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Abstract: Two distinct genes, OsAgpSI and OsAgpS2, were found to encode ADP-Glucose pyrophosphorylase
small subunit in rice (Oryaz sativa L.) genome. While OsAgpSI gives rise to two different transcripts, OsAgpS1a
and OsAgpS1b, through alternative splicing at the first exon. The expression patterns of the two transcripts in
different tissues and developing endosperms in rice were analyzed by RT-PCR. On the other hand, the spatial
regulation of OsAgpSIgene expression by using a reporter gene GUS driven by two different promoters upstream
the two transcripts, respectively, were analyzed. The results showed that Os4AgpSIa transcripts and the reporter
gene GUS driven by the Os4AgpSIa promoter had a similar expression pattern that abundantly expressed in endo-
sperms but very low in leaves, whereas OsAgpSI1b transcripts and the reporter gene GUS driven by the
OsAgpS1b promoter own other similar expression pattern that expressed at a low level in leaves, roots and early
development endosperms of rice. These results suggested that these two different transcripts of Os4AgpS1 gene
were driven by different promoters, and the promoter upstream OsAgpSIla could be used as an endosperm
specific expression promoter in rice.
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BRI & B S P VER & RS2 ADP-
#i%j ¥% (ADP-glucose, ADP-Glc), ADP-Glc i ADP-
Gle £ %% i 1k B§ (ADP-Glc pyrophosphorylase,
AGPase)EfL& Bl %Y AGPase A& H B4
K FE(AGPase large subunit; AgpL)FIH I~/ F 5
(AGPase small subunit; AgpS)ZH A% /) 55 I8 DY {4,
A SV VA AN 2 = 1 TR 3 AV (VA N 2 S
ADPase — AL F i, (A2 7E B W IR FL I I
WIFAE ADPase, & K (Zea mays) Shrunken-2" Fli
Brittle-2" 5 AR A&, W2 B 07 F M3 H ) ADPase
MR/ FE 2 A RAEF=HE I . FE R K INE (Triti-
cum aestivum)®' . K F& (Hordeum vulgare)'® F17K 15
(Oryza sativa )" =Y 80% LA _E ) ADPase % 7
Sk BRI . TERSEHEY , A B B
FEH R & A 2o B R A5 38 06 Ak A [R) R iR R P 1Y
Fit, TEKREPHE A RIEEEERNZEHE: Group 1,
il FEMFL R IX, 5TEM R B H R —30GMm
Group IT, f5i[a] FAEM F MHEHHAL X EE R
HEFLh RS, KFEREAH A 4 1~ ADPase K
WEFEF AN 2 /N FREFER  EST HE£ I, 4gpLl
FEAMRIA PR EERE, 5FEK Shrunken-2 F:H
VR i L 2 4 7= A 4l B R ADPase [ K IF.
I, 2 AgpS FHF, 4gpS2 (LOC_0s09g12660)
M F MR B RHIMIEIL P ERE )BT Group IT 28
FEHE® . 4gpSI(LOC_0s0825734) A Wifh i3 7
K, —F B %5 Ik (4gpS1b i) E AL TRk
B —Fh A 555 K (AgpSla W), 5 E K Brittle-2
IR, S F a3k v, IR R AE 7= A shrunken iR
A EA

FEE K, AgpSla Fl AgpS1b Hi B4~ [ 4
U0 AN M AR M KA — ARt R — N A
Wi, IKFE AgpS1 F R WP F A i [/ — 1
JA BN % SR LA 2 B A R 9 i 3h T L T
BUEANTERE , AW E T RS 2 (GUS) TE K Fi Al
PR ) ZRIBRE R M K RS AgpS1 FE R R] X 35,
) 3h F e a1, ARTTK RS AgpST EFE WA
B SEA QA AT 5 SR VAT MR ARG AGPase 2
BERLEAK IR

BRI

1.1 #Ft
JK G (Oryza sativa L. ssp. japonica ‘Nippon-
bare’, H A< 1) T [E Bk Be 4 B 48 ) el T 28 7K o

MR FIARELE 4 ~5 FEEIEEAR, M RO =0, FF
BAEFFIESE AR R EF FIHFAE/E 5 ~6 d 35
FIFARKE,10~11 d KRBFKRIEE, 14 ~15 d &
BARERE,20 d #E), &R LR ER., AT
RNA I SR AR GG T-12CHREHH.
FAF GUS Kl i S BURR AL 38 5 3 R o

