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Sequence Variation and Expression Analysis of
Dwarf Gene iga-1 in Rice (Oryza sativa L.)
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Abstract: In this study,we screened and confirmed the candidate gene of iga-1 in the fine mapping region,
which controls the dwarf phenotype of mutation of cha-2,made clear the sequence variation and expression
patterns of the gene, and explored its molecular mechanism of genetic regulation. Candidate gene in the
mapping region was predicted using rice annotation database,and sequence variations of the ORF, upstream
and downstream were analyzed based on sequencing and sequence alignment. Furthermore, meta-analysis of
the crucial motif was performed. And expression pattern was investigated using semi-quantitative PCR. (1)
On the basis of early studies of fine mapping of the nuclear genes iga-1,3 ORF were predicted in this stud-
y,including 2 dna] chaperones LOC _Os05g26902 and LOC_0s05g26926 ,and another one is the dwarf gene,
RGA1( LOC_0Os05g26890). (2)1It is found that only several SNP were detected in the LOC_0Os05g26890 in
the mapping region between cha-2 and wild type by sequencing of ORFs,which appear to have no alteration

of amino acid coding. (3) Expression analysis results show that RGA1 was unable to express in four devel-
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opmental stages of cha-2 and was revealed inactivation in genetic background of ‘Zhonghua 11’ or ‘Shisou-

baimao’ with genetic stability, which therefore was identified as candidate gene of iga-1. (4) The sequences

in upstream and downstream of the RGA1 were examined,and 865 bp deletion was found in the upstream of

RGAT1 in cha-2,which was induced the whole exon 1,part of intron 1 and upstream region of transcription

initiation. We concluded that the iga-1 in mutation of cha-2 was the inactivated RGA1 without normal ex-

pression,which was caused by a large fragment deletion in the key region of transcription.

Key words:rice (Oryza sativa L.);dwarl gene;deletion mutation; G protein « subunit;iga-1

i 13 1 BE S /K R R B 5 4 v g AN AR S
Ptk R e E A R R . AR E
M B FF S sd-1 FEKREE P s R H A 2
M R sd-1 RAVE AT, o B K R RLE
GO S S =i = i) AN 4 = DR 1 T
R I P B R e A2 7= b KT BN . (R
SR I T2 R A A a8 A G s v KU R T
T A S (A Bl s 2 el =

— BN Ay KRR R R R R R S A E
FA 25 5[] B, 32 2] 46 i 81 sl 400 ) 35k BT 7 5 i
8 T 5k P B L 2 5 BSOK RS R T 265 2 53 40 L 285 4
A AR Ak Y T A5 S 40 A B0 2D DA oA R AR
B A BRI R R R T 100 24, A
INBLRFF (d1.d7.d11 %) (W5 I B AT (d2.d6.d20
) 2IRFT (sd-1.sd-g \ sd-t Z8) I ZBEEFT (hedl .
tdrl tdr2 SN ZHON K B R FE 58 AR IR 22 fF:
B HC A AS B IR o DAAE AR 7= BRI M T A
SRR 23 (Al A8 S QB B AF LR W ek 2. B
Al » B 3 28 A AR B R A T — RAVEFF R A
N AT NIVR S R = ST

A5 38 33 25 18] 5 A8 SRAF B AT R AEIK cha-2, 1%

SRR PR v RAIG R 78 2 [ | 5 R 8 v R 4 ol
AT PEAR I R AR T iga-1 AE A& AL T4 5 Y ik
25 50 kb {1470 B P90 {EL g AR S B gk 3 R Ok
AHIF 5T AE H I AR S Al b 3 2 40 G I RN 2 3k Ay
Br e e SE ) . WX 25 A itk — 20 F FOK R
FEFE R 43 PR HLE] bR & AR AL BB 1 = .
L AR
1.1 #if#s

