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M EE

FAR R OFEDITE O RIRE ., FRE Voo x RAMIC L 2HBIZEH S
NTEY, 29 W\o ol MFEILRBEAEL HITED LTV D, ORI %
ST D & WO BRI G, B DR EIRGUEIZ B D 5B s T O HEESZ D5 F
PG ORI - FE 3 2 S C & 72, BSR1 (Broad-Spectrum Resistance
D, BWRFEHIC K > TRERIMEAIRG T 285 F & LT 2o iish
2. BSR1 TR BLA R 3 A R AN E (Xanthomonas oryzaepv. oryzae) <°
A2 b BRI E R E (Burkholderia glumae) &\ o> 7=JRFHIE & A4 20 H
JFil (Pyricularia oryzae) °A + Z £ ¥AEIRE (Cochliobolus miyabeanus) &
W o IR FURIR B IS U TR 27”97, E 720 BSRI W X D HRIEAME & IR R
WHEA~OEPIEIN R O A4 XFAFIZBNTHLAELT D, —D2DEKR
T3, SRFERINC ZAUE ETRVELFR ORI 3\ TR 2R IR RIS 0 LTS
BREAIRERGIEE 5 2 203D T2 L, MEMBR~OISARHRE I T
W5, AREFFETIE, MHOH T 2EPUEEMEIC ST BSRL 28 80 X 9 7tk
EHOTWDONEMAT 52 L2 AR E Lz,

LU ®IZ, BSRI 7 receptor-like cytoplasmic kinase (RLCK) %77 7 3 U
—VII iZpEsnbs7aerA4 % F—82a—RRLTWAZ LIZEHR LT,
RLCK %, Z&MEHET 1T 1 %) —F (Receptor-Like protein Kinase: RLK)
ERREMEDE W T —EB R A A &2 H O —F5F T, Mg A A O EE RN A
A NIB TR VRERE Y o R EDT7 72V —Th b, ETVEHDO T 1
AR FRAFET, MAEMBEE S F 3% — > (microbe-associated molecular
pattern: MAMP) D87~ b IO BTG E OFFE £ T OMNBHEIEE > 7
FTfrELZ#H S RLCK 77 7 X UV —VII # "V EOWENHDH, £ T,
BSR1 234 X DOAKA T 2 OPINE (FF v #2747 3—Z F EFFEN



% A IR MR SRR PE A | PIEIB S T OB ER) OFEICHFHTHE D
I E AT, OB SRR O 7212, CRISPR/Cas9 v A7 A% FfH L T BSRI
w7 T T NRMEER LI, BSRT ) v 7 7 T RN OLHEE LTV AND
A RIREEE R 2R L, 7 CRIREHBEERER ) T F K7 U D
v (B MMEERL ). U RS (LPS; 77 ARBMEHIESMERK ) & o721
F)72 MAMP CHUEE L7-, MAMP LB R\ T, BARIR Tl A+ 4
T4 TN MRHEE I TEER OB CKRREDN B Lzo & xR
BSR1 7 > 77U MEREEEMIEOER R TIZOT N L EH Lotz &
512, MAMP F85% 2 BLATHE S 5 M BB s+ DR G e & E & Lo
EZABSRI Vv T U RBRINLOBIETFORBL LR EZMEITHZ ENHL
TR oTz, T 6 ORRIT MAMP 385%4% OIS E OFFEIC BSR1 N5
THZELERLTND, TNETORA L GOE, BSR1 7 MAMP 228K T it
DHRIN T 7 F MRERE AT 5 2 LB ST,

BSR1 7* MAMP IS EEDOBNS BT E+ 5 2 & 0D BSRI HEIFEBIRF O
BAPEEGUET MAMP ISR AR LD < IEM b 2 & TEL LD
TRV ERE LT, ZORRORAEDT-HIZ, BSRIwEIH#BL (BSRI-0X)
St KR OB AL O MAMP IS& 2 fiftr Lo, £ DR, BSRI-OX ik

N
/.

BE M MAMP — U & &% — LB N CHPAETR L bhilg U TR 2 ([ ORE DRk
bARFEZEA LTz, 20RO TSR 7B S F 7o)t L7z, BRE
B L 0 b BARFUTIEVIREE TIN5 Z L 2 ARIC, EFNH T —T7 X
N T EAER LT, BSRI-OX B0 Y —7 A MU » 7%, MAMPs (24 L
THARM IV BEICHWVIREOBBRICLKFEZELE L, ZHDLDMEND
BSRI BFRIFEEIIA 2O MAMP I0E 2 TS5 2 LB 6T o7,

A RS B O X O IR EIRIE, IETERRRTEZ 0 DR IC L o T



BEDAFIET AT N=AMEWMHT LI ERMENTND, ZD XD 70K
WFIZE N TS BSRI-OX &t & BARMRMOM TAF L FT  T/N—A KT
WD DHDINE D MERFRDLTOIT, V=T A v 7 e A 30 E BIRESE
TAHERTR LR TR K RIRE L T RT 2 ERRERG L, 2 bnm
— VSRR D I R TR L KB IRE D EH Lao - 0lcxt L, IR ER

D b O TIIAERIE LANRBO bilz, 6 EICHRT DIEMERATEZ 55

g

w

T5ZEBHEFEICHLETH D E VI AR LAY, BSRIBREIFEBLC L 284
EPED IR, JHFEIRD R L X u7e v iE SN FIpEAE S-SR EFE T
DT ENTRBE T,

AWF5E1L BSR1L 2 453 X5 4 78— D L D R0 OB A 12
W3R L LTED T 72, &6, BEEMlaCiEy 2 W 7= fiifric L - T,
BSRI1FIFHEEL MAMP JSZZTLESEL Z L EHLNI LT, 2b Of5E
£V, BSRI-OX A RIZHEWT, Hx 7 MAMP §87% 0 Tiit T BSR1 23phIG %

WRENEMENT 2 2 & CHARERIMEZ 70T LW HIET AERBT LI
EoTl,
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B1IE i

HAR S IR U O URIRTE LR, &V o 7ok x R DY)
EWEET D, MIT, SMROBST RS U RIS 2 m i e s Z Tt A
SFhe SMEBLE 720 D B AEMITIA S RTFE S IV TV DS D 4y 1 AR D3RI D
ZEMIRBIHEEREI O E 8L b 2 NI ML TWD, ZHWoTsy

X, AW R KB E Sy 73 % — » (Microbe/Pathogen-Associated
Molecular Pattern: MAMP/PAMP) <° i & M & B B & 4y 1 8 % — v
(Herbivore-Associated Molecular Pattern: HAMP) % & RSN 5, SRIRES
HAE 2 3RS 5 MAMP O FERSTRHHEEIZ OV TR EA TV 5, AR
FUBERE R ZHE Cd> 5 % F o | M MEERE Ry CH DT F KTV v 75
LEMEH MR R R > T B U AR L (lipopolysaccharide: LPS), FlE <A
EXNRNIET7 TV JFEMY R Y — AFIREER T (Elongation
Factor-Tu: EF-Tu) 72 &3\ A97% MAMP ©&% % (Boller and Felix, 2009),
MWL, MBBEEA &7 o X7 I K o TR SN D 3 — U R R IR A
RIZ &> TEHEZ MAMP %#58i#%3 % (Monaghan and Zipfel, 2012),

FEEHO—2THY . HIEMEMOET N AN THLH DA 1 Oryza sativa
IRV TH, MAMP JGEHEOIFZE RS HALTE 7z, R, Ml EICfArE
9% LysM & K47 1 5 A % F —= rice Chitin Elicitor Receptor Kinase
1(0OsCERK1) #Hlr& LBy AT 208 L < fgE S CTun%, OsCERK1 (%
ZRERE S o237 % Chitin Elicitor Binding Protein (CEBiP) & O#H &KL L
TXF oA d~—%§8i#k7 5 (Kaku et al 2006; Shimizu et al. 2010; Kouzai
et al 2014a,b), F7- LysM-Containing Protein 4/6 (LYK4/6) L+ HAEMA LT
XTF KTV BB T 5 (Ao etal 2014), =512, LPS BikicFH 59 5%

BIRFE 7213 HZ BIE (coreceptor) & LT HIE7=5H < (Desaki et al. 2017), =



N5DZ &3, OsCERKL @ & 9 72 iy 72 sz K RII AR % 72 MAMP 785#% > 7
FTABERNENDNT e T EZ—L LTHETLZ 2T, U REfE
L7y — iR R REA RITMIREN O > 7 F VREREE 2T LT, Bk
7RBEENGE A Z 90 2 & T pattern-triggered immunity (PTI) & FRIEIL 295 5E
Kz BB T 5, Y —UREBZAERPAET OMERN T T A T —F
RAAL DY Ry 71 > 758 ROS (reactive oxygen species, (&P
F#ff) /S— 2 LR mitogen-activated protein kinase (MAPK) 7 %/ — KDk
Pk, Zhichke < B BEE a1 OFRH LA & W o eI O PG & 2 51 & i
Z 3 (Macho and Zipfel, 2014; Kawasaki et al. 2017), ROS 73— 2 k&, ¥
® NADPH 7% % v #—+¥ T¥ % Respiratory Burst Oxidase Homolog (RBOH)
Z N ENRIBIOREICROS ZPEAT 5 2 & TH SR Z S HEMITIRL
PRAFE SN TZBifIE Tdh D (Waszezak et al. 2018), ifiz{l/k 32 Ha0z % DR RE

.

