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BWE R %EENZE(WB) T T /K F8(Oryza sativa) OsPR10ATE H AR AL K . AN R 4L 4R 307 Jz % Foh o AR 0 300 43 i 3
THIRIERHE, KILOsPRI10ATET-2 . EhMia DLESKFTER H R (MeJA) R A BR (ABA) % 3 TRIA M EF &, R ZEA
A REAE T TR R 8 B2 AR s R o DRAE BRI — N, AT T OsPR1OAME FRIA Eiddk, 2R N S i bKTE,
PAFHRIEOsPRICAI A &bk K. HIFRIIMEE R, HER KRR SRR, KRR, 455%RRK. H20% PEG6000
FEKFER 7o RIS R AT TR 407, 45 R 58, OsPR1IDABRIEHR AMR KM FER Y EE T TEH AR, IEWBRE
OsPR10A ] 35 /KRG B & M S0k o %0 7047 Bh 138 3E AATT%F /K FEOsPR10AI BE 1 T i -

KRR KR, TRME, WREMOCER, RREIE, TR E AR Y

K, MWEEE, B, DE&R, Z£3F, #EE, XNERE, 8% Tz, XMNEHR, EitiE (2019). KFEOsPR10ANRIEFT
fE R HAET B e B AR (M ThRe. M=k 54, 711-722.

JK#E(Oryza sativa)/e 7t b g L Z AR G /EY)
Z—, Hom e AR R X A EROG H R I X R
A HA BRSO KRBT Z 2 mild K.
TN R A% 5 A B 18 M (Thakur et al., 2010).
DRI, T A 7RG M 2 7 B LB 355 6 T 30 7K e it L
HHEZEE X

RN 22 AR I ARG, R A B AR i
ML (NGrnberger et al., 2004; Ausubel, 2005). 4,
1052 B J5 AR B L e AR W e i), ) 2 30E B
B HIBHER Rk N GHEZ 5 . R FEHH % (pathogenesis-
related, PR)&E F /2 — K2 EMHE SR EAK. K
Fa R Y AL T e R A, R A5
900% NPRIL[A (S 4ALE, 2014). RIGE AR LS
M, APREE S NITAEE, ARNEEKPREA
EFED R AF . WAKBPRERF KT fRE
By TRN T KRB il . REWT LY, KiE
PRE: R FEHR U A S AR AR Wy S5 Py a3 224
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H, VAR 8 PREE PR (1) 221K 23 5 i 7R3 I 0l S b
PRI B EPUHE [ B 4% 5 & Rk (5 FH KR4,
2014). PR1ZX % {1 OsPR1AFIOsPR1B(1)# 55 /KT 5
SR R BT, AR NP0 SO K AE ) 4 T AR IR
(Ponciano et al., 2006). 7F /K55 [ A% H
(Xanthomonas oryzae pv. oryzae, Xo00)H.1F M+,
OsPR1AMOsPR1B & [ i 7£ X001 J /K A% it )1 144
NI JE KR RIE(Wu et al., 2011). 7E/KFELIEH,
OsPR1ARIOsPR1BHE [A] 1) #% 5% 15 't 4b 21 2 UIAH ¢
(Agrawal et al., 2000b), H #h 5 i in € #i iR (jas-
monic acid, JA)AI Z )% (ethylene, ET)fE & 3 10
OsPR1B#: A ) #5% (Luan and Zhou, 2015). GNS1
J& TFPR2Z %, HAR-1,3-1 KHERIE I, /£ H W5
FF, KFEH GNSLIE A (1) 5% A8 [ i Rk /KT 3
BE Tt Ry 76 RIS AR IR, GNS1E:F KL KA
fii_EF+(Nishizawa et al., 2003). ¥ PR33E[K (/K5
XFSURE I B $0 1 1 58 (Datta et al.,, 2001). #EIL
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OsPRAA 1) 7K FE A Wk 1E )y B 3 A0 2 R A 0 52 1k 9
H45E(Wang et al., 2011). /KFEPR1A. PR5. PR8I
PR16 85 [ /7 58 £5 iy 1 i (8] (1 28K N I R L, 1 PR2
TEF 5 KoK W a h s S (R IR RS,
2013). OsWRKY67 50sPR1AFIOsPR10 i 5 1
X 45 & 3 1 42 = 0 = A R B BV (Liu et al,
2018). TEH B A KB PRER AR R IE .
L’ I+ (Arabidopsis thaliana) 5z 3| §§ /5 1R 45 2k o
(Meloidogyne incognita)f2 %% /5, PR1. PR2FIPR5H]
FKiE K EFE T (Hamamouch et al., 2011). T2
T, RS HPRL. PR2FIPRSIE K £ IA T Fi(Seo
et al., 2008). 7f /¥ (Nicotiana tabacum) % ix
OsGLP L3 P mJ 1 9 He xof 3 B4 9 J5 40 1) i 1% (Baner-
jee etal., 2010).

PR10E A4 MR~ HINRE 2 FE, TERMIPLIN T
THI ) Dy Be A I 18 (B 28 55, 2008). 7/KFEOsPR10A
EASTEL N7 kDa, 4AEALKEH B A RNARK
T, 2 GUSHYL i i OSPRI0A K #4 5% 52 51| £ F Jy
I, WA EXoo MR 3. AEA Wit 1 E
et o A, TR R IE R 3 22 0T 2 T OsPR10A
th 4> 4% 5§ % 3% (Huang et al., 2016). PR10A
(PBZN)EA U T A A R, AT T /K FE 41 il
FETT, B REIE L L RNAFS IS M 17 5 0L 5 JF AR 54
MIZET(Kim et al., 2011). & )i % EN 7 (western
blot, WB)Z7#1 % Fil, OsPR10AZE /K752 # X001 4t
JE 144/ KR ERIE, W HAEMBEAEhRIEE ST
FEAHAE R (Wu et al., 2011). #i#&ikOsPR10AR
58 1 K FEXT A% B 1P (Huang et al., 2016).
OsPRI10AM i A ¥k I F 45 & AL, W REZ 55
[AFOsWRKY6 1%, OsWRKY652W-boxt 141
(WLEN) #4545, 1E 7] 1% OsPR10A ) % 1% (Choi
et al.,, 2015). /7 4I[EJEM 5 Hr K B, OsPR10AA!
RSOsPR10& FEAHAL, A AR LI B & 74 51 5 T g
(Hashimoto et al., 2004). RSOsPR10/2& /K gtk 4
H K5 AR 52 3L K] (Hashimoto et al., 2004), f£T-5
Al BRI N 3 AT 35 5 ik (Takeuchi et al., 2011);
FE R B 41 D 8 2% 75 RSOSPRA0 1 7K 8 1 k3 T 5
i 3 LA B B P iR 52 M, R KT 3 P R T A2 M e
(Takeuchi et al., 2016). ###iAIIOSPR10ME 5 1 /K
TS FEIELIE B R L, UE B CAE /KRG B AL h 4%
TER; e ERT-PCRAMT R, & #h Al 518 5%

