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Preliminary mapping of the stable QTLs associated with wheat grain size
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Abstract: To explore more stable quantitative trait loci (QTLs) associated with wheat grain size, this study used the
recombinant inbred line population derived from the cross between Yangmai 158 and Xifeng as the material. By integrating
four consecutive years of multi-environment phenotypic data on grain area, grain length, grain width, and grain length-to-
width ratio, together with genotypic information from a 55K single nucleotide polymorphism (SNP) chip, a mapping analy-
sis was performed to identify stable QTLs associated with wheat grain size. A total of 16 stable QTLs were identified,
including three, seven, four, and two QTLs significantly associated with grain area, grain length, grain width, and grain
length-to-width ratio, respectively. These QTLs were distributed on the 2A, 2D, 3A, 3D, 4A, 4B, 4D, 5A, 5B and 5D
chromosomes of wheat. A single QTL can explain 3.60% to 19.60% of phenotypic variations. Among them, QGA.jaas-3A,
QGA.jaas-4B, QGA.jaas-4D, QGL.jaas-3D, QGL.jaas-4D, QGL.jaas-5B, QGW. jaas-2A, QGW .jaas-4B, QGW jaas-4D, and
QLWR.jaas-5D were newly discovered QTLs. These stable QTLs related to wheat grain size can provide assistance for
marker-assisted selection or molecular design breeding of high-yield wheat in the middle and lower reaches of the Yangtze
River wheat region.
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Table 1 Grain traits of the population and parental lines

B(F 1) BoR, FAG A 158 5V5RH LL, 7eFFR
L R B RO R 5 B S5 A7 e 3 22 57, P XUKT
KL FER /N T 4 158 0 = 3% 2 [kFhE K 58 L
ZRARRE, FHARRTEFPRIE A FPRACEE Rk
BB RVRPRA 5 L S MR Y SR e,
KA ZE SO 8 AR A IEES 0, RIX
Se PR I JE 22 3k PR g il i B R B AT T3
AL 4 0. 45 .0. 59.0. 36 F10. 47,

A H 20 H A R RFA

EH AR

P % 158 = 2N R iy i W 7
2019 KRB (mm?) 14.30 14.99 10.83 18.72 14.36 0.03 0.07
2020 13.42 16.97 11.84 19.35 15.11 0.39 0.20
2021 13.63 16.69 12.81 18.12 15.18 0.29 -0.35
2022 15.80 18.39 11.62 19.92 16.33 -0.03 0.08
2019 FFR A (mm) 6.06 6.55 5.44 7.16 6.19 0.44 0.35
2020 5.89 6.77 5.34 7.32 6.29 0.25 0.23
2021 5.80 6.60 5.39 7.03 6.14 0.31 0.47
2022 6.48 6.99 5.73 7.33 6.65 -0.11 -0.06
2019 FPRLYEBE (mm) 3.01 3.25 2.42 3.51 3.06 -0.25 -0.35
2020 2.97 3.34 2.65 3.55 3.11 0.07 0.14
2021 2.98 3.28 2.86 3.60 3.17 0.18 -0.24
2022 3.18 3.50 2.55 3.78 3.23 -0.15 0.57
2019 KIEtt 2.01 2.02 1.70 2.46 2.04 0.34 0.05
2020 1.99 2.03 1.75 2.51 2.03 0.27 0.48
2021 1.95 2.02 1.72 2.24 1.95 0.09 0.22
2022 2.01 2.05 1.76 2.54 2.08 0.56 0.76
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Table 2 Correlation analysis on grain traits between years in popu-

lation
AHIC R AL
PR AR
2019 2020 2021
R T AR 2020 0.42
2021 0.41 0.45
2022 0.47 0.43 0.53
Rk BE 2020 0.54
2021 0.52 0.65
2022 0.60 0.62 0.63
K 8 2020 0.38
2021 0.34 0.34
2022 0.34 0.39 0.44
KFEH 2020 0.48
2021 0.40 0.62
2022 0.39 0.57 0.50
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Table 3 Correlation analysis between grain traits in population
EHy LN MR APRKE FRISERE
2019 Kb K 0.76
FPRLTE 0.85 0.33
Kyt -0.29 0.39 -0.74
2020 KPR i 0.85
KPR T8 i 0.81 0.42
KIEL 0.06 0.55 -0.52
2021 kLK B 0.86
FPRLFE 0.84 0.47
KIEL 0.02 0.51 -0.52
2022 KPR 0.76
KPR TE 0.85 0.33
KIEL -0.26 0.41 -0.72

