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QTL Analysis of Wheat Gluten-Related Traits
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Abstract: To explore the quantitative trait loci(QTLs) related to wheat gluten traits, the red-grained
wheat Yang 97G59 and the white-grained wheat Sumai 6 and their derived 189 DH lines were used as
materials, and the quality parameters such as wet gluten content, dry gluten content, and gluten in-
dex were measured in two years, and the high-density genetic linkage map of single nucleotide poly-
morphisms(SNPs) was used for QTL mapping. The results showed that a total of 30 QTLs related to
gluten traits were detected by complete interval mapping, distributed on 17 chromosomes except 1A,
1B, 3D, and 6B. A single QTL could explain 3. 0% —25. 0% of the phenotypic variation. Among
them, 18 QTL synergistic genes are derived from Sumai 6, and 4 QTL synergistic genes are derived
from Yang 97G59. Two stable QTLs controlling wet gluten content, QWGC. Zhjas-2B. 1 and
QWGC. Zhjas-6A. 1, were detected, with an explainable average phenotypic variation of 20. 67 % and
7.07% . respectively, and three stable QTLs controlling dry gluten content, QDGC. Zhjas-1D. 1,
QDGC. Zhjas-2B. 1, and QDGC. Zhjas-6A. 1, with an explainable average phenotypic variation of 5. 0%,
19.77% ., and 6. 17 %, respectively. One stable QTL controlling gluten index was detected, QGIL Zh-
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jas-3A. 1, with an average value of explainable phenotypic variation of 10. 87 %.

Keywords: Wet gluten content; Dry gluten content; Gluten index; QTL mapping
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Table 1 Phenotypic analysis of gluten related traits in parents and DH lines
JEA Parent DH % DH line -
PR AEA TR A IR &
Trait Year # 97G59 I 65 4 {E R AH s/ IME %/ﬂri;i)le hﬁfoaffﬁenﬁ/
Yang 97G59 Sumai 6 Mean Maximum  Minimum N eritability/ /o
coefficient/ %
L TR A5 o 2022 38.65" " 24.08 34. 35 48. 85 20. 48 16. 60
v 47. 87
Wet gluten content/ %5 5053 39.53" * 30. 40 10. 32 53. 05 29. 65 11. 09
T i A o 2022 12.43** 8. 30 11.12 15. 85 6.63 16. 99
N 52.22
Dry gluten content/ % 543 12.58" 10. 10 13.03 17.05 9.75 11.74
T A 45 5 2022 59. 31 98.45* * 62.52 99. 50 31.08 21.74
N . 45.70
Gluten index 2023 66. 38 98. 67" - 72. 66 98. 35 53. 42 12.37

* xS0 AR ] — 4R PR AR TR 0. 05 A1 0. 01 K B2 5 B,

* and * * indicate significant difference between the two parents within the same year at 0. 05 and 0. 01 levels, respectively.

2022 02023 BFH
ESRESHFHE ESRESHT-E) ESKBSHTIE)
Normal test parameter(mean) Normal test parameter(mean) Normal test parameter(mean)
Mean=12.08% SD=1.62% Mean=37.34% SD=4.77% Mean=67.59%  SD=9.98%
Shapiro-Wilk W = 0.991 Shapiro-Wilk W=0.989 Shapiro-Wilk W=0.979
0., P=0301 P=0.169 %9765(9}(%%&#39.090@ o300 770332 gorasoctin=62.85%
[ wmen  FOTGSCTIH=1251% HHEE Yang 97G59(Mean)=39.09% 0- Yang 97G59(Mean)=62.85%
P 20% Yang 97G59Mean)=1251% (CEHT0=27.24% 025 .
i 6 . Sumai 6
Y Y g O15] Mean)=27.24% o HHE6SCEHIN=98.56%
9 0.2 g ' 9 0.20 Sumai 6(Mean)=98.56%
o o
2 2 I g =
g ¥ I 3 3 0.10 8 015
0.1 \ iy ¥ 0.10
K A I R o0s K
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Fig. 1

Frequency distribution of gluten traits of the DH lines in different years
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Table 2 QTLs related to wheat gluten traits