7K, /KFEIIOsPR10OIM KL Fi(Wu et al.,, 2016);
WBHS I & B, oA IE #4143 (WnAe AR ) v # 3 k
8 R E A e R R H R IA KF (Kim et al,
2008).

HEARRAEV IR EEPATH, TREAN
FIKESE . B0 S H AR 2 8 A A 2= 1 2 H bR
(Pandey and Mann, 2000). #|H & (A e H Pk
AR E K AR B A TSR A AT, X —ERES AR
T HUR ) 2 1 4H 2 (antibody-based proteomics,
ADbP) (Uhlén et al., 2005). 3#id Ffis 2 777255 8 i
IR RIT S, BAEMMR, RS, #BE
A AN 5 o KR BEAT 20 T S A0 o TE 7K ARG 2
EAEPIRE T A A A X — S, KRR B IR A
B PR S TR A T AR A T R (U ER A,
2011; k&S, 2018).

N T ¥2 9 OsPR10OA [ Th &k, AW 98 1 2 K Fl
OsPR1OARE S ME PN 22 Fidfi 52 ol it~ IR i ik 47
REGMWB IR E . TERIIThRELE R 12l L, i@
AL AT, S FIIRUEIL AT BRI T RE, DA HEA
1%t OsPR1OALIHEI T itk

1 #MRERZE

1.1 8

it 7K #% (Oryza sativa L.)5hF 8 TP309, A v
FH K i AT B (Escherichia coli) & #kDH5a, 415 H
JR %k Htk ABL21 (DE3) pLysS. & A JF % % ik 4
& 29 pET30a A1 pGST (Liu et al.,, 2002). 7K #%
OsPR10AJE K] 4 K cDNAJFURLIY [ H 4% Mk A ) %
PRI T i 7K R K= R 4 55 9 0 (Rice Genome Re-
source Center, National Institute of Agrobiological
Sciences). J#fikipUC57-3HAH a5 4 Wi A RL
HIRAF AR, pEASY-TAH EilfAE T AMBAE
fR A 7], pUBI-C4300H Pamela Ronald{# 4:(UC Da-
vis, USA)H& A o TR HY e A0 e v B 25l R0 B b e
1 BARE R AR AT .

1.2 IKFEIEF R

KFEH HARE 75 P T7E30°CIE 3R EHEH M, HIEA
(AR A =11, viv) R IEFRI S T-30°C. S A #8112
INEFYERR/ 2/ N RS S5 R BE TR (B AR SR, 2011). AN
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[ 5 B I EBORE - 4l ST A 5 15 9 6K (1 B 7
AL, e ZARUIATTE IR . =, MK
WRRE, FAEIIAEZG . BT, REATRR A DL R Y
TR, PHCE KR KRG . AKEORAKIE IR, K
T RE MG K LM L, SRk 8181 (2018) )77 %
i

1.3 R4t

KA P B AL KK R 5 OR K AE 4 B H 20%
PEG6000 4L 3, LAAINIPEG 14 i #4 6E yxf i, HX
P 8] 5 N AR IS O/NEE . /N 2/ 4/, 8
ANEF A2/ L 1R 2R I3 K . KAE T IS AL T K
KI5 R4 H 1200 mmol-L™" NaClb 2, LLA N
NaCIf &yt iR ot B8, UM B[R] 558 0/NE . 471
. 8/NEF 12/8EF . 24/88F L 2K 3K BRAIT K.
FoB W IE AR B K UM 2 LK S5 55 (2018) 1 77 ik . 28
R Fr R AL BE S 2% Agrawal 25:(2000a) [ 7 7% . LAk
JiidRy BURE RS R (IY v ) K FEH Fr, BY A2 cm
INBCE T IR, TEE IR LA 4 5 i AN 15 mL
100 pmol-L™" MeJAE;100 umol-L™" ABA, J&JH 1K
127N SE R/ 2N SRS . BRI [ 250/ . 6708
B A278EF . 1R, 2K, 3K, 4K, 5RAI6K, LB
B KR S AR o R . KRS AR B R T R A
2% Dansana®:(2014) 1777k . BART7 vy B
WA, FLREFGE, 70%LFHRM50 8, LF
KBRS, BEIRE T, 25% I SR IR 305 4,
T KM B3R o T35 AT AIE A 2)2 IR AR 35
FRMAF, JIA15 mL 20% PEG6000. #£30°C. Ytf
HHNA2/NEE G IR/ 2/ NI BRI Z5 A N RE IR TR . ME AR
KA, THECPME AT Z AT St b . B
SE AR DEE IR KFEFE UM 5 R EGE R, R
15T -80°CUkAE %

1.4 BiEHE. BEFUEPCREE

PApUCST7 i i i 48, & Rty BSHAFI 24 1k 1 () DNA
J B K 2 R pUCSKT7-3HA, 7E 3HAF 1) i 51 A
Xbal FKpnl B il 4 4 VI EE 47 55, 3HAZ Hi 41 EcoRIE
PIAL R, Z R IE%S 1, N2 SpelFHindIIFR
HIPE I YIEEAL A B pEASY-T 1 J5RLAA) 22 1] 4 4,
¥ pUCS7-3HAH! (1) Xbal 5 Hind I 3B U] Fr B i 45 1|
IR XU D) R pEASY-TA Uk, i Ra) e (1w ] 844

