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Analysis of Quality Characteristics of Nine Wheat Varieties with Different Types

ZHU Wenyan' , ZHANG Yuzhen', ZHONG Tao'. TANG Gaijuan®, ZHANG Liqiang’ ,
CHEN Jing’, SUN Fengli' . XI Yajun', ZHANG Chao'

(1. College of Agronomy, Northwest A&F University/State Key Laboratory for Crop Stress Resistance and High-Efficiency
Production, Yangling, Shaanxi 712100, China; 2. Hybrid Rapeseed Research Center of Shaanxi Province, Yangling,
Shaanxi, 712100, China; 3. Long County Seed Management Station, Baoji, Shaanxi 721000, China)

Abstract: To investigate the mechanisms underlying the formation of quality traits in different wheat
types, this study utilized nine wheat varieties recently approved for cultivation in the Huang-Huai-Hai
wheat-growing region. These included a strong-gluten wheat cultivar Weilong 169, a purple wheat
cultivar Jimai 8, a medium-gluten wheat cultivar Xinong 100, along with the national standard control
variety Zhoumai 36. Grain nutritional quality, processing quality, high-molecular-weight glutenin
subunit (HMW-GS) composition, and quality-related gene differences were analyzed. The results
showed that Weilong 169 exhibited the highest gliadin-to-glutenin ratio(1. 84), while Xinong 112 had
the highest glutenin macropolymer (GMP) content(11. 51%). Among the varieties, Xinong 136 dis-
played the highest total starch content(80. 69%); Xinong 106 had the highest amylose content(39. 55%),
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and Xinong 100 had the highest amylopectin content (43. 18%). All medium-gluten wheat varieties
(except Jimai 8) exhibited B-type starch content above 87. 64%. Protein percentage area, junction
count, and junction density in Xinong 112 were significantly higher than those in Weilong 169(P<C0. 05). Ji-
mai 8 showed the highest total sulfhydryl and disulfide bond contents(20. 01 pmol *+ g~' and 7. 24

', respectively). Furthermore, Xinong 109 and Xinong 136 had the lowest loss tangent val-

pmol « g~
ues. For HMW-GS, high-quality subunits were detected at the Glu-Al , Glu-Bl and Glu-DI loci in all
varieties except Xinong 100, Xinong 109 and Xinong 112. The number of superior allelic variations a-
mong the tested varieties ranged from six to ten. In conclusion, significant differences in quality traits
were observed among the wheat varieties. Medium-gluten wheat varieties, such as Xinong 100, dem-
onstrated superior performance across various nutritional and processing quality indicators. Strong-
gluten wheat(Weilong 169) and purple wheat(Jimai 8) possessed high-quality subunit combinations
(Ax1, Bx7+By8, Dx5+Dyl0) and the largest number of superior allelic variations, reflecting rich

genetic diversity in quality-related traits.

Keywords: Wheat; Nutritional quality; Processing quality; High-quality strong gluten; Genetic basis
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Table 1 Information of the tested wheat varieties

Pl bk

Tested material

o 5 G 5

Approval number

i ot 28 7 - ges
Quality type Note

Ji 4 36 Zhoumai 36
B 8% Jimai 8
5/ 169 Weilong 169
P§4¢ 100 Xinong 100
Th4¢ 106 Xinong 106
Pi4¢ 109 Xinong 109

[E# 20180042 National approval 20180042
BeH 20230026 Shaanxi approval 20230026
[E % 20200064 National approval 20200064
[¥ % 20200076 National approval 20200076
B # 2020001 Shaanxi approval 2020001
BeH 2018010 Shaanxi approval 2018010

i Strong gluten
F1ffi Medium gluten
i fifi Strong gluten
H1ifi Medium gluten
i Medium gluten
F1 1 Medium gluten

X} B8 fh Flt Control variety
£ 46, /NAZ Purple wheat

# 5] Fh 2018-031 Henan introduction 2018-031

g B 20210011 Anhui approval 20210011

[# % 20230116 National approval 20230116
[€ ¥ 20230117 National approval 20230117
BlH 20220014 Shaanxi approval 20220014
BlH 20220004 Shaanxi approval 20220004

PE4& 112 Xinong 112
Pi4¢ 115 Xinong 115
Pi4¢ 119 Xinong 119
Vi 136 Xinong 136

H % Medium gluten
H1 Medium gluten
F1 Medium gluten
F1% medium gluten

it T 2 R AR i B — /N2 o S bl (I R 900 2017 4R,

Wheat quality types refer to “Approval Standards for Crop Varieties-Wheat(National Level) 20177,
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mark) W2 &% i, 80 M A A i N
MR EAELL 6.5 K15 . A HH KR (glutenin
macropolymer, GMP) ] & & ¥ Il & ] 5k 3 F
G, BE 3K,

VE Ry Ko 4] A A DU B 1~ 2 R A,
JH BI85 1 FRER 0. 03 g FH U2 3 & = A 59 &
(RRFEAY) S MU E S0E R & & 4
H 30 A TE R A AL (Futura 3, Traly) U 52 B4
TER B SRR TE R & N B S S R
MEENZEE. EE 3K,
1.2.2 Em I &R

JINZZ VE Ry 4 4 B UE A URE L 5% R A OB AL
FEPERL I 2 IR Bhat F1 Riar™ B9 05 ¥ . 1€ 0 00k
T & 243 H T 2 U W42 (SEM, model
TM4000 Plus, Japan) » JE#) B9 R0 42 i F 6 kL
SHEAY (Microtrac SYNC, USA) &, ¥E ¥y B9
R A A Pl PR ORS B 23 BT AL (RVA 4500, Aus-
tralia) Kzl , EHE 3 K.,

