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Effects of High—Molecular—Weight Glutenin Subunits and Agronomic Traits on Bread
Wheat Quality Parameters
Jin-Kyung Cha', Dongjin Shin?, Hyeonjin Park', Youngho Kwon', So-Myeong Lee', Jong—Min Ko®, and Jong-Hee Lee?’

ABSTRACT Improving flour quality is one of the major targets of wheat breeding programs. This study determined the
optimum high-molecular-weight glutenin subunits (HMW-GS) to improve flour quality, and analyzed the correlation between
agronomic and quality traits in Korea. A total of 180 wheat varieties, including 55 Korean and 125 foreign cultivars, carrying
various Glu-1 alleles, were evaluated for their quality and agronomic traits. Results indicated that Glu-41b, Glu-B1b, and Glu-D1f
were the most prevailing alleles for each G/u-1 locus for Korean wheat cultivars. Korean wheat cultivars recorded shorter days to
heading (DTH) and longer days to maturity (DTM) compared to foreign cultivars. In addition, an interaction effect was found
between Glu-A1 and Glu-B1 alleles on several quality parameters. The combination of Glu-A1c and Glu-B1i showed a higher
protein content, dry gluten content, and higher sodium dodecyl sulfate (SDS) sedimentation value than other Glu-A41xGlu-B1
combinations. Cultivars carrying Glu-41a or Glu-A1b, Glu-Bli or Glu-Blal, and Glu-D1d for each Glu-1 locus exhibited a longer
mixing time and stronger mixing tolerance. The DTM positively correlated with the protein content, gluten index and SDS
sedimentation value. However, a negative correlation was observed between DTH and quality traits. Owing to the above results,
this study suggests that an increase in the frequency of Glu-B1i or Glu-Blal, Glu-D1d coupled with a short DTH and long DTM
could significantly improve wheat quality properties.

Keywords : agronomic traits, high-molecular-weight glutenin subunits, quality, wheat

Yo peuet 4 20) F3oin), Qe WARE A AL §% 29l o413 ArKGao ef L, 2020)
Bojol W24 5 Oop FBAES e 4vE We 29 guge a4 2Rdds 2elokd 1F0
TH(Vancini et al., 2019). WO FAE +FAAT HEo] 7t 2 U (Shewry, 2009), 1 5 AW A d7 7 A4
& 8% £F 51 5 shioln, &4 U FF NI o] & A& FFHdoltkIslam ef al., 2019). SFHd>
9ol T S EREe) T A UM ULINE & 1A 2REUIMW-GS)T ARA 2R ULMW-GS)
A4 5 Wrlee] BAS Flsh W o5 BAS W o THEed, HMW-GSE Wel Al S4E & 4w
A7l A7t o] Fo A gktk(Kiszonas et al., 2018) . 5}A] = WAk ofyzt LMW-GSoj Blaf Tz o] Fejef Aol
W olelE BAES WA AANE AR SAE AS  Bolsh] BRo] KEmzaBA A ol88 + Ut
& EAOA AElE ARels 5] BAS MR Wl (Rasheed er al. 2014). HMW-GS 248 AAsh= 4
wofl W2 A} =sES AR ) netA §F7ES = I 1A, 1B, 1D FMA| B9| Glu-Al, Glu-BI, Glu-DI
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7 B4 A0E e 2 AW E4o] 943 HMW-GS
2A4E YL Glu-1 F AAE Laskith. 19 A+
of W= Glu-A1, Glu-Bl, Glu-D1 Z}Z+9] lociol| A Glu-
Ala®} Glu-Alb, Glu-B1i®} Glu-Blb, 718)1l Glu-D1d2]) 3
A77E Eke) Zeh A BT HMW- GS 24 1he) 4
HHAE 93 A1E2 FFHCE Glu-1 A7t =2
Ael5o] 7Rt ohg} thE B SHE Soelthe
A3 Payne of al. (1987)9] 0] 2L SIus}olc). vhulz
Tl 22 P, wao] AR D AHS BT Glel
A4 Ao AAadA 7 93l (Park ef al., 2002; Vancini
et al., 2019), W4Tz vk = Glu-AloNA Glu-1 3
27F 7V =2 Glu-Alao] 74 =3tcHLuo ef al., 2001).
3tH Payne ef al. (1987)9] 7|& Glu-1 &4 Ao EGE]
oQIA| ¢S Glu-Blf, Glu-Blal S-0] %35 A28 Glu-I
A A A7 SRE 7| = S tH(Wrigley ef al., 2009). Glu-
BIf9] 9 712 alleleEXR v} thald slaFo] =11(Park et
al., 2011), ¥ A A7 Spsivhe A+427t
Q1A th(Branlard et al., 2001). Vancini et al. (2019)+= Glu-
Blalo] T+2 o] Glu-BI allele Bt} 258 7F@} o8]
TLef it wES QH Aol erhal Hrtskglen, 53] Glu-Ala
Glu-Blal-Glu-D1d Z3o|A o] F74A #4 540 7H4
gsaiciaL aholct.