1.2 38 RT-PCR 4#7

A RNA i Trizol (GIBCOBRL) )\ M- F AR 2 4E
J& 3 ~14 d BFPFHIREL, PCR MRS —4E cDNA
K4 BUH 2 pg & RNA, Olig(dT)3 ¥, M-MLV i %%
SEHo 2 pl cDNA FIF PCR N, 1% BASHEL (&
ethidium bromide)H IK J5 22 /MG W4 fAH, 4 Xt
FERTI X ERE W& 175, LAHERR 2 F 41 DNA
75 4, LAKFE Actin 7 P (Genbank % 5§ 5
X16280)1EMHE M RNA ¥ B b xof B8, [ B A7k
7% Wx EHH (OsGBSSDZEH KL EEESH, A
513t 40 F : AgpSla (S1aU,5 -AATCTTGACCG-
CAGTGTCGATG-3'; SIL, 5'-TGCAGCGAGGACT-
TCAACGA-3"); AgpS1b (S1bU, 5'-CGGACGCCAG-
CACGAGTGTG-3'; SIL, 5'-TGCAGCGAGGACT-
TCAACGA-3"); OsGBSSI (WxU, 5'-TCGACAACAT-
CATGCGGCTCA-3’; WxL, 5'-AGCACAGGGCGT-
TCCGTATCTC-3"); Actin ( AcU, 5'-GGAACTGG-
TATGGTCAAGGC-3'; AcL, 5'-AGTCTCATGGAT-
ACCCGCAG-3"),

1.3 BEiFRIZEBFEHMBEHERKE

TilE AgpSla I8 3 T 31 % J: PIU, 5'-CT-
TCAAACCGAATATCACTCATAG-3'; PIL, 5'-AG-
AATTACAAAGAAAACCGTACTC-3', DNA H B K
BE2y 2 004 bp, FEFE AgpSIb JE 3T 51X A
P2U, 5'-GCACAGCCCTTGATCACAATACAG-3’; P2L,
5'-GGGGTGGAGAAGACGAGAAG-3', DNA H B
KEEH 1648 bpo EAKIAAALE LA 2, T HEH
41 PCR ¥ 34 ! DNA K W7, 5ufE 3] pMD18-T #i {4k
1 Pst 1 1 BamH 1 WEGY] , #%4:3)] pCAMBIAL391Z
BARLE Al LA P2, N RITE AN S5
HHE B HELBKAEH AR,

1.4 GUS EFEFRIEMARLZKRT

WA 5 B g6 KA AR B U 0.5 ~
1.0 cnfI KB, BB LE 1.5 ml B, IAS00 wl
H) GUS Wik ,37 CHLE 4 ~6 h,70% Z R )5
JEAH
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el —KIBK S EE R 2 om x
2 cnBI G T 12 em X 12 em B TR SR,
A2y 5 ml GUS J b W5 U8 4K 58 21 1 , (H A2
BWANRTLS) . FRERI A M b (] 43 3R A 1
GIERZI) = ) T L s O - s = 3
37CHUCE 1 h(P1)EL 2 h(P2)o K IR MR 5% 11
ERBAHEEDD), SRBUE R T EIRA (GAY)). GUS Jefs
Wh 0.1 mol/L R L 2% vk (pH 7.0), 1 mmol/L
EDTA (pH 8.0), 0.5 mmolL K, [Fe (CN), 1,
0. 5 mmol/L K,[Fe(CN),],1 mmol/L X-Gluc (5-7%-4-
A3 -M| R E PR )

2 RM

2.1 /K78 AgpSI1 (OsAgpSDHHIRIE 5T
S BILL OsAgpSla Fl OsAgpS1b ¥ FA My 5'-
RSP HIX 5149, @ 3d RT-PCR kst HE A

A

Endosperm
L

Root
Leaf
it

3

OsAgpSIb

Actin

AR R AT T 0. B5REM, OsdgpSla
FEERI P RE, A AR IR E N
KB 1A), ERFLEERPIRIBR, EERALK
BFHRXR W, NIRRT EH XA TGS
(B 1B), #J,0sAgpS1b TEM i A HIRIE
FEWE 1A, ANERALZETRPREFEERS,
ERMEEMRANEAT, HRAEWE TREE 1B),
7k g Wx £ (OsGBSSD) FEEMEFL & F 1+ 5
Tk, EFEE W RIREEER, 556811 H
A —B®, £ B & RT-PCR FE 5 Y cDNA ¥ & F
AR ER . AR 0sdgpSib EEAE /R
ALEERMEREMN, FTEG R HIGEHEER, B
TFIER A BB Group 11 JSHFRH . 1T OsdgpSla
TAERRFLVE SR BAAEAE T , S/KREFh I e 1 &
BUAHE , JB FIE R A U Group T 8BE3EA