FRNPEASY-T1-3HA. H IF [ 5] #)Prim-PR10A-OX-F
(5'-GCGGTACCATGGCTCCGGCCTGCGTCTCC-
3", FRIZ Kpnlig o) A7 ) A = 19 5] #)Prim-PR10A-
OX-R (5'-GCGAATTCTTAGGCGTATTCGGCAGG-
GTG-3', TNIZ NEcoRIEFYIN 1) PCRY Ik 4K
OsPRI0AZEH, i@ i Mkt Il v Be K B . HI Kpnl i
EcoRI X V) J5 4 A 2 [F] £ XCHG I i Hp 18] 45 1k
PEASY-T1-3HAH, W75 E 5, FKpnlf1Spel X
VI & H R 0 B, 3 N 2 RS U D) R #4248
A4 pUBI-C4300 5 ki 71, FH Sphl A1 Spel X 7] % ik,
TAITEN R BRI e IERIE N, SRS FE LR

F A KT B A 555 Uk DNA%E A JK #& (Duan et
al., 2012). LA BT R RN A BR A 7] 58
o EEIDEN: MFERETPI09R IR i S @ 4141,
A SR AR B 3L IR, dkmidt AT @ AR
H B PO I i K @A 412U S RIAEAR, 3R
A P e R LR RS VT AT I v AR SR (R T SR 55, 1998)

FRBUKFE M F R F 4 DNAJE3ETPCRY 8 . i
5| % Prim-PR10A-OX-F: 5'-ATGGCTCCGGCCTG-
CGTCTC-3', Fif#5|#Prim-HA-R: 5'-CTGGAACG-
TCATATGGATAGG-3'. ¥ 14 fF: 94°CTAZ 5%
ffi; 94°CA1E30F, 55°CiB k30Fb, 72°CHE 1434,
HEI2AMIEIR; 72°CLEM1040 %8, 16°CLRAF. PCR/™4)
FH1.0% 1 B I 6 P P ks

1.5 KEBEERRIEGKENES

Vg XK FE R ot A 2R T B B R R, 85011 g
BES NN mLEE (5 32 B 2% o3 (62.5 mmol-L™
Tris-HCI (pH7.4), 10%H i, 2% SDS, 1 mmol-L™
PMSF, 2 mmol-L™" EDTA, 5% B-#i%: Z.1), #40R
S JE BT ok B0 B, A1 REBE 2 3 B i i€ & 9 30
Fro 4°C. 13400 xgi.02040%h . B E3EW (A ER)
BEH O,

F Tricine-SDS-PAGE 73 &5 #i& X 1) 7K 8 5 85 1 R,
EREARIN10 uL, REHEF2FIPVDFE b, A
SN —H1NANt-OsPR10A polyclonalfiff(Wu et al.,
2011), ZPUNHRPHRICHI TR, BARERIES I O
2:(2010) it Jidio AHSPHUARK I IS S 1E NN S
(Li et al., 2011), FrAHHUAANR B bR H H B
OHRAR . ARG (MiniChemi610, b
SR QDL R A R A F IS . WBSEI 2 /b
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23

16 HFEFRETHREEOREFE

5 4 %4 oKk F Rice Genome Annotation Project
¥ FE (http://rice.plantbiology.msu.edu/), #R #& Os-
PR10AZ: R 4w 5 (Loc_0s12936880)F1 741 i F T
RNA-seq/f) % 5 414 .

X IR SR i 1 B A R R B R DR K R R AT AR &M
WA, WEIFG R B, DR Z5 5555
fabr . BRI ES-8MEA, THE BT %
HHAT E R B EEST.

2 ZR5itE
2.1 OsPRI10CATE/KIBE KA B I 12 P RIFIXIFE

FATTRAE T TP309/KFEA [A) A K If 22 S 2L i
i, K WB 2 #1 7 OsPR10AZE [ 1) 2 35 45 1k (&
1A-D). 255K, OsPR10ALE KA i WA A R

RIE, 1R BEWIZ Ja AR A R R IE; fE/rBE . 22
FEIIATTAE I KRG 25 h ¥ R KI5, 189y BRI AN 2 A
A REER A RIE, (HRIXRRAE KM T, £IFEH
ARIE(EMA). TEB IR 7, AlRE2RE,
OsPR1DARIE &I &, ZEHESRIETH|HE, F6KH
B T (KE1B), X% ] OsPR10ATE i & i F& b 9k 175
T UbAh, OsPRIOATETFAL W R 1625 FI5E H (1)
TR BER G, (AEMEPARIE, £ R BA
FIERAL( L F AR )F, OsPR10AR) ik 3= 2 (M
1C). TEREM AR KA [F B B Ml OsPR10A 7 B2,
R A SO I v 2R IA T B R, (H B A )
AR I Z W, OsPR10AN) ik =F FF 3% ) [%
fiK, TEFFIEIA1S R M R AS 2] OsPR10A)
FiL(K1D). & Er W, OsPR10AZE F{E /KA K1)
AR A AL T B AR A K, AR SR B TE T A
RIEHRBE R, MESEMEREBTm, KHZ
B B KRE M R P BRI AR K S AR IR
TERE 8 2 1 i R I AR A G E

Seed germination stage

A B
Sd Ti Bt Fw Oh 1d 2d 3d 4d 5d 6d 7d
Root — - |« OsPR10A — — — l OsPR10A
[ — — —]« OsHSP82  [w== === = = ——= == — — < OsHSP82
c Flowering stage
Leaf &= == [« OsPR10A Leaf
IEI‘-OSHSPBz Sp Ss An Husk Low Mid Up
b —-— | —— ——~ |« OsPR10A
Stem  ospr10p === [== =] [==——"lOsHsP82
El<_ OsHSP82 D Seed"ng F|ag leaf
5d21d1d 2d 5d10d15d20d30d45d
- ‘ . —~
Phyllula | — le— OsPR10A [ TR — l— OsPR10A
L) a “
[—— =)« OsHsP82 [ = == == — — =— — — ——]«—OsHSP82

