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Abstract: To understand mechanism(s) underlying stress responses in rice and to discover new stress-
tolerance genes,we conducted a global genome expression profiling of the indica cultivar Pei’ ai 64S sub-
jected to heat,drought and cold stresses. Expression profiles were obtained for leaf and panicle tissues at
different development stages of plants under the stress conditions using the GeneChip Rice Genome Array
( Affymetrix) representing 51279 transcripts from both japonica and indica rice plants. We identified a
multiple stress responsive gene OsMsr3 ( Oryza sativa L. multiple stresses responsive gene3, GenBank ac-
cession ; FJ383169) ,which was highly induced in both leaf and panicle,in response to heat, drought and
cold stresses. The expression profile of OsMsr3 obtained by the microarray analysis was further confirmed
by quantitative real-time RT-PCR analysis of the gene. The two sets of data are very well matched, sugges-
ting that OsMsr3 is really a multiple stress responsive gene in rice. In order to study its function in stress
tolerance , we cloned the cDNA of the gene through amplification by RT-PCR. Sequence analysis showed
that the cDNA consists of an open reading frame of 480 bp, encoding a protein of 160 amino acid residues
with M. W. =18. 0 kD and p/=~6. 8. The alignment of multiple amino acid sequences revealed the exis-
tence of a conserved HSP20 sequence domain at the C-terminus. Similarity analysis showed that the rice
sHSP shares 33. 7% -97. 5% identities with sHSP sequences found in other plants. Analysis of the puta-
tive promoter region identified 6 matches to cis-elements related to stress responses using PlantCARE soft-
ware (http: // bioinformatics. psb. ugent. be/webtools/plantcare/html/) . Based on the results obtained,
we propose that OsMsr3 might play an important role in rice stress responses. Further study on the function
of the gene is in progress.
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KEREREEEMREEYZ —, 217 Y
12 GANBRE N F R, EREKREHEE — KR
e BER . T RSN =g T &5
o FEeWBREE H A AT K RS R IR
T RGN EN BT, FL, FIFBAREYZERE T
BEAREEH IR HREEEEYYERFEY,. 2
BRI A 7= R R R TR 2

T2 Fih = RGN R Z B E R A
HSRERAY, B ATTRT A 40 B 7= A A 48 B4 B 8 45
A0 R T 335 P Pl 22 25 TR 9 o PO B MR, R HE
2T R RS 5 a T, &5 RIF 2R
MRX, R — RIS % R R ED L
DA A BB X AR Ak 2 3 R U AR )
FEraKmEEY . YIS 5K A
HAl 5 PR, — B RHEES SR 5EEZ L
AR R, BT O R AR B R B R A
me AR 5 AR B R, X Sl B AR % A R 4 AR R
GEAET BT T MRS M DA B B 1k SR A S BE K 5
HEEM; 55— ER , BI85 K T
V2230 52 15 T 25k [ () 308 1 ) 85 i AR -5 A Bl
N pr e S LSy kA BUE: R i e et
FHIR , — L SR TS 5 e P58 38 N 1 1A
I8 , M g — St SR R - WU R 1 42 25 ot 5 Fon 3 S i
BV SR VR 2 P 4% LA A St SR UHER o AN
PR TO I AE BB AT TTEAR DS AN () PR 0 ko g
T BBt S B LR e SRR R B R TR . TRl —5%
SREF BRI B BE 2T Re R T [ — 2 g
F P AT R N SRR T 0E .

MY AAEBC = IR G v A= A X e R R
T , L B B A R R IR e B H— M E
Xt X Bk R T EE MR . RIES
FEMRN RBEOT SN TFEAN IS ~
28 kDI F B M A H (sHSPs) FiZr FE KT
30 kDR 4> T B P E B (HMM HSPs) ™!, 7E48
Y R FEREE S RIS ES R EN EEZ M
T AR AT F B PR 02 A N g
1), AR P 51 AR BL P B3 38 S I 7 R 40 B P A6
K FEHRBE R P45 6 25:sHSP-CI sHSP-CII
1 sHSP-C T 3x 3 244 F B AR B & A T4 il
gl 0f A S N < B Ve R d i NN D
goprfhrh ) HAh, Scharf 25 R 7EIX 6 252 Sh & B
TR RS FEAMEOERF ., BXEWKS
FTEMEEANEDFINEN A T5ERE. Low
250 Downs 255 BF ST 45 H sHSPs AN XA 41 4l 40

