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Comprehensive Expression Analysis of Starch Biosynthesis Related
Genes in the Developing Rice Grains Using DNA Microarrays
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Abstract ; Rice grain filling is a process of starch accumulation. Biosynthesis of starch from sucrose in the
developing endosperm primarily determines grain yield and quality of rice. DNA microarray analysis was
performed in this study to investigate the differential expressed genes between 3 days and 9 days post an-
thesis in rice spikelets. 59 starch biosynthesis related genes were screened and among these, 20 genes
were 2-folds up-regulated at 9 days post anthesis ( DPA) compared with 3 DPA, including SUS2,
AGPS2, AGPL2, GBSS [ , SS Il a, BE I , which could be the key genes responsible for the starch bio-
synthesis during grain filling. 12 genes were down-regulated at 9 DPA compared with 3 DPA | including
CIN2, SPS3, AGPLI, GBSS Il , SS Il b, which were presumed to be involved in the construction of fun-

damental cell machinery and initation of starch granules.
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4 il ( Sucrose synthase, SuS) | R FF #5175 25 4
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DRI R 9311 g ialge 4 8}, Bk /6 R L. A&
THRETF B, Pe B KB 5% — B0 W] B IT ALy A4
WbRIE. BRI R 3 d CEE LR 20 B, SRR
3 A— U L FERL. B A — 2 7E70 “C AL+
Ja 2578, TR s AU 34T, 0 — PR R RS T
-80 C &M FRAE, HrpJF 46 )5 3 d(3 Days post an-
thesis, 3 DPA) 19 d AkFRLH T2 ELE 7204
1.2 EMFNEA AR E

50 ~60 i J e AR BE R JS BRI 0.1 g B F &0
.80 C N 10 mL &Rk 80% (1) £, B4 L 30
min , B0 BRI 1 W, &1 I, TR - &
T o T A i R P TR
FUMECH 3% (1 HCL Tl K ok fig 1 h, 25995 pH
Zrp I Ty v R AT AR S ()i 32 ) s A Ml e
R EREIN 28
1.3 ERESR#EXZSH

KR RNA F TRIzol 5] ( Qiagen 23 7] ) $2HL,
F1:LA RNeasy spin columns #7404k, RNA HisiE Y
DNA H Invitrogen [1] DNase I F 37 °C jE4k30 min. ¥
FEH RNA 2% A 5 A M H R FRA Rl A7 R ]
SN AT B R (T Affymetrix KRS 35 PR 4H A2 W06 e

( Affymetrix genechip rice genome array) ,.is 78 55 2
57 258 MR 8 ng 15 RNA I F& BUEY R ir
ICHY cRNA 4841, 5 500 R 4432, 1] Affymetrix gene-
chip scanner 3 000 X}:t5 #4754 , ] Genechip oper-
ating software (GCOS ) 43 Hr R EH K MAE 5 (FRik A K
KRB ER IR ) FIEAT R Y — AR AL . DUFFRLE
W3 dwEES S, L9 d BR R R TBNES
log, LL{F (Signal log, ratio) ffj & FE A 1 b R IREHR , 2%
AEBORT 2 M8 (log, Wl = 180 < -1 UCHEZESR
FIRHEA.

1.4 SRk E PCR(qRT-PCR)

RNA $2 ORI 446 i 77 ¥4 W) 1.3, 4% 2 pg A9
RNA [ Invitrogen 7\ ] [1Y) SuperScript first-strand syn-
thesis system JZ 5555 )i cDNA , 381504 cDNA % 5 1%
JE TS 95 B PCR 2347, 20 pl (19 S BEAR R o
&4 10 pL iQ SYBR green supermix ( Bio-rad) .2 uL
¢DNA 0.5 pmol « L' SRR 514 (F£ 1) FIiE &
7K ,PCR JZ W 7F Bio-rad ff] iCycler PCR {{_F1##17. fIr
AR F A 3 UK, L 18s tRNA L [H 3k Py S 4b 3
el
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Ohdan 2" JU/K REHE N A R0 ) s (TP 46 )
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20 d). EL 1 B K FEFERLAERESR G v 15 Pk
BT I RIS AR 9 Kk B RK, MR TR,
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BT, SE B ITER AL (] 1B) . AR LIS 3 d
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B, WP Z RITER G U S R Y 2k AR Ak
2.2 BREESTEESEE qRT-PCR IEiE

£ Affymetrix KFFEERILL S 57 258 AN [ A
W PRI 9 d MIEE 3 d _ETHEEA (log, FUME = 1) B
A4 TI8 A, 5 SEU 8. 3% ; FHFRIA (log, < - 1)
BT 5 136 4, (5 EH 9. 0% , B AT L, 7K Fi A
IR 3 d BER 9 d SR I RN R Z1 AR AL, ax sk
SRR RO EEEH R A E
I AR OCHE IR T IR R O O AT AR X
AR B B LR AR [R] 7 3 Ab B S , DAL 18s rRNA
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Tab.1 Genes and primers for quantitative RT-PCR analysis
o fRr kb 7 AL |

T I el ﬁﬁiﬁ%ﬁ;% ;

0s.4166. 1. S1_at AGPL1 F: 5" GGAATCGTGGTGATCCTGAAG 3’ -1.9 -2.0
R: 5" CATCAGCGAGCTCTCCTATATGAC3’