CRERL 137 A B AR AR JERR L TR A kL T AR
BEIT e RN F RLRG S Rl . EPHES BRI N S AT
R R AR A R PH Ml DRI R W RS . cha-2 R
SRR 137 (TXZ13) T 2 TR #3805 . 76 1 i
iR 175 A2 Ji5 AR 07 6 75 3 ) R AR 28 AR A, 2 2 IR
EE, HUBRAF MR B s i (| D o st i 40 i e W 3L
Bl 2 ANBAF R, B B R sdlsdliga-liga-1,
DB R R (HYZZZ) R 5 [ G A cha-2 R 3E
W EAR, BAE 3 KK iga-l FACEHEZHEE
BEFF M RL cha-2n (] 1) BB FF 3L N B Ry SD-1SD-
liga-liga-1, FIFRFET 6 iga-1 43515 A
117 (ZHID AR EZFE (SSBM) L JE R ZH 11~
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A. Leal blades in grain-filling stage;B. Grain;C. Panicles in grain-filling stage; D. Gross morphology
in grain-filling stage; From left to right:cha-2,cha-2n,TXZ13,AJNT

Fig. 1 Phenotypes of the iga-1 dwarf line cha-2 and cha-2n""
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Table 1 Primers used to amplify the ORF and flanking sequences within the mapping region

— K- JiE R
141 EEG g5l roH R ik
Primer Forward primer (5'—>3") Reverse primer (5'—>3") . si7z/bp Remark

P18 LOC_0s05g26902 ORF

P02 CTAGTATATTGAAGGTTGAAGC — ATATTGCCAAAGCATTTTGTCCA 27T xtoez6002 ORF
e . . et n s . . ¥ LOC_0s05g26926 ORF

P92%  GTGGGTATCCAGCAAGTATTTC — TGCATATTGCCAAAGCATTTTGTC 275 ot O Osboe26926 ORF
P890-1  ATGTCCGTGCTTACCTGAGTGC — GTTTGCAACTTATTGAAGGAAC 2212 4B LOC_0s05¢26890 ORF
P890-2  ACTTATCTAAGCACCTTGAGC TGACTTACAACCTAGTCTTAGC 1584 Amplification of LOC_0s05¢26890 ORF

7 A A A r et e U e . 1 LOC_0s05g26890 “F Ui 91
P890D TACAGGTTTGTCAAGAAGAAGTT  GAGAAGAATACGGCAATAGGAT 1t oo Ot s Ha80 downstream
P8Y0-U  AAGTGTCAATGCCAGTAGCC GTTGTTTCAGCCTCACTTAAAGA 5635 038 LOC_Os05g26890 L iitf¥ 5

Amplification of LOC_0s05g26890 upstream

iga-1,SSBM-iga-1 %F ¥ & .
1.2 35|#¥i&it

LA i 30 67 25 R . A NCBI W 3 F1 MUS %%
P AR AG 4 W ORF K e &R e ok 3% 3 41 7
L5l ¥ it TH Primer 3 Plus #4751 #1% 1 (&
D,
1.3 PCR i

S8 E BN 0 O 2 B BOK RS R SR R A4
DNA, G &80 8 My 5O 2 mL 2508 g A
WA 1 mL CTAB 2% . #84) B T 65 CK
WA EUE IR A 30 ~45 min J5 B 5 A S - %
BE (24 = 1) ZWE. R ZUE 3R 55 15 000
r/ming L 10 min 5 W H EEREH A KE SO
LA 600 pl T Y S5 N B J — 20 "CLE 20
min,ffi DNA &4 ULE S5 10 000 r/min B [8] 250> »
S BB AR A 720 plL 70 % L EEPE S s 18 DNA
T JE A 100 L 1 X TE Buffer, % f# DNA; &+
—20 CLRAFF .

FWES KRB &EREY K KOD Fx Tag
E(T()YOB(),L“@) s PCR 4" 14 1A 2 Fic B0 W] 5 i
il RS R 94 C WiASME 5 min; 98 CAR P 30
$,57 c ik 30 5,68 CHEAH 2~4. 5 min,32~35 4~
PEH ;68 “CHEM 10 min, P =1 1. 2 X0 HUIE b
358 M v R Uk AR
1.4 F3Itk3d o4