MR T A S B AR A T RE , i R T AR
5 (LORLAR sHSPs) DB RS 1T 9 rl 715138 (4%
{4 sHSPs) SEfE . HHTR T sHSPs JIRE AL BN
oy sHSPs BE 5 AP RIE BB FMEEE & , W H RS, OF
YR LT B R A, S BB M9 o0 7 AR
BT 6 BUREE T ATP ffT"

&4k, E AR RE B /NESEHEY)
IR T 2 MRS T REASE RN, I HAE Y
BEF RGBT R AT RE AT TR . h
BE— 2B R 135 S W ATLEE J% S BT v 13
B, 737K B MK Rl B TR AL , LA Bk A
AT 195 1 RDRE, R ATTR A Affymetrix 2 PR - R 48
55 51279 4K RS #% R A K 388 - (GeneChip
Rice Genome Array) , 734 T A PIVL I LA 55
W% 64S B RN HHBEITIEMIM B SRR R R AE
i TR IR A8 T R K, 96 B H AT
i LB AMER . ARSCHGER RN
Z 03 EIRECT U 2k B o i B A — X R
T2 RIRIA WS K OsMsr3 R IK5 7wk,
i B BE X K AR 105 P AT S B (3t — e B A

1 #R5EFIZE

1.1 R4

PRI B AT (Oryza sativa L. ) BIOLEE JLEEA
FERE 64S, BRI 58 B 05 b aE AL 3 LA K O 5
HIRER AR B RS k.
1.2 &7

DNA Polymerase ( TaKaRa LA Taq) . 7% [& # &
pMDI18-T HHiln & R BN VI T AP T
FB(KE)BR/AT],dNTP.DNA Ladder Marker I
RARAARHL (JL5) HRRAF,PCR 54 H Invitro-
gen NG B, HAWIKRI Y 4 o, R AT B %
4540 DHI0B A7k 52531 36 F - 80CRA7.
1.3 A&
1.3.1 5= RNA $2E

>k TRIzol {77 $2H0: , BIABRIES RIR RS
it
1.3.2 EETRSH

e Affymetrix 3785 1 7 S5 R 22 R4 T -
FHEYIHARE BR/A ] (GeneTech Biotechnology Limit-
ed Company ) $#2ft ) Affymetrix &350 S50 #4E
FHF(2005 4R ) #2PE. FEAFEMTER: QL
RNA 3B 264k ;@ cDNA & B 24l ; @1k
AP & L cRNA F cRNA 4L ; @ cRNA R Bt
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KDY 2R

F27 %

A BEHI 23S ; @it i 4938 s @ Ut h s @3
F 3@ BRI
1.3.3 SEAtE= PCR 4947

IREUH B RNA, FiI T Fermentas /A 5] [ DNase
SbFE, DA BRIR A BB R 240 DNA (3% ] R4 ML J7
HEHEAE) . R A QIAGEN /A F] i) SYBR Green RT-
PCR One Step Kit ( Cat. No.204243 ) }z Roter Gene
3000 72t € & PCR {Xi#4T PCR =4 5L i 96K
|, fdi i Primer Expression 3.0 3% {4 it320f PCR
5%, BHHERESI YN OsMsr3-F: 5'-CAGCAAGA-
CACAATACACAATG-3’, OsMsr3-R: 5'-AAGGACGG-
GAAGATGCTGC-3' , ¥ 38 Fr e K 134 bp; N E K K
18S, H 3| # & 18S-F: 5'-CGTCCCTGCCCTTTGTA-
CAC-3', 18S-R: 5'-CGAACACTT CACCGGATCATT-
3', PCR AANHN RT Mix (& %% %8§) fE ISR, LA
Rl w] GEZR B 19 DNA, #A4E3F5 48°C 30 min 1 4>
1% ;95°C 10 min 1 PE¥F;95°C 15 5,58%C 40 s,
72%C 20 5,40 NMEFH, AN EBLITE, HOE
AT FEE Rel. Exp = 244 Hirh AACt = (RH
BER ACH) — (RLWERER ACH) , RAEES ACt= (4
ZHA Ct) - (HIER Cr) KRG ACt= (S 1L
HNSER Ct) - (SHAERMER ),
1.3.4 cDNA %[