ghH Kaya et al. (2014)2] A-FollA T2 ghgfo] =2
HMW-GS 2418 7171 4952 thild gepo] we
GS 24€ 7 AQSR 2240] Wskeh K
(Q014)% o] e huie] okr} Ao BAE $AXE
o] ;I FO Aol Sl& Aolgkar ket AA
2 go] vt e ofg] dAoA FFHoE WIS
I} o] Aol Q= Ao 2 UEMGTHBordes ef al., 2008,
Aydin et al., 2010; Carter et al., 2012; Abdipour et al.,
2016). ¥ Mohan ef al. (2015)0] Q=] o] zuj =]
oA AT v Tl T HES el 0T A4
A7 YA 9hokal, diolAe HEsa 22 &
FHEas W pPoe G nAA] oA T
Td=S =0l major QTLO] A 7| %= 5} th(Terasawa
et al., 2016). T2 Fhek2 THAfo] L S4UpTt A
2 1= 3(Mohan er al., 2015), HAA7H= A20l} o2
A Hol= S(Maich er al, 2017), 4 EXAS
3t o] YowME A T tet Az o
A7 Qe Aow dEFlch Slfoli= A
7] a2 A2 T 1o A e wE v 5
= Stof] gt A= QUSley, YRkl Au
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al., 2013; Son et al., 2019).

2 AFOAL theFet HMW-GS 243 59 34& 0
o Q) AES of-gsto] = Al 2H o4 HMW-
S 24T 5 FHol 44 F4 S nAe 9F=
stk 012 Fal AMAAol 943t nEY W E
913k HMW-GS 243 247, 447 2 A9
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Al xHE U M] ZAL

A gz 43 5 3 FF5 9 AF 55F 3% Colano
(IT205880), Garnet (IT205495) 5 53 AR LA E o] 4]
Hok wko o429l 125%, & 180EFS ALgsglc) &
FE= 20184 104 2493} 20199 104 250 HAF
oH AR B FEE ARl A4 A
30 x 12 em& ZT}3}aL, N, P,0s, K:OE 9.1-7.4-3.9 kg/10a
2 AJu]3to] Aulstict 2018/20198 Aul A7]9] Bt 7]
22 9.6°CE HthH] 0.7°C E9L1, ¥4 74k 3244
mm=z HAH] 582 mmA It} 2019/2020 8 A=) A]7] 9]
Wt 7182 9.1°CE i}t Zokom, =2 ek 415.1
mmZ FEAH] 45.7 mm etk E571, A57), B, 4
H, FEE, AESY JESe w2UEH AF2AHEA
7|ZRDA, 2012)0f w2}t AR OH, Sedes IF
Z|BRE ST Y] AR, Asdes gl
&7 8] Aoz ALbstt

.

=

HMW-GS =d &M A Glu-1 E+ Ft

HMW-GS ZAJ-& Shin ef al. (2020a)2] "y of waf SDS-
PAGE®} Lab-on-a-chip (Agilent 2100 bioanalyzer & protein
230 kit, Agilent Technologies, Waldbronn, Germany)=- ©|
83)) Baalal, thA] STSQF KASP B3 2| E o] 83 94
L Il Glu-A1 AL UMNI19 Glu-Alx1/2*
u}#| E(Liu et al., 2008; Rasheed ef al., 2016), Glu-Bl %73
2 cauBx642, BX7°" 866 _SNP, ZSBy8, ZSBy9a u}#E(Xu
et al., 2008; Rasheed ef al., 2016; Liu et al., 2008), 717
T Glu-DI 23S UMN26, Glu-DI_SNP 1}AZ o] g3 &
Qlstl e, o5 ukAE Shin e al. (2020b)°] ol whe}
A5t Glu-1 A4+ Payne et al. (1987)2} Shewry et
al. (2009)2] A Aol utat AAksLY S ™, Bx7°] over-
expression subunit 7°%+8-2 Wrigley e al. (2009)o] uw}z}
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temperingd}o] A~ A|E7|(Brabender Quadrumat Junior mill,
Brabender OHG, Duisburg, Germany)= A|&35}o] 2019
Bt 76.1%, 20209 B+t 74.1% Al & WIHFE 29
o} ARG WIERe] REERe AACC method 44-15.029
e} 2451, Gl SRS LECO FP628 (Laboratory
Equipment Co., St. Joseph, Mich., USA)2 ¢]-&3] AACC
method 44-30-019¢) w2} L3R THAACCI, 2010). Tzl
WS YW WE HY AUL WIR SRYFS 14%
7lEom HASHITh

