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Identification and Analysis of Molecular Marker Related to
Heat Sensitivity Indexes of Grain Traits in Wheat
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Abstract: Heat tolerance of wheat is a complex quantitative trait controlled by multiple genes. Molecular
markers related to heat tolerance can be acquired by correlation analysis. With these tolerant markers, the accuracy
of molecular marker-assisted selection breeding may be improved, and the process of breeding for heat tolerant
wheat may be accelerated. In this study, heat sensitivity indexes ( HI ) of five grain traits, including 1000-kernel
weight, kernel length, kernel width, kernel surface area, and kernel circumference were identified in 187 wheat
varieties ( lines ) . Molecular markers Xwmc622 and Xwmc707 related to heat sensitivity indexes were obtained
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by simple correlation analysis. Polyacrylamide gel electrophoresis analysis showed that Xwmc622 and Xwmc707 each
had three allelic types: I, Il and IIl . Type 1 allelic loci of Xwmc622 were extremely significantly negatively correlated
with HI of 1000-kernel weight, of kernel width, and of kernel circumference, and significantly negatively correlated
with HI of kernel length and of kernel surface area. The average values of HI in wheat varieties ( lines ) with type |

allelic variation were less than 1. Type II allelic loci of Xwmc622 were extremely significantly positively correlated
with HI of 1000-kernel weight, and significantly positively correlated with HI of kernel length, of kernel surface area,
and of kernel circumference. The average values of HI in wheat varieties ( lines ) with type Il allelic variation were
greater than 1. Type Il allelic loci of Xwmc622 were not significantly correlated with HI of grain traits. Type 1 allelic
loci of Xwmc707 were not significantly correlated with HI of wheat grain traits. Type Il allelic loci of Xwmc707 were
significantly negatively correlated with HI of 1000-kernel. The average values of HI in wheat varieties ( lines ) with
type Il allelic variation were less than 1. Type [l allelic loci of Xwmc707 were significantly positively correlated with
HI of 1000-kernel weight, of kernel length, and of kernel circumference. The average values of HI of the grain traits in
wheat varieties ( lines ) with type Il allelic variation were higher than 1. The results showed that allele | of Xwmc622
and allele II of Xwmc707 were superior alleles of wheat heat tolerance, which provided reference information for
molecular marker-assisted breeding for wheat heat resistance.

Key words: wheat; allelic variation; molecular markers; heat tolerance
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TTTTCCTTTG-3', Xwmc707-R: 3'-TCAGTTTCC
CACTCACTTCTTT-5',,
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(Xwmc707 ) iB K 30 s, 72 CHEAH 20 s, 35 MEHF;
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Table 1 Variation analysis of heat sensitivity index of
wheat kernel traits

PRI BME O RKE BRRE
Trait Min. Max. (%)CV
TR HHAUEAE AL HI-TKW -2.60 3.23 0.581
AR B PR A HI-KL -5.32 10.58 2.370
KPR TE BE VSR AT HI-KW -0.67 2.78 0.778
FPRLER RS E HI-KS -1.24 3.50 0.859
AR AR S HI-KC -2.12 4.44 1.040

HI-TKW:: Heat sensitivity index-thousand kernel weight, HI-KL: Heat
sensitivity index-kernel length, HI-KW : Heat sensitivity index-kernel
width, HI-KS : Heat sensitivity index-kernel surface area, HI-KC: Heat

sensitivity index-kernel circumference, the same as below

2.2 /hE Xwme622, Xwme707 S Firid &M TR
B HnE

X187 AN/INAZ fiv Pl ( ZR ) 1y 2R TR A O e FiL Uk 43
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1000 bp 1000 bp
700 bp

500 bp 700 bp
400 bp 500 bp
300 bp 400 bp
200 bp 300 bp

1 2 3 4 5 6 7 8 9 10 11 12 13
1: % 27;2: RS804; 3: 742 9259; 4: 3 3 2, 5. hEE; 12 3 4 5 6 7 8 910 11 12

6: fif 50115 7: FHE 1398; 8: 44K 12-070; 9: H 668;
10: £ H092-324; 11: fiif 08 W 29; 12: 47 10-183;
13: Marker, T I .10 &2, R IA]