JURES s . N PR
’Efi ?e{i QTL Posi{{\ilo%/cl\/[ Mafﬂli}e’f %tl?rval L%)(I;Dvﬁ_[ue PVE/% jﬂé%ﬁ%f
WE S 2022 QWGC, Zhjas-2B. 1 35. 5 chr2B172500000~ chr2B182500000 18. 90 25.00 21.43
Xﬁi;ﬁf‘;ﬁz QWGC. Zhjas-2B. 2 149.9 chr2B742500000~ chr2 3753500000 5.45 6.10  —1.87
QWGC. Zhjas-4D. 2 59.1 chr4D289500000~ chr4D297500000 4.75 5.20 —1.35
QWGC. Zhjas-6A. 1 12.9 chr6 A57500000~ chr6 A73500000 5.41 6. 00 1.41
QWGC. Zhjas-7D. 1 2.7 chr7D10500000~ chr7D16500000 1.29 .70 —1.66

2023  QWGC. Zhjas-2A. 1 136.1 chr2A675500000~chr2A685500000 6.50 7.80 —1.28

QWGC. Zhjas-2B, 1 35.5 chr2B172500000 ~ chr2B182500000 15. 96 21. 60 13.06
QWGC, Zhjas4B, 1 76.3 chrdB375500000 ~ chrd B382500000 4,10 5,10 —1.17
QWGC, Zhjas-5D. 1 101. 9 chr5D500500000~ chr5D511500000 3,07 3.50  —0.93
QWGC. Zhjas-6A. 1 12.1 chr6A57500000 ~ chr6 A73500000 7.35 8. 90 1.39
}C. Zhjas-7B, 1 0.7 chr7B1500000~ chr7B10500000 3.82 4,40  —0.97

B QWGC. Zhjas-1D. 1 91.9  chrlD454500000~chrlD465500000 - 5.8 470 118
Overall mean QWGC., Zhjas-2A. 1 136.7 chr2A675500000~ chr2 A685500000 3.99 3.30 —0.93
QWGC. Zhjas-2B, 1 35.5 chr2B172500000 ~ chr2B182500000 15. 89 15. 40 12.22
QWGC, Zhjas-1D. 1 44,7 chrdD219500000~ chr4D230500000 1,01 330  —0.95
QWGC. Zhjas-5B, 1 110. 1 chr5B550500000 ~ chr5B551500000 4,93 4,20 1.15
QWGC. Zhjas-5D. 1 101. 7 chr5D500500000~ chr5D511500000 4,27 3.60 —1.00
QWGC. Zhjas-6A. 1 12.3 chr6A57500000~ chr6 A73500000 7.27 6.30 1.22
QWGC. Zhjas-7D. 1 2.7 ¢hr7D10500000 ~ chr7D16500000 6. 48 5.60 —1.52

CFEE SR 2022 QDGC. ZhjasID.1 93.7  chrlD450500000~chrlD475500000 - 310 3.00  0.34
g)rnylfit‘/“i/? QDGC. Zhjas-2B, 1 35.5 chr2B174500000~ chr2B183500000 19. 81 23. 90 6.95
QDGC. Zhjas-2B, 2 149. 9 chr2B743500000 ~ chr2B752500000 5.05 500 —0.58
QDGC. Zhjas-1D. 1 59.1 chrdD291500000~ chr4D301500000 4. 40 4,40 —0.41
QDGC. Zhjas-6A. 1 13.7 chr6A53500000~ chr6 A71500000 5.19 5.20 0. 45
QDGC. Zhjas-7D. 1 2.7 chr7D9500000~ chr7D18500000 5.93 6.00  —0.62

2023 QDGC. Zhjas-ID.1 92.5  chrlD450500000~chrlD475500000 508 6.30  0.41
QDGC. Zhjas-2A. 1 136.7 chr2A679500000~ chr2 A681500000 9.17 12.10  —0.54
QDGC. Zhjas-2B, 1 35.5 chr2B174500000 ~ chr2 B183500000 14.48 20. 50 4.34
QDGC. Zhjas-5D. 1 85.9 ¢hr5D422500000~ chr5D433500000 3.83 470 —0.35
QDGC. Zhjas-6A. 1 11.9 chr6A53500000~ chr6 A71500000 6.10 7.80 0. 44

