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Effects of late sowing on accumulation dynamics of glutenin
and GMP of wheat kernel

BAI Zhi-yuan, YANG Zi-bo, LI Xiao-lin, WANG Pei, LI Li-qun, LI Xue-jun”
(College of Agronomy., Northwest Agriculture and Forestry University, Yangling 712100, China)

Abstract Four wheat near-isogenic lines with different Glu-B1 locus were used to analyze dynamic changes of glutenin
and GMP content of kernel from 12 to 35 days after anthesis under normal and late sowing dates. The results showed
that under the identical genetic background, dynamic changes of glutenin content for each line accumulated from low to
high under normal and late sowing dates. A large amount of glutenin was accumualted at 30 — 35 d after anthesis, during
which accumulation rate was faster especially for the materials with the HMW-GS compositions related with good
quality. A higher accumulation for GMP was found at about 12 d after anthesis, then decreased sharply to the lowest
point during the middle stage of grain filling. It was found that days to the lowest point were different among lines with
different HMW-GS compositions. The lines with subunit 17 + 18 take shortest time to the lowest point. These lines also
accumulated more than other groups. GMP content showed a downward trend in later stage of grain filling under late
sowing date. Late sowing had significant effects on glutenin content and GMP content and stable time of dough in four
materials with different Glu-B1 locus,and the effect degree was 17 + 18>7 + 9>14 + 15>7 + 8. The differences of
accumulation dynamics between glutenin and GMP may be the key factors affecting quality and stability in materials
with different HMW-GS compositions.
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EREREM I EERCHEZREER R AW SR REARSKEEIER®
FAR T ERAEAVERS TR R R &G TR ERET i — R85 7 B RN R A A (2

Weks H 4. 2012-01-05

FATH . [FZ 86371 H (2011AA100501) 5 PG Jb A MR HE K 24 B A8 % T (QN2011083)
BB A&, WA, Email:bzy923@163. com

WIEE . 2% B ER . WL, FENFNEZ LT R E-mail: xuejun@nwsuaf. edu. cn



28 I I

=2 4 2012 4F 45 17 %

10° ~10")ZH Bt I SDS 2 vp i K 43 il 2 2. W]
AT E ., Hf  R%E T SDS M43 8 H R A R
A EE KR A K (glutenin macropolymer.,
GMP) . GMP J& /] 2 I 3 it 6 25 1 b d5e K1 —
Gy R T i R T A AR A IR R )
AifE DL SRR R E VIR NEERE
FLE SR A o5 FF R BV LY 10% ., 1o 5 & F
3500 AR /ANZE I N TR A A R, Ho
W F B A HE A T Chigh molecular weight
glutenin subunit, HMW-GS) 5 1a £ 4t 4 5 i %5 1]
FHOC G i 4 F A E WA KA T 1A1B
D B AR K L a0l 4 Glu Al Glu
Bl fl Glu-D1, =# G 8 A Glul i £, HMW-GS
TP 5 ) P S5 A8 A8 S Xt /N 22 T T A R
3 0T 2 B0 S Wi /N 22 T T BT 0 AR b AR B
[i) 2% 52 1 490 ST 2 40, B I TR] A 4 e X e 48 7
4 o B A B R
A EAM GMP XS 52 HMW-GS 1

5] o 3R AR SR 35 A 25 R o (] Ao 1 32 6 5% A it

MISEMR . TE 5t A% 25 5 7 1l Glur1 7 5 55 7 48 57 ik

FRW GMP (R EE A3 AR o X R SE A B AN A
[ A A = I SR AN o A g 8 A N
GMP () LR BRI, R B A [a] 7 560 GMP |y #L3R
HAFE B, & 5-+10 A1 14415 W7 FE 1 5 B 7E B
A GMP & i 38 0 LRI A IR KA . 7R AR R
Jita 5 T s SR ST AN E R R GMP 5 5 %
IR R AT X /N 22 S 5 IR S A B R
GMP 2 25 UJAH S o 1 M52 e /)N 22 TH A 0 33 A0 R
AT A AR 2E e v L DL 2R B A AN AR
BUEAEA K GMP W BHLHEZ R H AR
HMW-GS 25 1Y /N 22 i B 30O [8] 19 58 755 . 55 7 /)N
22 i Bl T A A 3 A% 18 SRR R 9 HMW-GS 3 45 4%
KR SEAR A, oAb, 78 BT 22 X, Bt 78 73 Hh R
T B RR SO /N 22 B IR L OC T RE WX /N2 7 1t F
il O AT 9 B LA G 6 T M B i N 2
ARl HMW-GS i 5% 5L R bk 3 A R 38 )
AT A A2 R IS T 9 BT 50 4 3 o 2D