M GenBank H#Z&F| OsMsr3 HIRIVE T3, i F
Vector NTI 10. 3 {43 #riscitiz £ K B PCR 5147,
FTFHEEI W4 Bl Smal BEY) AL, EHESI Y

OsMsr3-F J¥ 5 k. 5-CCCGGGCAGCAAGACACAAT-
210 ¢

180
150
120

90

Relative expression

60

30

0 -

ACACAATG-3', T 51 4 OsMsr3-R & % . 5'-
CCCGGGATCACAAACCGAAGGCTCG-3’,5|¥1 i In-
vitrogen & i, LA %% 64S cDNA iR i##4T PCR ¥~
WY N 95 C AR M 4 min, 94°C A8 30 s,
56°CIB K 40 s,72°C FEAH 1 min, 3t 35 AMESF, B
FE72°C T ZE A 10 min, [ B 1 7 B I & % 3
pMDI8-T Z &k, i ¥t & 76 H i B B 7ok, 1%
Invitrogen /&)1 77 o

2 HRE5SH

2.1 OsMsr3 EFERETHIRIZKEDH

WRIEER SR T4 R, OsMsr3 R —A1E
RS TR T, TR B 2R R T IR
SRR RIBIE S IR B2 R AR R, ZE MR
R T IR R SRR, HF
ARG D 33.7 %, e BIRIE LIS 72.8 A% (R
R B Al EIRIEEE Y 3.0 5 (L 1) o 7EA Rl 3
MARARGRE T, 5T RHSEHE T K RBE L
AR LE, W R S E T R RIA R B E R,
LA G DR o 1R 1L 390 05 o B R A AR OT A
39, AR S i Ak Pl (o 5 PR PR R R i R T
YRR A, RS0 OB AT RE X IR B A R

N T B R A 45 R 2R A E B SE R PO
PCR J5 3 FIF RS 7 o A kbR MRS S AL
AR A F R AR H R4 E ) OsMsr3 f3RKK
FAT T RE—2B AT, AR S5 R S B R 7 AR
HAYE (B 1), B8R OsMsr3 FERFRXRTEEZ T

1LK| 1LC [2LK | 2LC | 2LD | 2LH | 2PK |2PC | 2PD | 3LK | 3LH | 3PK | 3PC | 3PD
M Real time PCR 1 10.02 [1.96 |0.24 [1.78 |100.58{1.75 (14.81]|24.63({0.01 |100.47/18.00|23.38|27.56
[ Microarray 1 {0.09 (0.49 10.19 [2.99 |63.5 [3.66 (2.32 |23.3 [0.31 |72.75| 3.38|13.45|5.73

1.2.3 753 - i) i) BT LRI b5 P AR KRNI CAURMRIR; HARRRE; D RERTH. Mi-
croarray fRRIEF I A HT45 20 , Real-time PCR ARFRSZME # PCR 43474521
1:Seedling; 2 :Booting; 3 :Heading & flowering; L:Leaf; P:Panicle; K:Control; C:Cold; H:Heat; D:Drought. Microarray represent
the gene chip analysis results, Real-time PCR represent the real-time PCR analysis results

B 1 kKB 64S FRIAERMESAFARRE S OsMsr3 BEEFIE THHENRIAKTF

Relative expression of OsMsr3 in leaves and panicles of indica rice cultivar Pei’ ai 648 at different

Fig. 1

developmental stages under the stresse conditions
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B R SERE T ER R, R 7E TR
Tl [RIRE AR 5 T v , A 2 A A e A
AR —F, PIHEIRER AR/ B2 55 1) SR R AT g
FE T BRA B B B Y AR R 5 22 5 i g | ke
o
2.2 OsMsr3 EE cDNA py5efgE