BEEE QDGC Zhjas-1D. 1 91.5  chrlD450500000~chrlDA75500000 - 5.80 5.0 0.44
Overall mean QDGC, Zhjas-2B, 1 35.5 chr2B174500000~ chr2B183500000 13.63 14. 90 4,05
QDGC. Zhjas-2D. 1 15.5 chr2D73500000~ chr2D85500000 4,63 4,50  —0.36
QDGC. Zhjas4B, 1 110.7 chrdB549500000 ~ chrd B562500000 1,06 3.90 0. 45
QDGC. Zhjas-6A. 1 12.9 chr6 A53500000~chr6 A71500000 5.54 5.50 0.39
QDGC. Zhjas-7D. 1 2.7 chr7D9500000~ chr7D18500000 8. 41 8. 60 —0.62

CmEiEs 2022 QGL Zhjas-ID. 1 92.5  chr1D458500000~chrlD469500000 3.65 6.50  —3.72
(lrll‘:i;“ QGI. Zhjas-3A. 1 142.1 chr3A649500000~ chr3A718500000 3.97 7.10  —4.36
QGI. Zhjas-7D. 1 16.3 chr7D75500000~ chr7D86500000 5. 30 9. 70 4.45

9023 QGL Zhjas3A.1 130.9 chr3A649500000~chr3A718500000 810  16.80  —3.73
QGI Zhjas-7D. 1 16.1 chr7D75500000~ chr7D86500000 3,60 7.00 2.51

BT QGL Zhjas-2B.1 1 chr2B70500000~ chr2B71500000 - 3.60 500  —2.59
Overall QGL Zhjas-3A. 1 142, 1 chr3A649500000~ chr3A718500000 6.08 8.70  —3.46
e QGL Zhjas-4B, 1 76.3 chrdB376500000 ~ chrd B385500000 4,40 6. 20 3.05
QGI. Zhjas-5D. 1 84.5 ¢hr5D418500000~ chr5D430500000 4,78 6. 70 2.83
QGI. Zhjas-7A. 1 7.1 chr7 A28500000~ chr7 A37500000 7.23 10.50  —3.68

PVE.BtH%K,

PVE: Phenotypic variation explained.



o 1144 # K F W

EE %46 &

A 7.07% IR A T % 6 5 :QWGC.
Zhjas-7D. 1 MIQWGC. Zhjas-5D. 1 78 B/~ R 55 Fl
ST (E g R I B R R B R S QTL, Wl fif
N34 RS S 43502 5. 15 %0 Fil 3,55 %6 , Hog
ROER R B TRAY 97G59,

RGN 10 AT m A& R QTL, B4 1
£ 1D, 2A . 2B.2D.4B.4D,5D,6A. 7D 4§ 9 £ e (afik
LB QTL W BRI R IUAR 511 3. 0%0~23. 9%,
QDGC. Zhjas-1D, 1,QDGC. Zhjas-2B. 1 Fl1QDGC.
Zhjas-6A. 1 £ 2 A~ 0 355 A1 S ¥ (8 A 35 4% 46 )
2 3 AMEE N QTL, 36 RIS 557 34 fit B R
BA5.0%.19.77% A1 6. 17 %, Hs s L R ok A
T 6 5 ;QDGC. Zhjas-7D. 1 TE B35 55 1
SIS BRI B O R BT R R QTL, KA
SRR BERN 7. 3% KW HE LA T
97G59,

ek W ] 7 A 1w A e A QTL, BT 4 A 1
1D.2B.3A.4B.5D.7A. 7D % 7 &y ik b, 0]
B R RAR S/ 5. 0% ~16. 8% . H P QGL
Zhjas-3A. 1 T8 2 A58 AT Y(E A g6 i 2],
& 1 AMRUE QTL, FRAVE SV S ff B 10. 87 %,
HIGEE K A T8 % 6 5. QGL Zhjas-7D. 1
TE 2 A EREE o X B R B, S BB W, QTL,
RIS SR BN 8. 35 %0 I ALKk B T
¥ 97G59,