TH S 472 ROS 13k~ e Z 572 L C PTLIZH G35, il X, BEHC
FREGEET S, V7= OGBSO MIREER 7y DLEIZ X o THIMILEE & 58
b3 2% & Vo -REZ &> (Bradley et al. 1992; Peng and Kuc, 1992; Chen
and Schopfer, 1999; Lu and Higgins, 1999), & 5iZ, ROS /X—& MIfE~T
g &7z HeOg 1, BIfHIBIEGEE T ORI T 7 A4 T LV AL, 7
7T DR E RIS 5 > 71 & LCHERET D (Wrzaczek et al. 2013;
Waszczak et al. 2018), BRI Z R TMAEMT, =7 =7 F—5
NI BEG LT PTI 7)) 72 liE T % MAMP 457 BIZRER# S 1720
£ HEEN SR L G T 5 L W o Teikig A & 5 2 & T PTI O%E) % [FlkE L
TR L TN D EEZ BT 5 (Jones and Dangl, 2006),

TWA R DIFINEL TS 2 Z E N TELAEMMP T H TR FIT, B¥EA
FEZ BN LT D, BENTHo7e e S B L, mENRIFIEDONIZE



PATONTE T, B FHEIEIC K > TRERFMEO®mWREEIERT 5 &0 )
BRI WY REEEZ R TCE BB TFOERENITONT, Broad-
Spectrum Resistance 1 (BSR1; OsRLCK278) [ Zitafe| 78 Bl e R0 7207 FBh
Rzh 3% 672 59, receptor-like cytoplasmic kinase (RLCK) 7 7 2V —IZJ&
THAXBLEFTHDL, ZOBBFIX. HWTET —TDBLHIAT > 72 rice Full-
length cDNA OvereXpressor (FOX) Arabidopsis 2%t % AT ME R « KR E
JRERPUER 7 V) — = 7B W THAES 7 (Kondou et al 2009; Dubouzet et
al 2011), ZDAZ J—=UZIZBWT, 358 WU TFTT—FEW A7 U A/LR
(CaMV) 7'mE—4—TFT BSRI ZiWFIFHE T 5> v A X RXF Arabidopsis
thaliana (37 7 7 7R SHEIRIEIRE Colletotrichum higginsianum & -~ b
BEEEANE R B Pseudomonas syringae pv. tomato DC3000 (259 % 58 ) 22 HEHt
PaomLic, A RICBWT, BSRI OFPEBITV < &b 4 FOA FIFEIK
(4 20 H BIR Pyricularia oryzae. 4 * Z £ ¥ E Cochliobolus
miyabeanus, A % FAERIHEE Xanthomonas oryzae pv. oryzae, 1 1 b BFlifl
# ¥ B Burkholderia glumae) \Z %I+ 2 172 H A WKL G L
(Dubouzet et al. 2011; Maeda et al. 2016), ZiLH OFEIEHA % « A XF
A FTHEREBARITBINR DS T2), A RICBWTUIEFREOK TRADL
L7z (Dubouzet et al 2011), & % RLCK @ 5 b T, EIBIRFIZ Z LT E
581D KD G R ERIME A G4 2 & Ol% BSR1 2B\ T8 < . Z
DS ERGINEOTE 239 E OB USR358 LWRIRT RIZ /e 5 L HifF &
NTWD, BT AEMBI R ISR T 5 72 D113 FEREIER 5 A 1 =X
LER LIS D2 EBMATH LM, FEMREIZE T BSR1T ORI 5%
XA LN > TR 5T,

ARERL T, A RIS ET D2 BSR1 D ED XS ITEHT 200 %



HONCTHZEx2EE LTHEEZED T, (XU HIC BSR1 BEFAERA R
BWT PTL FEMBICH G T 2089 il 57-0I1C, BSRI /v 77U b (-
KO) A 3 Z/FH L CHIEE 2 R L= FERICOWVWTE 2 HIck Lo, 3
EDOEBRTIX, BSRI ORIFEH A MAMP 38551% O PG4 %2 Jiik S % T HE
M2 % WERLA R OPIGEDEEZ RS, F4ETIE, A 3RFEA
X B BEIGEIZ BSR1 A A Z &2 R Lz, S 61T, & RaakisEic
BT BSR1 DD LY 7 T mERKLFE L, BHRART ) 2 —DF(K

DIEIEIZHE ST,
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FB2E A ROARET HEHIEE~D BSR1 D& 5 DRRGE

SATHIZEICIB N T, BSRI / v 77 &7 L3RR IR & MR x4 2 b 2
X F &+7= (Sugano et al 2018), Z d Z L%, BSR1 2ViaRIFHEFZIR &3
FNAKAE T DY B N THM L NOFEEZ R L TD Z & %R
LTW%, BSRIIZRLCK 777V —VIL L@+ 57074/ % —E%
a— RLTW5%, RLCK X, ZFEEET 0T A X F—F LHFEMHO W 1
TAYXRTFT—BRAAL U EEGH, L UEEERNAA 2 E 2Vl g g
BonRyBEELTHEMSTbN%, RLCK 77 2 U —3SH0EEF2a0E
RK7Z7IV—¢LLTHLNTEY, vaAgXFT XS &4 RXIRLCK 22— N7
LHIBIG T EZNZEN 14718, 379 1> (Shiu et al. 2001; Vij et al 2008),
RLCK IZEIC L > T1TOH T 7 7 I =TI D,

&, B 7 77 U —=VILIZET 5\ < 250 RLCK IZ2W T, MAMP
Wik D PTL OFREYE CTOMOMIINY b 70 o 7 EH S L @iE
N7 ENTW5 (Liang and Zhou, 2018), > 1A X+ X F 2B\ T, RLCK #
777 IU—=VILIZET S BIKL 1%, ZFEKRT w7 A %) —F BAK1 &5
T H — U BBZREEERICL > TY By FEEGERENIC) VBB Eh b
(Lu et al. 2010; Zhang et al. 2010), V >k 7= BIK1 1X, BAHIGSZ TR W
T ROS A% 5 RBOHD #EH#V b L TiEMHEE L, ROS /N—R K& 5|
Xk 27 (Li et al 2014; Kadota et al. 2014), A FIZHBW T, BIK1 OA /LY
127 OsRLCK176 13 OsCERK1 EHHAAEH L, F®F o « XTF R 7 U D 78k
IV 75T % (Ao etal 2014), OsRLCK176 & ir#%72 OsRLCK57,
OsRLCK107. OsRLCK118 & 7= l7-#%E % A+ 5 (i et al 2017),
OsRLCK118 {3 OsRBOHB #E#: U »fb4 25 Z & T, A % ROS /3—*

2554 2% (Fan et al 2018), OsRLCK185 X OsCERK1 =° MAPK F%7)—+%

11



XS —VLEHAEHL, FTFUVINEITBWTRY — Uik w AL MAPK 7 A
r— RZ&EET HHREA > (Wang et al. 2017; Yamada et al. 2017), Z#5
DR EEDE T BSRINPTI > 7Y o 7I2HET 5 LW oG E T,

A FOXRFKH T DI EHRGINEERE~D BSR1 OFLH#HaE+ 57-012, WiE
R RIT 24T o 1o MIZBIT 2B FOmRER /) v 77 7 MEE LT,
CRISPR/Cas9 (clustered regularly interspaced short palindromic repeat/
CRISPR- associated protein 9) 27 AMNEH &4 TV 5, CRISPR/Cas9 +
2T DT OIS RE R E LTRSS RX 7 LT —EETH 5,
in vivo TIEEELS 0 DNA (2 “ KUK (double-strand break: DSB) % #i
LTERZBATEL LW AMBRMEZA L, ZOOICHIEREBIEOH{E
EbdoTY  AREHNTE LTUSH STV (Jinek et al 2012), = DH H

e IR RIRA R 2 VE O3 FH 25 N EHEC & 2 IZ B W THRICKRE <, BT /UEY T
DA TR NT S FIENES S (Mikami et al. 2015), A58 Tl BSR1
/v 277U Y5 FHEE LT, CRISPR/Cas9 v AT L&A LT,

CRISPR/Cas9 v A7 AZ HWDIGHEITIL, A7 % —5F v MERIZHONWTE X
HVEN DD, PAM BLYIA 5 10-12 HEIEDL B OFER TR RO I A~ v
FRHREIND Z WG ESND7E (Fu et al. 2013), CRISPR/Cas9 v A7
LAOFRERMEITE L N Z ERH LN TWD, A7 F—F v NERNE X
52 EEARICBNTHER STV D (Endo et al 2015), ABFZETIL, / v
777 M HBIR IO S B ORI B & 5% F L CTIMNLIZ BSRIKO 1R % B
BT THIZE—Ty NORBERITLHZ L L LT,

12



2-1. ik
2-1-1. #1%

B 2K E L CHAR (O. sativa L. cv. Nipponbare) % M\ 7=, +iZ
2 DA RHEFIL, bIETeWicth, FEFIREIR [50% (v/v) RIS FEET b
U 7 2, Tween20 0 &&] H1C20 min f2R0CHRE 5 U CERERAE Lz, £ D%,
FIFFFE DT 112 MS EREH [1/2 BE AT 25« 27 — JHHARAE
J8 (Wako), 3% A7 n— A, 0.4%%7 7 >/ . (Wako)] kT 28°C, HffT Tz
M-, X51228°C. 16h HEFIC4 AflB X, HIcB L TiHE (BRBE)
2B, BT X A ROBE O DIZHERLGA T, 1/2 MS BRI
50 pg mL1 A Za~A 2 B AL,

ARINALFET DO AL, bIkad LTtk v 2 - IRE R
[50% (viv) WRHiHEREET R U 7 4] H1C 20 min FE0ICR E 9 T 2 #E% 2 ]
ITo TREBRE LTz, TDH%., 04%7 7 7 L&A N6D it (1 x Chu N6
Medium Salt Mixture, 1X Chu N6 vitamin solution, 3.0% sucrose, 0.03%
Casamino acid, 0.28% proline, 0.4% gellan gum, 2 mg/LL 2,4-
dichlorophenoxyacetic acid: 2,4-D: pH 5.8) LT3 HMBRENET L L ThH
VA ZFHE LUT= (Toki et al. 2006), VAL 2 R 2 & 12H7=72 N6D E5Hiiic
R ZARUNTZ,

BHERE L =Y > Z —BOT=0IC, 4 30 b BIRE B ARRRFEMRE S L
T Kyu89-246 # (MAFF101506, race 003.0) %\ 7=, 1 AZERFRE & LT
T7174 ¥k (MAFF 311018, race ) Z M7=, AWM ORI & 8L, BEICHE

INTWABFEICHES> Ti{To 7= Maeda et al. 2017; Dubouzet et al. 2011),
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2-1-2. CRISPR/Cas9 v AT KM L 2 EREA L EROMENT

EECS1X. CRISPR-P (Lei et al. 2014, http://cbi.hzau.edu.cn/crispr/) %%
BIZL TGN LIz, BSRI 11 CAZZ =0 v b U X7 MMEWES & LT
CRISPR-P LV &Iz b, =Y > 1 O BRI THEAEALS S E
BLARVLDOE 3@V BN L7z, 1 RIC CRISPR/Cas9 v AT LA&xEAT L7
WIZ, pUB6gRNA & pZH_gYSA_MMCas9 D~ % —% (Mikami et al. 2015)
MR\, ATV =7 Z—pZH gYSA MMCas9 #7 7 a7 7 UL
Rhizobium radiobacter \Z3 AN L, A XOGEIRMZAT o7z, TWEESEEIR,
BICHESNTDT7 70T U0 LMK DA 30 ARETEE iRk
(Toki et al. 2006) (27> T17>7=, CRISPR/Cas9 v A7 A L HERIT, 4
L7ctEMIED ORI L7257 7 & DNA NOERMBESIE LD — v 7
(BigDye Terminator v3.1 Cycle Sequencing Kit, 3130xl Genetic Analyzer;
Applied Biosystems) %47 CE#H L7=, To Az WT, U 7% A . PCR
\Z & > CTA RBI5F Eukaryotic Elongation Factor 1a (eEF1a) WEM = b
B2 — VKT DK T Cas9 DX a2 E—BETET DV =/ AT
2TV, AREEFHEZ OB L > TR TLBE BN b O (bsrl-1#13,

bsrl-2#16, bsrl-8#5) % FEERIZH-,

2-1-3. 4 XRBEEEMIIZE TS ROS EE
A XRBREES A (rice suspension-cultured cells) IZEEIZ# STV B LL
TOHEIZ L > TR L 7= (Nojiri et al. 1996; Kouzai et al. 2014a), 7272 L.
TRIREEERE D72 D12k 28 N6 iR [30 g 171 sucrose; 4.1 mg 11 N6 salt (Wako);
2 mg 17! glycine; 0.5 mg 17! nicotinic acid; 0.5 mg 171 pyridoxine HCI; 1 mg 11

thiamine HCI; 100 mg 17! myo-inositol; 1 mg 17! 2,4-D; 23.4 mg 1!