0s.50640. 1. S1_at CIN2 F: 5" CGCGCCTTTACGTTTTCAAT3’ -2.5 -2.9
R: 5" CATGACCGGCTTCTTCATCTC3’

0s.9212.1. S1_at GBSS II F: 5" TGTCGAGTGCGAAACTGTTGA3' -3.0 -4.0
R: 5" CAGAGCCCGTTTGACAGTTGA3’

0s.9127.1.S1_a_at SUS2 F: 5" AGCCATGACATGTGGTTTGC3' 3.6 2.4
R: S’GACACCCCATCAACAATAATCTCA3'

0s.11244.2.81 _x_at GBSS 1 F: 5" CGTGGACACGGTCATCGA3’ 3.6 3.2
R: 5" GGCCGCCACCTTCTTCA3’

0s. 12725.1. S1_at SS 1 F: 5" GAGGATGCTTGAAGCGGTTT 3’ 2.5 2.8
R: 5" TGATTCCAAGACTCACATTTCGA3'
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Grain mass, grain filling rate, starch accumulation, and soluble carbohydrate content in rice spikelets during grain filling
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. 2 Confirmation of several differential expressed genes using quantitative RT-PCR
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Tab.2 Differential expressed starch biosynthesis-related genes at 3 days post anthesis( DPA) and 9 DPA in spikelets
. SHRES
W s LOC %55 S it el 2 44 B 3 d 04 log LI

0s.4704.1.S1_at LOC_0s03207480 SUTI Sucrose transporter 1 868 4 945 1.4
Os. 8133.1.S1_at LOC_0s02¢32730 NIN3 Neutral invertase 1277 2 684 1.1
0s.9127.1.S1_a_at LOC_0s06209450 SUS2 Sucrose synthase 14 612 34 356 1.2
0s.17890. 1. S1_at LOC_0s03g22120  SUS4 1677 37 084 4.5
0s.5319.1.51_at LOC_Os10g11140  PGM!I Phosphoglucomutase 6 742 25 235 1.9
0Os.10118.1.S1_at LOC_0s09¢38030 UGPI UDP-glucose pyrophosphorylase 17 664 41 528 1.2
0s.3122.1.51_at LOC_0s09g12660  AGPSI ADP-glucose pyrophosphorylase 8 896 24 112 1.4
0s.178.1.81 _a_at LOC_0s08g25734  AGPS2 17 910 46 459 1.4
0s.6732.1.S1 _a_at LOC_0s01g44220  AGPI2 20 106 51738 1.4
0s.20397.1.S1 _a_at LOC_0s03g52460  AGPL3 3932 15 816 2.0
0s.4975.1.S1_at LOC_0s02g10800 BTI -1 Brittle protein 19 903 44 867 1.2
0s.4078.1.S1_at LOC_0s08208840 GPT1 Glc — 6 — P/phosphate-tranlocator 6 144 33 595 2.5
Os.12725.1.S1_at LOC_0s06206560  SS [ Starch synthase 6 027 17 127 1.5
0s.5738.1.51_at LOC_0s06g12450  SS Il a 11 022 30 335 1.5
0s.11244.2.S1_x_at LOC_0s06g04200 GBSS 1 Granule-bound starch synthase 15 789 50 615 1.7
0s.22169.1.S1_a_at LOC_0s06g51084 BE | Starch branching enzyme 10 669 46 251 2.1
0s.6796.1.51 _a_at LOC_0s02g32660  BE [l b 24 294 51 660 1.1
0s.3414.1. Al _at LOC_0s08240930  ISAl Isoamylase 5701 29 729 2.4
0s.25202.1. 81 _at LOC_0s05¢32710  ISA2 1202 10 687 3.2
0s.361.1.851_at LOC_0s04g08270  PUL Pullulanase 2 679 54 282 4.3
0s.26352.1.S1_at LOC_0s02g36700 SUTS Sucrose transporter 1036 105 -3.3
Os. 11851.1.S1_at LOC_0s03g11900  MST4 Monosaccharide transporter 373 63 -2.6
0s.50640. 1. S1_at LOC_0s04g33740  CIN2 Cell-wall invertase 6571 2 281 -1.5
0s.47344.1. Al _at LOC_0Os11g07440 NIN6 Neutral invertase 217 23 -3.2
0s.25677.1.S1 _at LOC_0s03¢28330 SUSI Sucrose synthase 6 431 2763 -1.2
0s.27130. 1. S1_at LOC_0s06¢43630  SPS3 Sucrose phosphate synthase 2 206 867 -1.3
0s.20973.1.S1_s_at LOC_0s05g44760  HXK5 Hexokinase 8 789 1503 -2.5
0s.4166.1.S1_at LOC_0s05g50380  AGPLI ADP-glucose pyrophosphorylase 7 994 4 026 -1.0
0s.47946.1.S1_s_at LOC_0s07¢33910 GPT2 Gle-6-P/phosphate -tranlocator 5 353 148 -5.2
0s.52206. 1. 81 _at LOC_0s05¢07670  GPT3 3815 1747 -1.1
0s.23163.1.S1_at LOC_0s04¢53310 SS b Starch synthase 5139 1 041 -2.3
0s.9212.1.8S1_at LOC_0s07g22930 GBSSII Granule-bound starch synthase 2 353 581 -2.0
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Fig. 3 A pathway description of the differential expressed starch
biosynthesis-related genes at 3 days post anthesis( DPA)
and 9 DPA in spikelets
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