3 Wik

JINZE TRy T T A 0 BRI LT T A A D A
J5 £ T A3 46 0 7E PFAN /N 22 it Bt iy 5 AT ) 25 11
M, HEA BAMER R R YO TN = 0om
T g JBT o BRE /IS 22 TS R N BT A Y 35t A% A 0
T ik B B A EEAR T N b i
A3 it SO R 5 7 R A2 i PR R AR E 19 G HE QTL
o XL /AN oy FE A BA B2
50 (B . ASBIF S bl o R A SR AR & DH #F 4
() 22 31 5% b i 26 B0 % B L9 L T o A A R L o A 9
By 2 PR PR L W T A A e T A O A I
P A BB T St AL SR ¢ e o L R TR Y
T TRT At I A AR A7 a1 T R MR LR
LS, X SE R E R R 8. &
KM BT T T A T I i T e 50
BB E A, XS Li &2 Tian 20 HF 50 45
T3, b et AR AT W A R R I A A
B I A S M 8518 AN — B0, 31X 0T RE S5 0T 5T A R

MIANTE A G, — e BT A Ay o T 7 7 & F BT 4 A
SR FE7 /0N A2 i o e T B 0 R TR IR L R A ]
VAT SRR T T A3 4% A o5 19 RS — o 2 iR
Fi/INFE TR /INZE RN T B R TR SR S T
B A v BB AL T — A g &Pl 2 e
B, /N2 i J5 B R DI TR el L T A R S R
it AL — 3 SR R T A0k F R X, O R R
AN E I R R TR AR

JINGE R TH A A i QTL fE L4 b )iz 4y
A3 AN TRVAIF 52 00 457 1 DX T 5 1 30007 e R e kA7 7
WG 25 5. ok 4l AR DY F A DY Chen
R0 I s DY R I B R TE 2A L 2B,
AA6A G5 Z 5 g B IR il T T A A A A O
QTL,H 4 v 5 9 B IX 8] 5 A F 9% 45 0 22 ¢ 5%
Ko BEFEWFSEAE 2BL6A Yo fR % a2 () 18 1 i AH
S T AL B X B, 5 AR 5T 4 E Y 2B
YAk 3 3008 E LS QWGC, Zhjas-2B, 1(177. 5~
178.5 Mb) 1 6 A e RN SHQWGC. Zhjas-
6A. 1(63.5~64.5 Mb) THE & X, LibBwA;
AN T A i B E ) B . B & 2
B R AL Fa g L X T B HTE 1 T RE A A5, T
E SRR R A A R AL RS R T
22 W0 TR 353 JBE 35 A A0 9 5L A R A /0N 22 B G
RGO R AR TR A AR AT, 2 — 25 U
AN TR) 3845 15 S5 AR AT 42 0 4 1Y) TET A 5 O 3 A%
Ao RHAE T A 48 B T A B QTL &
(RN SRS R E R SR ik b = L N 5
AR X LS #E B 4 F B A . Barakat 0
XA AR G I R T S i QTL & ML FoE 4%
M BN T 2A.2B.2D. 6D, 1B %L &Y
W B Z R A AR e 22 A AR, AR
16 1D.2A.2B.2D,4B.4D.5D.6A . 7D £ 5 4L {4
A 1K #) 1 T A S A 6 QTL, I 0 i i
QDGC. Zhjas-1D. 1.QDGC. Zhjas-2B. 1,QDGC.
Zhjas-6A. 13 A~ 5 PR35 Fa a8 3R 38 19 1E ) 19 &L A
M. P A X ] L X, 3 AN A% 0 6 5 3 IR
TH  JE TR E 0 T A A i DI RE A A A ROR
A0 T T A B 1 AR ST A R AR L A PR 1 3 A%
BILT A BT 5 49— ) o4 R PR AL T DG B R PR 5L