B Days after flowering
IESRREL
3 5 8 11 14

OsAgpSIb

OsGBSSI

Actin

Bl 1 KHE AgpSlaF AgpS1b FikH) RT-PCR ZM7
Fig. 1 RT-PCR analysis of AgpSla and AgpS1b in rice
A W AR, H 45 335 Expression in roots, leaves, and endosperms ;
B. FEA[F K & I W IRFL () 2835 Expression in endosperms at different development stage.

2.2 /K¥E AgpS1 ER B FH1

T WarE KRG AgpS1 B WA R Al % 4
R A R JR 3l 745 8 2 B A [R] 19 3 3l 74511
HAEFAAEYERFEITESIT T AgpS1 EHE K b
WX 3k 7 51, 38 i http//www. dna. affrc. go. jp/
PLACE/signalscan.html %3 | f#] A Database of Plant
Cis-acting Regulatory DNA Elements 7E£ 4341, & 3
1E AgpSla 55—/ B F L 30 bp £ 6B — MEMN
#Ja 3h ¥ X (& 2, Putative Promoter 1), 1.0 7514

TATAAAT ., 7E AgpSla 55— W& FIX, AgpSI1b )
F—HhBF B E A NS 37 X (& 2, Puta-
tive Promoter 2), #%:0>J%5) 5 TATTTAA, 1iBHKFE
) AgpS1a F AgpS1b %A A BE S B ARl 3 30
TR, N THE AdgpSlaF—NEFRE
BEAEERREE, UAES AgpSla A= 0]
FIRFEE, RANTEBE T XWA B3 7 X H (& 2,
P1U/P1L;P2U/P2L), i% # 3| pCAMBIAI391Z # /4,
R R GUS 3 F/K R T4 Hrksil
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CTTCAAACCGAATATCACTCATAGCCTATAGCTTAG e 1580 bp AATTTGTAAATGTAATTTG
TATCATATGCTAGUTAGACTCITTCCAGCAAA TCAA TTCCGTGGOGUTACAAAAGAATCTCT TTTTGAAALAACTAAMT TACAACAAAAACGGUACGCT
TTGCAAACCATGOTOTAACCTTTGCCCACAMCAACCTGTATAAGAMALCAAGCTT TACAGCT TCATACAACTCTGGTTAGCAAACTAATTITGTCACGCT

Putative Premoter 1 ,l_)&,, AgpSla, the first exon
; FIAGAGGATACTGCACAGCCCTTGATCACAATACAGTGCATT TCTACAATCITTICT

ARGATCTRCCETTOCOGUTCOAATCTTGLCAGUCAGCAACARCRATCCAAGCG CGAGARAGUAACTATT GATGACGCTAAGAAUTCGTCCAAGAACAARA
ATCTTGACCGOAGTOTCGATCAGGTAACCCATCITCOCCAGAAA CATATTCATAAA TACCATTACTTGATT TITITTATGGAAT TCCITAT TCATGTAG

—
Stall
AKCATATTTTCTATITGATG

wommmmmne T B o ~  ARACTAAAGAGAAGTGOABASAATGGCAACATTTACTAATAATTAGATTA

TAGTTITTCACATCTARTAGOAAAR T TATAGAT TAAATAATT TTTTGAAAGRARARAATATT TGRARACTTATTTATTITCAAGTA

Putative Promoter 2

AACTTCAGTGAAAACTACAACTTTRGCTACAACTTTTACGTCATATGTTGCTACAGT TG TCACCTACATGTCG
TOTAGCAGTATATCACATCAAAGTTGTAGT TTTCTCATAATT T TCCATGCTATIC T TACAATARACTGAAAT AGATAACTAATCTTGTAGURAACT ATA
GTTCTATAACTGTACTTCTAGT TATAGTTTTCTGAAATT TAAGATCTAAAAGAAGAMAA AAAGAG GGOGGOEGHGHGGOGHEEET T TCAGGEEETTGAGA
TITACACACAGCCACACGACACGAGGUAGGGCT ACCOCACTAGACAA TCTGTCCACT CACCACTGGOCTCACT TCCTTEATCTCI TCICGTCTICTCCAC