X FEBETF 2 ) 564 bp ) cDNA J5 51 #£47 /7 5]
SRR B, T R X AL TR ) 20 ~499 2
6], gt — > & A 160 NEIERRFRIL K E H , T2
FEZk18.0 kD, %8/ S 40 6.8, 5 GenBank /2
i 1) B A< B B AH B gDNA F B R 31 ( AP008209,
Range : 8805034 ~ 8805600 ) 7£ 3 /M & (69,107 ~
109 433 ) FAAEpR AL AR 4k, Horp DA 107 3 109 Bk ik
OsMsr3 /b 3 D EESEHITRAE AGC, BT 4 ) 2 H Bk
D— 22 F IR, AR WAL R R B 221k (69 : C 722
H T, EE RS N IRE R ;433 :C 250 C, IR T
&) AEIATER 99. 0% ; 5 9311 AH L 13 K 46 DNA
( GenBank Number; AAAA02008212, Range: 284 ~
847 ) FrpRHBEAL B R R A BFFE Pl AS ) 55 4% 64S 1
ML gDNA JrBXIFP 51 58 2 —8. B, FATHEN X 3
AL B R BREE 2 AR FT BB H 7K R b 22 [ ) 22 57
TR, A TR P A A PP R AR A 2R
2.3 OsMsr3 BEEZM S

ARG AR A BT RER D BE G R, 5 e
FEAS E i R 9 cDNA Jy 513 3 NCBI B s #E 47
Blast [FRHAE2R, & BLZ 5 Guan %M 1738 )
OsHSPI8. 0 % () 5 51 — Bt 98. 0% , i i it
FEH 3 BYetafk b OsMsr3 JHE KL 40 kb FImHIE
RNt FEE R E WA T HE 3 4~giS sHSP-
Cl R, EATERERA 3 S ak EHES) 71
(L& 2) 5 Guan 2" 4738 [¥ M\ Tainung No. 67 H
931 4 4~ sHSP-CI B R 7E/KFE 3 S QL fk bk
F—H,

1kb

OsHSPI ~29 kb OsMsr3

Ch e 140 —_
- m— <«
OsHSPI] OsHSPIV
2 JKTE sHSP EETEKTEIE R 64S
3 St FRHET S E

Fig.2 Schematic diagrams of the arrangement of the
rice sHSP genes on Pei’ai 64S chromosome 3

2.4 OsMsr3 B ERFFIHUES RS
L ot
R4 > A B B %% 64S JE A 41 DNA ¥ %1, Xt

OsMsr3 7T RER) 3 37 I (%L H LI RZ 2 kb /Y
BHBRIFS) #HATEL PlantCARE B4 347 (hitp:
// bioinformatics. psb. ugent. be/webtools/plantcare/
html/) ,7E/3 3T TATA box LiiF, KM T 6 5%
TR A R AR T (LR 3) , o (g
15 :8 DG5S B AH M X TC 14 HSE (heat shock
element) .1 /KGR 2 )M R, JC /4 TCA-element
2 ANRE A B JG6 4 ARE (anaerobic response
element) .2 M T% R M 2 )M R, o684 ABRE ( ABA-re-
sponsive element) .2 /3% F BR 5 & 764 TGACG-mo-
tif(TGACG) 2 2 MR & Tult G-box, LM
FETUF LA S R H 12 i PR P SR 4 I 2% 1) SR A
X L6 ) T 9 AR O 0 =X AR T 8 A 7E TR
OsMsr3 ()8 37 X IR RE 6 i b7 Z R Wi (5 5, R
K] e A R AAE R R .