14



MnSO44H:0; pH 5.8] # M7= (Kanda et al, 2017), & B O T 5k
L7z VA %028 N6D #RIREEHE 30 mL (28 U TR AT CHEE I —BER & 5 5%
# (28°C,120rpm) L77, 1mmX1mm DA v =2 TEILLTHEY KX
SUT L, RIREEHAIC B S E 7o, iz 7ecdZ N6D # AL 30 mL ¢ 3 H
FEERAYICIR & D8R Lo b O 2 RBE R & U TEBRICH W, B
100 mg #HICRAHITT-2 mL~A 7 aFa—71H7E L., 2 N6D ikikEs:
#1mL ZMMx7, ZOF 2—7 % —HraikiaE (28°C, 750 rpm) L7=, & D,
Hilth 2 RO THT 72 20028 N6D iRk Es 2 Nz 7=, 2 IFffREERG 2 (28°C, 750
rpm) L7ch e, =V o =217 57, HeO2 1X, 7= U7 b h Y oA
(~FHo7 8 0D el Y vL) i oL ) —L7 vEA (Schwacke
and Hager, 1992) I L » T/bF% ) & L CEZ (TD20/20 Luminometer:
Turner Designs) L7,

HoO2 EEFEFR D=2, BEEFZEMIE 100 mg 75 10 ug ml-t X7 F K7V
71> (peptidoglycan from Bacillus subtilis; Sigma-Aldrich), 50 pg ml-! LPS
(LPS from P aeruginosa 10 purified by phenol extraction; Sigma-Aldrich).
100 nM % > SN EIK (N-acetylchitohexaose, chitin elicitor: CE, FhiE{# 1 K
D535). 100 nM 77 =V > (P aeruginosa, ViRt L0 55), £ 13\
B (2.2 x 104 conidia mLY) 3B LU R HEMIHE (ODeoo =0.3) DA — |k
7 L—T RS TR SN To, A XV BIREA— N7 L— 7RI, EkE
FiEZ AW CHEFREZRE LT RERE A — 7 L—7 L TR L
Too A FAEMNE A — F 7 V=7 EIRIE, UFEE 2 AE U 7 e B 2 4

— 7 L—T7 Ll LT,
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2-1-4. Quantitative Reverse Transcription (QRT)-PCR (Z & % 3R fz

Hr
MAMP B 3 h R DA REREE R M 2 R =R TR L, B3y —b
RNA I Super G (7477 A1) IZL>TRNA i L7z, Z® RNA ##Hl L L
T Rever Tra Ace qPCR RT Master Mix with gDNA Removor Kit (TOYOBO)
ZHAWT cDNA #&8RkL. U7 1r% A 2 PCR(KAPASYBR Fast qPCR v |,
HAY = %7 4 7 A; Thermal Cycler Dyce TP800, ¥ 51 7 /34 %) %4T7->TH
HIEA S T OB GEM R ZIE Lz, BER LU NT AF—E 2 78I T Rice
Ubiquitinl (RUBQI; 0s06g0681400) = NWTEMH = > b v — L & L 7=
[comparative Cr (2-8ACt) method | (Z & - THEMT L7 (Jiang et al 2010; Livak

et al. 2001), qRT-PCR IZH W=7 J A ~—DELFIE Table 1 (278 L7z,
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2-2. #ER
2-2-1. BSRI-KO Z#EDIEH

12, CRISPR/Cas9 v A7 L ZFIH L T BSRI-KO A % AFit L7z, BSRI
=T —=F 4 T T =LA B3 = DXy NESI (BSRI-target
1, BSR1-target 2, BSRI-target 8 Figure 1 and Table 3) #@kst L7z, ZiI b %
=) & 9% CRISPR/Cas9 v A7 L% HAKA RICEAL, #—4 > Ml
D E 30 AL EOEESBUREISLIAT T, WEEHIKRD S 7 2 DNA %4
L. =4y FEAEL DS ) DB DY — vy v T adTolz, FOR%E., 3
RE—2DE =y MEHIDOETIZOWT TP E STV TZERAL~DFE AR RS
RSFRD BTz, CRISPR/Cas9 & A F AT k% 3 /3% — L OIEEY] (BSRI-
target 1, BSRI-target 2, BSRI-target 8) ~MDZFE AR (i & D ENE
A SITABRE fght L7 ERED) 12, € 82.56%., 95.0%. 100% Tdh -
oo ZOHFMNE, T —AV 7 M ZTHARKRERZANALT LY v 71260
EEHR, 372 b BSRIFKO (K% % —7%7 y M Z & BB AR LI L7z
(Table 1), MIBEOERTIZ, REMDO 7 L—LL 7 NEREZ L LHEE SN
bsrl-1#13. bsrl-2#16. bsrl-8#5 DRk x T 1L KO#1, KO#2, KO#8 & L
THW,

KO#1, KO#2, KO#8 O 7 L — A7 NERTI ORRGHEY) OELS % ff T L7z
EZAH, N KD 2-18 72 /%R = BSR1 7 2 VBRESIN 7 L—Lv 7
MZLoTRbnd Z EBRbhotz, WTIND KO BHETH, ZORFE &R
JEIFRM T Rt 133 7 X/ BEE THRRS 2%, #ih= FUc k- T
B D EHESNT, £, 3 XF—2 D/ v 777 FRFITEBNTHELT
% 3 FHDORFE 2 GO T I BERIN DOV THEIER R A AV OIFEDR

4@t (=7 A BLAST, PROSITE) L7228, l7cfi&En 2 o7 Ee R
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A AFGE R LIRS o7, BLEXY . TS D%RME BSRI 7/ ¥

77U b

0s09t0533600-01
E—

INT=%ME L THFoT,

1kb

ey
A exon 1 exon 2 exon 3 exon 4

[

GAATCGTC

\

ATGAGCTGCTITGGGTTGGTTCAAGAAGCGGAGGT CGTCCAAGAGCAAG
TACTCGACGAACCCAACCAAGTTCTTCGCCTCCAGCAGGTTCTCGTTC

BSR1-target2 BSR1-target 8 BSR1-target 1
GGGAGGCGGGGCTCGACGACGACGACGGT GTCGGCGGTGAGCACGAGCAGGTCGGACGACTCCGGGGCGAT

CTTAGCAG

GCGGTCCGGCCOGAGCTGCTGGTGCTGGCACAGCCGCCAGTCGTGCTCGTCCAGCCTGCTGAGGCCCCGECA

Figure 1. Three target sites of CRISPR/Cas9-mediated DSB. 5’-

untr

anslated region and coding region are shown in gray and black

respectively with enclosed 20 nucleotides of target sequences and
underlined PAM sequences. Arrowheads indicate CRISPR/Cas9-
mediated DSB sites.

Table 1. Representative mutations in transformants (To plants). Deletions
and inserted nucleotides are shown in red.

line cleavage site sequence frameshift
(target 1) WT -GGAGGTCGTCCAAGAGCAAGGAATCGTCGGGGAGGCGGG—

bsr1-1#7 —GGAGGTCGTCCAAGAGCAAGGAAT-GTCGGGGAGGCGGG- -1

bsr1-1#13 (KO#1) -GGAGGTCGTCGAAGAGCAAGGAATCAGTCGGGGAGGCGGG— +1
(target 2) WT —~GCTTGCTTGCTGCAAGAAATGAGCTGCTTGGGTTGATTC-

bsr1-2#16 (KO#2) -GCTTGCTTGCTGCAAGAAATGAGCTTGCTTGGGTTGGTTC- +1

bsr1-2#17 —GCTTGCTTGCTGCAAGAAATGAGG-GCTTGGGTTGGTTC- -1
(target 8) WT -GAGCTGCTTGGGTTGGTTCAAGAAGCGGAGGTGGTCGAA-

bsr1-8#2 -GAGCTGCTTGGGT TGGTTCAAGAAGT CGGAGGTCGTGCAA- +1

bsr1-8#5 (KO#8) -GAGCTGCTTGGGTTGGTTCAAGAAGGCGGAGGTCGTGCAA- +1

[1 Sequence targeted by CRISPR/Cas9 system

18



2-2-2. BSR1 13 % F L §85% ® ROS N—R hOFHEIZF LT B

BSR1 7% MAMP 38t O HICE OFFEIZ T 5T 2008 2 57201,
REW A FRFERRETH DA 20 b BIFREO @RS T L7
H202 64 (ROS N—R b)) ZRHT L7, 2 2 Cld, BB E A RbE 5720
WA=~ L= L7oA XS BIRE AT O T L7z,

BSRI'-KO %##t (KO#1, KO#2, KO#8) & BARIAM (WT) O/ 6HikE
U7 BB A LB LT & 2 A BFARIOMIEEE 23R O HoO2 BE N K& <
EH L7z L RBIC, BSRIFKO R TiEbd izl EF Lotz
(Figure 2a), BSR1 / v 7 7 7 MZX > T, WFE# 60 min O HeOs FEAEIL T4—
88%J L7, 7272 L. BSRI'KO #i#® ROS /N—R k35 kbind Z &
(X723 > 7=, ALEEH% 60 min & 180 min C, BSRI-KO R OEEFEMAIZT U >~
H— KA DT 072 BN HHE (p < 0.01, Student’s test) 7 HoOz JRJE
ERAESIEERZ L, 3MED BSRI-KO ##tl%, Zi1Z41 CRISPR/Cas9 ¥ A
T AOEHESINER DO THD, ZNDLDORFOBENR—FLIZZ b,
ROS N— & "3l &SN RIKIZA 7 4 — 47 NERTII72:< BSRI /) v 7 7
VRTHLHEEZLND, LoT, A RV BIREDETIZE E1DH MAMP %
ik L7 A 05 ROS N—Z b 29l BSR1 B &H 5425 Z L0 L
W27 o7z,