T A3 2R 1 SO 5 R LSR5 50 BT 2 I Guo 46
(R 7 1% 8 P ' 3 2R 4R I 1B (1X83-F' V1200,
Olympus., Japan) #Ef7M4L,

T A3 0 A 2 BR AR /N O DY B
WM RS RN ES R L EC Wk, &

23K,

T A1 37 A8 2 IR Guo 25652 105 e, fd e
R AU (DHR-1, Waters, USA, & 3 X,

I o TR - 2R TR A T o S G HL K
(SDS-PAGE) %I HMW-GS 1 2 Ji # 17 43 #7,
HMW-GS 2SS kR AR ik, A m
Xof BE i Fb Ry A B B (Null, 7+8,2+12) JH 4k 19
(1,17+18.,5+10) /M 6 5 (1,14+15,2+12) |
BEHL58(1,7+8,4412), EH 31K,
1.2.3 etk R e

W10 RLAR T A R BT A T IR AT Y By
FRIL AR5 35, 2 B — 0 09, B 4h ot A 2R
CTAB ¥ #2341 DNA. DNA Jii# 2 x|
BTy g5 8, ff il NanoDrop ND1000 (USA)
Kol DNA ¥ B, DNA K G ZIEIL 5l 5 AW
FHE A RS B HE4T KASP FRic kI, 512
% Rasheed %" Ay 7 1k BE R KA G5 B ISR 2,
HHE 3K,
1.3 ¥ESITE5HH

K SPSS 26. 0 #4788 4> #r. I LSD
Duncan 7% #4757 22 908 fil 2 & i, # H Pow-
erPoint 2010, Excel #:47 5045 7T 84k .
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P, BREHS®EN1.52% ~2.05%., 744 106
FJE 2 36 & 3 & T HoAth 5 Fh L PE R 100 R AIK.
EREH ST RN 3.35% ~4.88% . 4K 100
L i TR A 36 A H Al A R T A 115 B
R, BEATHN4.64%~6.42% ,J5 % 36 £
L PEAR 100 Ak, SEAR SN 14.17% ~
19.40% , J8 2% 36 fem, PEAR 115 A%, PEAk 109
0 T 169 AL A h Al SRl . B EE LN

0.95% ~1.84% . B 169 & &, VG A& 100 #ix
flk. GMP & &4 6.46% ~11.51%, g 112
B, PaAR 100 e fik (38 3) . &% b, 3 i /42 b
Fifipe 169 MEEAMBREA 2R &K TP
A3t ol A I LG 3 o T P R PR 109 19
P B R A 28 1 o e T Al e A R €
/N SRR A 8 5 B 8§ S P4 100,74
fe 112 064 109 FErh A B EA S & & T
SR S5 /N2 AR 169,

®2 mEEXEE KASP 4RI
Table 2 KASP markers relative to the quality related genes
FEIR S AMEH e e FAMIEH®  HEX stpm O
Trait Gene Primer FAM(CalD)  HEX(CalD) FAM genotype HEX genotype Superlgrlallellc
variation
NG - TR By L FR
Wheat rye 1B+ IR 1RS:1BL_6110 G A IBL « 1BS IBL « IRS IBL « 1BS
translocation line
""" AEQEIE  GleAl gluAL11883 A G 120 aal 1z
Glutenin subunit Gy, gy gluBl G C Non 70% Glu-Bx7 ¥ Glu-Bx7 %
Glu-BI Byl18_1976 A G 17+18 non 17+18 17+18
Glu-DI GluD1_4777 T G 2412 5410 5410
Glu-B3 Glu-B3g_SNP G A NON Glu-B3g Glu-B3g Glu-B3g
o % TaPpo-DI Ppo-D1 G C TaPpo-DI1b TaPpo-Dla TaPpo-Dla
Colour and lustre Ppo-Al PpoAl T A TaPpo-Ala TaPpo-Alb TaPpo-Alb
TaPod-Al TaPod-Al G A TaPod-Ala TaPod-Alb TaPod-Alb
TaPsy-DI PsylDa-g G A TaPsy-Dla TaPsy-D1b TaPsy-Dla
TaPsy-Al PsyAl C A TaPsy-Alb TaPsy-Ala TaPsy-Alb
TaZds-Al Zds-Al G C TaZds-Ala TaZds-Alb TaZds-Ala
TaPds-Bl TaPds-Bl C G TaPds-Blb TaPds-Bla TaPds-Blb
Talcy-Bl TalcyBl C G Talcy-Bla Talcy-Blb Talcy-Blb
i i Pinb-DI Pinb-D1_INS C T Pina-Dla (soft)  Pinb-DI1b (hard) Pinb-DI1b
Hardness Pina-DI Pina-D1_INS A G Pina-Dla (soft)  Pina-DIb (hard) Pina-D1b
Pinb2-V2 Pinb2-Bv2 G C Pinb-B2a Pinb-B2b Pinb-B2b

FAM J2& 2 5976 & (carboxyfluorescein) s HEX J& 75 58 9¢ 1 & (hexachlorofluorescein) 5 — 3% 12 5 9¢ Yo 6 ML 2% 3 25 WA [R] 92 6 B A

FAM is carboxyfluorescein; HEX is hexachlorofluorescein; The two are different fluorescent groups compatible with fluorescence

detection instruments.