ARAS OsMsr3 JmtB 2R AT REZH RE(R B, #l
J EXPASY (http: // www. expasy. ch/prosite/ ) % 4
T T A S A Zh BE AL S TN , & BUAEH:
HHEMERE 56 ~ 145 [A] ) 90 R E—> HSP20 1
EERTEME, N VectorNTIN0. 3 ¥ OsMsr3 4
BREHFY S HEHEYHE AT sHSP-CI &5
sHSP-CIIfZE F I L BRFF 5] 53 3| HEAT H X, OsMsr3
IS E H PP 5B R RIKFE sHSP-CL R EH
AAC78393 ( OsHSPI18.0) W) & = BR 7 5 — B N
97.5% , R 5ARE R 98. 1% , 5Kk (CAA69172) |
/N (P12810) , F K (NP_001105442 ) #4755+ ( NP_
172220) HHEL ( AARO1526) (BT 5 ( ABS72445) 4 K
BPRHN(AAQ19680) H 23 i 1) sHSP-CI 2825 H 1) & ik
BRIF 3 — M 58.8% ~71.3% , Jp FIAHRLE
65.6% ~ 80.6%; 5 E K (CAA38012). /K F§
(ABA29610) ./NZ (CAA41218) . Bi & ( AAA33670)
AR RIS ( CAA45039) Hh A A i sHSP-CII 2R H
MRIEIRF ) — B 33. 7% ~36.2% ,JF5H
IR 46. 0% ~48. 5% , E T AEL clustalw2 (http .
// www. ebi. ac. uk/Tools/clustalw2/index. html) X
OsMsr3 9t 1 28 H 7 51 B B H ) 1 sHSP-CI
# sHSP-C 1 28 2 H W R FEBR J7 51 47 Ho X (A
4) , BB I OsMsr3 7E N 5 sHSP-CI AU TE R
B#T sHSP-CIL, Mi#E C ¥ e TARAA—1 100 4
WAL 72 £ B alpha-crystallin-Hsps 1) 25 H 45 5F 45 14
3%, i F§ DNAMANG. 03. 48 ¥ & R G b AL, 45 51
KUI(ES) ,0sMsr3 5 sHSP-CI KE B AL TRl — 42
X b, #HE—BHINT OsMsr3 J& T sHSP-CI 285 [H
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578 RINMHEYEHR $£21 %

-1628 ATTCAGAATAGGCTTCGACTTACGGCTGCTCTTGAAAACGCCACACTGCCGCIGGTTT-

TCA-element ARE
-1538 —-=-=-=-=-=-=---- GCTACGTACA--—-—-—-—-————————-— CTTGACGTCGGGCTTCTTGGGCTC
ABRE TGACG-motif
-968 CTCCTTGGGCACGGIGACGGTGAGCACG-—-—-=-—====—=—=——-— TGACCTCCTCCTTCTTC
TGACG-motif
-748 AGCCCCGGCACGTCCGCCTTGAACACGTGCGCC-====—==—=———"—"—"—"—"—"—~—~—~—~—~—~————
G-box ABRE
-578 GAACACGTTGCTGCGGCGGATCATCGACAT—————————————————————————————
G-box
-488 ATGTTTGCTIGGTTTGC-—-—-—-=—-—-——————————————— TAAGCTTCTAGAAACTTCCAG
ARE HSE
-368 TTTGCCCCCGCATGGGCTAGAACCTAGTACGAGATAGCTTGGGCTAGAAGTTTA----—
HSE HSE
-248 ---AAGCAGGCCTAGAACAATCCAGAAGACCACTTCCAATTTCGGCCCAAATTAACGAA
HSE HSE
-188 CAAACGAGAACTATCCGGAAGCAAAACTTCCGGTAGAACCCATGGACCATCACGAACTGC
HSE HSE HSE
-132 TATATAAATTGTTGCCACCACGCAGCG--——————=-———————————————————————
TATA—bo>i1
-8 CCAAAAAACAGCAAGACACAATACACAATGTCGCTGATCCGCCGCAGCAACGTGTTCGAC
M S L I R R S N vV F D
53 CCCTTCTCCCTCGACCCCTGGGACCCCTTCGACGGCTTCCCCTTCGGCTCCGGCAGAAGC
P F S L D P W D P F D G F P F G S G R S
113 AGCGGCAGCATCTTCCCGTCCTTCCCCCGCGGCACCTCCTCCGAGACCGCGGCCTTCGCC
S G s I F P S F P R G T S S E T A A F A
173 GGCGCGCGCATCGACTGGAAGGAGACGCCGGAGGCGCACGTGTTCAAGGCGGACGTGCCG
G A R I D W K E T P E A H V F K A D V P
233 GGGCTGAAGAAGGAGGAGGTCAAGGTGGAGGTGGAGGACGGCAACGTCCTCCAGATCAGC
G L K K E E V K V E V E D G N V L Q I S
293 GGCGAGCGCAGCAAGGAGCAGGAGGAGAAGACGGACAAGTGGCACCGCGTGGAGCGCAGC
G E R S K E 0 E E K T D K W H R V E R S
353 AGCGGCAAGTTCCTCCGCAGGTTCCGGCTGCCGGAGAACACCAAGCCGGAGCAGATCAAG
S G K F L R R F R L P E N T K P E Q I K
413 GCGTCCATGGAGAACGGGGTGCTCACCGTCACCGTGCCCAAGGAGGAGCCCAAGAAGCCC
A S M E N G V L T v T v P K E E P KK P
473 GACGTCAAGTCCATCCAGGTTACCGGCTIAGTAAGAAACTTCGGGTGTGACATGCACGGTG