SORBEHIUBEZ LT 2 2 TH LI T U IE, A R 2 B0 < ORI
v, BHENGE 275895 (Shibuya etal 2001), = Z T, ¥TF U CTHEIND
BHEISZZ BSR1 23BA5-9° 2 vl &2 st L7z, B Elaz 7= ) &
% — (100 nM % F /N E(K: N-acetylchitohexaose) TFL L., HaOs9 JEJE % &
L7, A RN BIFE S AEFR O%E L RERIC, KO Rt & B AR TR 72

BV AL (Figure 2b), ALEE# 60 min (2T, ML HaOq FEAE

19



X BSR1 7 > 7 77 MZX o> T 67-86%i S 417z, BEICHHI SZbDD
BSRI-KO R0 xF IR MIT 223 Ebi . W% 60 min TITARHE
Day ho—L kL TAE (p<0.01, Student’s ttest) 72 EH-AZHH S
2o ZOZ &1, BSR1 M O HENTIIMREITLEMER HDH Z L AR LTV 5D,
L EX D, BSRI A RxDOFF VIHEM ROS N—R hOFEICTHET 52 &N
B &N 7o 7,

(@) 6.0 (b) 30
Autoclaved conidia Chitin

-2.0
0 60 120 180
-<0--KO#1(mock) ——-KO#1(MAMP) A -KO#2(mock) A-KO#2(MAMP)
o--KO#8(mock) o—KO#8(MAMP) --WT(mock) - WT(MAMP)

Figure 2. Knockouts of BSEI impaired H202 production in rice cell
cultures treated with fungal MAMPs. Suspension-cultured cells were
treated with 2.2 X 104 mL! autoclaved conidia of the rice blast fungus
(@) and 100 nM chitin oligomer (b). H202 concentrations were
measured before treatment and at 20, 60, and 180 min after
treatment. Values are presented as the means + standard deviations
of three biological replicates. Experiments were conducted three
times with similar results. **p < 0.01 and ***p < 0.001 compared
with WT (Student’s #test). KO, knockout; WT, wild-type.
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2-2-3. BSR1 3P B ER I F R 2 ECHIBE T 5

MAMP B OIS E & U CHRE SN D 2 & RE BTV 2 BitH B R
T OB LR/ 2T Lo, 5 0% 3h OREMIZBIT 5, NEE= b
n—/L (RUBQID \ZxI3 2SR A T O TEp & 2 E& LT, 2 2 Tk,
CTANHM Ty 4 T LR DP) EI T FUAEARER S
KAURENE SYNTHASE-LIKE 4 (KSL4). DP 7 7 A s B ¥ v ASKELG T
KSL7, DP 4 & pli#t#z 5 [N 1 #& {5 - DITERPENOID PHYTOALEXIN
FACTOR (DPP) . Bitdis%~ — 1 —i#{s PROBENAZOLE-INDUCIBLE
PROTEIN 1 (PBZD), 7R /A KRBT 74 "7 LXvy - U7 =0 ASAGHE
{5¥ PHENYLALANINE AMMONIA-LYASE 1 (PALI) % = (Kouzai et
al. 2014a; Yamamura et al. 2015), Zi15H D 5 BIn 2 TIZOWT, BSRI-KO
FE A C O3 BUF B LB AR R & T L </ Eh o7z (Figure 3),
ROS N—Z FOfER L 48T, BSR1 IEFF U ililkz 51 & 4 &+ 2 BHEISE
DOFEICB W TEEREEZH> TWEZ ERHAL NIRRT,

BB 5 BSR1I OXB A RERICER L7 (Figure 3), Bp/ER L
BSRI-KO R OMICHHE 2713 b9, CRISPR/Cas9 ¥ A7 AL H 7 L
— ALY NERFEHEERIZIIFEL RN LR INT, £, AL
BSRI'KO Z#E oM FTay br—L etk L THER LRITHmE ShT,
BSRIZHXF GSEVETRO ol
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Figure 3. Chitin-induced transcriptional activation of defense-

related genes were suppressed in BSRI-knockout suspension-
cultured rice cells. The PBZ1, PAL1, KSL4, KSL7, DPF and BSRI1
transcript levels at 3 h post treatment with chitin were normalized
against the RUBGQI internal control levels. Values are presented as

the means + standard deviations of three biological replicates.

*p<

0.05, **p < 0.01, and ***p < 0.001 compared with WT (Student’s ¢
test). CE, chitin elicitor; KO, knockout; WT, wild-type.
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2-2-4. BSR1 i3#% 4 72 MAMP (2% 3 IR ICH 515

X T LS DER % 72 MAMP (23 2025120 BSR1 A 532008 9 ill
RBL T2, RREEF ML 2 M R ORER 72 MAMP THLHXTFF K7 U7
v (R MAREERR5) . LPS (77 ARaPERE SR SY), flg22 IR~ A F & 2]
JEHEEKRTTFR) CUE Lz, BSR1/ v 777 b, XTF K7V Bt
THE S5 HoO2 FEAEZ A IS L7z (Figure 4a), ALPRH% 180 min (2351
C. BSRI'KO #5200 0> HeOg EAE BT, FAEM D B D & bl L T 59-T1%K
o Tz, [AERIC, BSRI-KO B2 fifd Tl LPS <° flg22 ALERIZ %195 HoOs PEAE
ENEAR LR L TENEI 38-45%. 41-656% (ALEEt% 60 min) K F L7z
(Figure 4b, c),

ZZTHWERTF RZU B2 LPS BEO f1g22 134 RITHF UM% 7R~
S WAMFEIZHET 5 H DO Th 5, BSR1 231 3 OF FHH BRI b F 5
T5 L EIFFT D701, RENRA FFHEIE TH D A 1 AERFE O 4
— b7 L= TR TR L7, A AR Ry (F— h 7 L — TR
T L7 MEIZ LT ODeoo = 0.3 (ZHAXY -2 #IREE) A8 T, BSRI-KO £5a8#li
D HoOg PEAITZEF AR 1 39-58%1K0 > 7= (Figure 4d), Z OFERIX. 1 1A
JEGRER ok 0> MAMP IZXF 9 508128V TH BSR1I AEETHL Z LA L

TWo,
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(c)

H,0, (UM)

PGN

dekk
% *dkk

dek ok

0 60 120 180 (min)
4
3
—e
1 A***
0 8
120 180 0 60 120 180  (min)

-o-KO#1(mock)  ——KO#1(MAMP) -A-KO#2(mock) A~ KO#2(MAMP)
o-KO#8(mock)  —e—KO#8(MAMP) -o--WT(mock) - WT(MAMP)

Figure 4. Knockouts of BSRI-impaired H202 production in rice cell
cultures treated with bacterial MAMPs. Suspension-cultured cells
were treated with 10 pg/mL peptidoglycan (a), 50 ung/mL LPS (b), 100
nM flg22 (c), and autoclaved suspension of Xanthomonas oryzae pv.
oryzae (Xoo; d). Hs02 concentrations were measured before
treatment and at 20, 60, and 180 min after treatment. Values are
presented as the means + standard deviations of three biological
replicates. Experiments were conducted twice with similar results.
*»<0.05, **p<0.01, and ***p < 0.001 compared with WT (Student’s
t-test). PGN, peptidoglycan; LPS, lipopolysaccharide; KO, knockout;
WT, wild-type.
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NRTF K7V B E721T LPS T 3 h AU L 72 858 il & VN CRAEI B AR
- KSL4. DPF. PBZ1, PALORB A TR LT, X7 F K7V N A FIZE
W, BSR1/ > 77 v NX KSL4, DPF. PBZ1 O¥H%55E % A E I L=
(Figure 5a), 7272 L, PALIZOWTIFEEGEY L~V O ERIK NI S h
2o lo, LPSWBR TN TiX, BSRI /7 7V MZ X% KSL4 & DPF O¥8LH
BomKnA bz (Figure 5b), AERIKTRBEINIE G H-T2b DD,
PBZ1 £ PAL \Zxt3 2 A EZ2MENTIHBME L RSN D 2 Lidmnoiz,
ROS E&EBROMER L G HOE T, BSRI BZXTF K7 U B0 LPS Lo 7ol
E 1 MAMP %386k L 72 % OIS EOFFIZ b HFLET 52 LR LN -
7o
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Figure 5. MAMP-induced transcriptional activation of defense-
related genes were suppressed in BSRI-knockout suspension-
cultured rice cells. The PBZ1, PAL1, KSL4, and DPF transcript
levels at 3 h post treatment with peptidoglycan (a) and LPS (b) were
normalized against the RUBQI internal control levels. Values are
presented as the means + standard deviations of three biological
replicates. Experiments were conducted twice with similar results.
Different letters indicate significant differences (Tukey’s test; p <
0.05). PGN, peptidoglycan; LPS, lipopolysaccharide; KO, knockout;
WT, wild-type.
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2-3. BE

BSR1 [Z DWW TOEATHIICIB WV TUHRIFEA X0 v 7 X7 oA & A
T RIREETR - AERIESUE~D BSR1 OF GO 3T CE 7=, BSRI %*
J w7 EY v LT A R TITCRIRER & MBI T 2 REZEREE L2 &6,
BSR1 3 A R OARA T 5 EWRPMEEE I CFET L2 LRI TV
(Sugano et al 2018), #Z, BSRI OFEIFIIIHEARD L — 22 L 570k
IRER « MER~OBE AR ERD A4 T % (Dobouzet et al 2011; Maeda et
al.2017), T D Z &%, WG D 5 B IR FLPH OSRFIR 2 785 L TIE ML
THEY. bbb PTIAEIC BSR1 AR H-425 Z L 2R LTz,

% 2 B TIL, BSR1 BASKOHERE & LT MAMP 58kt DR 22 BAHISE
(ROS /N—2 b & BB R TR BL) OFGICTET 20 E D E T L,
BSRI-KO LML, ¥F>, XTF 77U B LPS, flg22 Lotz
% 72 MAMP OALE T CEAR I 0 KWERE D HeOs % FE4E L7z (Figures 2
and4), SHIZ, BSR1/ v 77V M. FF %D MAMP TiBE S 5 BG4
s 5 BL 2 30 L 72 (Figures 3 and 5), PG 284 S h 2 R 1X
KaBIDOH =7y NEFNZ T L— A7 NERZEA LT 3 Rt Tl L T
2o /7T 7 MEEHIZH W= CRISPR/Cas9 ¥ AT MIA 7 X —7 vy b
AL D AREEDRHRE SN TV AE 0 (Fu et al 2013; Endo et al. 2015), 47
Z =70y MIRITHE R DB ZFER & 325 CRISPR/Cas9 3 A7 A fH] Tk
T2 ATREMEITMR D TRV, L7223 > T, fEH L7 BSRI-KO Az Him L T A
SIS E OIS ORREIL, BSR1 ) v 77U N ThhrEEZOLNS, UL
XV, A0 MAMP %385k L CTHEIT 5 ROS /N— 2 ~OP B E =T F H
EWV S TEBEEIRNE OFEIC, BSRI BKELS HFLGTHZ EEZHLMNIT LT,