®3 HMEEARREASSESNT

Table 3 Analysis of grain protein and its component content

o o WECAAR  REOAR BRENGR ARAGR  BEAAR AWK GMP AR
Variety Albumin Globulin Gliadin Glutenin Protein Ratio of_glqtcmn GMP
content/ % content/ % content/ % content/ % content/ % to gliadin content/ %
J&1 2% 36 Zhoumai 36 4.,16+0.0la 2.05+0.05a 4.31+0.11c 6.4240.02a 19.40+0.06a 1.49+0. 04c 9.25+0.42b
fhFE 169 Weilong 169 2.9940.01g 1.63+0.02f 3.3740.02f 6.1940.02b 16.10%0.12¢ 1.84+0.00a 8.06+0. 40bcd
P4 109 Xinong 109 3.8240.02¢c 2.0340.07a 4.7840.01b 5.69+0.04d 17.4740.09b 1.1940.01g 8.44+2.55bc
B3 8 %5 Jimai 8 4,1540.10a 1.71£0.02de 4.73£0.01b 4.9140.01f 17.21£0.09c 1.04=40.00h 7.50%£0. 50bced
P4 100 Xinong 100 3.2340.00e 1.524+0.08g 4.88+0.07a 4.64+0.03h 16.2540.20e 0.95+0.01i 6.46+0.72d
P4 106 Xinong 106 4.0340.01b  2.0540.05a 3.8240.03e 4.8440.01fg 16.58+0.06d 1.2740.01f 8.31+1.58bced
P4 112 Xinong 112 3.434+0.02d 1.854+0.03c  3.80+0.06e 5.95+0.07c 16.1140.07¢ 1.57+0.04b 11.51+1.21a
PG4 115 Xinong 115 3.47-0.01d 1,660, 02¢f 3.35420.07f 4.77-0.03g 14.1740.04g 1.4240.04d  8.81+0.53b
P4 119 Xinong 119 3.1140. 10f 1.75£0.01d  3.9740.04d 5.48+0.07e 15.4340.19f 1.38740.00e 6.70+0.59cd
P4k 136 Xinong 136  3.7840.08c  1.9440.02b  3.9240.02d 4.8040.08g 16.60£0.17d 1.2340.01g 6.85+1.03cd

(5] F1 K408 S A (6] 5 Bk 227 it Bl ] 22 575 0. 05 AKF . R A,

ifferent letters following data in the same columns indicate significant difference among varieties at 0. 05 level. e same in tables 4—7.
Diff, t letters foll g dat th 1 dicate signif] diff g t t 0. 05 level. Th tables 4—7
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2.1.2 EBAXLAHEEFHH

ANTRIZETRY /N7 S FioRT LV By e FL2H 43 B i AT
FE 5 22 5 (P<C0. 05) . 388 & 1 (25 Ak Y [ Ry
77.26%~80.69%, Pif 136 fieim, JAZ 36 W3
I T HoA A b . ELBETE A B 8 AR AR [ R
35.50% ~39. 55% , P4 106 f% &, Fi Ak 100 #%
ik a4 106, P4 112, P54 119, PG4 136
A vl o ) B U R O o 3 o TR 169, gk
TERY S RS AL G R 40, 14 % ~43. 18 %, TH 4
100 iR e - JA 42 36 My fi, B2 22 8 5 (P 4k 100,

VO 136 45 5 PP Y S 6 vE A O i B s T AR R
169, H AR fk I E R 0. 82~0. 98, PE4& 100
AR PEA 106 feps (6 4), 5520, Al /N &
ke 169 53843 il /N2 i B 9 U8 43 48 s 8] A7 72
WEXEFBE 8 S HPIA 106, VG4 115, 75K
119,754 136 HYTE My & &t W& & F A & 169, V74
106, PG4 112, 754 115,754 119,754 136 4
HEEEm SRS, WL 8 S MR 100, 5K
136 By SZ4ETE R & i B, PE AR 106 P54 112,78
A 115 P64 119 (9B S e .

Table 4 Analysis of grain starch and its component content

x4 MHHREMRHEASRENSN

i i VE R B E A B E B A H¥X M
Variety Starch content/ % Amylose content/%  Amylopectin content/%  Ratio of amylose to amylopectin
JE 2 36 Zhoumai 36 77.260. 20e 37.1240. 22d 40. 1440, 04f 0.92-0.01b
il 169 Weilong 169 78.6940.03d 36. 9640, 37d 41,7340, 40cd 0.894+0.02¢
P4 109 Xinong 109 78.9040. 22¢d 36.7840.61d 42.1240. 82bc 0.87+0.03cd
B4 8 %5 Jimai 8 79.63=+0. 21bc 36.62+0. 29d 43.01=40. 08a 0.8540.01d
74 100 Xinong 100 78.6840. 16d 35.5040. 33e 43.1840. 48a 0.82+0.02¢
Pi4¢ 106 Xinong 106 79.9540.09b 39.55+0.49a 40,4040, 55¢f 0.98240.03a
Pi4e 112 Xinong 112 79.3740. 25bcd 38.81+0.06b 40.56+0. 19ef 0.96=40. 00a
Pi4¢ 115 Xinong 115 80.0720. 38ab 38.9740. 12ab 41.1040. 49de 0.9540. 01ab
Pi4¢ 119 Xinong 119 79.88+0. 25b 39.0040. 18ab 40. 8940, 43ef 0.9540. 01ab
Pi4¢ 136 Xinong 136 80.6940. 34a 37.86+0. 42¢ 42.8340. 16ab 0.8840.01c
2.2 INEMIRRBESH JEREIR 5 116.5 PR 8 5)~6 441. 5 cP(ffif%
2.2.1 WA > 169, ARG RASALIE Iy 1 750 cP(PEAR 136) ~
2.2.1.1  JEMRLAR 5B 2 242 P(BRZZ 8 5), WaliH{ELAYAEALIE R 2 874.5

