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Effect of avenin-like proteins on wheat dough strength traits based
comparative transcriptome
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Abstract: Wheat dough strength is one of the important quality indicators that can affect the processing and applica-
tion of wheat. To identify genes that coding grain storage proteins ( GSPs) related to dough strength quality, two wheat culti-
vars (cultivar Zhengmai 366, with high dough strength; cultivar Zhengmai 369, with low dough strength, which was filial
generation of Zhengmai 366) with the same combination of high molecular weight-glutenin subunits (HMW-GSs) were used
as the test materials in this study. Expression differences of storage proteins encoding genes were compared 14 d, 21 d and
28 d after flowering. The contribution value of gene encoding proteins to dough strength and sulthydryl content difference of
flour were evaluated. The results showed that, in 25 significantly differentially expressed GSP encoding genes, there weren’
t any high or low molecular weight-glutenin subunits, and there were 14 genes of Zhengmai 366 significantly up-regulated

(including eight avenin-like encoding genes and six gliadin coding genes) , 11 genes were significantly down-regulated (in-

cluding ten gliadin coding genes and one avenin-like

%5 B EA . 2023-05-23 encoding gene). The prediction results of evaluation model
BT B WA R RE R A 0055 H (20232C004) ;R A R for dough strength of storage proteins indicated that, the
BRI H (232102110254) avenin-like proteins encoded by differentially expressed

BB SRR (1974-) IR, 1L RIBTSE 51, ERNH genes may contribute more to dough strength than the elite

N TP TR, (E-mail) nkychaoyueen@ 163.com glutenin subunit. The results suggest that maybe avenin-
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like proteins are also important protein types that can influence dough strength.
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Table 1 Processing quality of flour from two wheat cultivars
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Fig.1 Electrophoresis result differences of glutenins (A) and gliadins (B) in flour from two wheat cultivars
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Table 2 Differentially expressed genes of wheat grain storage proteins on different developmental stages of two wheat cultivars

FPKM (F 366) FPKM (¥R 369) K 366 kR
251 BEH B log,(fe) 27 369 X &
HE1 HEE2 @EHE3 HE1 #HE2 HES3 IRERYAEAL
FFEIE 14 d 225535 TraesCS7A02G035300  FEEZMBIFE b6 1599 104107 91652 1393 1800 1551 5.38 3
TR LR
TraesCS4A02G451811 HELZ LR bl 445.59 49048 43642  27.23 18.26 15.01 4.50 |
JFIESG 21 d 225738 TraesCS7D02G031700  MEEFHUEE b6 7 16256 6 691.14 740118 286422 1719.27 357655 1.38 13K
B 3]/ 7 { S B0
TraesCS7A02G035300  MEAZBMEM b6 120526  1339.04 145214 2239 2379 2044 591 FiE
TraesCS4A02G453400  TEAEZSME a4 512853 3994.80 422396 1059.80  539.90 1118.48 2.30 A
TraesCS7A02G035500  MEEZMIIET a3 480655 443620 478223 111469 62473 125249 223 i
TraesCS7A02G035600  MEEZEMIIET a4 113663 115438 119576 57267 25240  561.49 133 st/
TraesCS7D02G032000  FHEZZFAUTE al 207.72 120.83 15436 0 1.36 4.90 6.27 5]
TraesCS7D02G032100  FEFFMUFEH a4 731439  6396.89 6 627.66 165342 95410 182825 2.20 5]
TraesCS4A02G451811  MEZIMUEE bl 468.83 32305 68024 3627 438 2646 3.78 s
TraesCS6A02G049200 o/ B-BEVAE 1 397651  3739.58 381038 1590.70 1802.44 1793.64 115 3
TraesCS6A02G049600 o/ B-FEVA & 1 434741 397564 384206 1513.12 1793.68 1474.89 1.35 A
TraesCS6AO2GO49800  o-BETRA 667291 653595 629403 2849.66 3173.88 2758.94 115 3
TraesCS6BO2G06600] o/ B-BEE R 335.84 31351 31940 54205 85341 59164 -1.04 T
TraesCS7D02G033200  MEZ I bl 30.06 3064 3605 12874 12567 9456 -1.85 T
TraesCS1B02GO11300  y-BEAEH 1801.95 1921.61 2981.80 423425 334176 684115 -1.10 T
TraesCS6B02G066000 o/ B-BEA R A 1211.60 124575 143239 3519.74 433383 2919.17 -147 T
TraesCSU02G153800 o/ B-IEHA AR 10.44 1808  13.68 234340 355411 255439 -7.65 T
TraesCS6A02G048900 o/ B-BAAEE A 1431 1773 1383 1303.17 1923.00 142139 -6.66 A
TraesCSUO2G265913 o- B 43250 36865 387.28 126651 146509 108192 -1.68 TR
TraesCSUO2G149938 R | 172379 178827 222228 5999.89 6839.63 451525 -1.60 T
TraesCSU02G108700 - 2288.13 1439.82 1847.63 684007 7623.03 681799 -1.93 I
TraesCSU02G149946 o/ B-FER R 2079.68 192301 213277 497633 6327.84 515247 -142 L
TraesCSU02GI149951 o/ B-IERE 174507 164955 187265 514620 582352 4559.62 -1.56 I
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TraesCS4A02G451811 e 4Bl bl 30.58 66.79  48.34 7.36 7.53 6.34 2.78 A
TraesCSIAO2G007700  y-BEAEM A 223134 432454 423511 110669 133461 1636.62 1.40 FiE
TraesCS6A02G049800  o-FEEVAEE 10019.78 8 129.97 6 368.13 3 054.99 272032 194855 1.67 |
TraesCS6AO2GO49200 o/ B-BEEEH 625541 5912.83 473327 158139 1711.62 1212.69 1.91 s
TraesCS6A02G049600 o/ B-FEVA R A 602600 4696.04 351549 170585 151940 102298 1.74 A
TraesCS6A02GO49400  a-FEVAEE A 535774 453211 3764.19 2480.52 2268.09 1628.05 1.10 A
TraesCS6A02G048900 o/ B-FEVAFE 11.63 1799 1063 419696 4339.83 29135 -8.16 T
TraesCSUO2GI153800 o/ B-FER R 11.36 1945 1215 669506 572266 510581 -8.67 T
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Table 3 Sulfur and sulfhydryl group contents in flour of two wheat