D vV K S I Q V T G

*

533 GAGAGCTTCGATTCGAGCCTTCGGTTTGTGAT

ATG HBRERRIA R % RARL LT TAG; TCA ARE ABRE  TGACG-motif \G-box & HSE 43 HIER S KGRR JRE B

SRR DR R R BA RIS s “ - - - - - -

" A W

The cis-elements related to stresses. TATA box, and the translation initiation site (ATG) and stop codon (TAG) are highlighted and un-
derlined. TCA ,ARE, ABRE , TGACG-motif, G-box and HSE are cis-elements involved in salicyclic acid , anaerobic, ABA ,MeJA,light and

“

heat stress responses respectively. Dashes “ - — - — - — ” represent bases omitted

B3 OsMsr3 5., 33 FREHNAIRRE AT RENN RDBER T

Fig.3 Sequences of OsMsr3 ,cis-elements in the putative promoter region and the predicated protein

3 iFig

Rl T 548 A W AR T A5 3 sHSPs B
R 23K, 41 Coca 25 B 5 4 i 1) H 35 fh K FE AR
{581 HaHSP17. 6 ( CI) fl HaHSP17. 9( CII) %
HFFRIR ,, H mRNA RiEKF 5K R BERIE
1%, Lee Z15) )l OsHSP17. 3 f#) cDNA ¥4, A
PP IR K BF Tainong67 # A cDNA 3L Hh i
YEF|—~ sHSP-CI 255 [ OsHSPIS. 0, Guan 2"V
REPUKFEEATE 2C KM T AL 2 h 3 41°C 5

BT ALEE 5 min FERERL U ] OsHSPIS. 0 B3Rk, M
WAHPRER HE . (S)-(-)2 - REIF T i L A
KA ERTE T Bt i iz A Rk, @ ER
Xt 4347, OsMsr3 5 OsHSPI8. 0 J 1 48 bl 1 15 %
98.1% . TEARWIFE H, OsMsr3 278 FL s i ( Affy-
metrix ) JM 755 % 64S K F 43 R 40 (3L 51279 5%
FA) FHEE PRI, 0 K E B SLH PCR AT
¥R OsMsr3 VA AE = IR 3% 55 o 38 F 7K 75
FREMEETESHRERMHTHRESRSE. 5
Lee 1 Guan 2" B 53 45 A Lo, A4S BF 58 10
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% 6 BEIEFE . — KL WM EE R OsMsr3 JafE5 KA a0 579

