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Evolution analysis of rice protein S5-ORF3
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Abstract ;: Reproductive isolation is important in speciation and maintaining species identity, so it is very significant in optimiza-
tion of breeding rice. S5 locus is a cloned gene controlling the reproductive isolation, which produces proteins S5-ORF3, ORF4
and ORF5 that work together to regulate fertility in indica-japonica hybrids, and especially the S5-ORF3 protein plays a very
important role in distorting reproductive isolation among indica-japonica and enhancing gene flow among populations. The evo-
lutionary analysis of S5-ORF3 is significant for studying its function and origin, which is still no reported. In this paper, based
on sequence and evolution analysis, it is proposed that the S5-ORF3 is a new HSP70 family protein which is located in endo-
plasmic reticulum (ER) and lacks of multi-peptide binding domain. Evolution analysis suggests that S5-ORF3 might act on ER

stress via affecting alpha-amylase synthesis; moreover, 19 homologous proteins of S5-ORF3 are found, ML phylogenetic tree is
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constructed, and it is found that there is close evolution relationship between rice S5-ORF3 and a luminal-binding protein of Ae-
gilops tauschii; the 3D structure of S5-ORF3 with confidence of 100% is predicted, as well as a ligand-binding site located in
the middle of S5-ORF3. The specific motif of rice S5-ORF3 among HSP70 family is also found. This work may provide some

clues and data for studying function and evolution history of rice S5-ORF3.
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A A B B PR T R IR B B RS W, — R UL, KRB 2 N TEH indica F japonica I8 =K JERER
BFRUY, AREFEKBEEAN S5 MEA N SEERBEHALN R SRPEARAE” . R %H 3
NE® EY R EE ORF3, ORF4, ORFS A i, X = F L [ H#EF indicajaponica 235 R F 1,
ORF4+ 5 ORF5+ 330 T A M (4 7, 53X Ff | 7 R B 3K REMERL 7 CE » T ORF3+1E R R I 3E X4
REL1E P9 5 P g 4 7= A, AT 390 1) B i DB AT B AR B PR B8 L i indlica T japonica Z[8] ) 35 B AT LA 3E
W, BRI S5-ORF3 5 HSP70 F—E MR . AR FEMEINLEEHS ORF3 FE, BT/ #
LR R AT s K FE Y S5-ORF3 A B L& 1F [a e 87 i — BB A E X AE BN 245 T RE 1L 7K
&MY S5-ORF3 EHA MG MM S MAAME S SR EFNES XEW FH - SHEBX M RBNEATRSE
BEMNE L., RRE ST S5-ORF3 #3406 5047, gk — 25 B2 R K RS A= 50 b B8 A 2k R X T fR itk R A4k
X HF.

HEY R HSP70 RHEZANERNFEREH ., HSP70 FiEHF X EH A 47 HSC70 (heat shock cognate
protein 70) 1 HSP70 B K2, HSC70 ZE T A MM N ERRE R ik, R W% —E BRENRIES, B4 HWE
HSP; HSP70 ZEIEH 1B 6L T RAXM B AR, £ RR B R H b e TREABEYR, B FTIHEFAMN
HSP, BT MY W40 & AL B8, HSP70 A4k 4 AT HEM . DC & H EEVD £F 1
HSP70, i F 4 ffs T 7 ; 2) &% HDEL %5 5 HSP70, L 7E N T X 5, % BiP # H;3) & PEAEYEE-
AKK f HSP70, & fii F& Rk # ;4) & PECDVLDADFTDSK f§ HSP70, % fif F ik, ks, HSP70
S FHRETHRSS. HREKAER S5-ORF3 & B 1 %A X JLFEF (motilh) , & H —4~5 A iR M 5 1
HSP70 #8193 57 HDLL, WM™ & X L, K8 S5-ORF3 & —Fh#i Y HSP70,

5 S5-ORF3 HAH I B X Fb 8 v 76 P R W =R A9 HSP70, B BiP ZE H » 444 W the luminal binding protein,
—For T8 . ENEMESERT,BIP Kt Ri5A B F alpha-JE B 194 8. {2 BAj S5-ORF3 )
PO S LI B T, AREWT E TR T I — R HSC70, R REWT & S5-ORF3 2B f# 4 i M 77 (4 ALt =&
BB alpha-JEM BER A A K.