PN HE L OB R (L D T LR Y )
27 (R AL VE YR S B B 2 . A
JCHRLEE S BT AL HEAT 28 5243 BT, B B BUTE By ki o
AR AR ol 87. 51 % (B2 8 %5) ~96. 75 % (74
A 136), A BIGERY AL &7 LLIN 5 2 M . B/A A8
RGBS 7. 01% ~33. 59 %, f A 22 ] 2% 5 g 3%
(P<C0.05),P54% 136 fum . B4 8 S Ak, D4,
3) A BV B A 16. 04 % ~26. 60 %, P 4% 109 #x
WL PR 136 Fefll(3R 5), XSgE REH R
INAEREAZ 8 5 A, A A L R BB E R R
Fe 8 3 T AR 169, B4 8 5 1Y B RLYE Ky ki
LA B/A R T A 22 36 A1 H A A A /N 22 5
PEA4 109 19 B BUGE KL (5 Lt B/ A FR R EL -3
R L T A RUYE YR b7 LA AR
2.2.1.2  VEBBILARIE ST

12 6 AT, A [R] S B0 /N 32 & B ) 3 B 0 1k
PP AR B3 25 57 (P <T0. 05) , W {H K B 4 25 1k

cP(BEF 8 5)~4 372.5 cP(filE 169), &%
FERY AR AL TG BB 3 319. 5 cP(P4 136) ~4 773.5
cP(PEA 115), [IAE(E M AEfL T 2 1 569.5 cP
(VG4 136)~2 649. 5 cP(Ph4 115) , WA A [a] Y
AL R R 4. 45 min (PG4 119) ~5. 07 min (B
% 85, MWL EE A AIE [ 70, 88 “C (P4
106)~73.05 ‘C (fi ke 169 PG4 136), DL 144
FERW SR /N A A e 169 110 04 (i 266 58 R0 R I i
KFEHF GRS R AR B AE D
A SRR P A 109, B 169, P54 136 FIVY
A4 109 MBI B2 AR, SR BN E B A 8 S IR
A5 b 00 A B ) gy T A S
2.2.2 @ B IR % 2 H 5T

I 06 e B AR I8 S T T AT ORI 8% 485 44
HEATILEE P4 109 PG4 112 P44k 136 A1 7
25 A LA A) L SR U L VE AR 100, PR 119
{14 T A3 XI5 ARG AN 8050 454 LA g (L 2) . dl i
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a~j MUK /N SRR 22 36 FilE 169 V44K 109 B2 8 5 VU4 100, P44 106 754 109 . P& 112 P54 115 . 744 119 . P44 136,
a—]: Wheat varieties of Zhoumai 36, Weilong 169, Xinong 109, Jimai 8, Xinong 100, Xinong 106, Xinong 109, Xinong 112, Xi-

nong 115, Xinong 119, and Xinong 136, respectively.

E1 EMRfBEEESg
Fig. 1 Images of starch captured by scanning electron microscopy
x5 NERMIEMN G RAES W
Table S Analysis of starch granule type and particle ratio of wheat varieties
i b Ratio
'ﬁj.ﬂ] 1] 302 1] 35 g D(4,3)/pm
Variety B I3 #5 kL A HIGE kL B/A H
B-type granule A-type granule
Ji % 36 Zhoumai 36 93.8340. 29%a 6.17+0.29b 15.2340. 77cde 20.1140. 13cd
e 169 Weilong 169 87.64+7.21b 12.36+£7.21a 8. 85+ 4. 64e 21.8640. 27bc
PG4 109 Xinong 109 96. 36+ 1. 24a 3.6441.24b 28.4248.81ab 26.60+1.53a
B 85 Jimai 8 87.5140.29b 12.49+£0. 29a 7.01%0. 18 24. 28=£6. 63abc
P4 100 Xinong 100 92.0842. 00a 7.9242.00b 12.2743. 84de 26.1940. 47ab
P4 106 Xinong 106 94.2840.02a 5.7240. 20b 16.4840. 05bcde 21.5041.99¢
P 112 Xinong 112 95.97+1.02a 4.0341.02b 24,7845, 73abc 20.6143. 10cd
P4 115 Xinong 115 94.9240. 09a 5.08+0.09b 18.7040. 34bcde 19.9240. 05cd
P4 119 Xinong 119 95.51=+0. 68a 4.4940. 68b 21.63+3. 74bed 20.3040. 19cd
P 136 Xinong 136 96.75+1.19a 3.2541.19b 33.59415.70a 16.04+1.74d

B/A:BRIGEM AL S A BIGEBDRLIL(E ; D4, 3) 48 FERIRL A AR 4 YO F RLER

B/ A:Ratio of B-type granule to A-type granule; D(4.,3) refers to the average particle size of the fourth moment of the particle’s volume.