Wet gluten®} dry gluten 3+, gluten Index+= Glutomatic
2200 (Perten Instruments AB, Huddinge, Sweden)S ©|-&
3to] AACC method 38-12.02 (AACCIL, 2010)0] wje} =4
stdth. A= Axford ef al. (1979)¢] Wo g 243}
fov, A Fe 3 g AT

k= EAS AACC method 54-40.02 (AACCI, 2010)o wh
2} b Rk 448 745l wa 1 sZ(10 g Mixo-
graph, National Manufacturing Co., Lincoln, NE, USA)&
ALE5Eo] 105259 HHE35to] =43 & MixSmart software
(v.2.0.609)2 3] WF=AZHMPTI, Midline peak time), Ht
29 7t =& YEM)= MPV (Midline peak value)@} MPW
(Midline peak width), ¥F=9] HAHAL YEeEUl&= MTxV
(Midline time x=8 min value)2} MTxW (Midline time x=8
min width)9] 72 43 4282 AACC method 54-40.02
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HMW-GS =M

=W 2 2= A+ 1809 HMW-GS 2/4d& #4135 4
1, F AL Glu-Al 24X Glu-A1b7} 47.3%E 7}
2 ukok 31, Glu-Alc7}t 41.8%, Glu-Ala7} 10.9% S TH Table
). =9 AL Y HE Glu-Adla T Glu-AIbE 74X 1 Q)
2. 014(93.6%), Glu-Alc E 7} AHYL 6.4%= At Glu-
Bl 2AoA 2 AHLE 63.6%7} Glu-BIbE 7HA Ao 2
VERF T, Glu-BleSt Glu-BIf7} 242 16.4%9.2 9, Glu-Bli
2 7 YL 212008, Glu-BlalS 7H AL 10 DS
HR 442(IT269033) 0.2 z}z} 1x}o|gich vhH o=t ¢
o A2 st Glu-BI allele2 7HA] 3L 9lQl=t), E3)
Glu-b1iZ 7}2 24o] 35702 Glu-Blc (497)) thgo =
ko, Glu-BlalZ 71 AL SHE YerEdt). Glu-DI
ZAo| A ZUY ALY Glu-DIfE 747 o] 52.7%= 7}
W2 W 9 AL Glu-DIdE 71 AFdo] HA| <

Table 1. High-molecular-weight glutenin subunit distribution of 180 wheat cultivars used in this study.

) Glu-1 Korean Others Total
Locus Allele Subunit
score  Number Frequency % Number Frequency % Number Frequency %
Glu-Ala 1 3 6 10.9 49 39.2 55 30.6
Glu-Al Glu-A1b 2% 3 26 47.3 68 54.4 94 522
Glu-Alc N 1 23 41.8 8 6.4 31 17.2
Glu-B1b 7+8 3 35 63.6 25 20.0 60 333
Glu-Blc 7+9 2 9 16.4 49 39.2 58 322
Glu-B1 Glu-BIf 13+16 3 9 16.4 11 8.8 20 11.1
Glu-Bli 17+18 3 1 1.8 35 28.0 36 20.0
Glu-Blal 79%+8 5 1 1.8 5 4.0 6 33
Glu-Dla 2+12 2 5 9.1 9 7.2 14 7.8
Glu-DI  Glu-D1d 5+10 4 21 38.2 112 89.6 133 73.9
Glu-DIf 2.2+12 1 29 52.7 4 3.2 33 18.3
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Table 2. Distribution of quality traits of 55 domestic and 125 foreign cultivars.