1 ##57R=®

1.1 %8

KFGHY S5-ORF3 B E A 4 %%.JX138498—]X138501, Af \ NCBI | F# B 3., % indica group
cultivar Nanjing 11 3§ Query Sequence,jfij§ blastp (protein-protein blast) J7¥, \ NCBI F#if7RITRE R
M3 100 ZEHFE P (BIEEFEH E 2014-01-25), 1 F hypothetical protein 55 predicted protein, par-
tial protein LI putative protein N EZE 4 I 0 HEWHHEAN SR E L T LA & £ BEHIAT TP & 1 partial, hy-
pothetical, predicted,candidate division, uncluture, putative BLiE] #9531 , [ Bt & %A HH UL T E Y
MEFS . RE ERTHEFITAENYRIRE —5& ident HEFHHFH . &KL ,15 3 S5-ORF3 /19 %
FEFF . i E/KFERY S5-ORF3 & H i 4 4%, Bk & B L2 # i O B BUF 51 3t 23 4%, BT BT X L
#I ¥ Fh 4 F K Gene Bank 1D 41°F fim :

japonica group cultivar balilla JKFEIEF M Fh balilla: gi|406066535
indica group cultivar Nanjing 11 KBEZE R 11 5. gi|406066539
cultivar 02428 KAGIEE P 02428, gi| 406066554
cultivar dular IKFEIEF M fh dular: gi|406066557
aegilops tauschii AT E . gil475588157

populus trichocarpa BRI gi|566196410
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glycine max

ricinus communis
solanum lycopersicum
hordeum vulgare subsp. vulgare
triticum urartu
theobroma cacao
cyanophora paradoxa
capsicum sp. JYM-2013
nicotiana tabacum
gossypium hirsutum
cucumis satiovus
arabidopsis thaliana
vitis vini fera

zea mays

malus pumila
pseudotsuga menziesii

spinacia oleracea

1.2 Hi&

KT gil2642238
BRR: gi] 255555659
FHhi: gil350539203
K F . gi|476003

B RE/NE : gi|474200923
A A . gi|508777841
WP . gi]255977229
BRML: gi] 528746217
JHE . gi| 729623
Fifi Hb AR < gi] 211906506
BN gi6911549
PIEFIT: gil15241844
% . gi| 297742397
EK . gi| 162457723
. gil57639078
AEHERS « il 7635897
W3 . gi| 3913786

S5-ORF3 B9 [A ¥E & [ 1% & F] blastp (protein-protein blast) 77 8, ¥ 46 W B 22 &) FI Mega5™ ) Max-
likelihood 77 , £ 5F motif A & BLAH MEME' , IF [ 36 07 55 F§ Mrbayes 3. 1. 283158, B A i 4514 5 BL &

&AM &4 Phyre2™ fl 3DligandSitel™ $i47

H 3 B BREC % 0L

ATPase% #35,

o Bl 17RH T KHE 4 % S5-ORF3 AR5 H 19 KFJEE

EZ 7%

B Ny R <P, 29 45 KD

=

R

‘1’"'* TERFE ML B P B B

C¥ X345 250 KD

_} KF5 4 % ORF3

A—HSP 70 M55+ 7R 2 B, KD Ky 2 [ 55 & 50y, T 38 /R B—23 )7 5 i R &, Hob, KR 4 5%
ORF3 J751 (JX138498—JX13850 D) 7Edx 7, H T 1 B E MR W W EZ W FEE T, 15 HAab )75 (m
3 HSP 7O A0 L, Bl BB 2 JF W 9 C-3 X 38 ;C—S5-ORF3 & [ i R KR W R 5 h B 5 RS 3 M %
(motif) , A4 3 4> motif“TTYS-+"motif FE/Kf§ 19 S5-ORF3 55 15 ¥ Bip & H ¥4 » 54 2 Ff motif M

A FFF T A

B1 4% S5-ORF3ZEGRE5HE 19LRAREEGFF R

Fig.1 Alignment of 4 S5-ORF3 proteins and its 19 homologous sequences
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2 H#R5iHR

