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Abstract: Grain starch plays a very important role in determining wheat yield and quality. Eight leading wheat
cultivars widely planted in Shandong province during different decades since 1949 were investigated in this
study. The dynamic change of starch content, starch biosynthesis of historical wheat cultivars during grain fill-
ing released in Shandong province were compared in order to extend the current view and provide the theoreti-
cal basis for wheat breeding. A comprehensive analysis of the starch biosynthesis in developing endosperm and
the activities of starch biosynthetic enzymes and the transcript levels of the encoding genes were investigated.
The results revealed that the content of amylose, amylopectin and total starch content in mature endosperm in-
creased significantly with the released time of eight wheat cultivars, in accordance with changes in the grain
yield. During the grain filling, the activities of starch biosynthetic enzymes and relative expressions of their en-
coding genes showed unimodal patterns peaking around 20 days after anthesis (DAA), such as ADP-glucose
pyrophosphorylase (AGPase), granule-bound starch synthase (GBSS), and starch branching enzyme (SBE).
Whereas, the activity of soluble starch synthase (SSS) and their transcript levels declined gradually after 10
DAA. The activities and relative expressions of AGPase and SSS genes increased pronounced with the cultivar
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evolution, especially for the newest cultivars such as ‘Jinan17’ and ‘Jimai22’ with the highest activities and ex-

pression levels. However, the expression levels of GBSS and SBE varied insignificantly with the released time.

The activities and gene expression levels of AGPase and SSS were more related to the starch content in mature

seeds compared to that of GBSS and SBE, suggesting their more important roles in starch biosynthesis. There-

fore, grain yield could be improved in future breeding program by modification in starch physicochemical prop-

erties through screening of key enzyme activities and expressions involved in starch biosynthesis during devel-

oping endosperm.

Key words: winter wheat; starch synthetic enzymes; gene expression; genetic improvement
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Table 1 Eight historical leading wheat cultivars released in Shandong province since 1949

¥ B S HASU A (BEAISLA) e 4 A KI5 a7 I KA
1 1 WEE /A 1949 1 800 1959
2 GrEa2 Y ESARES 1959 2100 1967
3 Grr9s’ SRR WAL 1965 1 000 1972
4 ENINES RG4S/ B/ BRE 1971 2990 1978
5 GE13 Y CHEN 2 AN TEY 1982 1 446 1985
6 EmEg ‘C149°/‘F4530° 1990 1478 1994
7 PFELT Y5064/ E 13 1999 1049 2000
8 PrE22 TH 9350247/ 935106 2006 2758 2011

1H7=666.7 m’. SXA B REAR T OSURML I AS i B 44k AR 2 sc 4l

land) ¥4 75 ¥2:(Yasui®$:2009) .
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5€ 1 PCR 2 W X Fermentasis 77 & Fluorescein
gPCR Master Mix (SYBR Green), £4~ ) NV E S
K, VAR Z20 uL, & cDNAFEAR 1.6 pL, Fluoresce-
in gPCR Master Mix 10 uL, iF[f5[470.6 uL, [ [f]
B1410.6 uL, ddH,0 7.2 L. 7ECF96%% 5% iPCR
{¥%(Bio-Rad Laboratories, Inc.) 58 il i€ . §H9FE
50 ‘CiE 2 min, 95 °C 10 min; 95 'C 15s, 60 'C
30's, 72 °C 30 s, 40MEI . IF TSR DI AN 2R
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Table 2 Primer sequences for analysis of target genes expression

H bR ] NCBI# 3k IEG1H(5'—3") RIS H(5'—3") F s B /bp
Actin DNS551593 aagcccaatcataggaaaagtg ccgagaggaagtacagtgtc 131
SSuI EF405961 gccaatacccgatttcagtttc acacatccctcaccaataacac 123
LSUI DQ839506 cttcectgceatttgattga ctcgetgecacttetttac 142
SSull EUS586278 geteccatttacacacaace atagtagtccgcacccattag 192
LSUIl EF378944 tgattactgggaagatattgg catagatggtggtaggtttc 139
GBSSI AY050174 gacactatcgtggaaggcaag ttgaccatctcatggtacge 152
GBSSII AF109395 cacagaatgccagaggcatag gaacagatgggaatcactcca 151
SSSI AJ292521 gagagtagatgacggctgtg caatcgctaaggctaaagagtc 190
SSS11 AB201445 cgttetttgetetgetettee gactgttgttgtgctecttee 169
SSSH1 AF258608 ttatccacattgecgttgag gtaaatccttgacactgetttg 159
SBEI AF286317 caacaaccgccctaactcatte ccagaagtcgcctcaccate 189
SBEIla Y11282 agaactgcggtegtgtatge acctatccatctgetcetectg 191
SBEIIb AY 740401 cgtatctcggaaacatgagga tccgagtctaagaccaccttg 150

AGPase tUFFARNY FEGi A HL A Mo J5i 8N T FL(SSUD . JRAR LN FE(SSUID i F 288 K FE(LSUD AN T A& Y KAV FE(LSUID); PiFl GBSS
LR399 )& GBSSIFIGBSSIL, = FhSSSHER 43 1) J&-SSSI.  SSSIIFNSSSII; = FhSBE}:N 43 i J&-SBEI. SBEIIaf1SBEIIb.
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Fig.1 Changes in grain yield and starch content in filling grains of leading wheat cultivars in Shandong province at different ears
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Fig.2 Changes of starch biosynthetic enzymes activity in filling grain from leading wheat cultivars released in Shandong province

at different ears
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Fig.3 Changes of the relative expression of genes encoding starch biosynthetic enzymes in filling grains from leading wheat
cultivars released in Shandong province at different ears
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Table 3 Relationship between activities of starch biosynthetic enzymes in filling grains and starch content in mature seeds

VER A LR B BIEN = NERG(REY fsi=n SRR T
AGPase 0.85" 0.65 0.89"
GBSS 0.50 0.50 0.44
SSS 0.85" 0.58 0.92"
SBE -0.49 -0.10 -0.67"

9D 0 A7 % (P<0.05) R 25 AH IR (P<0.01), Wl P Bt (KPR S Y13 U I 25 SR~ S fE. R

R JEN B LR B R DRUAT N 28 B S VPR VE B 35 B AT DGR 20 #r

Table 4 Relationship between relative expression of genes encoding starch biosynthetic enzymes in filling grains and starch

content in mature seeds

VERD B O SR A SAVER B R SCHEE R i
SSUI 0.66 0.35 0.79"
ssull 0.61 0.28 0.74"
LSUI 0.84" 0.55 0.93"
LSUIT 0.86" 0.56 0.95"
GBSSI 0.72" 0.70" 0.66
GBSSII 0.69" 0.69" 0.62
SSSI 0.86" 0.66 0.89"
SSSIT 0.80" 0.53 0.88"
SSSII 0.92" 0.66 0.99"
SBEI -0.84" -0.63 -0.88"
SBEIla 0.64 0.43 0.70"
SBEIIb 0.60 0.49 0.61
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