2.2 FFRIK/MEX QTL EfL

BT 4 MEERE RHARRR RN R A BE
T R Ggt A e B I B | R MapQTL R0 x /N A2
FERLR/ ARG QTL TR 28 5E 7, 45 2R s, A b
FUENLE 16 > 5 /N2 kL /IR SC Y 7] B 52 1Y
QTL, H:H QGA.jaas-3A . QGA. jaas-4B F1 QGA. jaas-4D
34 QTL BONEGIE  7E 4 MEFERIRERIN 2] | AR
*4

INEFFRIR/IMERTRE QTL ERREERBKE AT THEMLER

F AN FR R QTL I i BE3.60% ~ 19. 60% 1Y 3 4 AR
54 SFIE T BN ERE QTL T A B 7.40% ~
17.50% 3R B 5 (3R 4) o S/NE PR AR G
(A E A QTL I i3] 20 4>, Hidb 7 4~ QTL 7E 4
ANAFFE P RE R E K B, B2 0E QTL 25l 434 1 2D
3A 3D 4A 4B 4D 1 5B YL o fk |- B4R FE Y BAAS
FarE QTL A] il F3.60% ~ 11. 40% I 2 I 75 S 4 4%
BB HT B AR E QTL Al BES.50% ~ 12. 20%
RIS H/NERFRLTE A G ] B QTL 3k
SERLE] 12 4>, Horh 4 4> QTL 78 4 S 4E B KRB AG
B 430 T 2A 4B 4D F1SA Jefafk b e
QTL, B 4F B /) B S F2 5 QTL W fif B¢ 3.80% ~
14. 90% MR IUAS 5 4 AEIEA 7B B S e QTL
AT RE8.20% ~ 14. T0% W RIS 5/ AFRLA
e LA AT A QTL S 3] 13 4, Hh i T
5A F1 5D Bt fhiy 2 AMERE QTL 7E 4 M FE g
RIL, AR B RS FR o QTL 1T ff B 8.20% ~
19. 40% (MR 7 4 AEERG 40 BT SR FROE QTL
Al ffERE17.10% ~ 17. 30% B R AR 5 itF— 25 0 #r
BRI, VA FEABIRERE QTL h, 5P kLT AL R kL
K BE KRS8 BE AR DG QTL 7 5 oy 247 iy s A
WA 158 JEHAI TR,

Table 4 Mapping results of stable quantitative trait loci (QTLs) for wheat grain size across different years and joint analysis