Korean cultivars

Genetic resources

Trait”

Mean® Range SD Mean Range SD

Glu-1 score 7.3%** 4—12 1.9 9.3 4—12 1.3
Protein (%) 12.2ns 9.7—18.1 1.6 11.8 9.8—16.0 1.2
WGC (%) 28.3ns 59-513 10.9 27.5 6.1—-51.9 9.3

DGC (%) 10.5ns 2.4-205 4.1 10.5 2.6—20.7 3.6

Gluten Index 66.8%** 23.2-96.1 16.6 52.3 15.4—88.0 16.6
SDSS (mL) 47.Tns 254-73.6 11.1 45.7 28.7—171.0 11.3
MPTi (min) 3.8%H* 1.8—7.9 1.2 5.9 22-9.8 1.6
MPV (%) 12.2%%* 36.3—59.8 4.8 11.8 35.3—-52.2 3.6

MPW (%) 13.4* 7.8—27.0 4.2 11.9 7.0—24.0 3.1

MTxV (%) 39.0ns 27.8—48.8 3.5 39.4 23.1—48.2 3.0
MTxW (%) 7.3%** 39-124 1.7 8.8 42—-154 24

DWGC, Wet gluten content; DGC, Dry gluten content; SDSS, SDS sedimentation value; MPTi, Midline peak time; MPV,
Midline peak value; MPW, Midline Peak width; MTxV, Midline time x=8 min value; MTxW, Midline time x=8 min width.
DSignificant difference according to t-test (*P<0.05, **P<0.01 and ***P<0.001).
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Fig. 1. Density plot of agronomic traits of 55 domestic and 125 foreign cultivars. As a result of t-test, all the traits (except
TN) showed significant differences (P<0.05) between domestic and foreign cultivars. (A) days to heading; (B) days to
maturity; (C) culm length; (D) spike length; (E) tiller number; (F) thousand-grain weight; (G) grain weight/litter.

89.6%2 Aok ofo] whah = AU w8) Ae)
Gh-1 A% W9 85 4- 1280w Poroy), BEds
L 7b7k 7343} 93d o =e] Aele] gt ) 4l
of Hla| §olalA & Ao etk Table 2).

Y 54 H EX 84

S A &7 49 109004 4 30 Afojof &
LA, = A E7]= 449 12004 59 24 A
ol BxEsIITh = A Ht 7= 49 1698
B Eedes 175901%len, =9 Ao wls) 10d

BAThFig. 1A). 457]= = Aol 5¢ 2204 6
79 AbolglaL, o) Ae 59 2404 64 104 Afolof
Hastyleh. Hat A571e Ul Ade] 59 274, =Y &
ol 64 592, I AY9 Ht L@ Y7 =9
AA39Y)el Hlsf 29 AAthFig. 1B). P2 = A
i 72 em, £ AL HF 77 emz2 2| 2AHQ o] Ht 7t
ol = Aol vlal 5 em -2 A& UEythFig. 10).
2 = Aol Hit 9.0 em, =98] Aol Ht 10.6 cm
2 S Aol =9 Aol vl 1.6 em ZSETHFig. 1D).
Bt AYSY AESe 24274 Sl A 442 g, 890 gt



|:1I9|

H
=

AEA =54

=9 A 425 g, 873 go & W S Aol w2 AL
2 UePdthFig. 1E, F). F3as =W A Fat 18.6

A, =Y A Bt 18.0702 FAH SR {23 2po] 7t 1t
EFubA] FdthFig. 1E). 5% 54 § S594(=0.920),
22201 2:(1=0.381), 224H1=0.638), HALZ(=0.717)T} 2]¥]
F(r=0.601)2 A=} 7+ 1% o]l A 2] Adko] Q)3
Ch(data not shown).

S AR A A 122%, =9 A 11.8%2 §-
ot 2Fol 7} YERFA] 99t Table 2). Wet gluten 33} dry

gluten e =] Qo] ZkzF 28.3%, 10.5% AL =4
AL Z42F 27.5%, 10.5%= UEton, FAHCE {9

224 Addak

gk Zpo] 7k UrEbubA] ettt = A-o]
66.8% =1 A 52.30f HISHA= 1% F-2gzollA =S8k
O, Alg BliEE AR W7RY SR Y Aof
95)0lli= PIAIA] Edh= A ATHRDA, 2015). 2= A2
= Aol Bl Ul el oA ASAdo] Wil F&
g AsdeE FESHA B Adder W2 274
GAE Hol Aow YZHE AT = Aol ¥
477 mL, =Q] AFYo] Ht 45.7 mLol AL, F2]gt A}o]
gleh gz vks B4 oA s HESAITHMPT), HH5
AE(MPV 9 MPW)Q} Hh=: QFY =(MTXW) ol A =} AF
=9} A 7F FoJ3t Aol 7t vrebgTh HES AIZES U
Aol Bat 3.8 07 =YAY 5.9% T ARdal, vk A
=5 Yeidl= MPVeF MPWE =y ZFlo] 22t 12.2%,
134%2 = A 11.8%, 11.9%Xc} =9tt} v H e
MTxW)= HA0] 7.3% 2 =R 8.8%0] Hls RA|
Uekstth 4 54 & 9d o (=0.529), =54
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HMW-GS Zdut EF §49| 2