AW oE ik 35t 4% 5 S ) AT Glu-B1 i s

FEAE GO AE ST 4 S/ SRR R MR 7R IE R
R RE ST AR R F LB R E A
GMP TR R gy 245 K 45 B4R T AT A2 5 I 1) 5 LU MOFF
BB K R Glu-B1 57 5 AN [A) 37 5 o Jo 25 53 % ity
B EME R A, A F H HMW-GS #1772 & T

T LA R o 23 1 ik A R E A 6 R 4t
AR .

1 #HH5FE

1.1 KT8 A R H iE fh A

AR DA PG IR MRB R & 1R 20k
ARG 77 i E S fHL S BT 25 P A 1330(1,7+9,2+
12) W& EA , UL Glu-BI1 A 5 [6) 2 o 728 5 (1 44
REOMHEEAR, 22838 2 AE R SDS-PAGE K i I [1] 52
6 FREERE M AL, 4 DARL & 20 5 48 8 I AR 2 L
I3 1.7+ 9, 2 12(P 4 1330051, 14+ 15,2+
12;1.7+8,24+12;1, 17+ 18,2+ 12, FHK%E
FUUIT M A-PAGE FRUEFR T . 43 BIXE 4 Ak
#47 SDS-PAGE (& 1(a)) fl A-PAGE % [ Ik
(E 1o R, s /s B Glu-B1 57 s AR A 7 Glu-
Al | Glu-D1 A% 43~ 45 2 1 0 5 F0 B3 2 1 67 00
A ABEREE AR . 4 AR REH )R 2P R R R

= 4

A—FH(E D,
12 34 1 3

(a) (b)
1M801,74+9,2+12);2 R(1,14+15,2+12);
3 oMN(1,7+8,24+12)34 KH(1,17+18,2+12),
B 1 44 HMW-GS iE % ERF & SDS-PAGE(a)
#1 A-PAGE [Eit (b)
Fig.1 Four HMW-GS near isogenic lines SDS-PAGE (a)
and A-PAGE (b) patterns

"

LR R &

5
. \l“ S |

I T 2010—2011 4F 78 7§ Jb A& ARORH 4 K 243K
5 H A7 50 0~20 em HF2 HIEA PR . 2A .
T e R0 A L RO L R A S i o 1. 520,
0.94 g/kg.79. 88 mg/kg.0. 75 g/kg.12. 44 mg/
kg.163. 62 mg/kg, B& 2 &) 4 H, OE H & B 2
10 A 2 HEEFR, MG 2 10 A 20 HEFp . R H /N
X AMAE A3 AT X 47K 2. 33 mu /NX A 1.6 m? .
FEATHEFD 70 BL. BEALIX 2L HES .3 e B, H ) 45 3
FoH T AT » B ORF PR AT b O



5 439

H R TTA: MeAE Xt /N MRS 8 e GMP BUR gl 35 152 e 29

x1 GluBl inEMESHNINMMBEEEBRRFETERZHER

Table 1 Main agronomic traits in four materials with different Glw-B1 locus under normal sowing date
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Fig. 2 Accumulation dynamics of glutenin content
of kernel in four materials with different
Glu-B1 locus from 12 to 35 days after
anthesis under normal (a) and

late (b) sowing dates
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Fig. 3 Accumulation dynamics of GMP content of
kernel in four materials with different
Glu-B1 locus from 12 to 35 days
after anthesis under normal (a) and
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Table 3 Effects of late sowing on GMP content of kernel

in four materials with different Gl«-B1 locus

s HeIE

e P T
1,74+9,2+12 2.42 cA 1.91 bB —21.07
1,14+15,2+12 2.64 bA 2.19 aB —17.05
1,7+8,2+12 2.24 dA 2.07 aB —7.59
1.17+18,2+12 2.83 aA 2.11 aB —25. 44