{#i il TIANgel Midi Purification Kit( KR 4 1k
5], £ DP130419) X4 34 7= oy kA7 Il ke ik . B
REAES BN S Ul W 5. B0 B . DB bl 5
L # R A B0 R B BE R B — 4 2 mL B0
e A 1 X Buffer GC, & F 55~60 °C #upi h 2
10minﬁ%é\iﬁﬂc BERS IR A VA IR A
BEAE g0 . EE SR, HERRNIRA W T

WAL . A 650 pL WEAY DNA ¥ % 2% op
W& (wash buffer) ZW[AEH,60 CHEHEH 5 min, &
T .13 000 r/min B0 30 s, HEMWLIE., B
WA 2 1.5 mL WA LA 30~50 pL Fi A
F4 Wk it i (Elution buffer) Z8 0§ B 43 b b, 25 6 ik &
1 min,13 000 r/min &.[> 1 min,

4lifk. PCR = #3% % Invitrogen 23 &1 J3 . #1| F
1E ST 5| 4 B . I 3 T 8 4 DNA-
Dynamo fil CLC Sequence % 4PF32 , 39847 £ 41 b
XF o3 HT
1.5 HFEE2 RT-PCR

ZEAF RR B AR R L 4L RNA R IO k2 %
SCHRL10]. DASE —4E cDNA Bz, b 514 &
HEAT PCR 9™ 3 , 35 i 0 58 e o Yk A . PCR B2 3
MWME .94 CHAEHE 2 min, 94 CAE M 30 5,58 CiB k
30 5,72 ‘CHEMP 30 s, 4k 30 NMEIF )5 72 “CHEA 7

o NS BILE ly Actinl, T 5198 Act-
inF(5'-TCCTCTCTCTGTATGCCAGT-3")Fl Act-
inR (5'-CGGAAACGCTCAGCACCAAT-3"), ¥ 14
HBCKE S 351 bp, PCRIB KR EE N 58 C

2 AR5

2.1 {RZEERERBN

FRAE AT BT 285 2R L A e B DR e (0 T4 5 Qe
fibric DL18 A1 DL19 Z ], & #f MSU Rice Ge-
nome Annotation Project Database Chttp://rice. plant-
biology. msu. edu/index. shtmD X} & {37 X ] 3 47 6% 156
BRI (& 2) . FA 3] 3 > ORF, Horp 2 A4 fidh
dna] 43 T £ 1B (& A dna] 45 W 8 & H) LOC _
0505226902 Fl LOC_ 050526926 3 57 4k 1 4~ H B 7 e
K FEEEFFEE B RGAT( LOC_O505¢26890)

RGA1(D1,Dwarf1,DAIKOKUDWARF )%}t
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G-8# 11 a WAk i€ & 1L, R 0
G-protein alpha subunit,putative,expressed

LOC 0505226926
I

MM dnal4y 41 & (1, e, &L

Chaperone protein dnal,putative,expressed

B2 iga-1 & fr X3 A9 3 B W Chttp: //rice. plantbiology. msu. edu)
Fig. 2 Gene prediction within the mapping region of iga-1(http://rice. plantbiology. msu. edu)
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Table 2 Variation sites located in the LOC_Os05g26890

i ‘& Position X 4 Region IR 36 H 4 Nipponbare il 5 13 TXZ13 cha-2
59 4h i F Exon A C C A
379 N 1 Intron A A — A
1315 M % T Intron G G C G
1359 N % F Intron A A T A
R — A e BE W K RE R AT S, g 15 GTP 45 & Actin] RGAL
BTG EBED M o WIE. 555 % K (gibberellic 13 13

acid, GAMF 51 T8 B% 52 WUk )2 o TE K B 1Y
VR RN AR B HOS41 i F d1
(dwar fDFEF B S 1 40+ R & 3 53 0 L ok
K FHGTP A GHEARBZENMG . FERGES
& AR AR SZ BHL o DT 77 2B AT A /N T () S PR R
fES S S ARBFIE cha-2 58758 Y 5 FEAH AL 5 A 1 g
LA .