Angio Tool BAF#EAT & 5 434, A/ 22 i il 1 2
LB 53 e R AR A L 38,6700 ~47. 18%
ez 8 5l il 22 36 Fefil. W S B AR LS
6. 34X 107 ~ 8. 78X 107, ¥ 45, % JiF {1 25 k. v15 FHl
H93.25X10 ° ~4,5X10°, & H B K E AR
FEFE A 13, 99X 10° ~16. 28 X 10° pm, Fi4& 100
R BB R B R A R R R R, R
169 1979 a5 K, 5 0% B RN AR B R K B
SR AL TE B 2. 03 X 107 ~3. 49X 107, 74

£ 109 Fefmn, R 8 S, AL B BE 1 728 1k Y [
KA 5X10 P ~T7.79X10 %, 8% 36 e KB # 8
SENGR T, X EEZE LR, 50 R R A
36 L St /NE A B 8 S A T m i A
I3 b RO AL B AR B35 25 e FLBR R W
ok AV o TET AT A0 D) 4 25 R B SR 34 50 5 R 112 2R
P IR 0 LU 19 BT R Y TR
/NG 169; B % 8 S RPH A& 112 & Hifth
Tl LA 95 Ay U 1) I 2 254
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Table 6 Starch gelatinization characteristics of wheat

L U (i 36 )% i A+ 6 i i 41 3 8l 7= {5 U B i) W A ik

Vrilnri ¢ Peak Tough Breakdown Final Setback Pasting Pasting
arety viscosity/cP viscosity/cP viscosity/cP viscosity/cP viscosity/cP time/ min temperature/‘C
Ji1 % 36 Zhoumai 36 6 038.0+4c 1807.5+92.5f 4230.5+88.5b 3 557.5+66.5efl 1 750.04+159de 4.47+£0.07f  72.6340.03ab

il 169 Weilong 169 6 441.5+7.5a 2 069.0412.0bc 4 372.5+4.5a 4 442.5+28.5ab 2 373.5+16.5ab

o~

.6040.00de 73.05+0.50a
P4 109 Xinong 109 6 127.0410.0b 1 861.0478. Oef 4 266.0+£88.0ab 3 671.0£255. 0def 1 810.0£333.0de 4.54£0.07ef 73.0340.43a
B 8 % Jimai 8 5116.54+2.5g 2 242.0+£74.0a 2874.5+76.5g 4198.0£103.0bc 1 956.0£29.0cde 5.07£0.07a  71.3540.40de

P§4¢ 100 Xinong 100 5 497.5433.5¢ 1 947.044.0de 3550.5+37.5d 397

.0+355.0cd 2 024.0£351.0bed 4.64£0.04cd 72.2040.45bc

)

P54 106 Xinong 106 5 441.0+480. 0e 002.5+47. 5¢d 3510.5+55.5d 3 908.0+10.0cde 1 874.0£89.0de 4.62+0.02cde 70.88+0.03e

Pi4¢ 112 Xinong 112 5 292.5449.5f 2 033.5466.5bcd 3 259.04116.0e 4 67

.0+132.0a 2 637.5£65.5a 4.8340.10b  72.2040.45bc

Pi4¢ 115 Xinong 115 5 186.0450.0g 2 124.0439.0b 3062.0489.0f 4 773.54490.5a 2 649.5+451.5a 4.70£0.03¢c  72.6340,08ab

o
=
3
)
o
-+
)
0o
a
)

Vi 119 Xinong 119 112.542. 5bc 3514.5+64.5d 4 389.5+44.5ab 2 302.0%£17.0abc 4.4540.02f 71.86+0.01cd

o
-~
5
=]

f=)

H+
©
N
S

_

Pi4& 136 Xinong 136 750.0£104. 0f 3720.0412.0c 3319.54136.5f 1569.5£32.5¢ 4.57£0.04de 73.0540.45a

a~j S R JE 2 36, m 169 . 744 109 B4 8 5 FEAR 100, PH4R 106, PEAR 109 PG4 112 P54 115, 754K 119, P54 136 Y i F 0
50 245 PR A% 5 55 — DU 7S ) kg Xof 2t Angio Tool B 4b 3 114 P, F6 v 28 1 32 306 A R P SRR 10 0 1 6 i / X34 30l D 1 Ll
e R

a—j represent the dough micro network images Zhoumai 36, Weilong 169, Xinong 109, Jimai 8, Xinong 100, Xinong 106, Xinong
109, Xinong 112, Xinong 115, Xinong 119, and Xinong 136, respectively. The second, fourth, and sixth columns show the image pro-
cessed by AngioTool software for the corresponding variety, where protein junctions, protein skeleton, and protein areas/regions are dis-
played in white, blue, and yellow.

B 2 AR LG B R

Fig.2 Image of gluten microscopic network structure
2.2.3 @mHEZORL ZARELFSMN B, A4 115 AR (58 7). 45 SRR W], 58 7 /)

A ZERUNE A SR i S B AR AR RE 169 WU B s L & A TR N &
BEP<0.05), MHFES EAIIEE R 4. 84~ Ea RV A4 109, P& 100 1Y E'\yw%ﬂ:@ﬁ%‘@ﬁﬁ

20.01 pmol « g ' P 115 M. B E 8 T, W3 m T RE 169, 85 L & &t FiE B o 5
T 2 2 1 = B AL Y O 3. 94 ~6. 87 pmol - W E S T A 2 36 ’%@/J inuﬁ‘}&% 8
ULV 100 FeE . PUAR 119 ek, AR RER PSR el | g e e T B