A RITZREEET 0T 4 % —F OsCERK1 &S IREE# o 7 'E CEBiP
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DR DM EOZ R EEAIRIC L > THTF 28875 (Shimizu et al.
2010), F£72., OsCERK1l Z N SR WFF UBERKE X2V E IR TWD
(Kouzai et al. 2014a, b), BSR1 ¥ F VIGEMICH G L= 2 &5, BSR1 X
MAMP 58> 7 F MREREICE 1T 5 OsCERK1 @ TR 1 &A@ Hiu
%, OsCERK1 |ZZ¥EMH: MAMP OFEGRICIA< B L Z L Rmmbh TRy, X7
F K7V B LPS (T 2I5EMEICHL RKELHFET D (Ao et al 2014;
Desaki et al. 2018), ¥ F v L[FARICTF K7 Y B LPS ##ik L7-
OsCERK1 AN EHE £ 7213 #2C BSR1 (23 7L 2% 0 . BSR1 OHkRE
AT 2 B2 HiILD, —H T, XTF FEMAMP Th 5 flg22 1L OsFLS2
X 0sBAK1 % & e RIEEARIZ L - TEFE S, OsCERKL (X1 3D flg22
JREVEIC TS Lgvy (Wang et al. 2015; Kouzai et al 2014a), Z D Z &%
BSR1 2372 < &b o0 F K (OsCERK1 # & A EE AR E OsBAKL
BEDSREEANR) DORET TN EZITER S TS I FROMEGE %
filgd 52 L ER LTS (Figure 6), BSR1 o7 a7 A o FF—FE KA A
N UBRABIEME AT 5 Z LB ER I TE Y (Sugano et al 2018), BSR1 23
BE OIS — U BHBZBEEROTHO Y VBfby 7 F IR ERICEF G52 2 L 030R
e X7,

KO 38 Hia 2 F 72 B B s 1 O JE BURAT B & 38 U T, mock QLS
£ PBZ1 OFBENBARERMN LV & BSRI-KO B2l TRV &9
fERBE LNz (Figure 5a,b), 20O Z L%, BEEHRMIECIRE HRF LW
STCEAEITPED A L AD PBZ1 #8149 <F8 1L Tk, BSR1 I
HLTWHZ EZRBEL TV,

BSR1 7/ v 77U MiE MAMP (259 2 BiIG & & S22l kb o7z
(Figures 2—5), Z®Z &%, BSR1 SRR TUE DR DFEZ R LT
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W5, KiaSXONED#F (Kanda et al. 2017) LLFiiZiL, 4 * RLCK / v 7
2o EBROREIIH ST b DD, /vy 7T U N LU TCHIHISE 2t Lo
X721 > 72, Figures 2 — 5 OFERIC L - T, BIEISE DO FHEIZBIT 51+ RLCK
DOEBEIZITIEMDR HH Z WO T/ v 7T 7 MEBRIZK > RSz, BSRI
I RLCK #+7 7 7 I U —=VIL IZBEINL Va7 A FF—EEZa— LT
%, A. thaliana \Z38\ T, RLCK-VII A > /S — [T A @ e M e LR %
HoTEI< (Rao et al 2018), A RIZBW T, PTIIZ% 595 RLCK-VII # >~
N— DR EIL$H % < FH T % (Liang and Zhou, 2018), OsRLCK57,
OsRLCK107, OsRLCK118, OsRLCK176, OsRLCK185 X, ¥F > « <7 F K/
U VIR EEO B EIGE 2 IEICHI# 9% (Yamaguchi et al. 2013; Ao et al.
2014; Li et al. 2017), A 2BV T LPS i8i##% ® ROS /N— A hOFFE A 9
RLCK DI MIZ 22 < AKIFERHI TH D, LIEV 2. LPS &K/ L3k
& L THERET % OsCERK1 & AHAAEM 3% OsRLCK185 <° OsRLCK176 7% LPS
PIFTIVTICOED L E LIV, 29 W oloA R RLCK-VIL A L /3—73
BSR1 EHEEERITEMICE < B2 b b,

fam e LT, 28 2 B CIIBRENH DT e o TR o 72 RLCK # v /X7 8
BSR1 ZHpAERIA 2> MAMP JSZHE A MR 2 K7 L friE S 7 (Figure
6), ZNETOHMAL AT, BSR1 25 MAMP 38770 5 11 O BAEIG & D%
FHETCORMOPTI V7TV 7 aHH T ERREBEINT,
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Figure 6. Proposed model in which BSR1 regulates defense responses,
such as ROS bursts, after the perception of MAMPs in wild-type rice.
LPS, lipopolysaccharide; RLPs, receptor-like proteins; P,
phosphorylation signaling; ROS, reactive oxygen species.
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% 3E BSRIGFRIEIHGIE T DEREOMYT

BSR1 (. A #7584k cDNA Z HEAE% ZHERIFE B S 72 20000 SZHEDOTE
i 1A XF XF (vice FOX Arabidopsis lines) 2519 %@ EIPIEA 27 U
—= 7BV T, MWL 52 5RO 2L LTHEES T
(Dubouzet et al. 2011), Z DA V) —=1 7ZHBW\ o> RLCK (395 EHH M
Bt & LR a0 o7, £7-. RLCK OREREZ M@t L7513
HFET 27T, BFEIREBLRFCIR ) 70/ EIRPIE 2 532 & v ) ik X
BSR1 L4z 72wy (Liang and Zhou, 2018), “hHdDZ &i%, BSRI D X H1IC

WEIFEHEFIC FREIEMEORVERMN 7 0 — X — FT CREIETHEID) W
ERPIEZ B2 E S5 RLCK IO TR TH L Z L2 REB LTS, &
[Tz, o RLCK SFEERDIBRIFEBRBIEZIT - 1256 THUESRHFRIUEZ
Bz 2200 D BRI ARRUT D e v o 72, % 3 T T, £ BSRI QUi
A F e uA XFAFARER T Z BB S THED D AKRA T 5 EERHE
DA BTN E I ML L L LT,

AR ERPIEZ 535 RLCK OMENR N, E0k LT
BSR1 NZNEEHTDLDODICHONTOFERNYITITE A E RV, BITHFE L
D . BSR1 2M@RFEBUC L - TH 72 b EHEHEFRIET Y U F i ORFERH
PIZFET DA LE L) 1TIE E AT L2 (Sugano et al. 2018), Z D
ZEIEPTIL OO L THEMFRLVE L 20T 5 L0 BB OBEMETIER, LR
MICHESNDIGENEETHDLZ L E2RBELTND, 5 2 X TOMIT T,
BSR1 7 MAMP %@k L 72 B ERLA RIZEB W T ROS A=A b X 57 GER
BEASrETCOMD) LA OPBNSEDFHFRICEHD L Z 2R LI, 2D
L6, BSRIBEIFEBHA R TIXROS AN—2 M 3lHE L 0k FFE SN 5 AlfE
PeaB 2Tz, 5 3 ECld, BSRIBRFEBSPIHISE I ED X S g B e 5.2 %
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AT LT,

3-1. Hi&
3-1-1. ¥t

A X OWHUERE I, REBE L 21T > T ORI IR E Az,
FIFFHFEDI- I, 50 pg mLi A e~ A2 BEN 1/2 MS B T
28°C, K5FTFIZ 3 BB W=, &51228°C, 16 h HE FIC 4 AMEBE, *ic
BLTERE (HRBE) 2B\, 48 11 X)X & LT Columbia (Col-
0) ZfE AWz, vrAXFAFTHEIX, v rA X T X HEFRER [10%
(v/v) WREHEREET b Y 7 A, Tween20 0 &] # T 10 min fFE20ITIEE 9 LT
RiEE L-, 0%, vaA XFXFH 1/2 MS FEREEH [1/2 |BE A7
e Ay — 7R AN, 1% A 7 11— R, 8% phytagel (SIGMA)] T3 #
S, LB L T8h HE F CREEMICAS S, B rHfix > uoaf XF =X
T OB D T= DI GAE, A XFAFH 1/2 MS FEAEEHIIZ 10 pg
mLiing ra~vA T BERMLTE,

3-1-2. 7 u—=V7 LIRRIFEBED OIEH
HA-PreScission-Biotin (HPB) % 7{t. &% L RV B FELN T X —HEFED T2
\Z. pMDC32-HPB (Qi and Katagiri, 2009) L 2x 358 # ) 75 U —FH A
7 A NA (CaMV) Y vE—4%—% hvUEnay Ubiquitin-] 7A2E—4%—T
Bz~ 7T A3 F pMDC32-Mubi-HPB % i\ /=, pMDC32-Mubi-HPB I
BEIZ, LFDO LY ITHEE SN T, pRiceFOX-GateA-SG1 (Nakagawa et al.
2012) Lo kv wv a2y Ubiquitin-]l 7' v E—4%—% HindlIl & Kpnl %

TEIY L7z, Z® DNA lfr i & HindIII & Kpnl THIKr L7 pMDC32-HPB &
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BIAT—a BT 52 LT, 2 x 35S CaMV YrE—¥—% FhUERZ
v Ubiquitin-] 7R E&— X —TCEE#Z T,

BSR1 & B-glucuronidase (GUS) DA —T7 2V —F 4 77 L— L& %5
45 ¢cDNA (AK070024) & pBI221 (AF502128) #>5 PCR #4tig L 7=, = ® PCR
FEW % . Gateway LR Clonase II Plus Enzyme (Invitrogen) % H\>T pMDC32-
Mubi- HPB kizZ7 v—=>7L, HPB ¥ 71t L7= BSRI £ GUS(BSR1-HPB,
GUS-HPB) %1% 7=, BSR1-HPB %7213 GUS-HPB % &te/NA F ) —~J
% —pMDC32-Mubi-BSRI1-HPB/GUS-HPB %7 7 a7 7 ) 7 AjEIZ L » T
HARIG A X BV AZE A L7z, BSRI-HPB:0X17 (OX#17). BSR1-HPB:0X39
(OX#39), GUS-HPB:0X6 (GUS) MZIE4 2 %D BSRIWFIFIL A & =
v hue—LRie LTHWLRT,