X Glu-B1 A g3 5507 728 S 1 4 A4S b RE BCFF RE
GMP & it 76 A [F] 45 100 b A0 32 Pk 22 S L e i o L 7
EHEREM T GluBI A 545 5% GMP % 4 2L
K/NK 17+18>144+15>7+9>7+8; 1E W& T 44
MA/NH 14+15=17+18=7+8>7+9,

2.3 B X E %8 RE B iE A 2

Wt X Glu-BI A7 35 AF A4S S 1 4 A 4k T ]
oo I () 7R 2 A5 300 op i W 35 P 25 S LS (R
4) B RE ST A5 R T P RS B[R] S AT IE
WREW . Hob & 17+ 18 By M R IE W 3% 1 e
27.27T% & 749 BB B 2> 21.57% 5 & 14+ 15
AR R D 18,60 % 58 7+8 fR RHE > 12, 31%
LU XS Glu-BI A 55 55077228 5 1Y 4 AR T A
R A8 I ] A K A 52 e, 17 418 2 s e K. 7+
9 W T+8 Em /N,

XF Glu-BI1 Af g3 5560748 S 19 4 A p0RE T A £ 2
P[] A A ] 495 30 v Al PR 25 R LU R AR R L TR R
FEWIT GlurBI 57 545 30 35 X6t 17 P A2 22 6 1) A &9

KANR TH8>17+18>74+9>14+15; 1 W3 T 4%
MK TH8>17+18=7+9>14+15,

x4 BIEX GBIl AZENTRH 44D
#F L B 13 %€ B 18 B 32 0
Table 4 Effects of late sowing on stable time of dough

in four materials with different G/u-B1 locus

N 2 %€ i 8] /min WIE %

PR Twmw wm
1,7+9.2+12 2.55 cA 2.00 bB —21.57
1,14+15,2+12 2.15 dA 1.75 cB —18. 60
1,7+8,2+12 3.25 aA 2.85 aB —12.31
1,17+18,2+12 2.75 bA 2.00 bB —27.27

3 3 g

3.1 #EHXNE GBl L EEEERZB N
BV M DX — R IOAC /N 22 - K B A 1Y B
B A7 b — MR AR /N 22 R Ry 10 H AL {H
BT AR SR A 77 A (8 22 850K K i R o i 2
ol o 8 76 RS R A2 32 9 W AR I S PR 52 ), R BE
KR W o /N 22 R AR B 18 0 i A R A . A F
FEEA 10 J1 2 HA 20 HiX 2 IR L F 4 7= 58
B J7 T 1R 2% ke F 9 I 486 6T /0N 22 i JoT 1) 5% T BfF 5
LR OO RS Y WO IWA N S (R =Y P /N2 S Rl =W < B )
R B R 202 3 A4 B B . BIVRFREIE 1B B L
W BRI R B, B S 12 d BURE R IR o L2
— AT INEE BRPRLIE I BEG R SR B B
FEIASE e B /N i = A . EARENA
SR VR T R AT Rl N A A R AR R AR 4 ) RN
H B B A Ak TR 9 I B 2% 14 O ER Okt i R e £
VANY 5= 9 | N i N o o <l D DY = U le
AT REARGE AL AR A el O SR AR L TR K R
T AR [ 51 A . 1 4 v SN R TR i &R
X 485 1A 5 R ) PR A Ak 3 N 1 AN [ HE A7 5 e ) R
FEALAS ] B 5 R A HEAR AR e I B, AR
B R Glu-B1 A 5 55 A8 509 4 b RE AR RE
HHEEAM GMP & & 52 49 52 W 1 & B AR L 17 +
18 S K, 7+9 =z, 7+8 i & /]y, b i 5 5L
TER A G T R [W) HMW-GS X} 5 5 48 b5 5% 1 R
[Fi] o 38 3 % 1A AT RS B I %) 0 e A5 ) T R R 1 4
W. EEANAER A W HMW-GS X} i T (14 53 ik