cultivars

o MaE  HOAZmAESE LHESE D omEsE
(mg/g) (pmol/g)  (pmol/g)  (pmol/g)
FRA 366  1.54+£0.07* 13.80+0.31 18.14+0.66* 2.170
HF 369 1.42+0.06 13.56+0.17 15.55+1.36 0.995

* FOR AP 22 5 B 2 (P<0.05) ,

F4 ETHETMNERNEENS FEZAEATE (HMW-GS) REIEN
Table 4 Quality evaluation of high molecular weight-glutenin subunits (HMW-GS) based on predicted results of sulfhydryl group

EEUTA T Genbank ¥ T VCAMELRE AR PRI g I3k
1Dy10.1 AAU04841.1 7 J 7 6.3 MR 5
1Dx5 DAA06555.1 5 G 5 4.5 DB
1Dy3 ATE47879.1 5 b 5 4.5 P =
1Ax1 AHZ62762.1 4 J 4 3.6 BT 5
Bx70E AEP33190.1 4 ¥ 4 3.6 PE BT A o
1Dy12 AYM46701.1 8 H 2 2.7 i A
1Ay AWM72944.1 6 H 2 2.4 e B T
1Ay AVK88282.1 6 A 2 2.4 i A 1
1Dy12.6 AKP95632.1 7 H 1 1.8 Eaiivi-4=lii
1By9 CAA43361.1 7 H 1 1.8 4 U 1
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Table 5 Quality evaluation of proteins encoded by differentially expressed genes based on predicted results of sulfhydryl group

E2YES 53z 366 5 H I A s G e L S TP
MAEIMUEN b6 FAESG 14 4,21 d.28 d LIHFRIE  TraesCS7A02G035300 19 H 3 5.1
HMeZ LM b1 FFAESG 14 d.21 d.28 d [IFRIE  TraesCS4A02G451811 10 H 2 3.0
W AU b6 TFEJE 21 d.28 d _Eif#A TraesCS7D02G031700 18 H 4 5.7
WA LDE a4 FAEE 21 d LS TraesCS4A02G453400 14 H 2 3.6
MeELMIE a3 FAEJG 21 d B ZA TraesCS7402G035500 14 H 2 3.6
WERMEY a4 TFEJE 21 d Bk TraesCS7A02G035600 14 H 2 3.6
WA LM al FAEJE 21 d LS TraesCS7D02G032000 14 H 2 3.6
MERME a4 JFAEE 21 d BRI TraesCS7D02G032100 14 H 2 3.6
YRR 11 TFEJE 28 d _EiE A TraesCS1D02G001100 8 o 8 7.2
o/B-FETEE A FAEJE 21,28 d TR TraesCSU02G153800 6 H 2 2.4
o/B-RHEEH FFAEJE 21,28 d FiZA TraesCS6A02G048900 6 H 2 2.4
o/ B-BEA TR FFEJE 21 d FiZk TraesCS6B02G066001 7 H 3 3.3
y-BEEE N FIEJE 21 d FREE TraesCS1B02G011300 8 H 4 4.2
o/B-BEEE FAESG 21 d TS TraesCS6B02GO66000 6 H 2 2.4
a-FEEE FEJG 21 d FiZA TraesCSUO2G265913 7 H 1 1.8
a-BERE M FIEJE 21 d FER TraesCSU02G149938 5 H 1 1.5
o- B FJE 21 d FEEE TraesCSUO2G108700 6 A 0 0.9
o/ B-BA R FHESG 21 d TR TraesCSU02G149946 6 A 0 0.9
o/ B-FER R TFEJE 21 d FiZk TraesCSU02G149951 6 H 0 0.9