Fi Nanjing 11 S5-3(indica group cultivar Nanjing 11 gene BJ;=#7) 7 NCBI & K] blastp #f7# &, & 3
19 &BRFTHENEEREI], KM ORF3 B9 E A H £E 5 Luminal-binding protein #1 HSP70 £ g1k
EAEZK,

2.1 5 HSP70 EHRKEXESH

Y HSP 70 i, 548 %) (4 iy 38 D028 B 43 F B A8 09 1 I B B0 3 1 3R = 8 2 DD SR KT 3 Aok 16
LA 1 A) a3 N St sr M C i X 2 34 . ORF3 7£ blastp # &R+, B EWEEI T5 HSP 70
A9 BEAE SR, anEl 1 B BT7n ,ORF3 5 HSP 70 HE A N i B T KB A FL X 3, 1B ORF3 & ATPase
HHRIR SR, HEt = HSP 70 5 E M Cu X, B 1 B & LAY 4 £F 5 Z/KFEB S5-ORF3 31 :
JX138498—JX138501, K M AEBLEC &+, “ATIAIPRAAPA” } S5-ORF3 B . MEWFEEBR R KA &5
R DX 35 ; HoAth 7 50 B 1A A9 N “VIPAKKSQTFTTYQDQQTTVTI-+” FF 45 Ay & 1 it X 3t /&2 S5-ORF3 &
HEFEAR ., EEHEHEN, X 2 R BAERE S5-ORF3 5 luminal-binding 2 H #l HSP 70 & HE 4514 13
REER FREEZEEM.

2.2 5 luminal-binding & QR H X E ST

X 23 &7 blast BRECEE SR (JLE 1 B) B/~ , KFE#Y S5-ORF3 5 gi| 475590630 | gb [ EMT21528. 1|
luminal-binding protein 2 [aegilops tauschii | (37 %) .gi| 255977229 | dbj| BAH97106. 1| luminal binding
protein Bip Cyanophora paradora (BEIB A BRHEH T H AL, W 214 B 5 luminal-binding & H &
A AR BE B K . luminal-binding & [ 2% A% P9 5 X FE 7, 38 58 K 55 A0 K Bt F R R A BT 40, T S5-
ORF3 JIf = A= 1 & 1 5 th A 28 7 9 5 0 FE 7 9 S RED , B LA, #E 7 & 55 luminal-binding 93k [F 4549 5%t F 2%
BARMENZEEREEN.

2.3 7E7kTE S5-ORF3 EA R K H REF 5 o T 8 4R F B FF 1 IE [ £ 6L =

N T #E S5-ORF3 & [ i K HFIEF 5 FHAFHEF (moti) , £H M T MEME suite™ , 3 HiE R 3
BIRT 3 MEr B E B motif B/RTER 1 C HF, X286 motif KW ¥ IhEEREHFH—FR. ER 1 CHMN LT
T8 1 4 motif Y IE N 3 15 X 8 RALSSQHQVRVEIESLFDG[ VT ] DFSEPLTRARFEELNNDLFRKTMG-
PVKKAM,E 3% 7. 8 X 107 , 7E i 5 ¥ 51| B #5 47 763 45 2 A~ motif 9 iF ] 3 35 % % KNILVFDLGGGTED-
VSILTIDNGVFEVL[AS|TNGDTHLGGEDFD.QHR[IVIM[ED]YFL,E &4 4. 0 X 10~ , BRfE FF & & 3 # &
AR 3 motif BIENFEEXR N TTYSCVGVYKNGHVEITANDQGNRITPSWVAFTD [ SG]JERLIGEAAKN-
QAAVN,E B} 3.0X10 ™ ,fE/KFEH) S5-ORF3 5HHEHE A E 3 4 motif,

£ S5-ORF3 R H[FEEAM BT LG, BN BERLEL TFHE NI A, AHFSARRRTH,H
HENBERERZNEHMINE, ZRARSISEMEIE T AN H#ETE R ENEDS, B5F BIER X
AL 5 A — Lo B N HE 7 R T RE AL A M 1, BEE 2 A B9 WHE W DR RO HEAL  BEATE A 1 2 G R SRR SCRY
RAMEARMMAEREN ARG &M, XEFB TR EMEEMS”. HE2, @i MrBayes3. 1. 294
5 IR & B S5-ORF3 [ 1E 1) B B AL mt , R A A S A B K IE 1) B MR R 0. 132 5, X B A B FH
. BRZIE EEEEA SRS HSPT0 KIRE H AR TFHEA K.