-y P2L

b 4gpS1h, the first exon
LOCOCACGCGECCACCUELGCAGGGACCOUGT GACCLGLACOCGLGCECHOLCCTCACCOIARIRGCOAT GO OGGLAGCCATGGGOG TG GOCTOCCCCTA
CCACGOCOLCCACGLCGLOGCATOCACATCGT GOGACTCOCTCOG L TCCTOG TUGLOGAAGGLOG GO RO GLOGCCAGHGTEGLCTCCTCCTCC

S1bU y»™
TCCICCTCCTCT T ORGOGGGCAGRCGLAGG LG GOCCCTOG T T ICT COCCGCE OGCHGT G TUCGACT COALGAGUTCOCAGACLTSCCTCOACCUGGALG
CCAGCACGGTA 600 bp CAGAGTCTGCITCCAATCATTCTTGRAGGTGGTCCACGLACTAGATTCTATCOCCTCAC
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Lo AopSia and AgpS1b, the second exon

K2 K AgpS] EHN A F XTSI
Fig. 2 The sequence of promoter region of AgpSI in rice
TRIZFS: 4B F X I8 Underlined sequences: exon region; SB€4 fill & X 3sk: #fE I 1) 3 3h 7 2 7 A1 B PR 4R %575 F Blacked
region: the putative promoter motif and initiation codon; P1U/P1L, P2U/P2L, S1aU, S1bU: PCR 51¥j I AgpS1 3N F 47 & the PCR

primers and their loci on 4gpSI gene.

2.3 WY BRI FEMFHIFRIE

M8 ANFEEEFK AR R LR AP FHEE) 5 GUS
EHEBESEREYW, FHEE 10 d BRH P1
(AgpSla LR 3 F)RIMB B E W RIEE, K
M 10 min J§ LA GUS & B f= 4 ) 1 @& 7= 9,
30 miniS BT, 15 6 7= 1 AP DU AR, AR
P2(4gpS1b ;i Ja 31 F) R B BAR M 3% R0 1,
B 1 h G GUS R =4 ik o 7= Mk kLA 433 ,
JIE 2 h 57 BT LA BB 5 85 7 (B 3),
R 3 PAEMARRERKERARE B 6, 755
P1:GUS HIZKFERR RFFRL AT LB 2, F 70% S B
e ETEMERE, UL A F A GUS EE i
AN HNIEEE R 4 A TE % B R AR 7 o R A 4

B IEG A LME R GUS B2 i B HExT B, R A A R
BERZRA GUS TP AT SE 1
MWFFID)E GUS I B 45 R (E 4)FH,

Pl ZEFFAESG 5 d FIEFLF A Rk, EFFEfE 10 d
KB, ZETF A TR, BT EEKT R g —
B e TR E R, XFFRAERS OsAgpSla LZ3
SR RT-PCR 434 SR 2 — 3. Msh, Pl £
IKFEIR P EA FE, P2 ZEFFHEE 5 d FRALH
ARE,IEEMRILLEFTHEE TR, £ LG
20 dMIEFLH GUS TEHEIEE K. XFREEAE
OsAgpS1b ¥ 54 RT-PCR M4 A —2. [H
B, P2 ZEKFEIE i A Rk
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P1:GUS

P2:GUS

B3 WA ESFERN GUS EEE KBTI P REE
Fig. 3 The GUS expressions in rice endosperms droven
by two different promoters
P1:GUS: AgpSla Ja3liF# GUS AgpSla promoter + GUS;
P2:GUS: AgpS1b JashF# GUS AgpSib promoter + GUS.
1~8: RFEEL], REBEFEKBEHRRIFESE 10 d #F The

transverse sections of endosperms come from 10 days after flower-
ing of different transgenic rice lines; #ijk#5~EH GUS 1EMEKIHFF
% The arrows indicate the grains without GUS activity.