DL H A " RV AE R 2 2% 07 9 4 X 5 o7 X
[E] Y 3 A ORF B it51 4 #e47 4 84 /iy .y
G b % 45 B R B AR AR cha-2 FOBF A2 Y 4Rl
137 7E LOC _0s05g26902 F1 LOC _0Os05g26926 1
ORF 31584 —3%, 1 LOC_Os05g26890 M| %& A= —
AR (R 2, SEAR KRS 137 L, cha-2
TAAE 4 A4 SNP, Hif 3 AN F I & F X8k (379,
+1 315 141 359) . 73 AMEFE 1 A4~ SNP(+59) 2 fif
TAHNEF N TE+59 XIS IR 36 5 cha-2
HBAE AT H AR Rk S 137 # R Co 3l i
W e 51 53 B« A B 98 72 g T W) S5 7% B 2% 4 5
ACA(R 36 5 cha-2)/ACC (* H A W * F1 < 450l
I3 I8 2R . H UL R WL iga-1 19 58 748 {37 A5
IHHEAL T RGAL 3P CDS [X 5 .

2.2 WMREEEREERX

FE PR R IR KA FE R A D e T v B B

SR T BEIE KB RGA T JE R 363k PR AR & 7= 4=

il
cha-2 cha-2n TXZ 13 cha-2 cha-2n TXZ 13

Wi K 1
Germination stage

—

Two-leaves stage

Py m- 14

Four-leves stage

43 B 01
Tillering stage

Bl 3 cha-2.cha-2n F5Hl i 13

N[l i 3] RGAT 3 [ 4 )
PCR analysis of RGA1 in 4 different stages
among cha-2,cha-2n and TXZ 13
SRR AR s Bt i — 2D A SRR cha-2 % BE R Y
T, RS 137 cha-2. cha-2n Ff F 1
ST L O e S A G BE I AE 4 D E L R
g & PCR 438 RGAT B R RBE A, 5 R %
BT, CRERD S 137 0 T 5 IR 3 0 2Rk, HofE 4 BE
23R K -5 5 5 T cha-2. cha-2n T 3% F7E B R
B A FRGR (B 3) . RiRES R KM iga-1 A RESE
RGAT R BRI BN

Ry it — 2 W5 5 AR P I 6% 3 B T dga-1 AEAN
[ A5 15 5 N Rk 00, 20 0 LA vh 48 117 F0°
R AE R RUEAR T iga-l MR T AR
ZH11-igal, SSBMrigal, F BRI W% & M, 2 4%
SRS WNE SO E = I B (AN iRy &S N AN S SE YA
BENFEMER . 5 cha-2 AL, #F— 22 ) H]2F E &
PCR £ I 2% A Sz 24~ A R RGA 1K H 3% 3k 7K °F

Fig. 3
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SSBM-igal

IR A JEL DR Xk i

ZH11-igal

GVHEATAGIN o 3 BTS2 A5 2 S 32 3K I IR 45 )7 91 K 4B

i A R NCBI Bl 4 T4 B Y TR36 1y
RGA1 J#%)(GenBank & %5 1.35844. 1), ¥ ¥4l /%
SRR 137 F0 cha-2 1 RGAT ) bR e XK. il
WP R = F R FZY 1200 bp B 57
) 58 4 — B0, 0 AE 3 XS & B cha-2 A7 7
KR B Ak o L E s B TR36 \HO541, ° H A

el
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o
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Fig. 4 Phenotypes and expression analysis of candidate gene RGAT1 in different genetic background

3 4 i X CDS
B 5k T Exon — e
B LA Gene —

Bl N 5T Intron
WA B A R mRNA

IR36 _ B— 1779
HO541 833 bplit 2k : 1130
833 bp deletion
481713 TSZ 13 e 1785
HIL e 865bpisk =
865 bp deletion
H 7 15 Nipponbare £ 1964

B 5 JRAE RGAL & RERIr 2544 K cha-2 78 B 7R 76 1A

Fig. 5 Schematic diagram of partial structure of the RGA1 gene and the positions of mutation in cha-2