Bl1 OsPR1OATE/KFEEK KB HIRIE

(A) OsPRAOATEZKFEA [F) A=A i) B AN ZH ZAEB A7 (3R 025(Sd: B BA; Ti: 4 BERA; Bt: 2248 8H; Fw: FFEHA); (B) OsPR10ATE i & B Fh
FHFRIE; (C) OsPRI1OAEFTEHIH LR 3R 15 (Sp: #; Ss: 4k, An: 7£245; Husk: 7%, Low: M- R#; Mid: mfrpEE; Up: 1

_E#8); (D) OsPRAOALE &)y i Al - e 1ty 2 1%

Figure 1 Expression of OsPR10A during rice growth and development

(A) Expression of OsPR10A in different growth stages and tissue parts of rice (Sd: Seedling stage; Ti: Tillering stage; Bt:
Booting stage; Fw: Flowering stage); (B) Expression of OsPR10A in seeds during germination; (C) Expression of OsPR10A in
tissues during flowering stage (Sp: Spike; Ss: Spike-stalk; An: Anther; Husk: Husk; Low: Lower part of leaf; Mid: Middle part of
leaf; Up: Upper part of leaf); (D) Expression of OsPR10A in seedling and flag leaf
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2.2 OsPRIOAEEHMEEFR ST

IR OSPRI0AZE R 7E /K FEAN [A] A B IS AN B H i)
#337K°F, MRice Genome Annotation Project}# /%=
T #3E T RNA-seq 17K FEOsPR10AJE [X] (1 54 S 54,
FFPKMIEZI R (K1), 45REKH, OsPR10AZ K4
AL B3R 20 RGNE I s SRS SRR R
JE5R BT G e SR KPR e e FE SRR A
i, 25, M. BRE10RIF T, B E25K
{14 %)) R VR 7L Hp R TA AR LA, TEBH 5 10 K [
FHRMA RN M55 A FHA R EARFESH
HOKP AT KL, 45 3R B OsSPR10A K [ 1)
SR MBN AP EAR AU Z 3R0K, MR,
BHA LB SR e it o T A SR AR 1 i s
FERIAT NI G I A2 4F#(Li and Xie, 2011).

2.3 JKFEOsPRI1OATEIEEMBMB IR P HIFRIE

HFE

RS2 2 #2577 K AGRiceS-A300FE i BV BE, Wik

KRB LI T ol A Ak B (1 2 1 i AN A 5 0 (5 B T 5,

2018). FOsPR10A%F 5 M Fifk %t RiceS-A300 % i
A Oh 1h 2h4h 8h12h 1d 2d 3d

— —

Drought

B o0h4h8h12h1d 2d 3d5d 7d

Salt

I—— N —
B2 JKiHOsPRAOATEAEYME TSI RIL

FERE AT WB AT, R IAE IR 1500 f S
OsPR10AR#ik; T 5403 (20% PEG6000) 2K 5
OsPR10A[ # ik 87T 44 W] & b 7H(/&12A); OsPR10A

F1  OsPRIOAKEH 15340 HT
Table 1 Transcriptome analysis of the OsPR10A gene

Library description FPKM
Shoots 50.1661
Leaves-20 day 144.7290
Pre-emergence inflorescence 4.1989
Post-emergence inflorescence 88.9886
Anther 0.5100
Pistil 2.3483
Seed-5 DAP 77.4876
Seed-10 DAP 0.0000
Embryo-25 DAP 1.5052
Endosperm-25 DAP 2.3371

' MeJA
== W (< OsPR10A

[ e e s s ey s gy | < OSHS P82

e s s s s | < OSPR10A

. < | <~ OSHS P82

FPKM: 41 J3 Fr B % Rk B 5 — J I8 4 T Bk 14 v B
H; DAP: #2¥3f5 RAL
FPKM: Expected number of fragments per kilobase of tran-
script sequence per millions base pairs sequenced; DAP:
Days after pollination

C o0h6h12h1d 2d 3d 4d 5d 6d

- -

e aa» ese [<—OsPR10A

B e e — g W 1V 1.

D 0h6h12h1d 2d 3d4d 5d 6d
L ok Cub bt 4‘ a“t
. - -

i '
'

[ o o sy o> > = @ — |« OsHSP82

(A) OsPR10AZE TSl FIEL; (B) OsPR1OATE H Ml FIEE; (C) OsPR1OATE HME i in 5 i B2 H g 5 11 £ ik ;
(D) OsPR1OATE /M IN Bt ¥4 15 5 12535 . MeJA: SEHIL FIfis; ABA: it i4 1%

Figure 2 Dynamic expression of rice OsPR10A under abiotic stress
(A) Expression of OsPR10A under drought stress; (B) Expression of OsPR10A under salt stress; (C) Expression of OsPR10A
modulated by exogenous MeJA; (D) Expression of OsPR10A modulated by exogenous ABA. MeJA: Methyl jasmonate; ABA:

Abscisic acid
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1423k = 5 M 2 40 FE (200 mmol-L™" NaCl) 12/~ IF
U T (EI2B)e R 7KFE B A Rt iR AL B, 7R
HR S A F i OsPR10A R A AN R IE (B £ BoR),
{BHFRIAZMeJAFIABAE S . OsPR10AKIFIEEM
MeJALLFE2 K I 4 7+ (E2C), MABAKLHE1 K KIA
B RIJT4A ETH(K2D). OsPR10ARK A F A%
W12 25 11 AT 76 T 5 0 6 b s R B i R R R
FEER . MBS GAE .. miRAUK#E) G T 1)
OsPR10AZE A #EATWBA BT, 25 F AR Al 21 8 12 1)
T SURFIE AR A (B R ) o