1: %7 18;2: RS804; 3. £7 H092-324; 4 i 08 W, 29; 5. h[E
6: £1 10-4332; 7: H 668; 8: 1 6172 (115 95-6172 ); 9. ¥4k 9311;
10: #f 50113 11: SH299; 12: Marker

1: Zhou Mai 27, 2: RS804, 3: Jinfeng 9259, 4: Sumai No. 3,
5: Chinese Spring, 6: Heng 5011, 7: Tiannuo 1398, 8: Jinhe 12-070,
9:Cao 668, 10: Shi H092-324, 11: Heng 08 Guan 29, 12: Jinfeng 10-
183, 13: Marker. I, I, Il : Stripe type, the same as below

E1

S FERIE Xwme622 38 H B SR

Fig.1 PCR fragments amplified with marker Xwmc622

1:Jining 18, 2: RS804, 3: Shi H092-324, 4: Heng 08 Guan 29,
5: Chinese Spring, 6: Shi 10-4332, 7: Cao 668, 8: Han 6172
(Han 95-6172 ), 9: Henong 9311, 10: Heng 5011,

& 2

11: SH299, 12: Marker

SFHRRIE Xwme707 3738 H B BBy

Fig.2 PCR fragments amplified with marker Xwmc707

F2 #HINEEM( R )ENTRER
Table 2 Allelic variations of wheat varieties ( lines )
SR S SN AR S SR S
Allelic Allelic Allelic
i variation type i variation type ik variation type
Name —  |Name — | Name —_—
Xwme Xwme Xwme Xwmc Xwmc Xwme
622 707 622 707 622 707
A58 733 Shixin733 I M ||4:7K 12-155 Jinhe12-155 m I || KL 405-2 Dalid05-2 m I
#5265 Ji5265 m I |[8901BC5S3-1-3-6 I M || JokE 427 Dalid27 m ]
B 509 Shanmai509 I I |[8901BC5S3-3-9-4 Il I ||F5-11-2 1 1
47K 748 Jinhe748 mm I [|8901BC5S4-1-3-2 m I ||E42-03-5-3-1-2 I ]
47K 9123 Jinhe9123 m I [|8901BC5S4-1-6-4 Il m ||131-03-3-1-3-2 m I
47K 4857 Jinhed857 m I ||Befl 225BC4S3-3-8-1 m I ||3%& 85 BC4S2-4-11-1 I I
47 6164 Jinfeng6164 m I ||Shanyou225BC4S3-3-8-1 Jingdong8haoBC482-4-11-1
47K 0459 Jinhe0459 m I ||02P067 i} [ [|5& 82 BC4S2-5-1-2 i I
4:7F 5032 Jinfeng5032 I I |[92R137-1-1 1 m ||Jingdong8haoBC4S2-5-1-2
4:7F 7183 Jinfeng7183 mm I |[NAU28 I I ||k 3197BC3S2-1-3-2 m Il
47K 96023 Jinhe96023 1 T ||F34< 09P16 Nannong09P16 I Il ||Nongda3197BC3S2-1-3-2
437 7178 Jinhe7178 m I [|[NAU617 I I ||#Z£ 9 5 Zhongmai9hao 1} I
47K 8211 Jinhe8211 m I ||CP02-63-13-1 Il I ||f7 B08-5341 ShiB08-5341 I I
47K 9237 Jinhe9237 I m ||CP20-39-11-1 I I [|YB66180 I I
4:7F 4208 Jinfeng4208 I I ||Cp02-8-5-6-2-1 I} T [[14& 055849 Shannong055849 I I
4:7F 9229 Jinfeng9229 I I ||Cp20-38-4-3-2 I I |{05CA349 m I
47K 10-140 Jinhe10-140 I I ||k 10-1 Dalil0-1 i IT || ih4 055843 (1l14k 22) I I
427K 8431 Jinhe8431 m I |[JohE 178-1 Dalil78-1 I Il |[Shannong055843 (' Shannong22 )
437K 8515 Jinhe8515 m I ||k 201-1 Dali201-1 I I |[HF 05-5093 Han05-5093 Il
427K 10-158 Jinhel0-158 m I ||Fki313 Dali313 I I ||3%3 585 Jimai585 m
4R 12-089 Jinhe12-089 m I ||#F 4087 Gaofengd087 I T |47 06-6136 (f14 22) m
47K 12-389 Jinhe12-389 m I ||kE 103 Dalil03 m I ||Shi06-6136( Shimai22 )
4K 12-110 Jinhe12-110 m I ||FkE 183 Dalil83 I I ||# 08 W 29 Heng08Guan29 I I1i
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Name — | Name — | Name —_—
Xwme Xwmce Xwme Xwmc Xwme Xwmc
622 707 622 707 622 707
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CH6002 B 9236 Gaomai9236 # 3 805 Lunxuan805