—1900
IR36

—1880

1 1 | | 1
ACTACCTTGGGATTAAAAGTGGTCCGTTT=GCAAGATTAGGGGTTCAGGGCCGTGTAAAACTCAACGACAAGATAAGGGACCTTAGATGAACTT 99

—1860 —1840 —1820

ATGATGGAACCCTAATTTTCACCAGGCAAAECGTTCTAATCCCCAAGTCCCGGCACATTTTGAGTTGCTGTTCTATTCCCTGGAATCTACTTGAA

H 7 i#% Nipponbare *

Al 13 TSZ 13
CAAT box

ACTACCTTGGGATTAAAAGTGGACCGTTTTGCAAGATTAGGGGT TCAGGGCCGTTTAAAACTCAACGACAAGATAAGGGACCTTAGATGAACTT
ATGATGGAACCCTAATTTTCACCTGGCAAAACGTTCTAATCCCCAAGTCCCGGCAAATTTTGAGTTGCTGTTCTATTCCCTGGAATCTACTTGAA

100

ACTACCTTGGGATTAAAAGTGGTCCGTTTTGCAAGATTAGGGGT TCAGGGCCGTGTAAAACTCAACGACAAGATAAGGGACCTTAGATGAACTT 100
GATGGAACCCTAATTTTCACCAGGCAAAACGTTCTAATCCCCAAGTCCCGGCACATTTTGAGTTGCTGTTCTATTCCCTGGAATCTACTTGAA

Kk S5 B 0R 7 5 Transcription start site(TSS)
—1800 —1780
1

'
[R36 TTTTGGGAGATGAGGCGCCTGTGCATATGACCCATAGGCAGGCGAC. 152
AAAACCCTCTACTCCGCGGACACGTATACTBGGTATCCGTCCGCTGTGGCGCC

Ll 7'§H Nlpponbare TTTTGGGAGATGAGGCGCCTGTGCATATGACCCATAGGCAGGCGACAACGCGG 153
AAAACCCTCTACTCCGCGGACACGTATACTGGGTATCCGTCCGCTGTTGCGCC

45] ’MI & 13 TSZ 13 TTTTGGGAGATGAGGCGCCTGTGCATATGACCCATAGGCAGGCGACACCGCGG 153
AAAACCCTCTACTCCGCGGACACGTATACTGGGTATCCGTCCGCTGTGGCGCC -

TATA-box

JTHEF 5143 3 e m CAAT-box Al TATA-box; JK 615 5t

5 W Fe 91 327 e 3%k 0

R s LA SRR R SND i 5

Kl 6 %’Eﬁi cha=2 Ff 73 B K B 2 77 5 43 A

Sequences with box represent CAAT-box and TATA-box;sequence with gray background box

represents transcription start site; bases with red background represent SNPs

Fig. 6 Sequence analysis of partial nucleotides deleted in cha-2
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5 bl 137 ccha-2 X RGA1 () _F 37 X 38 0 17
FEXF o b . 55 (& 5) @R, H0541 (d1 2848 {40 #E
95 1AM PRI A X G T 833 bp, S EUER
FIRZ M 5 TR AL cha-2 BRR T AR 1 50T
TR 1 N T 8650 DL R Sl i B X AE
1) 865 bp, S HEFE Sk 46 . W 45 AL R R B Gk
& B A BOE R RIRRIE AR IE W IR

XF RGAT %% 68 b 1l DXy 1741 43 B (&1 6) /]
DLk, 3% X 8 5 75 % TATA-Box K CAAT-Box
SRRSO O (BEP) . R TRETE T45 4 RNA
RAEE, 515 R A B AE 6 R 5 SR 4G O 5 TS
B — MO A B R MG AR . cha-2 A
RGAT 1y 5 534 1 S B B 1 K R Bk 2k X i 3 A
HRE SRS I B F 8 RGAL 58 & 0k Rk, X
HRIBH S A — 2.