22 B4 48| Glu-Al, Glu-BIF} Glu-DI %40 z+
L Ergolel vAE 4T BAT A, w
S Glu-Al, Glu-Bl, Glu-DI Z}7}+2] Z Ao =
Zpo| 7} WehbR] 9FOFL, Glu-A1xGlu-BI9) AFS 2
493t Z}o]7} YERTH(Table 3). Glu-A19] Glu-Alc
X Glu-B1°] Glu-Ble, Glu-Blf, = Glu-Blid w9
ol 2l sheko| 217 12.9%, 14.0%, 15.2%% o 2 %
oFthFig. 3A). Park ef al. (2002)9} Park ef al.
(2011)2> Z¥7} Glu-Ala, Glu-BIfe] ©iia 3kgfo] thE
allele 2.t} 893174 =chal 31324, Costa ef al. (2013)
T} Dessalegn ef al. (2011)2 Z+2y Glu-Al A3} Glu-Bl
ZAof| w2 Tl okeF Aol SlharL shgith & AlY
o A]+= Costa et al. (2013)T} Dessalegn ef al. (2011)9] <
FAMe} o] Glu-AI°\Y Glu-BI ©E allele?] Failt=
UFERLEA] QFQITH(Table 3).

Dry gluten gFgie 2t2F0) Glu-1 /g0l w& o3t A}
ol&= Weh A 9F8kal, Glu-A1%Glu-Bl 3280 whef
)3}t z}o|7} QlAtTable 3). Glu-Alc ©|HA] Glu-Blf =
© Gu-BIiY) ©f ZH2F Bt 17.2%, 13.0%2 =7 Lehyct
(Fig. 3B). 258l QldAE= Glu-Bl 249 =8 3H(Proportion
of variance explained, 51.9%) Tt Qo W, Glu-Bicd =
28 Qlelas) ohE GBI AR Sela we A
o UehgdthFig 2A). AATS Glu-BI 249 a7}
O} Glu-AIxGlu-B19] A352-4 a3t7} 9lel o, Glu-Bl2)
FAIN54.0%) 7} 43 2H-E BIH24.3%) et ol o] &
7 UrERtHTable 3). WA= Glu-B19) Glu-BIiS+ Glu-

=
S
=2

o |
OEII_H

=L
29
LR

z
Ol
i ™

Table 3. Multivariate analysis of variance of Glu-I loci effect on quality parameters®.

- Protein DGC GI SDSS MPTi MPW MTxW
Effect DF

SS F value PVE SS F value PVE SS F value PVE SS  F value PVE SS F value PVE SS F value PVE SS F value PVE
Glu-Al 2 8.8 2.53 132 645 256 128 697 1.31 4.6 232 1.35 2.6 86.4 21.35%** 322 674 3.06% 13.0 60.1 7.46*** 182
Glu-B1 4 9.7 1.39 146 503 1.00 10.0 7851 7.67*** S1.9 4909 14.28*** 540 725 8.96*** 27.0 93.6 212 181 1493 9.26*** 453
Glu-D1 2 5.4 1.57 8.1 37.3 1.48 7.4 1602  3.01 10.6 238 1.38 2.6 78.3 19.34*** 292 389 1.77 75 78.8 9.78*** 239
(’(l;;:élx 285 2.73* 428 294.0 3.89** 584 1596 1.00 10.5 2204 4.27*** 243 6.1 0.50 23 1335 2.02 258 248 1.03 7.5
Glu-Al x
Glu-D1 6.9 1.33 104 258  0.68 5.1 2076  2.60 13.7 608 2.36 6.7 20.0 3.29*% 7.5 426 1.29 8.2 11.5 095 35
Glu-B1 x
Glu-D1 4 45 0.64 6.8 131 0.26 2.6 962 0.90 6.4 620 1.80 6.8 4.8 0.59 1.8 141.6 221* 274 39 0.24 12
Glu-Al x
Glu-Bl x 1 2.8 1.61 4.2 18.8 1.49 3.7 351 1.32 2.3 273 3.18 3.0 0.0 0.00 0.0 0.0 0.00 0.0 1.5 0.36 0.5
Glu-D1