FIAE LG R 0. 44~7. 24 pmol » g ' HE 8 5 169.754¢ 109 HIJH# 36,
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Table 7 Gluten structural characteristics, protein thiol and disulfide bond content of wheat
T A3 2 1 B0 L OB
Il 45 % Gluten structure Gluten protein thiol and
disulfide bond content/(pmol + g ')
fi el
Variety s B Rt Ri=% LS sE L 4 . i —
PN N R 1 o, -3 =R 4 2% 3 w3
A% B G Gluten Tunction Total gluten  Gluten end LB BEAE I 515 e
Gluten . L . / S Lacunarity/ Total Free Disulfide
percentage junctions/ density/ length/ points/ (X10°%) sulfhydryl sulfhydryl bonds
a0} (X10%) (X10°%) (X10° pm) (X10°)
S
Zk{:]u%;%s 38.6745.74b  6.76+1.77ab  3.4640.90ab  14.1042.41a  3.204:0.40abc  7.7943.30a  14.56-20.36c 5.91--0.22b 4.3240.15b
W‘(!;%;Glgﬁq 39.9542.47b  6.34+0.32b  3.2540.16b  13.9940.70a  3.2240.40abc  6.76+0.80ab  9.18-1.93de 6.67+0.51a 1.254 1. 19de
X'::ﬁg”fgg 40.0241.39b  6.901.45ab  3.5540.74ab  14.28-1.25a 3.49+0.13a 6.9840.68ab  7.7640.42el 4.24:0.06cd 1.76%0. 22de
-
%iﬁx’ 47.1840.71a  8.134+0.70ab  4.1640.36ab  16.1840.73a  2.0340.0le 4.5040.24b  20.01-£1.96a 5.53-£0.7lc 7.2441.30a
PAA2 100 43.9142.79ab  8.7841.40a  4.5040.71a  16.2841.67a 2.4540.09de  5.49%1.31ab 16.76+0.64b 6.8740.46a 4.9540.54b
Xinong 100
Xﬁﬁgl(l)gG 39.6944.76b  7.04+1.55ab  3.6040.80ab  14.4842.0la 2.7240.78bcde 7.74+2.63a  10.69-0.83de 4.72-£0.10c 2. 9940, 40¢c
2
xvijgiglhz 46.16+2.27a  8.674+0.47a  4.4440.24a  16.2440,30a  2.8340.17abed 5.2240.32ab  5.35-0. 64gh 4.29--0. 11cd 0. 5340, 36¢
X?:Z:glﬁs 44.78+1.93ab  8.0340.32ab  4.1240.15ab  15.7240.46a  3.2840.19abc  5.7240.88ab  4.84-£0.79i 3.95-0.34d 0.4440. 36¢
X?‘r‘:(ﬁglisll) 42.4941.21ab 7.5840.63ab  3.8820.32ab  15.1040.62a 3.31£0.07ab  6.0020.58ab 6. 631 55fg 3.9420.30d 1.3420. 83de
Xﬁﬁglfgﬁ 44.7644.54ab 8. 14%1.54ab  4.18%0.78ab  15.81%1.85a 2.58%0.64cde  5.70%1.69ab  6.34220.64fgh 4. 0040, 14d 1. 170. 39de
T = . . .
2.2.4 PR P AL - %%36 Zhoumai 36 %%8% Jimai 8
A fete S i 1) M4 325 AR %7 —— 100 Xinong 100 106 Xinong 106
) T 2 3 A ASO% T A a3 A7 30 2 IR AR 1 AR 2 £

AL P 115 064 112, 8% 36 B9 G' FI G %
ANGTEAE 109,54 100 B9 G'F1 G5 K (& 3A
HIB), PEAR 109, PH 4 136 fhFE 169 MUHIFEEY]
A (tan& ) (HE/N, FRE 8 BfPILK 112 Y tan&
fEH K (E 3C) . Rh b 45 U8 B, o A & b A B
169 H i i B PG 42 109 FIPE A 136 11 11 1A 3 4:
O Al o A7 it A, O HL A SRR PG AR 136 ARG
SR SR G T B AT o R B 169 5 58 €8 /N2 A b
Az 8 AP 112 . P54 115 45 v il /N 22 i b
L% R SR 22 36 A EL R SRR AR 22
2.3 HMW-GS A4

SDS-PAGE 4558 (K 4) ., Bk /N % i Fh
AN HMW-GS B A 2 5 M. TEGIu-Al i i1
b 36 R 169 B & 8 5 PUA 115, P4k
119 &A WHE Ax1,PER 109,74 100, 754K 106,
PUge 112,754 136 f W3R Null, 7EGlu-BI i
ML JEFE 36 ik 169 B 8 5 AR 136 F A
W3 Bx7+By8, Pige 109, P54 100,744 106,74
fe 112,764 115,754 119 &4 W K& Bx7+By9,
TEGIu-DI 5 b A 169 8% 8 5 Pi4k 115
A % Dx5+Dyl0. Fi & 109, i 4% 100, i &
112,78 119,78 4% 136 & W % Dx2 -+ Dyl2,
SRR A S R 160 R AN 8
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Fig.3 Rheological properties of dough of wheat
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CK1~CK4 733 b H & & 19, /ME 6 5 JEPL 5851~
10 435 A 22 36 B 8 5 il 169 P4 100,754 119, 74K
106,74 109,744 112,744 115,75 136,