52 O A K R it

2012 4F 58 17 %

W SR A AE — 8 S BR T R RER [ A1 L 4%
(R T i] BB 5 | e 25 S LI . AR IR 36 245 SRS TR
WL A B R A RHAE 2 SRR AL BN e B 1
GMP & 15 I A1 (0 8% 2 s [ 5 Lo I #3014, 558
& MRS R R T BE R bR B A S SRR
) 5 S 1) 3 4 I 5 M L 220 59 57 0F T /N 22 R
FIAE TV o842 M AR 50 58 4k Ay v Al 2 780 i
FREVIAG % . H G B0 R 30 2 AR 5 e ) ST Y
ASAY s B LAER b A [) SI0 35 20 A% A9 4R T3 /0N 22 o 32k
B I8 W BRI LB /N2 A e B S AR R
3.2 GlwBI i mEM TR 3 & R MR 0

Glu-Al .Glu-B1 #1 Glu-D1 B9 E N FE45
BN 3 AL AR 1A 4 HMW-GS 1
LA AR AR x5 B 5 B AR GMP LR AR Ak
HET T BB A K GMP & AR, A
WHSE T 3T 45 T 3R M BHUAE GluB1 A A 2
S, A AT AT 35 A% 5 S AH AL BT DL AR ST T A
FEHE GMP LR B M ER EEEH GluBI i
ACHMW-GS {8800 48 5 fr g | B2 Y . 2% A1 38 3l T
1 Glu-B1 {37 5,17+ 18 F1 14+ 15 R 5 0 3%, %t
i B B TR RO AR BIF S K B AN [ 3 A R
AEGMP & & A ) R BOR L 14+
15 76 KB GMP 55 i I R 2 e AIG, {A R B ()
oA o T R 2 AS [) S 35 %o A Ti) 5 36 Ak B9 B RS D
ARt — I . ARWEIE R 4 A BORERY T AR E B
[ 0 452 1K - 3 1T BB 5 48 Il SR AR PE & 1330(1,7+9,
2H12) B R 22 56, PEAR 1330 R RGP i
T R AR 25 BB S A Gl i M R A
SDS-PAGE #:1l 5 A i HMW ¥ 3 2 K H: 5
E R i S U5 B R AN N 4
B SR v A W S e | L S O (B i B N I i
A AR L 3X 6 B AR /N FE HMW-GS Xt i i A 48
RS o AF 358 % 1 St AR L 38 o R s
T SRR R L 2 S8 L 2 R O T A A /)
ZZ A AT RE PR R
3.3 RZEBARGMP HEHEHAR

EAEABRNE L, R B R & %D
NN 8 R 2R B R O AR T e R
HMW-GS & A 1B BB 2 AR 56 45 1 [ £
2. 78 GMP LR Eh 4 b, M3 ES DL 12 A4
AR HMW-GS [y /822§ Fi g b kL, & AR AL S
28 d Z i » GMP 78 85 i /K S L 2k +5 2 A0 %18 22 1
MEHRE G 28 d 2 FFHPGER R, &)l

SETRL 3 AR A AN A AN 55 5 N2 SRR B ORL R B
S 7 /N A AEHE S P R B GMP & i — 2 R
BT 55 A U R AR A, T S
/N g 12 RS 1 L B JR 7~14 dGMP
i LT A 14 d SRR S, 205 TR T R, 28
d 245 Ja 5 b Tt A B 5% 76 1E R 45 30 vh s 45 210 A {0
RS, (F 7R M A% b AR50 & B GMP 76 3 3K )5
NA TR, FFHMNE BN A—3 R
AT RE & AR K AR S AR 5 . Naeem
SN B 1 AR GMP B B A R
R LRI, AR I R BRAEE K P N GMP LR
5 P N S T2 S A B I N 2 S BB 5 4 15
S RS TR A T 3 1718 M IR A B 1K R
TR A B A e W, A L R [ I
BAEA K GMP BRS8N R A X Fp 22 507
AE R FEOAE HMW-GS i BT IF 1 8 e 5 R o
) S

Z £ x M

[1] Shewry P R, Hedgcoth B J, Tatham A S. The high molecular
weight subunits of wheat barley and rye genetic molecular
biology chemistry and role in wheat gluten structure and
functionality[ J]. Plant Molecular Biology.1989,6:163-219