2.4 HRIEOSPRIOCAEREFEKEHLTE

I RAT A ST KRB AL, TofR3RAF23 /M
Ak &R, PCRYEEH R8N PHIEKE R« GRToIUR T,
TR TR 4k 4t 4T PCR&S 5, BT A /K R I $ L
F N 4IDNA, F & A HAR 5 e = 1 51 #3847 PCR
38, T U A R R R T i R B EAR R T
MTARKI AR B HIE N AR, Z2PCRY% & M

A721
WT 1 2 3 4 5 6 7
I < PR

a5 R R R T AT KR B I R WBAS I (13). 25
RBRY, BAERTPI09MPCRAIWBS: 1AM, 4
MNERL R PR R (A721. A726. A728F1A730)PCR
FWBH I &5 535 A B, 43 7 ADNAFI & H K FE
B BH P40 & 3 L R R T SE . WBSE RIER I,
HAHE R I PR T OsPR10AZR A iz v T /K Rl AR I
Rik,

25 #BFRIZOsPRICAFHEFEKIBHIREIMRE
R RIK A K R B SRR R 2R T I E
(K4A-F). 455 £ W, OsPR10AE ik M Pk i Pk =
(K14C). FEK (KI4D)FN4h sz % (EI4E)¥{% T TP309,
i 43 BER (RI4F) 5 TP309 TG i 35 2 5+

2.6 HBRIZOsSPRIOAKEIEKIBHHL HIRIT 214

ETP30971 OsPR10AKI R IAZ T R A E S .
AT BT HIhEE, K OsPR10AE RKIEMAKT;

A726

WT 1 2 3 4 5 6 7 8

== — B

; -—— e --l-b l«—OsPR10A

B e S s D &9 s o <—OsPR10A

| ——————— < OSHSPB2 | e o e o s s s == < Os}SPB2

A728

WT 1 2 3 4 5

—————— —

A730

6 7 8

St Gt St bt St e ) [<—OsPR10A

ol et b B e g OPR1OM

e e e o e s e [« OSHIPE2| e s i i i - - e [<— O5HSPB2

E3 HEILOsPRIOAH: FF/KFEN % &

A721. A726. A728FNA7304) HMREASFIELIL AR R KB 1-7801-84) DA [F] — 5 L RIBk R IR [E ARk, WT: BpA= A

Figure 3 Identification of OsPR10A overexpression transgenic rice
A721, A726, A728 and A730 represent different transgenic lines, respectively; Lane 1-7 or 1-8 represent different plants of the

same transgenic line, respectively; WT: Wildtype
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A WT A721

120 A

Plant height (cm)
[o]
o

D
o
1

o
1

WT A721  A726 A728 A730

m

—

)

o
J

90

Seed setting rate (%)
[¢2]
o
1

WT  A721 A726 A728 A730
B4 ERIEOSPRIOAFIEPIKAE IR A A Z LR

B WT A721

w)

14

Spike length (cm)

WT  A721 A726 A728 A730

-

24 1

18 1

12 4

Tiller number

WT  A721 A726 A728 A730

(A) BEMIRPE(Bar=10 cm); (B) ¥ (Bar=4 cm); (C)—(F) milRanthm. M. gt osEs. WT: B4R, * P<0.05; **

P<0.01

Figure 4 Phenotype of OsPR10A overexpression transgenic rice
(A) Mature plant (Bar=10 cm); (B) Spike (Bar=4 cm); (C)—(F) Represent plant height, spike length, seed setting rate and tiller

number, respectively. WT: Wildtype. * P<0.05; ** P<0.01
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Figure 5 Overexpression of OsPR10A enhanced the drought tolerance at rice seed germination stage
(A) The germinated rice seeds at 7 days treated with 20% PEG6000 (Bar=1 cm); (B) Root length; (C) Shoot length. WT: Wild-

type. * P<0.05; ** P<0.01

B ARSI [T /iR, OsPRI0ATE/KFE-H
A9 B (Xoo) AR I A2 FR R FEAE FH « A1 78R FHWB
A T OsPR10AE F1E/KFE 2 P 23 b I FRIBRHALE,
KILOsPRI1OATE T 5. #hJHhid PL &k MeJAFIABA 5
FA T REEW RS, RPLTRET 2R E
MR REMEHE. B EER KA BEE
OsPR10AM/KFEME &R, TE/KFERN 78 & #2 Hh b 47
TR, kI OsPR10AHE R IAM R KA 4K
PR E TH AR, R R IE0sPR10A R 1Y /K
FEAh 7 R T 2 1

AHIFF T Sk TE 5 AR R RN A [) 3 5% 4k B S 7 7K
TR AR RIEFHEAT R G0 0T, K18 7T F 8 BEWM
OsPR10AFKIA(E B, KIIOsPR10OATE KAEAE K F.14
W ARIE, T E AR (0 BE R 2 WA
ik, OsPRIOATEFFTEIARE . 18 24 Ao v i R 1k
R (EMC), d3E— P50k I R 5 OsPR10AY:
B RIKFE IR 45 52 2 AR B (EIBE), R HREF
W RE SR E RAELRAG K B (e IR F I

JR T 2 AR S I E A A, il s R R
P, H 7 OsPRI10ARE H I IA AR £ 2« 5 R DR 20
LSS BRAL, A AR B B RIS RHIETE i)
() AR e 2 AR AR L — P G, EH
JR R IE AL | T P K AR % LD Re i B AR SR
PIERZ—.