3 BB AN (2 A) Yo, NBEIS FoR L, /NZZ R A B D

— N HMW-GS B H 21 A 1% B J2: 52 i /N 22
) EZ R R HMARIEE R 2 SRR,
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FR) 7 INAZ TR, 1, o e R Ay =l LR I A7 B 1, A 2
NREMEAW R FEH T & 3, &
43 e A2 2 LR (% T AT A R MR ELA IE sk
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P22 S RGN HE A FI A AR SR 4 325 38 /N 22 1
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KBNS EL T 7BS WY FHER E 11 dn i 5 5%
BE| T 4AL L

WSV AR 1 24 o SR 1 19409 ~ 50% , — A
S EATUAAE L SR 245 5 21 1 A7 v, o 1 1A i
PRI STERES N AR FE 45 S B e AR A A 5
JE AR ARAZ 369 H, G2 IR AR A IR R ) G A
FEPH 90.9% J& T B R AL UE B T R
VAL P X T AT 3 B PR ELA 67 ) 5800 B WA, (EAL
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AWFIE Y BT 366 h B 2 TR y-1x
VR (B RS 3L A ; TraesCS1D02G001100) 5



SEIGBAE T SR 2 LU AR RGN AR 1 7 /N 22 T AT 8 IR e O R T 783

H 8 ARy S, H i Bl T R Y 4 AT 4
R HAE 4+ N o, 8 > A AT LS
A6 AR 45 B B4 B) B S A T AT 5 B
T A TTRR PP SEL (7.2 43) o T3 5 A LT s 40
FESEATIE 1Dx5(4.5 43) Ml 1Dy10.1(6.3 43) ,
00, 2 5 v T AT R MR O B B T, {H T
9 BTt RO 3 T T — 2P BAIE

4 45

A A B 1 ] RE S R 1T AT 56 HE MR Y
B 2R — ) 2 R A B R A e
X 1T VAT 5 JEE PR AT DR 5 TR ABIE 5 3t 2 S AU
EASHBBEERNER X TR WA IR NET
MEARRA —ENSH L,

S

[1] ANJUM F M, KHAN M R, DIN A, et al. Wheat gluten: high mo-
lecular weight glutenin subunits-Structure, genetics, andrelation to
dough elasticity[ J]. Journal of Food Science,2007,72(3) :56-63.

[2] STEINTS, SEARSR G, HOSENEY R C, et al. Chromosomal lo-
cation of genes influencing grain protein concentration and mixo-
gram properties in Plainsman-V winter wheat[ J]. Crop Science,
1992,32(3) :573-580.

[3] DELCOURJ A, JOYE1]J, PAREYT B, et al. Wheat gluten func-
tionality as a quality determinant in cereal-based food products[ J].
Annual Review of Food Science and Technology,2012,3( 1) :469-
472.

[4] ZHANG Y J, HUM Y, LIU Q, et al. Deletion of high-molecular-
weight glutenin subunits in wheat significantly reduced dough
strength and bread-baking quality[ J]. BMC Plant Biology,2018,
18:1-12.

[5] CHEN Q, ZHANG W J, GAO W J, et al. High molecular weight
glutenin subunits 1Bx7 and 1By9 encoded by Glu-B1 locus affect
wheat dough properties and sponge cake quality[ J]. Journal of Ag-
ricultural and Food Chemistry,2019,67(42) :11796-11804.

[6] CHENHQ, LISJ, LIUY W, et al. Effects of 1Dy12 subunit si-
lencing on seed storage protein accumulation and flour-processing
quality in a common wheat somatic variation line[ J]. Food Chem-
istry,2021,335(15) :127663.

[7] JIANG P H, XUE J S, DUAN L N, et al. Effects of high-molecu-
lar-weight glutenin subunit combination in common wheat on the
quality of crumb structure[ J]. Journal of The Science of Food and
Agriculture,2019,99(4) :1501-1508.

[8] ANDERSON O D, HSIA C C, ADALSTEINS A E, et al. Identifi-
cation of several new classes of low-molecular-weight wheat gliadin-
related proteins and genes[ J]. Theoretical and Applied Genetics,
2001,103:307-315.

(9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

KAN Y C, WAN Y F, BEAUDOIN F, et al. Transcriptome analy-
sis reveals differentially expressed storage protein transcripts in
seeds of Aegilops and wheat[ J]. Journal of Cereal Science,2006,
44(1) .75-85.