0s06g0714900 (BSR1-LIKE) #HIFEHA *OIEH D212, FAIS (HEER T
REYE) 747 Z V) —05E4K cDNA(FAIS 71 77 U —001-118-F01) % ifé
F|FE B~ # —pRiceFOX (Nakamura et al. 2007) @ Sfil A + EizZ v—=
VI Lle, TONRAFT Y =X E—%T a7 Uy AMECL > THARKEA
XTIV ANEA LT,

A XA FTERESEE S5 Atbgd7070 (PBL19) D5t4FK ¢cDNA & L
T, Col-0 HaW AN i L7z RNA 2§ & L T PrimeScript RT reagent Kit
(% TN, ) IZ XD ERINIZE > TAEM LT cDNA =, 2o
cDNA 7»5 PCRIZ L - T Athgd7070 A —TF LV —FT 4 77 L— A& HE L |
A XA EREREEAN Y 4 —pBIG2113SF @ 358 CaMV 7' 1 & — % — [if
B AL, 2TONA TV —R_RTZ—RXJ7Z—%T7uanxs7V A R
radiobacter GV3101 [Z3EA L, FEATHIRICES> TT7 v —F 7 4 v MEIC L -

Ty A X T A SO E %17 - 7= (Dubouzet et al. 2011), T1fE 1% 10 pg
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mLi A T a~A vy BiRMyaA X+ XFH 1/2 MS BEEEHICEERE L., &
R A R LT,

3-1-3. JREFEGMERRE

WMAEMOREE LML, LUTORICHRE SN TV D HIEICHE> TITo 72
(Maeda et al. 2017; Dubouzet et al. 2011), A X\ b BIFIBIHERE D= D12,
28 °C, HARAHEDIRETAEE ST 5.5-6.0 DA r & L7-, A— K3
— Ui (3% oatmeal, 0.5% sucrose, 1.6% bacto agar) L THEE LA X
BIRE A F % 0.01% Tween 20 KEHKHPTH&E &0 | MERGHFEMEZ AW T
PR A IE Lc, /3 IR 28 2 7o e (1.0-5.0 X 105 conidia mL)
(2725 89 0.01% Tween 20 KSR THM L7z, HEHMEZET 51 1 1 falk
o120 53 TREEIR 1 mL 285 L, W 100%, 26 °C, K57 T 20 h 350 7,
HEDRBICHAMBE, HRERICROENPSTLELRIE NS TZEITELTZ
TBEE A A L 72,

A F ZEERFESIMERED 2 DIC, 28 °C, HAARDOEETAEBT S H
6.5-7.0 B DO A 2 H A L7z, V8 K [20% V8 juice (Campbell soup
company), 0.3% CaCOs, 1.5% bacto agar] | T#FiE L7244+ % 0.01% Tween
20 KIERPConE L MERGHEBRAE AW TOLEFRELZIE L, 54 TE
VR 224 72 B (5.0 X 103 conidia mLY) 12725 X 5 0.01% Tween 20 /KIFK
THRR U7 A R VEER S 72 0 5548 7 IRETK 2 mL 28 L R 100%. 26 °C,
AT N2 20h B\, & EDIR=IC S HFB &, 5 7 3EICA U b & 51Hk
T 5 L ITHEEIRE LT,

A F AIERRIRPERE D212, 28°C, HARHEOERTAET SE-%H
% 2PHBREDOA R Lz, 3 BEMTE Z PSA B (1% peptone, 1%

35



sucrose, 1.5% agar) NHNE LD

171

U QKIZERE LTz, Z ORI R E IR 4 1
728 (ODeoo = 0.3) &7¢5 K 9 ICHIN LIz, SEEORHHVEE (top leaf)
ERIZHWIE (second leaf) (2D T, Ml BRI ICIRIE L 72 1% & A Themfhin
YW L7z, 612, U5 5 mm R F TR BEKIZIEO e, A
100%. 26°C. FEFT FIZ 20h B\ 7z, & & DOIREIC 2 BRRE W21, i
L7 BEIZ DWW THEREALE 2 & OIRBER 2 HIE T 2 & LR LT,

vuaA XFXFO b~ NEEEMERE P syringae pv. tomato DC3000 (Psd)
(2% D HEPIMERE D7D, 23 °C, 9 h AR TAB SE-RLE% 5 HM O 8%
WIZAEB STy n A XFTRAFEH Uiz, v aA XXk sz
% (107 cfu mL1 Pst, 0.05% Silwet L-77, 10 mM MgClz) T 30 s i2i& L 7=,
23 °C, BEATIZ 24 h BV, b EDEFTRMHICE LTz, SHIZ2 HEBW -
%, oV lan=—hv L NE{To T Pst OYSE %N L7,

3-1-4. 7 = R Z FRHT

U= AL T D 2 XY T E BRI SR TRICE > TR
(REEF P CHFE MR L7-3EE 50 mg 7> 5 SDS—urea /¥ 7 7 — [8 M urea, 5%
SDS, 0.1 mM ethylenediaminetetraacetic acid (EDTA), 2% 2-mercaptoethanol,
1 mM Phenylmethylsulfonyl fluoride (PMSF), 2 x complete inhibitor mix,
EDTA-free (Roche), 40 mM Tris-HC1 (pH 6.8)] 300 uL. Tl L TR L 7=
(Matsushita et al 2013), &YV 7% 10%7 7 VLT I RF L ETO
SDS-PAGE T/®Bf L7z, polyvinylidene difluoride (PVDF) & F|Z#zE X7z
HPB % 7{b % /7 F DYt 21, Bt HA $ifk (Anti-HA.11, Mouse-Mono
16B12; BAB) % 7=, & ®% Amersham ECL Prime (GE ~/V A/ 7) T

HEEZITVD, VI A A—=TTF T4 P —LAS-3000 (B E7 1 /v2) 2
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TR N E R LT, R, ~— D — 0N RoRZ — 2 Z Rl T TR L
7o

3-1-5. BSRI fH[RI&{nT DIRFK
BSR1 (J023038G05) »7 X / &k4iZ, KOME 77— ~N—2
(http://cdna01.dna.affrc.go.jp/cDNA/) LV #7=, Z® BSR1 ®7 I / kLS
EMREMEDEmWZ T B % 21— N3 %8s % National Center for
Biotechnology Information (NCBI) @ Protein BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) Z#HW\T, 4 & A XF X F )

LT LT,

3-1-6. U—7 X MU vy FEZH- ROS E&E

J—7A MY v 7 EAERT 8K L LT, GUS-HPB:OX %t & BSRI-
HPB:OX#17 %&ft O #lin 6.0-6.5 OfEKRD 6 F4 AU -, I 6 mm X £ 8 mm
DER %K 0.5 mm OE T - TY =72 ) v 7L Lz, 1 U=z /LIoE
BRI DERERD 2DV —T A RN v 7 E2{ER L, 12-well 7L — FMZA
TZPEAK 1 mL CENRT, 20U —7A R v 7% 28°C, AT T 90 rpm
TBRE DB L, B RiEK 1 mLICBE N2 B FEERIC 1Th &L,
BECH W, 4 R30S BIRE S E T 2 IRE KT TR O ERD  F LT A
7CUE L7z, i U 72 BRI O o0 AR IR EE % I BREH B CTHIE L7z, BRYD#
IREEZ R D R RREIEZ ) — 7 A N v P H N ToKICEIn L, 28°C TlH
FRICEEER L2 KO HoO2 IRIEZ LV X — /L FROIEIC Ko THE L7z,
HEIX, ASINaT & 3% 60, 180, 300 min TIT-o 7=, WEIEBIETE MR

% F LB, RPREE 10 nM TIT o 72,
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3-2. fER
3-2-1. BSR1 /X7 v 7 ORFIRBIIREFEGE L H LI R0

BSR1 LISt o> RLCK MBI Z IR G350 8 9 7 RIS 572012,
BSR1 &HHFEIVED =V RLCK Z R EH S ¥ 7-, BSR1 &7 2/ BRECHIAHFIVE
PREWZ R B 2 — RT 5 BE T2 MREMGRZE (BLAST) 2L - THREL
2o TOREFR, 4 FITB W THRD BSR1 1Zfl72 RLCK % 22— KT %&s 1
0s06g0714900 (OsRLCK218, BSRI-LIKE) % W Uiz, Z OiE{sFI3HEREM
WS TnWienol, iz, vaA X F X H BV THRD BSR1 (27
RLCK % 22— R34 5 #{n 1 Atb5g47070 (PBL19, Dubouzet et al 2011) % A
L7z, BSR1 &ififgZe A ARER 2 3 BinFBL P rA XFT AT HRER S 2
w12, 8#FM7Z RLCK 2Nz, Rk 2 ER L7 (Figure 7).

AR EvRAXFAFICBN TR bR EHTE Sz BiL 2 IR OmE%
BARZMEH L. BEIC BSRI W@RRPEHPSIEGEZ G 2 & O & 5\ F T
LA E LT,

Iz, BHARKE (WT) ZFEMfEE LC BSRI-LIKE #FI%B A + (BSRI-
LIKEox) %8R EL Lz, WT %#. BSRI-LIKFox#2 *%*it. BSRI-
LIKFEox#13 Z#icz, [A U< pRiceFOX X2 % —|Z X » T BSRI % %%
Bl X7 %%t (BSRIox#5; Dubouzet et al. 2011) O A 3 Z4RFIEREIZH NS
o L RIERICATE S8, RNA it L7z, qRT-PCR 17> C BSRI-LIKEox#2
R, BSRI1-LIKFox#13 %28\ T BSRI-LIKE M BRIFEH SN TNDH Z &
Zhesd L7= (Figure 8a),

ZAD DORIEDA R FHERE GREEHR) BB 2 T U7, B ERO b AW
HE L WINTE WD e tm It LT 1 BEEAINIE 2 B G ERE L 2 % o
JRBER A2 JE LTz, A 3 BEMFORBEOMERIL, BSRI MEIBLAMK ETILH
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AIFIZHRTRE Ml En7- (Figure 8b), — 5 T. BSRI1-LIKFox I% H AN
CRIREEE DA R AERIRIRZ AR LT, 2O EIL. BSRI-LIKE Oi&F|IZH
TR )72 A F B EMREETIME 2535 2 EidenwZ LA R LTV D,

—0 841 BSR1_OsRLCK278
999 | BSR1-LIKE_OsRLCK218
| OsRLCKS0
1000 ' OsRLCK155
| Atd4g17660
1000 ' At5g47070
1000
1000 [ OsRLCK185
l AtPBS1
OsRLCK176
761
[ AtBIK1
1000 1000 I AtPBL1
AtPBL2

Figure 7. Phylogenic analysis of some representative RLCKs. Amino
acid sequences of RLCKs shown in the tree were aligned by ClustalW
2.1 web tool. The phylogenic tree was generated by the neighbor-
joining method. The bar represents 0.05 amino acid substitutions per
site. PBS1, AVRPPHB Susceptiblel; BIK1, Botrytis-Induced Kinase
1; PBL1, PBS1-Like 1; PBL2, PBS1-Like 2 (Liang and Zhou, 2018).
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Figure 8. BSR1-LIKFE overexpression did not confer resistance to X.
oryzae pv. oryzae (Xoo). (a) Transcript levels of BSRI-LIKE in two
overexpressing lines. The transcript levels were normalized against
the RUBG@I internal control levels. Values are presented as the
means =+ standard deviations of three biological replicates. *p < 0.05
and ***p < 0.001 compared with WT (Student’s #test). (b) The top
leaf and second leaf of BSRI- or BSR1-LIKFE- overexpressing plants
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were cut and inoculated with Xoo isolate T7174 (race I). Lesion
length were measured 2 weeks after inoculation. Values are
presented as the means + standard deviations (n = 6, 7, 11, and 3 for
WT, BSRI-LIKFox#2, BSRI1-LIKFox#13, and BSRIox#5,
respectively). Experiments were conducted twice with similar results.
Asterisks indicate significant differences between the values of WT
and those of other lines (Dunnett's test; *p < 0.05). WT, wild-type; ox,

overexpressing line; top, top leaf; 2nd, second leaf.