T I G g% B IR A3 BT IR AR FRIKRAE, T IRAS DR
LRRIFIT RBAERT T, SRR T HUR I & A A 1 5
A HET RO R R A A SRS AR L, ST
A (1B 11 0 2 2 SRS R T PR i 25 SR W RS
S HTIE FEfR A, LRI A R R R Pk
A S RAS 1) B B R A (5 B 5 5 T RNA-seq ) 4%
SRABHEAL, R FHRWFEEEEAHERNKX
Sille UTAESR, I I K B A s 2H B A 2 1 T 2
AT EOAR, 45 R =38 SR A AN = (Li and Xie,
2011). S BN fe WL B (0T AR IAREAE, I A e
I AR B R HEAE Y, R AR 5 A R
TESIhEEMIAI S PE R K. WBHE £ W], OsPR10ATE

© Q0000 Chinese Bulletin of Botany



KA KAE OsPR10A HIZIAHFAE K HAET R PRa LR I ThRE 719

T AR a AL BRI AR SR R, i E
R RIEBAA A, W R AR T R R b B
FErp R IE IERIEER . Xt R X OsPR1OAM #k 31T
B R IAT S hia, 25 B3 BH i RIS AR T 2 i
i 52 VES 5 . T 22K 0] % 18 OsPR10ARE MR 12E 47 i
WL BEI K AU S AN [ B 30 g S s e o i
RGIWBIHT, B 5 2R 18 A% S50 1) J7 1]

IR AE Y PREE K Dh e K # 5 Hupi A oG, 14
Sk B PR IR 7E HEAE =l A= 47 o de wp 447 456 T R .
OsPR10AJE 73X s IGUS Z B L% . 153 Al Xoo
1RYLfi% G, HE KX OsPR10A K /K A5 AL rE I 7€
PURAME FARK B K T84 (Huang et al., 2016).
AHIF 72 0 2% W OsPR1OAR 22 12 it 189 5 /K R b 71 K
W S, FE 7 AM15FOsPR10ATIAE HINIH

AW FIE R IN, 1B AR KRG iR b 3 2
1, OsPR10AM) ik F= 2 MeJAFIABATS 3, £
ZE AR R 5IAFIABARIS S Sl mh 5.
5Ep A RA L, OsJAZAHE F ik M Ak 6 T R UK, [F
I X MeJARTABAE L BE UK, RNA-seqs)#t 45 1
HW, EFRAHET, JANABAG SH SRR T2
FE IR 1) 22 3K 7K 72 O JAZA R 2 15 He bk R B A R 2 ]
R EF, RYIATMABAN SH&RES 5/KBY T
8 3K AE (Fu et al., 2017). KEEFH T
OsbZIP23 51t B 14H 5%, [FIK /2 ABA(E S 12 Al
ABAS R <58 4% - (Zong et al., 2016). 7K7H
OsASRS5 5K &I F P %, #KiLOsASRSEF T
Y R SR A 5 T Y JRABAZK T3 g, A N )
ABA B MR (Li et al., 2017). /KT%ABA80X3 /2
ABA: W& il B SR IR, LG B I RNAIBE & i
PEEE G, 1T R SRR bR R0 R 8 B Oy UK (Cai et
al., 2015). AW 70+, OsPR10AZY 7] 32 T 5 it Al
% (MeJATIABA) M5 5, HEMZ 8 A ] A if i JAFI
ABAH K 15 5 1 T IR A2 1Y 5 /KR (i 52 1

7R W, OsSPR10AF%ZSA. JA. ETHIABAZ
K 1% S (Hwang et al., 2008), HOsPR10AJE 5
T687-637 2 [A] (FIWLE17£ SA/ () OsPR10AK iA&
rhtd 55 2/ Fll (McGee et al., 2001). RSOsPR10# %
R AR B T, IR AT RS2 JATS T (Has-
himoto et al., 2004). AT FAGI T E LXK T
OsPR10AE AR IEEE AL, Ja82 RN FLJIA
FIABASE 2 W KAE T RE o

g% b, AHIF TR FH A T B 1 B 1 o 4 A SR
IR G G % BN Sy M #R 2 T OsPR10ATE /K F&
i S0 A b AT R R HEAE I 2R, JF il AL Se e
RAF THIGAUESE . B F0 45 R BT 38 3 AT 7K F
OsPR10AE A I RER T fif

SE MR

B, FEz, BEE, FRE, FHZz, Hes XAWHE, K
¥, XIEHR (2010). KRk E AR EAK R E TR
IZEIERTTE. LM 5Pt 37, 988-995.

SIS, RPHA, FFH=, XIEHR (2014). /KR K5 FEAR 5
H. A}2@k 59, 245-258.

BRE, SRR, BR TFRR FER, X0, ®74, =&
¥, EiIE, FRZE, NWHE, XER (2013). KFEHEM
REAFATE ) E T RREHR. LM 5EDYE
B 40, 1140-1147.

FER, B, ARE, RUM, Bxity, L EtiE, 3
&, XImsE, ZH=, XNER (2014). KEFEHELPRIE
R 1 BAE M AR B S R R B LA R R ARk
Y2 49, 127-138.

XER, XIEE, REE, RTE (2011). ETHAERKEEA
Py —TFim SR, hER A LRl 41, 173-
177.

XTGR, KRN, ERM, BER, BB (1998). ML
WA FROKTE R RG L. MW SR 24,
259-271.

B, FHE, GEE, XWH, KRR, XEE, kEE, x|
B4 (2011). /KAGKTubbyE A B AL Fr £ KA E AL
Ptk R RIA. HYER 46, 525-533.

WA, X, %, RKR (2008). MHHEEHERES
PR1OATFLRE . 7> THEYMIEF 6, 949-953.

keI, Dem, ke, B, SRR, T, o, RO, %
i HRR, SiE, FHE, XEE, XER (2018).
JKFEER TR 9 R PE RiceS-A300 ) 3 S R A . A AR
AL 51, 3625-3638.

Agrawal GK, Jwa NS, Rakwal R (2000a). A novel rice
(Oryza sativa L.) acidic PR1 gene highly responsive to
cut, phytohormones, and protein phosphatase inhibitors.
Biochem Biophys Res Commun 274, 157-165.

Agrawal GK, Rakwal R, Jwa NS (2000b). Rice (Oryza sa-
tiva L.) OsPR1b gene is phytohormonally regulated in
close interaction with light signals. Biochem Biophys Res
Commun 278, 290-298.

© 0000 Chinese Bulletin of Botany



720 ¥R 54(6) 2019

Ausubel FM (2005). Are innate immune signaling pathways
in plants and animals conserved? Nat Immunol 6, 973—
979.