Df, degree of freedom; SS, sum of squares; PVE, proportion of variance explained; Protein, protein content (%); DGC, dry gluten content (%); GI, gluten index; SDSS,
SDS sedimentation value (mL); MPTi, midline peak time (min); MPW, midline peak width (%); MTxW, midline time x=8 min width (%); *P<0.05, **P<0.01 and

**%P<0.001.
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Fig. 2. Distribution of quality traits by Glu-1 subunits. (A) Gluten index by Glu-BIl; (B) SDS sedimentation value by Glu-BI;
Midline peak time by (C) Glu-A1, (D) Glu-B1, and (E) Glu-DI; Midline peak width by Glu-A1 (F); Midline time x=8
min width by (G) Glu-41, (H) Glu-Bl1, and (I) Glu-DI. The black dots inside the box indicate mean values. The different
letters are significantly different from each other (P<0.05) according to the LSD-test.

Blalo] Z¥Z: B4 543 mL, 58.4 mL=Z 7} =931, Glu-
Blc7} 40.6 mLZ 7P WkchFig. 2B). Glu-A1xGlu-Bl #
SAL M Glu-Alco|HA Glu-Blid o 68.3 mLE 7}
& =A Uete=dl(Fig. 3C), Glu-1 H5+7F & Glu-Ala
Glu-A1b7} obd Glu-Alc2to] Zgol|lA 71 =7 Y
W A A7 o) o Ao B4 FAlol vE
W= XNEZ, Glu-AlcxGlu-Bli Z3re] izl 3heko] Gly-
Ala B% Glu-Bl1b 23Rt §9351A =97 W&l A
2 gohEch

) Te 3 BREA7bl T8 Glu-Al (32.2%)>Glu-DI (29.2%)
SGlu-BI (27.0%) 202 A /o] ZEI7} B= o3t o
&S u|HoW, Glu-AlT} Glu-DI19) A5 2L FihE 9190
U 7.5%2 A7He] F=aate] vl Aol WA Glu-
A19] Glu-Ala (5.98)8% Glu-Alb (5.45), Glu-B19] Glu-
Bli (6759} Glu-Blal (64504 714 7] LhehifrhFig.

fr

J&lﬂ

2C, D). Glu-DI| A= Glu-DId (5.95)9] 4z 710] 743
71 AL 2 YeRKFig. 2E) Johansson et al. (2000), Park et
al. 2011)T FU3 ATE AQIT Yo v e
(MPW)= Glu-419) &1} Glu-BIxGlu-DI 528 &
7} QT Glu-A1b (13.0%)7F Glu-Ale (11.5%)5.ch =
oFT(Fig. 2F), Glu-BIxGlu-D1°] & 280 1= Glu-BIfx
Glu-Dla, Glu-BlcxGlu-Dlad o Z+7F 19.0%2} 18.5% =
= Yebdth(Fig. 3D).

Hl2 QLA (MTXW)E Glu-Bl (45.3%)>Glu-DI (23.9%)
>Glu-A1(18.2%) ] =& 17} 9O, Glu-AlaS}t Glu-Alb,
Glu-B1i®} Glu-Blal, Glu-D1d7} th= alleleS Xt} S-2]35}
A we Aow GepthFig. 26, H, 1). 2E 4 54
A Glu-AIxGlu-BIxGlu-D1 A3 280 wE 5-9]3t %}o|
= UEHHA] 9FQItH(Table 3).
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Fig. 3. Interaction plot of the effect of Glu-1 loci on quality traits. Interaction plots between (A) Glu-Al and Glu-Bl subunits
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sedimentation value; and (D) Glu-BI and Glu-DI subunits for midline peak width.
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Fig. 4. Pearson correlation heatmap between agronomic traits and quality traits (P<0.05). Score, Glu-1 score; PC, protein content
(%); DGC, dry gluten content (%); GI, gluten index; SDSS, SDS sedimentation value (mL); MPTi, midline peak time
(min); MPV, midline peak value (%); MPW, midline peak width (%); MTxV, midline time x=8 min value (%); MTxW,
midline time x=8 min width (%); DTH, days to heading; DTM, days to maturity; CL, culm length; SPL, spike length;
TN, tiller number; TGW, thousand-grain weight; LW, grain weight/litter.
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