(2] M BERAE . % Sl N EREARREGERNERY
HEIE T BT AH OCOC R LT . o DG 2442, 1998, 13(6) : 13-16

[3] Gupta R B,Khan K, MacRitchie F. Biochemical basis of flour
properties in bread wheat: Effect of variation in the quantity
and size distribution of polymeric protein[]]. Journal of Cereal
Science,1993,18:23-41

[4] Sugiyama T, Rafalski A, Peterson D, et al. A wheat HMW
glutenin subunits gene reveals a highly repeated structure[ J].
Nucl Acids Res,1985,13.8729-8737

[5] Payne P 1. Relationship between HMW glutenin subunit
composition and the bread-making quality of British-grown
wheat varieties [ J ]. Journal of the Science of Food and
Agriculture,1987,40:51-65

(6] Zmisa, m. NE&AFRAREAERE ST HREIM] AL
AU E RO H AR, 2001

[7] SRFF, HokSMEE, % SDS RIFAEARBIAGTEE
AL BB % & LT, fEW %41, 2008, 34(6) : 1074-1079

(8] XPa&se, Mafr XM, AW w77 A E AR A 1/
FRE A4 R HAE A RREMBREMEL] Y ¥ M,
2004,30(5) :481-486

[9] Jiang D,Yue H, Wollenweber B, et al. Effects of post-anthesis
drought and waterlogging on accumulation of high molecular

weight glutenin subunits and glutenin macropolymer size



5 439

—
EILSE .

W 475 X /N 22 K LA £ 1 B GMP R 52 3l 25 1) 52 i 33

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

distribution in wheat grain[J]. Journal of Agronomy and Crop
Science,2009,5:89-97

JE Ry B L BT T A, A5 AN ] HE M A BE X /N 22 2R 2 43
T AT 3 728 24 R PR Y 2 [T . AR #2241, 2007, 33(2) : 337-340
ST, EARAK 2% SCPH L A5 BEAC XF /0 22 87 B HMW-GS U
K GMP R B 43 Aii 09 5% [J . AF %) 2% it . 2010, 36 (6) : 1055~
1060

ARGE S R R X e W, A5 A ST R R R 2 R X R N TR
F 227 i ROHA L R R 52w [T ). o B A 2= il 4, 2011, 27
(5):243-248

G B SRR S B B S R T 6k N S 32 BT R R R T A
WS Em L) ] SRR R, 2003, 2:10-12

TR ANFARSY T i A A AR A R T M B UK O s e h
[#,200610042829. 3[ P]. 2006-12-13

fof BRI BRI R R BT K H B R ML bt Rl i A
1985

B 2 ARSI, R R SR/ R RLER BT KA A
KBS M R, PUR R %4, 2007, 20(4) : 591-595
Weegels P L, Van de Pijpekamp A M, Graveland A, et al.
Depolymerisation and re-polymerisation of wheat glutenin

during dough processing: 1. Relationships between glutenin

[18]

[19]

[20]

[21]

[22]

[23]

[24]

macropolymer content and quality parameters[ J]. Journal of
Cereal Science,1996,23.103-114

AACC. Approved Methods of the AACC, 10" edn [ M ]. St
Paul, MN: American Association of Cereal Chemists,2000
B TR, TR 41X DAL 5T 3 A A% /N A 7 R BT
RISz [T, AR Ak Fl2 . 2004, 2.:25-26

RERE, SAE = MR AL A5 /N T 10 22 8 B 1 R S A
HERTFE )], fE % 41L. 2003.,29:829-834

BEE, EARILBTIHL & W0 TEESE QWIS R
B e e i T LT ). 22 AR %41k, 2002, 22(1) £ 19-22

Branlard G,Dardcvet M, Saccomano R, et al. Genetics diversity
of wheat storage proteins and bread wheat quality [ J .
Euphytica,2001,119:59-67

SO B, T A AN TR BT RN AT R R T
HEEREARGEE M BB AL EP ¥, 2010, 36
(10):1769-1776

Naeem H A, Macritchie F. Polymerization of glutenin during
grain development in near-isogenic wheat lines differing at Glu-
DI and Glw-B1 in greenhouse and field[ J]. Journal of Cereal
Science,2005,41:7-12

TG A, ALk