CK1—CK#4 refer to China Spring, Yannong 19, Xiaoyan 6,

and Aikang 58, respectively; 1 —10 refer to Zhoumai 36, Jimai
8, Weilong 169, Xinong 100, Xinong 119, Xinong 106, Xinong
109, Xinong 112, Xinong 115, and Xinong 136, respectively.
4 BHTFTERZBTE SDS-PAGE B
Fig.4 SDS-PAGE map of high-molecular-

weight glutenin subunits

SHEGIu-Al .Glu-B1 .Glu-D1 7 &5 F & A R
W, PSR VI AR 115 ZEGIu-Al .Glu-D1 i 15,
bW, X IR FR R 22 36 FEGIu-AL,

Glu-BI A J5 &85 A5 A0 50 5 L v ifi B PG ok 119
MPEAR 136 H&A 1 AP0 BT HE, of 5l o Ff s e
100, P54 109 FIPE AR 112 76 =i EASSEH
JR W3
2.4 BEHEXERSH

FHH KASP 43 F A5 i £ AR X /N 22 i 5 A ¢
SE D HEAT R0 & B L o A L AR RE 169 B 10 A
PR SR LR S, B R R 22 36 SR /N K 8
S A AR 115 S A 9 AN S A AR
5L PEA 106 . PG4 112,754 119 & dhFp &
8 LS AE A AR S, th il A R U A 136 A 7T A
Mo S B A S5, H A A FR S A 109 . AR 100 435
T 6 MR ENAER (R 8) . A Rl A&
A AE 5 T B4 5 3 5 K Glu-B3g fl/h
F-ME PN RIHEFIBL. BS , S /N R
8 S & HGCGlu-Bx7% &4 \Pina-D1b WA F 5k 09 1
S AR LA,

x8 MABXEERMREMNTRAS

Table 8 Excellent allelic variation combination of quality related genes

T
85 7 5 G AL P s A
k . ; SN Number of superior
Variety Superior allele combination Ry
allele variations
JE 4 36 Glu-Ax1/2" | Glu-B3g heterozygous, TaPsy-Al heterozygous., TaPpo-Alb . TaPod-Al heterozy- 9
Zhoumai 36 gous, TaPpo-DI heterozygous.,TaPsy-Dla .I1BL. BS heterozygous.Pinb-DIb
fhFE 169 Glu-DI(5+10) \Glu-Ax1/2 " .Glu-B3g heterozygous, TaPsy-Al heterozygous, TaPpo-Alb | TaP- 10
Weilong 169 sy-DI heterozygous.IBL. BS \TaZds-Ala .Pinb-D1b \TaLcy-Blb
PR 109 o pagh «.TaPpo-DI h \.TaPsy-Dla J1BL. BS \TaZds-Ala \Pinb-D1b 6
Xinong 109 u-B3g heterozygous, TaPpo- eterozygous.TaPsy-Dla \I1BL. TaZds-Ala Pinb-
BEs S Glu-DI1(5++10) .Glu-Al heterozygous.,Glu-B3g heterozygous,Glu-Bx7“F heterozygous \Pina-DI1b . 9
Jimai 8 TaPpo-DI heterozygous,TaPsy-DI heterozygous.IBL. BS heterozygous.,TalLcy-Blb
WR 100 Gy p3gh . TaPpo-DI h \.TaPsy-Dla \IBL. BS \TaZds-Ala Pinb-DIb
Xinong 100 u-B3g heterozygous., TaPpo- eterozygous.TaPsy-Dla .1BL. TaZds-Ala Pinb- 6
T4 106 Glu-DI1(5+ 10) .Glu-B3g heterozygous, TaPpo-Alb . TaPpo-DI heterozygous, TaPsy-DI heterozy- 3
Xinong 106 gous.,IBL. BS heterozygous . Pinb-DI heterozygous.TalLcy-BIlb
Vg 112 Glu-B3g heterozygous., TaPpo-DI heterozygous, TaPsy-DI heterozygous. IBL. BS | TaZds-Ala . 8
Xinong 112 Pinb-D1b TaLcy-Blb Pinb-B2b
i 115 Glu-DI1(5+10) \Glu-Ax1/2" .Glu-B3g heterozygous,TaPpo-Alb ,TaPpo-D1heterozygous \TaPsy- 9
Xinong 115 DI heterozygous .1 BL. BS heterozygous.Pinb-DI1b \Talcy-Blb
P 119 Glu-Ax1/2" | Glu-B3g heterozygous, TaPpo-Alb , TaPpo-DI heterozygous, TaPsy-DI heterozy- 8
Xinong 119 gous IBL. BS \Pinb-DI1b .Talcy-BIb
PR 136 Glu-B3g heterozygous. TaPsy-A1l heterozygous, TaPpo-DI heterozygous. TaPsy-D1 heterozygous, 7
Xinong 136 IBL. BS \TaZds-Ala Pinb-D1b

ol E) T MK AR O e U R R

3 Wik B S 7 BF5E S 3 GMP 6 T P E R

M A /I 22 kL 1Y) T 2 20 )
Xf /N i BT R S B A
5 5 THT AT ) 308 R L O R s e
WERAMKER AL A ILR I, F IR0
S . ARUFFE A, TG 100 5 PN 2