T 757 6 B VA 1 7 5 S 5 0 T P Y A
S (=1 N : (- [ 1 W =0 SN S IS 7 o I A
. MiIANCTE 1A 1B.3A6A 1D 23
iR e th 2 A A 4R B0 ¢ QTL, o rf Bara-
kat 881 %0 4K A5 34 AN FE B0 OC QTL L&

izﬂ.s.w—zs.se‘



EoleR|

Ik 2 SIS < /N2 TR AH AR B QTL 43 47

« 1145 -

A5 PR BE AR R 3k 1 D BB A7 45 Tian 485 [ Li
SELOI 3 N AE TDLTA Ye € 4% 0 1 15 2] f080 0 45
B A U B X ] 5 AL R0 25 5 . AR
WFFE S HAT SA Y@k 710. 5 Mb b A2 %E £ 2%
57 B QGIL Zhjas-3A. 1,1% A 5 5 Barakat 21 4
TE Y 3A G R Th e A X [H] <% {2 o H & L B
TCVEHN G J A5 A TRl IR AR S 7 . 45 2R R TH i
BB SRS A0 A L R A2 R 5 T e g
TESR A 7R L gL Sy S A T AR BT i 43 R AR AL
ML T 2B

ENTERSTRUE SIS E SNE SR =k b
Br, FEAG I E) 30 AT A i BT AH 5C QL. fifi 16 15 2
6 DIBERSE 1A% O DB B A4S 2 A T R
R3O T A R M 1 A T A e B O R
QTL, S5 5E K &N 3 B R B AR BT R A 95 22 6
SOTER T 18 AN IE ) M AL SR AL L L 45 97GE9 BT
BR T 4 A TE [ RSB R B T RS SR A Y
it BB A A AN A 0 BTN 2 R A R L B AL T
MO AR ORI T2 7 — R
il o i T A AR RS QTL, A s B 5
SE T R PR I IO 5 L SR T B TR o B st A%
BB SE SR B L Ry /N F2 i B Ay 5 B R AL TR
R AR R IR S 0 FARid . A IZ IR
FIVHRL QTL A& 5E % 1 /N Il it Jo 3t % 94
PR ABAAEAE W] 0 SR BR 1 . & e A WE R A5
B QTL #2638 8 7 4% O 7 15 IOKG 4f E 67  f6
3 3 PR i 128 5 D) g B HiE 1 A R L 43 I 45 AL
W IIRS . RS ORI B— DH BEA, 5t 4%
W oEE S A AN S BT RS NS F A
MY 28R 2 RSB RIE. f&)q, A5
A 53 A B AN A5 ST 35 A RO A 48 s A A
A Rk R - B 5 A 9 A 1 4% X LA P T A
W RRNS T, BXT EARR R,
Ji £ A Bl SR AS I 9 4 2 1 R E BT QTL JF Je I
U

SE Wk

[1]Royo C,Soriano J] M, Alvaro F. Wheat: A crop in the bottom
of the Mediterranean diet pyramid [ M]//Mediterranean Iden-
tities-Environment, Society, Culture. London:InTech,2017.

L2y g, 05 A8 BRIBUAN , &5 o BN 22 700k kR 5 R i
(1. R 2241, 2018.8(1) 199,
He Z H.,Zhuang Q S,Cheng S H,et al. Wheat production and
technology improvement in China [J]. Journal of Agricul-
ture ,2018,8(1):99.

[3]Chen J H,Zhang F Y, Zhao C J,et al. Genome-wide associa-

tion study of six quality traits reveals the association of the
TaRPPI13L1 gene with flour colour in Chinese bread wheat
[J]. Plant Biotechnology Journal ,2019,17(11) :2106.

[4]Barakat M N, Al-Doss A A, Moustafa K A, et al. Molecular
detection of QTLs for flour quality traits in two doubled hap-
loid populations in spring wheat under heat stress [J]. Cereal

Research Communications ,2020,48(4) :525.

[5]Simmonds N W. The relation between yield and protein in ce-
real grain [J]. Journal of the Science of Food and Agricul-
ture »1995,67(3) :309.

[6]Torbica A, Antov M, Mastilovic],et al. The influence of chan-
ges in gluten complex structure on technological quality of
wheat( Triticum aestivum 1..) [J]. Food Research Interna-
tional ,2007,40(8) :1038.

[7]Li C L, Dhital S, Gilbert R G, et al. High-amylose wheat
starch: Structural basis for water absorption and pasting properties
[I]. Carbohydrate Polymers 2020 ,245:116557.

[8]PuZE,Ye X L.Li Y,et al. Identification and validation of novel
loci associated with wheat quality through a genome-wide associa-
tion study [J]. Journal of Integrative Agriculture ,2022,21
(11):3131.