% 76005 Lian76005

% 05152 Lian05152

#77 34 Yumai34

JE 2% 25 Zhoumai25

JE 2% 26 Zhoumai26

JE| 27 27 Zhoumai27

JE|Z7 28 Zhoumai28

12 6099 Luo6099

4% AKS58 BainongAKS58
H 4 4330 Bainong4330
oA 19 Jimail9

WE§ 16 Jinanl6

114¢ 1455 Shannong1455
K2 66 Liangxing66

77 18 Jining18

114¢ 14 Shannong14

JAA 361 Yanyou361

1B 02-6018 Han02-6018
1§ 6228 Han6228

1B 8062 Han8062

1B 05-4860 Han05-4860
1i84¢ 351 Hannong351

fif 04-4358 Heng04-4358
lif 05-4444 Heng05-4444
i 06 WL 522 Heng06guan522
fir 7228 Heng7228

7 0628 Heng0628

7 05 M 216 Heng05guan216
7 5362 Heng5362

b2 7 % Xingmai7hao
J¥Z 6 % Xingmai6hao
AL 8 5 Shijiazhuang8hao
L4l 17 Shiyoul7
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A 608 Xiyou608

#rAZ 10 5 XinmailOhao
FiL 1804 Gaoyoul804

S - T — T — O — R R — R — I — R — R — T — T — I — I I R — T — I — I — R — I i e — e T T |

= 200 E 0 B EHEEEEEE = EHHE ===

115 08-6012 Han08-6012
L 379 Jimai379
4 9093 Henong9093
774 366 Wanfeng366
£745 10-2 Shiluan10-2

1 H09-7075 ShiH09-7075
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4 2018 Linyou2018
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CA0996

JfiZiE 02-1 Shiluan02-1
KAE 588 Tianhua588
5 09-4061 Heng09-4061
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17 18 Shimail8

1 06U-4532 Shi06U-4532

147 828 Shixin828

fi 8966 Heng8966
B 9204 Kenong9204
Bl 213 Kenong213
Bl 199 Kenong199
AR 1093 Kenong1093
Rl 3106 Kenong3106
e 717 Jifeng717
% 185 Jimail85
L 518 JimaiS18
LB 6 5 Jizibhao
JITiZE 09-1 Shiluan09-1
FLIT 02-1 Jishi02-1
47 15 Jinmailhao
47 3 %5 Jinmai3hao
A4 4198 Henong4198
4% 58-3 Henong58-3
4% 829 Henong829

S N - - - - - -
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A = 22 %

2.3 Xwmc622, Xwme707 5 PR IS E A
KB

X Xwme622 43 FARICY 3G H 14 3 Fly AR )
SRR R ) OB B AT R T, S5 R R,
| EUE S VAR i b A EG AV 2 O S YA ) Y i
BORUFPRLE K AR A 2 R 00 3R -0.219 -
0.204 . -0.211, M BF TSR, RN T FIEENA
5 RPR K PR ORIk R R T AR RS R A
KRB -0.152,-0.176, - BETA LR, X

R3 Xwme622 FMERRBEIHIERABIEHNEXRE

VLSO Y | L R GRS R T RVSEAAL S
TR EHBRFE R A C RO 0.212, 224% 1 2 IEAH
KK F [RlAE, T RS 5 kR PR R
7 2 TR PAUERFS B R ] K R B A 6 F
B4 0.146.,0.161.,0.163, 5 B FH FA KR, 1
RUSET AT ST/ N b L 22 S IO L s T BB S5 457
TR EE PVERFE B R R ERFE B s B AR
JEFEE AP T AN IAERF R BRI JR] K AR S B
KMARE (FR3),