FISE JEMEA E AR . /N ZE SRS R 112
FPEA 115 19 GMP & & 3 = T3 i /D &

il 169 , (LT ARG 352 82 6 % 169 A%, 5 AT A
58 45 A — 30, U6 1T RE A7 76 LAt X 3R 52 ma /)
. AR K B, AN TR A T S LN
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&SRR ATE R O AR AE D 25 R SR A /N2 R
PITE R e L2 oy & AR, APPSR SR 5 H —
B AR 169 MIEMm X HA S ST HEEMR T XA
INZE SRR 2 8 5 PR 136 S5 H Al /N R,
ELHE VE Y O 4k 5 1w MR BT SR OE A OGRT L Pk
106, PG4 119 45 v fify /N 22 i P B 8% 08 By % it R
15 Uk B AT BB LA A T A B, S UE R
AT A T 2% 1 S A BRSO T B AR R R R
M) W] DASEE R 77 i ) B ZR 01 B 8 5 gk
100 14 355 U M & f 38 e . Ui W1 AT i B B 1Y
RN T, 28 BTk, /N SRR 2 8
SRR 100 P8R 112 . P84 115 . P54 106, ik
136, P54 119 45 rhfifi /N 22 it o 1) 365 % RN 1 o
FE bR BT

VE By BRAL P BT TRD 7 4 R AR TR AT O AR A
PRI /N 220 T 5 . Gao S50 WF 58 & 3K
B RIGE B R A BRI R AR A 5 5 B4
B T CEUR I TR N 45 45 0 RIS T AT T
B, WA KB, B RYE R R S T A T
AR ARG AR S — B BR AN
ez 8 G Ah, VA 100 % H A b il /N 22 AP B
TR R % it 0 v T SR A /N 22 Rl A B 169,
Ui B i B Y B R YE Ry UKL AT AR 2 % b A 2N
A2 w7 A A R S R Ak IR R R U
MR AN 25 5 A W Rk g 240 AR g R B
S /N S AR I 169 A HR AT /N 22 L RR P AR 109
(IR A A T B vy HE T LY S 45 ) K HE WA I
N o B (R VE B B BT AR AE U, S AR E R 2
ARG IR 26 R 2 U R A R R T e
BIYIRE ), SyE BBy VI GE 1 2 AR B A
ANZE AN B 169 B A A (R R TP A 109, JF W
F o T A P AN SR UL AR RE 169 B AR
FEVELLPU AR 100 %5 rhfifi /N2 i il 22, S8 8 /N 22
FRR2AZ 8 5 B A% J B2 Joe R, s R 1 0 /D - 130 ) L
PUBTVIAE 1 55 PR PR . 1 A AR 4% &5
A R 5 e TR AT R RIS R B TP A
ANZE RN TE A 112 (4T A 1) 45 45 4G R g PE iR T i
Fi/NAE AP R 169, A/ NEmMBRE 8 51
1 fif7 00 4% S5 A6 LU A2 36 B oM ECE . R A T L
T Ao 9 A S %) A Ak TR B, 52 e T A 45 R Y
RoE s AW kB, Tl /N EE SRR R A& 100
MR/ NE AP 8 S s R, A
A 737 X 48 S5 A B R R e o T A AL 72 2 R VR D
ZINZE TN T JO ) A A T ARG S S e n

TR AHIESE A A WL SR A N A
169 FIH Al ZNZZ S AP PG A 109 . P4 136 HA #0540
F14) ThT ARG 350PE | 150 B HG AT B A RS n T Tl
RITLF, 5 b R /N2 i Rl AR B 169 FiE 68
INERRAZ 85 WA 100, P64 112 764 109 ZFp
A /N R A i T TS AR A

IRIE S AR AR TR B S /N 22 0 32 22 27 3 st 45
ZHE I, BFE R, HMW-GS By A [5] IF E 41
BT /N ZE i B i AN [A], HH Ax1 L, Bx7 + ByS.,
Dx5+Dy10 37 5& 20 £ % i 57 7 A2 1 18] 52 0 4 4
IS A AR R BRI 2
Pl pE 169 FIFRZE 8 5 &F Axl.Bx7+By8.Dx5
+Dyl0 SR EA A . WA FRESE
Vi) Glu-B3g X i #f 9 BE A 1F 1 4F P,
FEAHIEZE 14 T Al /I8 22 R v YA D B A i A
1 HE 5 N Glu-B3g o 4 00 H X ob il /N 22 &
WA EEAEM . 5 4h, i 2 36,76 4K 106 11
SDS-PAGE 5 KASP & I 25 o~ — 5%, & i
B AE B AU — Bl 5 YA A Bk HMW-GS 41
3 A A B8 1R ) L T 2 R I i i vk
HMW-GS 28 sl il i) s 1 . X 368 H ] SDS-
PAGE W77tk AT Kl 2 A 7R 1R 2% . Bl 55
FEXF TR 530 453 B A /N2 il iR e PR
My vp % PR, Pinb-D1b & R B 1) 43 75 4% g 2 & T
Pina-DI1b SR, ACHIEZE K0 & B, A 5 (/)
FFREE 8 5 & A Pina-DI1b JEH Y, 5 H B
— 5, AR L R H M /N A
Tty 93 X6k /N2 ity JOT 7 A T AT R I 5 S, AR I Y
SR WK IR /NE AP RE 169 FA 10 ML
GRS B EBEREZ, BENEMMEE ST
B9 AAS B, T B IR S BRI T
AR AR, ST A MY . L5 L SR N
A RE 169 B A B 2 1 P 0 ik AR S 4 0 AR
S RN SRR 2 8 s A R IR
SENLAR 5L VA 100 55 At v s /N 22 Rt B A
BEMM T EM AR S B E X /N G R ] AR
JINZE b o R B I R
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