Banerjee J, Das N, Dey P, Maiti MK (2010). Transgenically
expressed rice germin-like protein 1 in tobacco causes
hyper-accumulation of H>O, and reinforcement of the cell
wall components. Biochem Biophys Res Commun 402,
637-643.

Cai SL, Jiang GB, Ye NH, Chu ZZ, Xu XZ, Zhang JH, Zhu
GH (2015). A key ABA catabolic gene, OsABA80x3, is
involved in drought stress resistance in rice. PLoS One
10, e0116646.

Choi C, Hwang SH, Fang IR, Kwon SI, Park SR, Ahn I,
Kim JB, Hwang DJ (2015). Molecular characterization of
Oryza sativa WRKY®6, which binds to W-box-like element
1 of the Oryza sativa pathogenesis-related (PR) 10a
promoter and confers reduced susceptibility to pathogens.
New Phytol 208, 846-859.

Dansana PK, Kothari KS, Vij S, Tyagi AK (2014). OsiSAP1
overexpression improves water-deficit stress tolerance in
transgenic rice by affecting expression of endogenous
stress-related genes. Plant Cell Rep 33, 1425-1440.

Datta K, Tu JM, Oliva N, Ona |, Velazhahan R, Mew TW,
Muthukrishnan S, Datta SK (2001). Enhanced resis-
tance to sheath blight by constitutive expression of infec-
tion-related rice chitinase in transgenic elite indica rice
cultivars. Plant Sci 160, 405-414.

Duan YB, Zhai CG, Li H, Li J, Mei WQ, Gui HP, Ni DH,
Song FS, Li L, Zhang WG, Yang JB (2012). An efficient
and high-throughput protocol for Agrobacterium-mediated
transformation based on phosphomannose isomerase
positive selection in Japonica rice (Oryza sativa L.). Plant
Cell Rep 31, 1611-1624.

Fu J, Wu H, Ma SQ, Xiang DH, Liu RY, Xiong LZ (2017).
OsJAZ1 attenuates drought resistance by regulating JA
and ABA signaling in rice. Front Plant Sci 8, 2108.

Hamamouch N, Li CY, Seo PJ, Park CM, Davis EL (2011).
Expression of Arabidopsis pathogenesis-related genes
during nematode infection. Mol Plant Pathol 12, 355-364.

Hashimoto M, Kisseleva L, Sawa S, Furukawa T, Ko-
matsu S, Koshiba T (2004). A novel rice PR10 protein,
RSOsPR10, specifically induced in roots by biotic and
abiotic stresses, possibly via the jasmonic acid signaling
pathway. Plant Cell Physiol 45, 550-559.

Huang LF, Lin KH, He SL, Chen JL, Jiang JZ, Chen BH,
Hou YS, Chen RS, Hong CY, Ho SL (2016). Multiple
patterns of regulation and overexpression of a ribonuc-

lease-like pathogenesis-related protein gene, OsPR10a,
conferring disease resistance in rice and Arabidopsis.
PLoS One 11, e0156414.

Hwang SH, Lee IA, Yie SW, Hwang DJ (2008). Identifica-
tion of an OsPR10a promoter region responsive to sali-
cylic acid. Planta 227, 1141-1150.

Kim SG, Kim ST, Wang YM, Yu S, Choi IS, Kim YC, Kim
WT, Agrawal GK, Rakwal R, Kang KY (2011). The
RNase activity of rice probenazole-induced protein1
(PBZ1) plays a key role in cell death in plants. Mol Cells
31, 25-31.

Kim ST, Yu S, Kang YH, Kim SG, Kim JY, Kim SH, Kang
KY (2008). The rice pathogen-related protein 10 (JIOs-
PR10) is induced by abiotic and biotic stresses and exhi-
bits ribonuclease activity. Plant Cell Rep 27, 593-603.

Li GW, Xie XS (2011). Central dogma at the single-molecule
level in living cells. Nature 475, 308-315.

Li JJ, Li Y, Yin ZG, Jiang JH, Zhang MH, Guo X, Ye ZJ,
Zhao Y, Xiong HY, Zhang ZY, Shao YJ, Jiang CH,
Zhang HL, An G, Paek NC, Ali J, Li ZC (2017). OsASR5
enhances drought tolerance through a stomatal closure
pathway associated with ABA and H,0O- signaling in rice.
Plant Biotechnol J 15, 183-196.

Li XM, Bai H, Wang XY, Li LY, Cao YH, Wei J, Liu YM, Liu
LJ, Gong XD, Wu L, Liu SQ, Liu GZ (2011). Identification
and validation of rice reference proteins for western blot-
ting. J Exp Bot 62, 4763—-4772.

Liu GZ, Pi LY, Walker JC, Ronald PC, Song WY (2002).
Biochemical characterization of the kinase domain of the
rice disease resistance receptor-like kinase XA21. J Biol
Chem 277, 20264—20269.

Liu Q, Li X, Yan SJ, Yu T, Yang JY, Dong JF, Zhang SH,
Zhao JL, Yang TF, Mao XX, Zhu XY, Liu B (2018).
OsWRKY67 positively regulates blast and bacteria blight
resistance by direct activation of PR genes in rice. BMC
Plant Biol 18, 257.

Luan ZH, Zhou DW (2015). Screening of rice (Oryza sativa
L.) OsPR1b-interacting factors and their roles in resisting
bacterial blight. Genet Mol Res 14, 1868-1874.

McGee JD, Hamer JE, Hodges TK (2001). Characterization
of a PR-10 pathogenesis-related gene family induced in
rice during infection with Magnaporthe grisea. Mol Plant
Microbe Interact 14, 877-886.

Nishizawa Y, Saruta M, Nakazono K, Nishio Z, Soma M,
Yoshida T, Nakajima E, Hibi T (2003). Characterization
of transgenic rice plants over-expressing the stress-in-
ducible B-glucanase gene Gnsl. Plant Mol Biol 51, 143—

© Q0000 Chinese Bulletin of Botany



FKIAE: KRG OsPR10A HIFRIKRHIE AL T R a &R i ThRe 721

152.