OsMsr3 = —--=—= MSLI----—--- RRSN-VFDPFSLDPW-DPFDGFPFGSG-RSSGSIFPSFPRGTSSETAAFAGARIDWKE 59

AAC78393  —-——--- MSLI----—--- RRSN-VFDPFSLDLW-DPFDGFPFGSGSRSSGTIFPSFPRGTSSETAAFAGARIDWKE 60

CAA69172 ——-=--- MSIV----——- RRSN-AFDPF-ADLWADPFDT------——— FRSIVPAFS-G-NSETAAFANARVDWKE 49

p12810  -=-=—= MSIV----——- RRSN-VFDPF-ADLWADPFDT-—-----——— FRSIVPAIS-GGSSETAAFANARVDWKE 50

NP_001105442  ----- MSLV-—-=——-— RRSN-VFDPFSMDLW-DPFDTM-—-—-———-—— FRSIVPSAT-STNSETAAFASARIDWKE 51

NP 172220 ----- MSLIPSFFGNNRRSNSIFDPFSLDVW-DPFK--—-—-—-—-——-——-— ELQFPSS---LSGETSAITNARVDWKE 54

AARQ1526 9  ———mmmmmmm e e LGFPGS---NSGETSAFANTRVDWKE 23

ABS72445 @ —---- MSLIPSFFGTGRRTN-VFDPFSLDVW-DPFET--—-—-—-——-——— ALSFPRSE--VSSETAAIANTRIDWKE 55

AAQ19680  —==-- MSMIPSFFG-GRRSN-IFDPVSLDLW-DPFEGFP--—-—--—-— ISSTIANTP-SSARETSAFPNARIDWKE 58

CAA38012 MDAVMFGL----—-—-— ETPLMAALQHLLDVPDGDAGAGGD----- NKTGSGGSATRTYVRDARAMAATPADVKE 61

ABA29610 MESAMFGL-----—--— ETPLMTALQHLLDIPDGEGGAAG----——— KQGATGGPTRAYVRDARAMAATPADVKD 59

CAA41218 MAGMVFGL-----——- DAPMMAALQHLLDIPDGEAEPPP--——--—-——— EKQGPTRAYVRDARAMAATPADVKE 56

AAA33670  ———-- MDL-----——- DSPLENTLHHIMDLTDDTTEKNL--——--—-———-— NAPTRTYVRDAKAMAATPADVKE 49

CAA45039  ----- MDLG----—--- RFPIISILEDMLEVPEDHNNEKT----—-——---—-— RNNPSRVYMRDAKAMAATPADVIE 51

*i.o *

OsMsr3 TPEAHVFKADVPGLKKEEVKVEVEDGNVLQISGERSK----EQEEKTDKWHRVERSSGKFLRRFRLPENTKPE 128

AAC78393 TPE-HVFKADVPGLKKEEVKVEVEDGNVLQISGERSK----EQEEKTDKWHRVERSSGKFLRRFRLPENTKPE 128

CAAG69172 TPEAHVFKADLPGVKKEEVKVEVEDGNVLVVSGERTK----EKEDKNDKWHRVERSSGKFVRRFRLPEDAKVE 118

P12810 TPEAHVFKVDLPGVKKEEVKVEVEDGNVLVVSGERSR--—--EKEDKNDKWHRVERSSGKFVRRFRLPEDAKVE 119

NP 001105442 TPEAHVFKADLPGVKKEEVKVEVEDGNVLVISGQRSR----EKEDKDDKWHRVERSSGQFIRRFRLPDDAKVD 120

NP 172220 TAEAHVFKADLPGMKKEEVKVEIEDDSVLKISGERHV----EKEEKQDTWHRVERSSGQFSRKFKLPENVKMD 123

AAR01526 TPEAHVFKADLPGLKKEEVKVEIEDDRVLQISGERNV----EKEDKNDTWHRVERSSGKFMRRFRLPENAKMD 92

ABS72445 TPEAHVFKADLPGLKKEEVKVEIEEGRVLQISGQRTK----EKEDKNDKWHRVERSSGSFLRRFRLPENAKVN 124

AAQ19680 TPQAHIFKVDVPGIKREEVKVQVEEGRILQITGERSR----EQEEKNDQWHRMERSSGKFLRRFRLPENTKMG 127

CAA38012 LPGAYAFVVDMPGLGTGDIRVQVEDERVLVVSGERRR----EEREDDAKYLRMERRMGKFMRKFVLPDNADVD 130

ABA29610 LPGAYAFVVDMPGLKSSDIKVQVEEERLLVISGERRRGGGEEEKEESCKYLRMERRMGKFMRKFVLPDNADVD 132

CAA41218 LPGAYAFVVDMPGLGSGDIKVQVEDERVLVISGERRR----EEKED-AKYLRMERRMGKLMRKFVLPENADME 125

AAA33670 HPNSYVFMVDMPGVKSGDIKVQVEDENVLLISGERKR----EEEKEGVKYLKMERRIGKLMRKFVLPENANIE 118