BANACH J K, MAJEWSKA K, ZUK-GOLASZEWSKA K. Effect
of cultivation system on quality changes in durum wheat grain and
flour produced in North-Eastern Europe[ J]. PLoS One, 2021, 16
(1):e0236617.

SRR A0, Evb b A5, ASTE] A0 BE /N RN 28 R 3R ik
W PR R R 2T [ 0] TR gl B4, 2022,51(10)  17-24.
SRR /INAZ TR AR 1 BT ek PPN AR TR K B P B A
[J]. Z22MEYR ,2022,42(8) :980-987.

HETTY C V D B, ANTOINE HP A, MARINUSJ M S, etal. A
modified extraction protocol enables detection and quantification of
celiac disease-related gluten proteins from wheat [ J]. Journal of
Chromatography B,2009,877(10) :975-982.

LI H Q, SUYAMA A, MITANI-UENO N, et al. A low level of
NaCl stimulates plant growth by improving carbon and sulfur assim-
ilation in Arabidopsis thaliana[ J]. Plants,2021,10(10) :2138.
WANG N, MA S, LI L, et al. Aggregation characteristics of pro-
tein during wheat flour maturation[ J]. Journal of Agricultural and
Food Chemistry,2019,99(2) .719-725.

LI D, JIN H B, ZHANG K P, et al. Analysis of the Gli-D2 locus
identifies a genetic target for simultaneously improving the bread-
making and health-related traits of common wheat[ J]. The Plant
Journal ,2018,95(3) :414-426.

AGHAGHOLIZADEH R, KADIVAR M, NAZARI M, et al. Capa-
bility of solvent retention capacity to quality of flat bread in three
wheat cultivars [ J ]. Journal of Food Science and Technology,
2019,56(2) :775-782.

WANG D W, ZHANG K P, DONG L L, et al. Molecular genetic
and genomic analysis of wheat milling and end-use traits in China;
progress and perspectives| J]. The Crop Journal ,2018,6(1) ;68-
81.

SUN J, CHEN M, HOU X X, et al. Effect of phosphate salts on
the gluten network structure and quality of wheat noodles[ J]. Food
Chemistry,2021(358) :129895.

ZHANG L L, GUAN E Q, YANGY L, et al. Impact of wheat
globulin addition on dough rheological properties and quality of
cooked noodles[ J]. Food Chemistry,2021,362:130170.

CHEN X Y, CAO X Y, ZHANG Y J, et al. Genetic characteriza-
tion of cysteine-rich type-b avenin-like protein coding genes in
common wheat[ J]. Scientific Reports,2016,6:30692.

ZHANG Y J, HU X, JUHASZ A, et al. Characterising avenin-like
proteins ( ALPs) from albumin/globulin fraction of wheat grains by
RP-HPLC, SDS-PAGE, and MS/MS peptides sequencing [ J ].
BMC Plant Biology,2020,20:45.

MAF G, LIM, LI TT, et al. Overexpression of avenin-like b
proteins in bread wheat ( Triticum aestivum L.) improves dough

mixing properties by their incorporation into glutenin polymers[ J].



784

FAND N S| A=

2024 4 5 40 & S5 1

[24]

[25]

[26]

PLoS One,2013(8) :e66758.

MA F G, LIM, YU L L, et al. Transformation of common wheat
(Triticum aestivum L.) with avenin-like b gene improves flour
mixing properties[ J ]. Molecular Breeding,2013,32:853-865.
WANG Y Q, LIM, GUAN Y B, et al. Effects of an additional cys-
teine residue of avenin-like b protein by site-directed mutagenesis
on dough properties in wheat ( Triticuma estivum L.) [ J]. Journal
of Agricultural and Food Chemistry,2019,67.8559-8572.

DEVOS K M, DUBCOVSKY J, DVORAK J, et al. Structural evo-
lution of wheat chromosomes 4A, 5SA, and 7B and its impact on
recombination[ J ]. Theoretical and Applied Genetics, 1995, 91
(2) :282-288.

[27]

[28]

[29]

DVORAK J, WANG L, ZHU T T, et al. Reassessment of the evo-
lution of wheat chromosomes 4A, 5A, and 7B[ J]. Theoretical and
Applied Genetics,2018,131:2451-2462.

FERRANTE P, MASCI S, D'OVIDIO R, et al. A proteomic ap-
proach to verify in vivo expression of a novel gamma-gliadin contai-
ning an extra cysteine residue[ J]. Proteomics,2010,6(6) :1908-
1914.

VENSEL W H, TANAKA C K, ALTENBACH S B. Protein com-
position of wheat gluten polymer fractions determined by quantita-
tive two-dimensional gel electrophoresis and tandem mass spec-

trometry[ J], Proteome Science,2014,12(1) .8.

(F AR5 )