Table 3 Correlation coefficients between Xwmc622 allelic variations and heat-sensitivity index of kernel traits

ARSI R AR AL AT R B IR 54 FPRLTE B PR AL HPRL A T AR £ FPRLE K HE 5L
Allelic type HI-TKW HI-KL HI-KW HI-KS HI-KC
| -0.219" —0.152" -0.204" -0.176" -0.2117
0.212" 0.146" 0.126 0.161" 0.163"
m -0.025 -0.017 0.050 -0.010 0.019

TR AR RIFRIRAE P<0.05 il P<0.01 AKCF- B EMK, TR

"and” indicate significant correlation at P< 0.05 and P<0.01 levels, respectively, the same as below

Xt Xwme707 735 FRic§ 4 1 3 Fii kR
RPRLEAR A B A T SR AT, 4R R, |
A8 S N7 5 5 TR PR AR R
B RPRL 8 P TR B R R T AR B R
SR PSSR BARISMEA B 5 TSR TR

PUBHS BRI RECH —0.148, S B E AR 1%
FEHAAY T R R A0 AR S5 MAVSE 7 f 5 TR
IR R PR B PR B AR F K B K
FHEZBT 914 0.149.,0.150.,0.169, 5 G EAE, T
RUZENIAV S R/ N AR AR (3 4 ),

R4 Xwme707 FEM TR LB EIHIERRBIEHNEXRE

Table 4 Correlation coefficients between Xwmc707 allelic variations and heat-sensitivity index of kernel traits

ARSI TR TR AL FPRLC B2 PR 5L APRLTE E PR AL AP T AR £ FPRLE I PR 5L
Allelic type HI-TKW HI-KL HI-KW HI-KS HI-KC
I 0.019 -0.004 -0.032 0.001 -0.043
-0.148" -0.134 -0.073 -0.098 -0.125
m 0.149" 0.150" 0.103 0.107 0.169"

2.4 Xwmc622, Xwme707 ¥ FIRICEM T S M
N

X4 FIA B Y Xwme622 FRic iy 1 1
SN BRI AT T B AN [ S 5 S R
R T R B R R PR B AR T
JE HRRRAE B P RL i A EE FIORURF 7 2 1 AR A%
FERRI 225 . A5 R, 2R T AR A8 S /N A
i Pl CER D) R R MR PR BOT B # = T 1
[ JSIUSEA AR S /N2 A (2R ) IR P bR AR
FEECEEHERART 15 B R SRA A8 5 (9 /N Az b
FiCR ) IAPRL A IR AR BOF AR LT 1,
BT BSOS 5 /N MBI R L 25 AR Pk R

B HAT TR/ INZZ BERHE] AR R PR Bl R 22 57
2R AEAL AR S iR 1T B S50 A8 S ) b )
Z I Fr A AR IR B B s A 2, S B
T A7 7% S B A B HAE R 5 B PAER R B F P ]
KBS EOX 2 MERABIR S E R B T
hr T PR B R PR PR B8 R R T R AR

RHGX 3 MR R R R 22 S A E (R S5),
PO EOR ARG S RPN B i 22 | PR 5L
/N DU) SR R R . PRI, Xwme622 7
Fric iy 3 AL b, T AR S5 28 S5 (1) /N A2 b
BEZ IR, T SRR S RS AR 5
BATIZE AU AR AT BE FARE 77 58 .
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£S5 Xwme622 EMTRHIFFRHBISHES T

Table S Analysis of heat-sensitivity index of kernel traits by Xwmc622 allelic variations