Nurnberger T, Brunner F, Kemmerling B, Piater L (2004).
Innate immunity in plants and animals: striking similarities
and obvious differences. Immunol Rev 198, 249-266.

Pandey A, Mann M (2000). Proteomics to study genes and
genomes. Nature 405, 837-846.

Ponciano G, Yoshikawa M, Lee JL, Ronald PC, Whalen
MC (2006). Pathogenesis-related gene expression in rice
is correlated with developmentally controlled Xa21l-me-
diated resistance against Xanthomonas oryzae pv. Ory-
zae. Physiol Mol Plant Pathol 69, 131-139.

Seo PJ, Lee AK, Xiang FN, Park CM (2008). Molecular and
functional profiling of Arabidopsis Pathogenesis-related
genes: insights into their roles in salt response of seed
germination. Plant Cell Physiol 49, 334-344.

Takeuchi K, Gyohda A, Tominaga M, Kawakatsu M, Ha-
takeyama A, Ishii N, Shimaya K, Nishimura T, Rie-
mann M, Nick P, Hashimoto M, Komano T, Endo A,
Okamoto T, Jikumaru Y, Kamiya Y, Terakawa T, Ko-
shiba T (2011). RSOsPR10 expression in response to
environmental stresses is regulated antagonistically by
jasmonate/ethylene and salicylic acid signaling pathways
in rice roots. Plant Cell Physiol 52, 1686—1696.

Takeuchi K, Hasegawa H, Gyohda A, Komatsu S, Oka-
moto T, Okada K, Terakawa T, Koshiba T (2016).
Overexpression of RSOsPR10, a root-specific rice PR10
gene, confers tolerance against drought stress in rice and
drought and salt stresses in bentgrass. Plant Cell Tissue
Organ Cult 127, 35-46.

Thakur P, Kumar S, Malik JA, Berger JD, Nayyar H
(2010). Cold stress effects on reproductive development
in grain crops: an overview. Environ Exp Bot 67, 429-443.

Uhlén M, Bjorling E, Agaton C, Szigyarto CAK, Amini B,

Andersen E, Andersson AC, Angelidou P, Asplund A,
Asplund C, Berglund L, Bergstrom K, Brumer H,
Cerjan D, Ekstrom M, Elobeid A, Eriksson C, Fager-
berg L, Falk R, Fall J, Forsberg M, Bjorklund MG,
Gumbel K, Halimi A, Hallin I, Hamsten C, Hansson M,
Hedhammar M, Hercules G, Kampf C, Larsson K,
Lindskog M, Lodewyckx W, Lund J, Lundeberg J,
Magnusson K, Malm E, Nilsson P, Odling J, Oksvold
P, Olsson |, Oster E, Ottosson J, Paavilainen L,
Persson A, Rimini R, Rockberg J, Runeson M, Si-
vertsson A, Skéllermo A, Steen J, Stenvall M, Sterky
F, Strémberg S, Sundberg M, Tegel H, Tourle S,
Wahlund E, Waldén A, Wan JH, Wernérus H, West-
berg J, Wester K, Wrethagen U, Xu LL, Hober S,
Pontén F (2005). A human protein atlas for normal and
cancer tissues based on antibody proteomics. Mol Cell
Proteomics 4, 1920-1932.

Wang NL, Xiao BZ, Xiong LZ (2011). Identification of a
cluster of PR4-like genes involved in stress responses in
rice. J Plant Physiol 168, 2212-2224.

Wu JN, Kim SG, Kang KY, Kim JG, Park SR, Gupta R,
Kim YH, Wang YM, Kim ST (2016). Overexpression of a
pathogenesis-related protein 10 enhances biotic and abi-
otic stress tolerance in rice. Plant Pathol J 32, 552— 562.

Wu Q, Hou MM, Li LY, Liu LJ, Hou YX, Liu GZ (2011).
Induction of pathogenesis-related proteins in rice bacterial
blight resistant gene XA21-mediated interactions with
Xanthomonas oryzae pv. oryzae. J Plant Pathol 93, 455—
459.

Zong W, Tang N, Yang J, Peng L, Ma SQ, Xu Y, Li GL,
Xiong LZ (2016). Feedback regulation of ABA signaling and
biosynthesis by a bZIP transcription factor targets drought-
resistance-related genes. Plant Physiol 171, 2810-2825.

© Q0000 Chinese Bulletin of Botany



722 Hi¥AR 54(6) 2019

Expression Characterization of Rice OsPR10A and Its
Function in Response to Drought Stress

Tong Zhang', Yalu Guo" ?, Yue Chen’, Jinjiao Ma’', Jinping Lan"?, Gaowei Yan', Yuging Liu’
Shan Xu', Liyun Li', Guozhen Liu", Shijuan Dou’
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hen, Chinese Academy of Agricultural Sciences, Shenzhen 518116, China; *Research Center for Life Sciences, Hebei North
University, Zhangjiakou 075000, China

Abstract In this study, we surveyed the expression patterns of rice OsPR10A protein by using western blot analysis for
protein samples extracted from different tissues at different developmental stages and a variety of abiotic stresses. The
expression of OsPR10A was upregulated significantly under drought, salt stress and hormone treatments such as methyl
jasmonate and abscisic acid, which suggests that OsPR10A protein plays a role in drought and salt stress response. To
test this hypothesis, we constructed a vector for overexpression of OsPR10A protein and obtained homozygous trans-
genic lines via Agrobacterium-mediated rice transformation. Phenotypic investigation in field experiments revealed shorter
plant height and spike length as well as lower seed setting rate in transgenic lines than controls. At seed germination
stage, drought stress treatment was applied by using 20% PEG6000. Root and shoot length was significantly longer in
OsPR10A overexpression lines than the wild-type control, which supports that overexpression of OsPR10A protein en-
hanced the drought tolerance of rice during germination. The study increases our understanding of the function of rice
OsPR10A protein.

Key words rice, drought stress, pathogenesis-related protein, western blot, antibody-based proteomics
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