[9]Tian Y S,Liu P P,Kong D Z,et al. Genome-wide association
analysis and KASP markers development for protein quality
traits in winter wheat [J]. BMC Plant Biology.2025,25(1) :
149.

CTOJ R T, B 5t vty , -5 1 6 , 56 /0N 22 W ThT 5 5 &2t 00 1T 9 i 308
3 WL ). AR 24, 2011,37(9) : 1701,

Tang ] W,Yin G H,Wang L N,ez al. Inheritance of wet glu-
ten content and gluten index in wheat [J]. Acta Agronomica
Sinica ,2011,37(9) :1701.

[11]Peterson C J, Graybosch R A, Shelton D R, et al. Baking
quality of hard winter wheat: Response of cultivars to envi-
ronment in the Great Plains [J]. Euphytica »1998,100(1):
157.

[12]Nigro D, Gadaleta A, Mangini G,et al. Candidate genes and
genome-wide association study of grain protein content and
protein deviation in durum wheat [J]. Planta ,2019,249(4) :
1157.

[13]Doerge R W. Mapping and analysis of quantitative trait loci
in experimental populations [J]. Nature Reviews Genetics »
2002,3(1) :43.

[14]Sun H Y, Li J H,Fan Y D, et al. Quantitative trait loci
(QTLs) for quality traits related to protein and starch in
wheat [J]. Progress in Natural Science ,2008,18(7) :825.

[15]Li Y.Song Y, Zhou R, et al. Detection of QTLs for bread-
making quality in wheat using a recombinant inbred line popula-
tion [ J]. Plant Breeding »2009,128(3) :235,

[16] Plessis A, Ravel C, Bordes J, et al. Association study of
wheat grain protein composition reveals that gliadin and glu-
tenin composition are trans-regulated by different chromo-
some regions [J]. Journal of Experimental Botany,2013.
64(12):3627.



+ 1146 -

I (7]

EE %46 &

[17IMuhu-Din Ahmed H G, Sajjad M,Zeng Y W ,et al. Genome-
wide association mapping through 90K SNP array for quality
and yield attributes in bread wheat against water-deficit con-
ditions [J]. Agriculture ,2020,10(9) :392.

[18]Hao S Y,Lou H Y,Wang H W.et al. Genome-wide associa-
tion study reveals the genetic basis of five quality traits in
Chinese wheat [ J]. Frontiers in Plant Science, 2022, 13
835306.

[19]Johnson M,Kumar A, Oladzad-Abbasabadi A.er al. Associa-
tion mapping for 24 traits related to protein content, gluten
strength, color, cooking, and milling quality using balanced
and unbalanced data in durum wheat [ Triticum turgidum
L. var. durum (desf)] [J]. Frontiers in Genetics,2019,10;
717.

[20]Li Z,Li X L,Liu S H,ezr al. Identification and validation of
quantitative trait loci for seven quality-related traits in com-
mon wheat ( Triticum aestioum 1..) [J]. Theoretical and
Applied Genetics ,2025,138(3) :57.

[21]Deng Z Y, Tian J C, Chen F, ez al. Genetic dissection on
wheat flour quality traits in two related populations [J]. Eu-
phytica »2015,203(1) : 221,

[22]Liu T T, Liu K, Wang F F, ez al. Conditional and uncondi-
tional QTLs mapping of gluten strength in common wheat
(Triticum aestivum 1.) [J]. Journal of Integrative Agri-
culture ,2017,16(10) :2145.

[23]Sun X X, Liu T T, Ning T Y.et al. Genetic dissection of
wheat kernel hardness using conditional QTL mapping of
kernel size and protein-related traits [ J]. Plant Molecular
Biology Reporter2018,36(1) ;1.

[24]Wang Y Y.Zeng Z K,Li J C,et al. Identification and valida-
tion of new quantitative trait loci for spike-related traits in
two RIL populations [J]. Molecular Breeding .2023,43(8) :
64.

[25]McCouch S R,Cho Y G.Yano M,et al. Report on QTL no-
menclature [ J]. Rice Genetics Newsletter 41997 ,14:11.
(265 MR Rg . 0 o 28, 2% J5C, 5% TS RIL F A oh /s 22 K7 AL 4 B0 AR
FMR QTL E {2 S KASP 4510 IF & [T, E# %4t , 2024, 50

(7):1669.