AR TR R R e RaR NEREYSER KPR SEREEIE R FPRERTAEE R PR
Allelic type HI-TKW HI-KL HI-KW HIKS HI-KC

I 0.81+0.74b 0.24+2.12b 0.71 £ 0.62b 0.71+0.75b 0.58+0.93b

I 1.17+0.51a 1.30+227a 1.10+0.77a 1.15+0.84a 1.17+0.97a

m 1.01 = 0.44ab 1.05 = 0.79ab 1.05+0.79a 0.97 £ 0.93ab 1.00 = 1.10a

AR FEZIRIE 514 0.05 KFTF 2252 (LSD ik ); + BiGEUERR T + baifE2s, T

Different letters indicate significant differences at 0.05 level in the same column ( LSD method ) , the values before and after + represent mean and

standard deviation, the same as below

G Xwmc707 9734 w7 B XS /N b R4 28, X
AR T /INZE B RE 5 A KRR BRsR g Btk A 7
Jr AT, R R, T B  RRHS TR
T80 2 AN G557 1 M R R R F R R AR B e 2
SEINEE, TRV B 2 [RDFER PR R IR G R £ 1Y

£ 6 Xwme707 EMTRHIFFRHBISHES T

b EE PR AR B R R R BE PR B R R K A
BAs =R B (£ 6), HIL, Xwme707 4> T F5
IR 3 AR, T RISE AR S 1 /INAZ b Rl 2
SRy SRR, T 2H Y 547 A8 S 11 /N Z2 M L 22 Sk AV
B

Table 6 Analysis of heat-sensitivity index of kernel traits by Xwmec707 allelic variations

A S Ty SR 4L AP PR FE AL FERE G FE TR 4L AP 2 TR IAERAE 4 AP PR PR L
Allelic type HI-TKW HI-KL HI-KW HI-KS HI-KC
I 1.06 + 0.57ab 0.91 +2.33ab 0.95 + 0.85a 1.01+0.99 0.87 + 1.04ab
I 0.96 +0.61b 0.68 + 2.56b 0.97+0.78a 0.94+0.87a 0.89 + 1.08b
mm 1.17 + 0.44a 1.54 +2.05a 1.15+0.73a 1.16 £ 0.83a 129+091a
3 it FEAEBAHETT, Pinto 25> TN Xbarc186 ¥/ N2 FF

R SERE By - s A UE TS Y
i, ST AR iCH B E RO N B A
(PR R AR, 4 e TR /N2 3 7 X i ) S T 3
. SSRARIC (R ER JFH ) i TIHA M) I
P 2 A R R B SRR RS IR T, )i L F
TP 57 F 3 Bre TE Rk AR & FitRl v, ok
P XY SSR A 1 A2 A i (1) ik A 20 B U
HE PR RE AR, /N T P 2 22 R 4
il 1 52 24 B0 PR, 5 MR A DG 4 AR et
BRI, R RWRZ IR R —A R
Tt $A 2 5 HE Ao IR TR /N 2 RV R R,
/N F 72 R B, Barakat 2520 F] H Ksu106 ( fiif
) TR B 2 (B ) 2381 F, BEAAREHE R
12 4~ 5 32 ( Wme24 . Wme168 . Wme326 . Xgwm30
Xgwm456, Wmc25, Wmce44 . Wmc94 . Wmcl61 .
Wme273 ., Wme327 ., Xgwm566 ) 5 F, MAZF I 2 []
8 1m0 1 23 b EL A 1 B S 2 L IE] SSR AR ICAs &
J B3 A AT T 5 5 PR I GH R AT O 1Y o3 T
B, /N I IR ) S e de bR . I3 (/N A2

FEIT . Sunil 2512 U0 B E R0 /N A R A
WH730/%2 HD2733 1152 6% 2A | Xgwm388-
Xwmc407 M FFRICE 1) QTL kA N R [ e
SR, LR/ Sy FARie S5 /N2 TR PR AH G
A EN TN T F A ic i B &

/N R Y e (AR S X R S TR AR 5, 01
Fric Xwme622 fii T 4D Yeafk, +2EZM4 T /M E
T &5 A i A 2 B, Xwme622 S 5 |
FBE TR K T EL SRR A it 1 S i A e 2R
PED, A BIE 5T 2 W Xwmce622 15 /1N 22 KR bk
POBFEHOE VI LT, 3 FhRid Xwme707 £ F 4A
gt i, X/ A BRI R R
Fric Xwmc707-4A 75 2 2 AR FK 3 %045
BB AR A i 1) P 2 SR ORI TR R i T A7
P8 RORA E A OE P AT LA Y, Xwme622 5
Xwmc707 1YY o AR X ] BE & A 24Ptk
FASCIFEA  FEARAE P rh B2 2R .
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