ik
23 4K 12-110 Ak 108 1 8966 b
24 &K 12-155 B 109 BHR 9204 Bl
25 8901BC5S3-3-9-4 g 110 Bh 213 B
26 8901BC5S4-1-3-2 g 111 BHR 199 B
27 8901BC5S4-1-6-4 g 112 BHR 1093 Bl
28 02P067 Ak 113 Rk 3106 ik
29 92R137-1-1 B 114 717 B
30 NAU28 T 115 HF 185 ik
31 A% 09P16 L5 116 518 gl
32 NAUB17 LI 117 HE 65 B
33 CP02-63-13-1 g 118 JiZE 09-1 B
34 CP20-39-11-1 B 119 BT 02-1 Bl
35 Cp02-8-5-6-2-1 B 120 BHE 1S Bl
36 Cp20-38-4-3-2 B 121 &E3T gl
37 Cp93-8-11-2 B 122 Ak 4198 b
38 CP03-28-1-1 ik 123 A2 58-3 b
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GRS 16 5
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K 66
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SRk 921
Wik 11
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DH155
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Ak 608
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Btk 1804
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FiFi 618
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# 07-8069
#Hi7 9236
K 08-6012
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4% 9093
7% 366
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# 166
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#HK 170
Ik 2018
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