[ U Rt & IO CHE TR L 2 A % ZE IR CRIRETR) IRyt E %
ITolc, BRI R BN TCES BN BIRMEREEERE 7 o b LT,
BSR1 &I BN BET AL A BEEE (23] L 72 D12 U C. BSRI-LIKE |3 5L
TEEREEE 52 o7 (Figure9), B XY . BSRI-LIKE1XIF U2 &
—REZHOWTEERICBRFEHR S -HE TS BSRI & B2/ 0 B - SKIREHE
R o RbuE A M E SR W2 ERB BT o T,
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Figure 9. BSR1-LIKF overexpression did not confer resistance to C.
miyabeanus. BSR1- or BSR1-LIKE-overexpressing plants in 6.5-7.0
leaf-stage were inoculated with C. miyvabeanus. Lesion numbers on
seventh leaves were counted at 5 days after inoculation. Values are
presented as the means + standard deviations (n = 9, 3, 5, and 5 for
WT, BSRI-LIKFox#2, BSRI1-LIKFox#13, and BSRIox#5,
respectively). Asterisks indicate significant differences between the
values of WT and those of other lines (Dunnett's test; *p < 0.05). WT,

wild-type; ox, overexpressing line.
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3-2-2. B A XF RXF BSR1 A/ VN iR ERE LIRS LR

vuA XFAFIZEBWT BSR1 L biliflx Th 2D & HEE Sz PBL19 %'
AR m A XF T Col-0 IZR W TIRRIFRI S &7, PBL19EFIFEIRAM & |
BEICEH STz BSR1 RIFBLRM (BSRIox#18; Dubouzet et al. 2011)
O b~ N BEEREE IR T D IPMERE 21T o7z, 20 L & FKIZAER S
B S RNA 2t L, REICHWS PBL19 TRy v A X)X
(PBL1%x#2, #6) |23\ C PBL19 N IEFICRERILINTND Z L 2R L
7= (Figure 10a), HERHAIZAET S 7o 20K 2 M BRI S THRE L .
BABICar=—A U MEZ K> TIlEOHIEA ERE LTz, 72720, Ak
[TIFIEIR T S VIR NI TIT o 72, JeATIIFE & —E LT b~ b BEEEHA 3 B8 D
HFEIX BSRIEEIRBUZ X > THEICIHI &7z (Figure 10b), Z ALK LT
PBLI19 &I BLRA CTILBARIRKE & RRE OIS A bz, Lizhi-> T,
PBL19 Z#iRFBL 7= & LTH, BSRIIFEMIRHRERPUEIZAE 202
EDTRBEI N, A R EvEAXFTAFIZE T BSR1 &b ilff%k /e RLCK %
a— R 585 F2 BSR1 L 870 o TRFIRPUEL M LSRR o7o 2 &b,
IR0 R AR EIPIE 2 4 U AT BSR1 IR THD 2 &
PAIR < R S dT,
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Figure 10. PBL19 overexpression did not confer resistance to P
syringaepv. tomatoDC3000 (Psd) in A. thaliana. (a) Transcript levels
of PBL19 in two overexpressing lines. The transcript levels were
normalized against the Actin2 internal control levels. Values are
presented as the means + standard deviations of three biological
replicates. **p < 0.01 compared with Col-0 (Student’s #test). (b)
Bacterial counts after Pst inoculation. Five-week old BSRI- or
PBL19%overexpressing plants were inoculated with Pst by dipping in
a bacterial suspension (107 cfu mL). The numbers of bacteria in
plant tissue were counted at 3 days after inoculation. Values are
presented as the means + standard deviations (n = 7). Asterisks
indicate significant differences between the values of Col-0 and those
of other lines (Dunnett's test; *p < 0.05). cfu, colony forming unit; ox,

overexpressing line.
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3-2-3. ¥ 7'{t. BSR1BRIFEB A DOIEH

BSR1 @RIFEB AP G 2 5 5B AT 27012, HPB # 7{k L7z
BSR1(BSR1-HPB % WFIHBT 54 2% FHi LT, 2 br—Rfie LT,
HPB # 7{t. L 7= GUS(GUS-HPB) #RIFEBA 2 & EH L7z, A L= HPB #
TARZ R EDIEF 723882 T IR TOD = A X UFATIZ L - Thgad L7
(Figure 11a), % 7{t. BSR1 2MEREMI TH 20 E 9 & fes 3 572912, BSRI-
HPB B X" GUS-HPB OBFREHA 2DV G Btk 4 ik L7z (Figure
11b), = DR, BSRI-HPB#RIFEL %M (BSR1-HPBOX) I GUS-HPB it
FIFRBLAM (GUS-HPBOX) LV &0 20 LI A R~ L7z, o2&
I BSR1-HPB B HRERI THH Z L AR LTV 5,

52 EOER L RO ET, GUS-HPBOX & 2 %D BSR1-HPB.OX 7>
O [FIRFIC IR R 2358 L7, BEisEMias 5 RNA it L, BSR1 =—

Nk Lo 7 F7 4 ~—k >y e HPB # 7 L7 74 ~—k v &2 MWz qRT-
PCR EZ1T > TEHEABG T OMEI R A2 ML L7z (Figure 11c), ZiLH DR
HIAR S LA O BIAEIG S O BRI AV ST,
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Figure 11. Preparation of rice lines overexpressing HPB-tagged
proteins. (a) BSR1-HPB and GUS-HPB were detected at the
predicted molecular sizes in western analyses of Ti plants. Black
arrowhead, GUS-HPB (81.9 kDa); White arrowhead, BSR1-HPB
(58.2 kDa). (b) The overexpression of BSRI1-HPB conferred resistance
to rice blast. 5.8 X 105 ml~! suspension of conidia was sprayed onto
plants at the 5.5—-6.0 leaf stage. The number of compatible lesions on
the 6th leaf blades of each plant was calculated at 5 days after
inoculation. Values are presented as the means + standard
deviations (n = 5). Asterisks indicate significant differences between
the values of wild-type and other lines (Dunnett's test; *p < 0.05). (c)
Transcript levels of HPB-tagged transgenes and BSRI in
suspension-cultured rice cells as assessed by qRT-PCR. Transcript
levels were normalized against the RUBQI internal control levels.

Values are presented as the means + standard deviations of three
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biological replicates. OX, BSRI1-HPB overexpressing line; GUS,
GUS-HPB overexpressing line; WT, wild-type.

3-2-4. BSR11BF|IZ# B 11X MAMPs &4 ROS X—X b2 TLEIE 3

BSR1#FIFEB AT OPHHICE T % ROS N—X MIgBa 52 5089

I

MIRRD 72012, BmbsEla s 0 T L7, ST U UBLISE LT, 2
RO BSRI-HPBOX Haflla (OX#17, OX#39) 1= hu—/L%# (GUS)
EHERT I EWRE DO HeO2 7 4 L= (Figure 12a), ALEE 60 min O FF
T, OX &M DL AN D HeO2 RN, =2 b —/LRfKE D 1.8-1.9 {5 T
Hotz, £72. MAMP RAHEOEE A (0 min) @ HeO JEE % e+ 2 &, GUS
B Mila L0 OX HEflaiciB W ThThicEm»noiz (Figure 12a), AULEREF
RO 2 R OX #& M & GUS Ml OM Tl L7z & 2 A, £ DOEITM
RFEICDONVWTHRE TH -7 (p<0.001, Student’s £test), = DFEREZ ZIZA
T, o7 T L ICA R CHIE S 3072 HoOg JEEE 1> & RALERRE 25D HoOs I
A< 2 & T HIERIZHEA ST/ D HoO2 B JE 2 B L7z (Figure 12b),

ZORMEICIBWT, 2 Kkt OX HEMIAIT GUS & MIn X ¥ £ < HeO2 &
FEAE L7z, FF LB 3 h RER ORGSR T DR EEY L~V & E & LT
& A, KSL4 & PBZ1 CIIHRBMOH 2 HEETRD N o, —HT
BSR1 #FIREBLUX PALI O X% F VR EMEOEEIEME(LZ L S8 72 (Figure