2.4 JK#EHY 4 % S5-ORF3 EAR S H 19 & [FiEFF 5 Bt oY i 4L B

Fi Megab 1 9 ML B 3EH 2 #4643 B A bootstrap 500 W LA & - KA BAG L. W& 2 B, S5-
ORF3 7E 1 ¥R TE N MR Z Y T #A UK K FE /Y S5-ORF3 A FUF I 51 15 ZMEHER lumin-
al-binding EAAEH BB RERR . I BRI A bootstrap BEFERE, AR AT M. N
B &, 5 ORF3 MR E B RFHI MK 4028 2 4, — 4R B35 Z 8 luminal-binding 2 H 57K
iRy S5-ORF3 4, T HSP70 5 H ALY #Y luminal-binding 2 HA 74 —H. NEBELE 1 B)
AT, X 2 HP SR EZRE T ENR C Mg A .

RBA R, KFERY 4 45 S5-ORF3 & H P55 45 75 & M K 2 E A luminal-binding  H A IEH BB R
GRFR., H, S E B W% RS % Phyre2 Tl /=4, PDB FE H BB R c3d2fc, X A~ 4544 T Ul 7T 15 B
100% . Nk, C b %€ . 3DligandSite ¥ T B {4 45 & £ 52 B , Nanjing 11 S5-ORF3 {7 H i
WA 18 AT RERY BL IR ZE &AL
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Fig. 2 Evolutionary tree of S5-ORF3 as well as 19 homologous sequences, and the
protein structure and the ligand site of Nanjing 11 S5-ORF3

2.5 K#ES5-ORF3 EARMEHMRWEEEE S TN

FH ) 2% IR 5 2% Phyre2t £ Fill S5-ORF3 Nanjing 11 {97 [ R4 #. BH A Nanjing 11 287 5 ORF3+
75,3 A7 5% F ORF4 il ORFS B 83 1) A RBUN . %EARMEHNE 2 WAL EAREHWE”
Fi7R) B 15 /> alpha 827 .18 4~ beta i Fl—2& coil K. AR UL, % EH RE WK IE T sselp F1 HSP 70
FI A, X F PDB FE s f A5 AR c3d2fc R 25 Bk 83 % , BRI T A {5 100 %6, iX I % &3 28 F HSP70 X
B E A RRSFHEMRRE. o, RIFE S5-ORF3 A — =W, AR ZEIAMEA N E. Hob, T
T S5-ORF4 By =4e454 , 2 2 1B KAy alpha $2HEH — & 4/ coil frifde. N T #—2B 85 S5-ORF3 1
e A 256 AP BT, $8 T W 45 i 55 4% Phyre2 T3 3] /Y S5-ORF3 4544 1) PDB J& A& b5 SC 4% A BC iR 45 & AL
ST KA, 3D ligandSite " SRFM ORF3 W] RE A BL ARG A 11 8o 3X 3 1F 2 4K 4% 45 4 14 4 0L 1 S T 45
B AOLERY & TR AR AR R AR A R A B RS & AT T/, SUNSRME 2 AT 7 Bk i g
B s » R BECARAL T S5-ORF3 2 | A &F . B 45 21 59 AT RB /Y 18 A~ BC /& 48 %€ fi2 &3 &y 68HIS, 70GLY,
71ASN, 72THR, 73ASN, 260HIS, 262GLY, 263GLY, 264ARG, 291GLY, 292ASP, 329GLU,
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332LYS, 333LYS, 336SER, 400GLY, 401SER, 403ARG,

3 & i

S5-ORF3 B H B R B R Rl A T I i g B ML A 2 75 2 5 alpha-3E 4% B 9 & A 6, B AR A9 FE (4

RA 4S5 LA T EMAEERZATHHEK, IR RNA FH AT RERT5 K 8 89 B AL E5 %
Bt — B LRI

B MR EFTPRLAFRBAR I FAKEABIALRGREF,
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