RGAL it GTP 455 #HEH . & GA e @iz
4 FL LR 6P R PR I TE R AR ORI g S B
Wi o P O T R AT 22K cha-2 MRFF L iga-1
IESE A TGN RGAT JE B, H 5% 55 3¢ B X I K
FrBOR R RO IR R IR R T GAF 914
T2 B SR

31w

RGA1 J: A £E 1995 4 L) IR36 MM kL #E1T T
cDNA FElE 751 50 Hr R W RGAL R & F 14 44b
BT it 380 MR GTP 455 & H o WAL,
FNHATA I, BRI E T 7 %L 855 AL AR
S, fu FFod10E dwarf89u'” . dwarf69“” .
d1C6PS"™ [ d1-8.d1-4 F1 Epi-d1V% 2 41 % {5
FEH T L ANE F N E TR 833 bp k2R i i
GTP 45 G HE HYIRE K NI F BRI . FEAE R
KIEW MR A GERGTPEEEH) o« I
FE) RS cDNALH AR R I d1 BLRZERIA 4 K
FRE . dwarf 89 gt XAFAE—1 SNP(A-G) ., LAEL
K BR bt S HE 7% (75 /IR K7L N &R » 0.
FEAR TR AR F M O ] 455 GSP. R EUEH KT
dwarf 69 1§ 5" FUf K A7 K K B (1 076 bp) #fi A
FERALR RGAL (3K 1 2 T B DT 5 A 1k
Bk, EPId] 50 KB T RGAT 3 H 3T iy 58
A5y FHLE L B T Xk 41 8 R DNA H 36 {b
16 i 72 S5 il 3 b 552 ) 56 DAY ) 33K e A R AR v ) I
OB RS, XU LRI e d1 &6 W1k

BT AR HEFRATRT G HE T o R0 T NI
TR S5 HNEFHEERS 5G9 %S0k
BL

IKFEGEABNA cha-2 SRR SRR R Rl 137 1 =8
] 578 J5 AR 2 R a8 A% B2 8 IR AT SRR K
BN B T8 2 i B ) iga-1 RS 40 € AL AE 2y 32 kb
DX TE] N o o X TR] Y 2 P LOC _ Os 05 g-
26890. 1(B) RGAD) J2&:4ifs GTP 454 & M 1 Ml 6 %
B G 65 X7 91 Lo 6 B cha-2 FF WA K AE & L R
i I 98 A8 HEBR T 3 B IX 58 A8 5] A R A G T
FERIE 2 Tk 2 ) — AR E R T
B I a2 5 B PCR 20#T , B 41 & 30 B A= B Ji
Fhi) RGA1 IE% 33K, M cha-2.cha-2n B RGA1 1E
LA EBE BN FRBK . HEW cha-2 . .cha2n
/D el LA AR G A . S8 GA 5 5 1%
A2 B A AT B AR R A i PR AR A Y B
I PR WY e i 52 3 1 B P Y BELAS 8 o 9 4 DX Bl Y
WP & B RGAL 13 e 4 H 80K B my sk 25, 9 AL
R Y X B0 T TR SRR IR S B AR — A
ERHEIRAL . S AT R W] cha-2 8RR T % RNA G
fit EL 0 0 A B AR S T AN RETE LA A RNA
RA MG SR 6 5 A K WAL R 5 00 5%
SR E AL AT A h e Sk it AR . 48 K 2 U b
PRI #0 J2 H T 5 TR 4 ) X 00 i 10 97 A Bk 2k R
B sl M R AR ENN . 5 cha-2 HHRIEIL 5> T
HLERAAAE ] B AT

GA 55 1% T 3 42 X5 4 ) 1 A K J2 AN AT g ik
9. cha-2 REf% AR R 45 52, L] GA {5 518 R 1
cha=2 "Y1k N A5 RE A% 52 B . 5 78 RGAT T g i 2%
(A5 B0 T B AT HoA BE R ER 4> GA 5515 S 1)
UIge . R AR K cha-2 JEWFE GA 55 & S HH G
SR AR, 5 — 5T G B RS Y
ARAEMEEGSEFED.GEH « BB S v
P B AT K R 35 % A R KT 28 A i 3 34 5 R
f1ey Wi S [ £ B T 1 T 48 v AR i AR e T
AL G A S M AT LSS KR Y e B AT
DAFE 38 4 ok 2 08 it 5t 0% 2% 100 T 3R A5 K i 1
;R RASFEH iga-1 ABUE FE IS ARRR E L L X S SR
FEor B R R B SR B FE L it e B HE 3K 2B AT R
A ORI SO0 R AR B[] i el R A R 22 A AR
O 7 RE A () 42 0 T Al FP st 7 .
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