2019 4 2020 4 2021 4 2022 4 A b

QTL #F& Lop TERERCMME o mRER ik fERR Wb WERSE ke R it

SEEENCONEE (R CONE AN CANE - (A OO N (AN C AN 4
QGA. jaas-3A 2.35 4.00 0.27 2.30 3.90 0.27 5.25 8.90 0.31 2.95 4.90 0.30 4.42 7.40 0.27
QGA.jaas-4B 4.95 8.20  0.38 4.07 6.70 0.36 8.33 13.60 0.42 8.05 12.80 0.48 11.24 17.50 0.04
QGA.jaas-4D 4.56 8.70  0.41 5.22  10.10 0.47 10.53 19.60 0.53 7.38 11.90 0.48 11.14 17.40 0.41
QGL.jaas-2D 2.13 4.50  0.07 5.12 10.80 0.12 5.68 11.40 0.10 3.71 7.60 0.09 5.89  12.20 0.10
QGL.jaas-3A 2.77 4.70 0.07 2.79 4.70 0.07 4.37 7.40 0.07 5.82 9.50 0.09 5.23 8.60 0.07
QGL.jaas-3D 2.94 6.50 0.09 3.94 9.30 0.12 3.13 7.50 0.08 2.70 6.00 0.08 4.78 10.80 0.09
QGL.jaas-4A 2.92 5.00 0.07 3.57 6.50 0.09 4.12 7.00 0.07 2.60 4.70 0.07 4.61 8.10 0.07
QGL.jaas-4B 3.70 6.20 0.08 5.03 8.20 0.10 5.89 9.80 0.08 5.34 8.70 0.09 6.99 11.30 0.08
QGL.jaas-4D 4.54 7.50 0.08 4.38 7.20 0.09 4.99 8.30 0.08 6.83 11.10 0.10 7.23  11.60 0.09
QGL.jaas-5B 2.61 4.80 0.07 2.22 3.60 0.06 2.27 3.90 0.05 2.21 3.70 0.06 3.26 5.50 0.06
QGW.jaas-2A 2.12 4.00 0.04 3.01 5.20 0.04 5.69 9.50 0.04 3.05 5.10 0.05 4.98 8.20 0.04
QGW.jaas-4B 3.32 5.50 0.05 4.18 6.90 0.04 9.17 14.70 0.05 3.47 5.70 0.04 8.88 14.10 0.05
QGW.jaas-4D 3.17 5.30 0.05 3.60 6.00 0.04 9.21 14.90 0.05 3.28 5.50 0.04 8.49 13.50 0.05
QGW jaas-5A 5.51 9.10  0.06 2.28 3.80 0.03 8.24 13.60 0.05 4.06 6.70 0.05 9.24 14.70 0.05
QLWR.jaas-5A 5.18 8.50 -0.04 6.72 10.80 -0.04 11.56 18.20 -0.04 5.64 9.20 -0.04 11.03 17.10 -0.04
QLWR.jaas-5D 5.15 8.50 -0.04 6.47 10.50 -0.04 11.92 19.40 -0.04 4.97 8.20 -0.03 11.49 17.30 -0.04
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Table 5 Differences in grain traits of plants pyramiding all stable QTLs

2019 4 2020 4 2021 4 2022 4F T
(2N 4 i 4 i 4 i 14 i bid
B TH B TH = TH H TH H TH
X Y (%) X Y (%) X Y (%) X Y (%) X Y (%)
TEHHFREA (mm?) 1398 1505  7.63 1452 1550 724 1458 1590 9.08 1586 17.15 809 1474 1592 801
SERAPRACE (mm) 604 651 778 603 664 714 595 627 529 646 687 632 612 653 663
SEATRLTERE (mm) 297 318 715 304 320 499 306 328 695 316 336 610 306 325 630

X RAEFIE QTL AR AYHE K B 55 7 AL R BUAR ] 5 . RAEFEE QTL AR AL R B 547 4 158 SR BUAIR]

*6

INEFFRIR/MBERTEE QTL L E S B MER QTL HEELLKRER

Table 6 Comparison of the positions of stable QTLs related to wheat grain size with previously reported QTLs or genes

el inace PR

QTL 44 /% (eM) (Mb) QTL [X[8] BRI QTL B2
QGA.jaas-3A 136.84~137.76 23.68~23.90 AX-111150500 ~ AX-110430620 -
QGA.jaas-4B 41.06~41.09 430.92~431.27 AX-111623649 ~ AX-109866370 -

QGA.jaas-4D 100.08 ~ 100.64 132.96 ~342.79

QGL.jaas-2D 23.09~24.30 617.64~619.31
QGL.jaas-3A 138.73~141.16 22.81~23.28
QGL.jaas-3D 62.64~65.35 65.77
QGL.jaas-4A 96.34~118.36 621.78
QGL.jaas-4B 41.06~41.09 430.92~431.27
QGL.jaas-4D 97.25~97.77 43.06~43.28
QGL.jaas-5B 46.64~48.38 486.90~487.25
QGW.jaas-24 67.61~88.26 608.87

QGW jaas-4B 38.99~38.99 414.44~416.27
QGCW.jaas-4D 97.77~98.67 43.28~57.07
QGW.jaas-5A 45.24~46.84 30.65
QLWR.jaas-5A 57.55~57.55 152.89 ~265.00

QLWR.jaas-5D 133.66~149.48 188.83

AX-109519900 ~ AX-108920279 -
AX-111576783 ~ AX-108858130 QKl.nwafu-2D.21 1)
AX-111493359 ~ AX-108749743 QKL.ndsu.3A.12]
AX-89547630~ AX-109961765 -
AX-109456475 ~ AX-110989658 QSL.wa-4AL
AX-111623649 ~ AX-109866370 QGl.cau-4B-1'%!
AX-94784513 ~ AX-95117307 -
AX-110588422 ~ AX-110532317 -
AX-109622666 ~ AX-109330900 -
AX-110050889 ~ AX-108810932 -
TaARF25-5A"4]