CAA45039 HPNAYAFVVDMPGIKGDEIKVQVENDNVLVVSGERQR---ENKENEGVKYVRMERRMGKFMRKFQLPENADLD 121
*oo kikxg HER S S HE R A

OsMsr3 QIKASMENGVLTVTVPK---EEPKKPDVKSIQVTG 160

AAC78393 QIKASMENGVLTVTVPK---EEPKKPDVKSIQVTG 160

CAAG69172 EVKAGLENGVLTVTVPK---TEVKKPEVKAIEISG 150

P12810 EVKAGLENGVLTVTVPK---AEVKKPEVKAIEISG 151

NP 001105442 QVKAGLENGVLTVTVPK---AEEKKPEVKAIEISG 152

NP 172220 QVKASMENGVLTVTVPKVE-EAKKKAQVKSIDISG 157

AAR01526 QVKAAMENGVLTVTVPK---EEVKKPDVKSIDISG 124

ABS72445 EVKAAMENGVLTVTVPK---EEVKKPDVKPVQITG 156

AAQ19680 EIKAAMENGVLTVTVPK---EEEKRSEVKAIDISG 159

CAA38012 KVAAVCRDGVLTVTVEKLPPPEPKKPKTIEVKVA- 164

ABA29610 KISAVCQDGVLTVTVEKLPPPEPKKPKTIEVKVA- 166

CAA41218 KISP-CRDGVLTVTVDKLPPPEPKKPKTIQVQVA- 157

AAA33670 AISAISQDGVLTVTVNKLPPPEPKKPKTIQVKVA- 152

CAA45039 KISAVCHDGVLKVTVQKLPPPEPKKPKTIQVQ----153

_:***_*** * *:___

AMRBFREBTRE —NEERKF 5. HAT LA ) sHSP-CT 383 N 41 1% : OsMsr3, AACT8393 , CAA69172, P12810, NP _
001105442 NP _172220, AAR01526 , ABS72445 ., AAQ19680, sHSP-CII % % [A 41 4% : CAA38012, ABA29610, CAA41218, AAA33670 #il
CAA45039, SEATELIK) Clustalw2 XX S FIEMFIIHAT LI AIHT © + * RBEBERFIELMIRIE; o RBBAFHEBR LA
O RBLRTFHEMRREREENLR ;¢ - RERFFHI B TE— B R

The numbers on the right indicated the positions of amino acids. The class [ sHSP genes compared are OsMsr3 ,AAC78393,CAA69172,P12810,
NP_001105442 ,NP_172220,AAR01526 , ABS72445 and AAQ19680. The class Il genes compared include CAA38012,ABA29610,CAA41218,
AAA33670 and CAA45039. The protein sequences were aligned by using clustalw2 online (http://www. ebi. ac. uk/Tools/ clustalw2/index. ht-
ml) . Consensus keys shown are; ‘ * ’ for single, fully conserved residue; ‘;’ for conservation of strong groups; .’ for conservation of weak

groups; ‘ _’ for no consensus

B4 OsMsr3 ZBMNERRFISEEEVRS FEAREOEEREHE B RFF SR LL 547
Fig.4 The alignment of the deduced protein sequences of OsMsr3 with other sHSP proteins in plants
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ARG REWITRET 15 MES TRAMEONEERIL
XA, H KRR LEA AT FIE R AL 3 B 4332 B %
{Ei 7R Bootstrap 18,

The analysis was based on the alignment of 15 individual sHSP se-
quences, with the rice LEA protein sequence (AAD02421) as an
out-group for comparison. The numbers above the branch represent
bootstrap values( out of 1000).

B S5 OsMsr3 SHEEYUES FERAMERN
REREHIH
Fig.5 Phylogenetic analysis of the OsMsr3 and
sHSPs from other plants
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