BiJ G,Zeng Z K, Li Q,et al. QTL mapping and KASP
marker development of grain quality-relating traits in two
wheat RIL populations [J]. Acta Agronomica Sinica ,2024,
50(7):1669.

L2703k Bt . /INAE 43— 38t 4% BT 335 1 4 At B Bt IR 3k I8 (2 [ D].
F2 N AR AR K 24,2008 1 80
Zhang K P. Construction of wheat ( Triticum aestivum 1..)
molecular genetic map and QTL analysis [ D]. Taian: Shan-
dong Agricultural University,2008:80.

(28 kw46 . ¥ 22 &, X e At 55 T 377 4 06T TG 6l 79 2 o B %
7 AR AR L] TR I R 2005(6) - 44,

Geng L N,Pan D Y, Liu G M,et al. Effects of gluten index

on flour products and it”s guidance on production [J]. Flour

Milling ,2005(6) ;4.

[29]EJEHE. /INE T8 BT s e R R Bt R A2 )] i AR kol

K224l CHARBERRD . 1995.26(3) -394,
Wang X Z. Influence factors and improvemental ways on
wheat processing qualities [J]. Journal of Shandong Agri-
cultural University (Natural Science Edition) 1995,26(3) :
394.

[0 RHER AT RN, . BA/NE TEMBAES K

0L R R L], B TR AL, 2017 (1) 1150,
Song W F,Yang X F,Song Q J,et al. Relationship between
the main quality connotation in strong-gluten wheat and end-
use quality [J]. Heilongjiang Agricultural Sciences, 2017
(1) :150.

(314 R, PO £ /N EZ M BEARS 87 B2 QTL & 2 F 5%
[DJ. %2 P Al K2, 2012140,

Li H M. The major quality traits analysis and QTL detection
of hexaploid wheat in southwest China [D]. Yaan: Sichuan
Agricultural University,2012:40.

[32]5k A 4k & . TR, 4. PN A &K AKS8/Z 1 4 ST A

38 A GE /N i IR QTLLT . AR bR %41, 2023, 38 (1)
23.
Zhang D H,Xu X,Wang Y J.et al. Mapping of quantitative trait
loci for quality traits using recombinant inbred line population
derived from bainong AK58/Bima 4 in wheat [ ]J]. Acta
Agriculturae Boreali-Sinica ,2023,38(1):23.

(33 EHZ VP, EHAE,%. TH 4 550K L E I3 Faos

K F BRERL G BT PR B H QTL 43 M (). w5 ARl 2% 41
2021,52(9):2391.
Wang Z J.Xu N L,Wang X H,et al. Analysis of grain quali-
ty traits and their QTL using F2.; pedigrees derived from
Ningchun 4 X Hedong black wheat [J]. Journal of Southern
Agriculture ,2021,52(9) :2391.

(3407 5 52, W IDe 7, 5K 42 0, 55 AR /N 22 P R0 32 8 B MR 1 4
KA TR T [T, P E AL B2 . 2021.54(19) : 4033,
Yan Y L,Shi X L.,Zhang J B,et al. Genome-wide association
study of grain quality related characteristics of spring wheat
[J]. Scientia Agricultura Sinica »2021,54(19) 4033,

(35 TR EB I . EATM A7 2, 55, P22 /N3 i B2 XINGS5 X i /M &

i AT 13 AT AR E AL A A8 R (RILs) B A A7 5 5 A 56 IR
QTL ENLLT]. 4l AW HAR 24,2014, 22(5) :561.
Shen W N,Wang Z L, Yang R,et al. QTL analysis of grain
quality related traits using recombinant inbred lines (RILs)
derived from the cross of Triticum polonicum L. line XN555 X
T.aestivum L. line Zhong 13 [J]. Journal of Agricultural
Biotechnology 2014,22(5) ;561.

[36 XA, Fe ToH 22 26 10/ 22 S S0 T My B G T s I T
By QTL 23 B[ DJ. I H 2% . 2024 . 26.

Liu M J. Nested population construction and QTL analysis of
wheat flour processing quality based on Xinmai 26 [ D].

Kaifeng: Henan University,2024:26.