AX-95117307 ~ AX-94578696 MQTL16M7) |

AX-111509179 ~ AX-110607280 MQTL18!!7)
AX-110712743 ~ AX-109383607 -

AX-110619828 ~ AX-94426668 -

~FORLEMRIE R QTL sl LA

3 e

= AR AN AR R/ TS QTL B2 i it
FEERIRIMCR A, B8 BT A 5E QTL AL,
{HZ %0 QTL A7 H A MR SR Y Rl AL, AR R ] 1
TE/NZE o TR BE R A SEBRI I . ABFTER T

R RR Z2 258 (SNP) i 8 BE I8 AL 113 25 & 4 4R
2 A2 R AR IEAE , (YIERL ] 16 S5 /NAEHF
KRR BIRRE QTL, Herfr 3 /> Sk i £R o 2
FHIR T AN SRR BE 25 A5G (4 > 5 RFRL 5 L
FRR 2SRRI B E AR, ANE T H
MR AL T BN S B HAR QTL,
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et fR2A Y fik2D Pt fi3A Qi fA3D PefifR4A
TR BRI BRI BN TR A
(cM) (cM) (cM) (cM) (cM)
0 AX-109405059 0 AX-110293313 0 AX-110460191 0 Y AX-94522514 0 - AX-109895634
AX-109900454 4.9 AX-108914422 6.5 AX-111049994 0.4 AX-110555702 1.5 AX-109324882
1.6 AX-111610554 5.7 AX-108784363 6.8 AX-110035889 159 AX-108951432 16 AX-109385065
1.9 AX-109434737 99 AX-111452151 2311 AX-109932282 16.6 % AX-94556662 2.1 AX-110925416
2.0 AX-109940674 153 AX-109363258 242 AX-110547750 35.0 I AX-89592287 237 AX-
26.6 AX-110490034 19.5 AX-111733722 252 AX-108762191 383 4| | AX-108907834 475 AX-
26.8 AX-108856983 209 /@ AX-108759657 339 AX-111699446 448 |f AX-95220409 503
29.9 AX-109947672 226 AX-109404964 38.9 AX-110501011 485 A [k AX-109324006 579
30.0 AX-111522491 23.1 AX-108858130 39.4 AX-110526674 50.5 ¥ [ AX-109971456 627
30. AX-110505093 243 AX 111576783 40.1 AX-111147880 60.1 § AX-109502304
300 AX-110109766 248 AX-TTTT62265 43.9 AX-109274942 60.7 Y& AX-111760163 62.8
- AX-109573463 33.0 AX-111705929 525 AX-110363242 60.9 d FAx-109615182 63.0
AX-109881886 36.5 AX-109078529 532 AX-110390986 61.0 4 4X-111087309 631 4
33.1 AX-109852316 379 AX-110906716 575 AX-110153926 612 \F| 4%-108814800 65.11
AX-109359690 382 AX-108827772 58.1 AX-95629673 “\ WAx-110234451 65.4 1
132 AX-111584885 46.6 AX-111759825 59.6 AX-111627621 62.6 AX-108977327
: AX-110602968 50.4 AX-111134429 60.5 AX-110672868 SN AX-89547630 o 65.6
AX-110424435 614 AX-111348648 61.6 /B AX-109333835 65.4 AX-109961765 65.8
133 AX-109306411 65.4 AX-110586878 62.5 B 4X-109295136 66.6 AX-109905770 65.9 AX-109474997
: AX-109298422 67.0 AX-109408646 63.5 I B 4X-109879188 67.2 AX-108811533 66.1 AX-108798136
AX-110990485 68.5 AX-111796708 64.4 4 RAX-110414853 67.4 AX-109842327 66.5 AX-111045592
33.4 AX-108895787 69.4 AX-110530017 65.7 § | AX-109882628 70.6 Q' 4X-111666894 67.4 AX-109391536
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Fig.1 Distribution of the stable QTLs associated with grain size on chromosomes
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