2.4 B RBIFEH R RPRREEN

M GUS B L5 T LIE H, PL F1 P2 i~ a3h
T I ERE RIA (B 5) , e IR % 2R K Rg bk
FP GUS i AL B, P 6B 5 HAH AN SR ]
Bk, PLAIP2 B4 )G 3 FAEM R A % SR T 1
B EEAE R EL P B EAIG, O 2 h s AR B GUS
WL RM 4 h EABRGE. NEKkLE, &
A P2 JEBIE) GUS (& B E b PL &, Ui
A% GUS IG5 OsdgpSla #1 OsAgpS1b W
AN SRR RT-PCR 45 540 —3, P2 B3I GUS
TEHEFEAR TP ASS ,  6 h A A A=Y, i Pl
JashE GUS 3&PETE RN 6 h J5 B gl 2 (F
5) ULHH P2 J3 ) FiE thAE AR A B B S T PL
JaslFiE
3 e

TKFEFDF 4 50 2 R B R (5 P 08 453 R
GUS M R— MR . IRA X B, GUS
PR ARMES Bt AT , AT E Sk I R i
FLH GUS WiE . W R AR B, B F KRG AR BB
FhFIRELE PR LA e W P RS 5
B, TR b ORI, GUS 1R A I I 7=k

Days after flowering € G K4
15

P1:GUS

P2::GUS

B4 P EsiFiEke s BRI AT AR IRE
Fig. 4 The GUS expressions in rice endosperms at different
development stage droved by two different promoters
Em: f£ Embryo; P1:GUS: 4gpSla Ja3liF# GUS AgpSla promoter +
GUS ;P2:GUS: AgpS1b Ja 3T GUS AgpSI1b promoter + GUS ;
HAKRERR & P1:GUS-2 Fl P2:GUS-2 B EF,LZ\ 1] The longitudunal
sections of endosperms come from transgenic rice lines of P1:GUS-2

and P2:GUS-2.

Root ##
P1::GUS

P2::GUS

i i

Es FAREsFERN GUS ZEEAKRE 5 AR i RE
Fig. 5 The GUS expressions in rice leaves and roots droven
by two different promoters
P1:GUS,AgpSla JE 8T GUS AgpSla promoter + GUS;
P2:GUS,AgpS1b Ja sl F#: GUS AgpS1b promoter + GUS,
1 ~8: A [RIF%#E KRG 4k & Different transgenic rice lines ; # 5EJ5
FHEFKFERER 4 5508 5 Roots come from transgenic lines 4

and 8, respectively.

ZREY R GUS Befirh, N IR FL A 2 A,
B EAA T A AT I R A SEHHs b 140 5
BRUIFIAE)JG , Y 1 1 BB SE ) GUS el
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TERUEAR L, X AR R B IR L AT IR B 2
$,GUS W= A s & =k SO, 4o
R GUS WEHEAR &, RN =1 R &8 BUE#h 7 g
JE(E 3), H B FIRER AR AR IE 5%

IKFEHY AgpSla F1 AgpSI1b M [F]— A% I 4%
5 AER PN Rl 5% S A mT B2 R R 3h
PSR R, AR E F— N E s FiEhlERE H
Hi A& RNA AR BT ) BT T8 i . R EIE
Pz — & AgpSla 5'F¢ 775 RT-PCR 43 Hr &
AgpSla FEAEMZLHRIE TR S ~11 d Kk
FLH kB E i, s A T R, £ i R B B
(B 1), B Pl B3h GUS B, Em b RixH
55(&l 5), P R 7K PR B (8 3), 7EFFIE 10 d 1
A B mE, 25 TR 4). PLIE3IE GUS 2H
FiABEA 5 RT-PCR Kl 2 i) AgpSIa HIFR AR
—H, & P2 33 GUS EERKEA T RT-
PCR kiU B AgpS1b W FRIIBEX —3, i Fr v
BH—EKFEHFRE, B F AgpS1aP1:GUS MFE K
KV ERFL R B RS EMILE T RIRE,
IR E P EHRBEE .

IKFG AgpSla ¥R sh TRl LIME R IRRL 25 H
Bahf. AERREREB IS FRIFRER 6
MR THEPRESFERNERE TR, mEESTERA
TREFBBKRERF IR R AR SR, T2
AR HWER BRI E—FRE, MAEHAH S
AR FRIB BRI E RIS, AT AR T L ik
HAKEREEAERABE W, XHERTHE
B L —REWENF. KRG AgpSla LR 3h
¥ Pl fEKREREL R R A, SR LT
B HEAAE — 2 (B 4), ZER L ARR  7EM
HAERMGKFRREE S), BidHERE—28
W AR E KRS AgpSla LR FHIX Pl BH
RILMER KRR BG83 T

S 30k
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