12¢),
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Figure 12. The overexpression of BSRKI-HPB enhanced chitin-
induced defense responses in suspension-cultured rice cells. Cells
treated with chitin were analyzed for H2O2 production accompanying
ROS bursts (a, b) and the transcript levels of defense-related genes
(c). Values are presented as the means + standard deviations of three
biological replicates. (a) H2Os concentrations were measured before
treatment and at 20, 60, and 180 min after treatment. (b) The
amount of H2O2 that was produced in a culturing tube during the
experiment was calculated by subtracting the concentration at 0 min
from that at the indicated times. Experiments were conducted three
times with similar results. Asterisks indicate significant differences
between the values of GUS and those of other lines under the same
conditions (Dunnett's test; *p < 0.05). (¢c) The PBZ1, PALI, and KSL4
transcript levels were normalized against the RUB@I internal
control levels. Experiments were conducted twice with similar
results. Different letters indicate significant differences (Tukey’s
test; p < 0.05). CE, chitin elicitor; OX, BSR1-HPB-overexpressing
line; GUS, GUS- HPBoverexpressing line; WT, wild-type.
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BT, FFT LSO MAMP %588 L 72 B OIS E b £ 72 BSRI 1%
BUZ Ko THUET 20 E D Gt LTz, X7 F K7 U v (PGN) LB F T, 2
FHLO OX BEMfaiL = b v —/LR/ifE & I LT R0 2T HaO2 ZPEA L
7= (Figure 13a, b), 60 min OFFR T, OX At DOAMAIEG %D HaO2 P 1T,
a2 b= VRO 1.6-2.0 5 Th o 7o, Bin FHHMT 21T -7 & 2 5. BSRI
WRIEHITLTF KU B B 3 h FEgiod> KSL4 & PBZ1 OB BN
b DN E R IR oT28 . PALT OFREEMALZ 7Tt S H 72 (Figure 13c),
OX Ei#sfifix, LPS H TR\ THEERIC = b r—/LRfE &L D 78y ROS
N—A h % Z L7z (Figure 14), = Z % T® BSR1-HPB & GUS-HPB O fjd
HHRIZ Ko T, BSRI FRIFEBD KR % 72 MAMP (2% 252 F T ROS 73— 2

MEZFICHiS (D7 < &b PALL #5&1r) PiHIBEES 7 O GIENE(L Z T

WXL ERHLNI T,
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Figure 13. The overexpression of BSRI-HPB enhanced
peptidoglycan-induced defense responses in suspension-cultured rice
cells. Cells treated with peptidoglycan were analyzed for H202
production accompanying ROS bursts (a, b) and the transcript levels
of defense-related genes (c). Values are presented as the means +
standard deviations of three biological replicates. (a) H20s
concentrations were measured before treatment and at 20, 60, and
180 min after treatment. (b) The amount of H2O2 that was produced
in a culturing tube during the experiment was calculated by
subtracting the concentration at 0 min from that at the indicated
times. Experiments were conducted three times with similar results.
Experiments were conducted three times with similar results.
Asterisks indicate significant differences between the values of GUS
and those of other lines under the same conditions (Dunnett's test;
*p < 0.05). (¢) the PBZI, PALI, and KSL4 transcript levels were
normalized against the RUBGEI internal control levels. Experiments
were conducted two times with similar results. Different letters
indicate significant differences (Tukey’s test; p < 0.05). PGN,
peptidoglycan; OX, BSRI1-HPB-overexpressing line; GUS, GU$
HPB-overexpressing line; WT, wild-type.
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Figure 14. The overexpression of BSRKI1-HPB enhanced LPS-induced
H202 production. H202 concentrations were measured before
treatment and at 20, 60, and 180 min after treatment (upper panel).
The amount of H202 that was produced in a culturing tube during
the experiment was calculated by subtracting the concentration at 0
min from that at the indicated times (lower panel). Values are
presented as the means + standard deviations of three biological
replicates. Asterisks indicate significant differences between the
values of GUS-HPB:OX and those of other lines under the same
conditions (Dunnett's test; *p < 0.05). LPS, lipopolysaccharide; OX,
BSRI1-HPBoverexpressing line; GUS, GUS-HPB-overexpressing
line; WT, wild-type.
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MAMP RALEER; 5 C BSR1-HPB:OX Mifaif2Cay hr— LRk 0 b
THORBOEOEED HeOe DR S5 LWV O FERIL, EOEBRTHILEL T
W= (Figure 12— 14), FDJEK & LT, BSRIBFIFEH N MAMP KA
A % NADPH # % ¥ —VPORIUBLZHINSEDAHEMELE 272, A RO
JREIZBWT RLCK IC L > THIIEN D £ B2 BT\ NADPH 4% v 4
—EB%a— 4% OsRBOHB DERHREY) L~V %/ L7273, mock LB R T
av b= LEEEMEE OX HBEMBOBICAEREZTRBO LT
(Figure 15), Z OfEHRIE, @7 BSR1 78 RBOH % /37 B O 1E )72 3 8 E
FaEblbT 2 iR & & ROS MEFINIEA SN RKIIMIZH 5 Z
EHERIEL TS,
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8 b b
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5 %0005 0.010 | .
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Figure 15. Transcript levels of KBOHB1in BSR1-HPB-overexpressing
suspension-cultured rice cells. The transcript levels at 3-h post
treatment with peptidoglycan and chitin were normalized against
the RUBG@)I1 internal control levels. Values are presented as the
means + standard deviations of three biological replicates. Different
letters indicate significant differences (Tukey’s test; p < 0.05). OX,
BSR1-HPB-overexpressing line; GUS, GUS-HPB-overexpressing
line; WT, wild-type.
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3-2-5. BSR1 BRIFEBIIMEAEIZIBVTH MAMP [EE & {RET 5

Brfe il CHIZE S VAR & RIRRIC, BSR1 Z MR BLT 2 A R EM IR IR
RO L CGERE L0 ROS N—Z NAERZITOTIER V0 EE 2T,
F9TA ROHEWIRIZBNT ROS RN—A FOTLENEE 5208 I M5 720
12, < B o722y (V—7Z2 Y v7) ZH\z ROS E&EREIT-72, U
— 7 ANy T EIKITEPRTERET MAMP (A— 7 L—7 L7eA X0 b 5
B SR 1) CARLBR L, AKHIZHE N S 4172 HoOg IR A fR IO HIE L7z, AR
HOREET, BSRI-HPB:OX R U —7 A NV » 73852 0D HoO2 IR E 1T, =
Y he— RO LO XY bR EEICE -T2 (Figure 16a), MAMP
%, EHHLORMTHAER HeOIRED FH RO Hivlz, OX Rkt R
DY —=TZ M) vy FFar br— Rk & R L TED N2 EWRE O HOq
RPEA LTz, ALERT% 180 min DR T, BSR-HPB Oi#RIFEEL I Ho00 FEAE 259
4.2 fFICE TS 72 (Figure 16b), Z OFERIT, HEMIL & FERIZIEICI
T % BSRIGEIFEH S MAMP JGZMED ROS N—Z M A TIES L Z L &R L

TWD,
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Figure 16. Rice leaf strips derived from BSRI1-HPB-overexpressing
plants caused an enhanced burst of HaO2 when exposed to conidia of
the compatible blast fungus. Leaf strips were cultivated with 8 X 104
mL-1 autoclaved conidia in wells of a 12-well plate. (a) H209
concentrations before treatment and at 60, 180, and 300 min after
treatment. Asterisks indicate significant differences between values
at the untreated condition (0 min) and the values at the indicated
times in the same line (Student’s #test; * p < 0.05, ** p < 0.01, and
*** p < 0.001). (b) Changes in H202 concentrations between the
untreated condition (0 min) and the indicated times. The values were
calculated by subtracting the concentration at O min from those at
the indicated times. Asterisks indicate significant differences
between GUS leaf strips and OX#17 leaf strips (Student’s ttest; **p
< 0.01 and ***p < 0.001). Values are presented as the means +
standard deviations of three biological replicates. Experiments were
conducted twice with similar vresults. OX#17, BSRI1-HPF
overexpressing line #17; GUS, GUS-HPB -overexpressing line.
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3-2-6. ROS BRIFEAIIRIFMAIZ X 5 ROS Hf#iEtE 2w ET 5

A 2N H BIE O X S R EIRIL ROS 43 % % 43 W LTl i ok
ROS % 53fEd % Z & THEMEZ 5T 2 (Tanabe et al 2011), iR D &G
R OREIZ. MAMP [ZIIZ CTZ O X5 2PifIsE 2 hET 57 27 7 —I2 &
5END, HY—RFEEHEEMIZIHVT ROS OBRIPELEDENE 5 725 )
ZAULT 5720, V=AM v EEETA 2 0E BWE S ET 2 LB
BT HEREIToT2, HIDIZ8X 10 mL1OA XN BHRESAETE Y —7 A
Uy T ORFERICEIMN L T HoO2 B 2 MR IFHICHIE L7z, £ ORGSR, BSRI-
HPB i RIFEELRH L 22 b a— /L /O ST HaOg $EEEIE mock LEFELL D %
RVME & 7572 (Figure 17), ZOFERIE, A R b BIFE A E = H K ROS 47
fRIEMEZ BT 5 LW D BATHIEE —B LT 5

W72 ROS S RIEMEIC Ko TEPBRI S UTLS K25 2 L Z#ET 57201
L DIRWREE (8 x 108 conidia mLiY) D441 % AW CRIBEO LR ER 41T
o727, 7272 L. ROS 3 RIGEVEFAE FCTO HoO2 IR E A2 EET D Z LT/ D72,
mock MLERG A & HERER S COME O IS I3 Th e hr o 7o, HIER TITB W T,
2y b= LRHEOY =T AN » 7 TiE HoO2 BED EFHIZEIBD B
o7z (Figure 18a), T 72 H ., Z DIRED AT D373 ROS fRIEMET S &
HOLALD MAMP JGZME ROS N— 2 R &IE L A 2Tl L=, FD—
77T, BSRI MFIHBLLZHD Y —7 A MU v T OEER R TIL, oA 0%
180 min ¥ TOMIZ HeO2 IBENHEIC LA UTe, IERFIGZICELSE SN0
D HoO2 R ZHHH LT OX Rft & GUS ATl L= 25, BSRIBFI%
BlE HoOo PEA Z A BN TUE X8 7= (Figure 18b), LA EX V| BSRIEFIFELA
I AR BIREOSRE I B X 9 D1 EDED ROS ZEAT HRE %
HOZ ENP LN T,
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(min)

-o--GUS(mock) -t-OX#17(mock)
——GUS(conidia) -a—OX#17(conidia)

Figure 17. Blast fungus conidial suspensions showed ROS-degrading
activities. Leaf strips were treated with 8 X 104 ml-! living conidia
and sterile water in wells of a 12-well plate. H2O2 concentrations in
wells were measured before treatment and at 60, 180, and 300 min
after treatment. Values are presented as the means + standard
deviations of three biological replicates. Experiments were
conducted two times with similar results. OX#17, BSRI1-HPB-
overexpressing line #17; GUS, GUS- HPB-overexpressing line.
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Figure 18. Rice leaf strips derived from BSRI1-HPB-overexpressing
plants caused an enhanced burst of H2O2 when exposed to conidia of
the compatible blast fungus. Leaf strips were cultivated with 8 X 103
mL-! autoclaved conidia in wells of a 12-well plate. (@) H20q
concentrations before treatment and at 60, 180, and 300 min after
treatment. Asterisks indicate significant differences between values
at the untreated condition (0 min) and the values at the indicated
times in the same line (Student’s #test; * p < 0.05, ** p < 0.01, and
**% p < 0.001). (b) Changes in H202 concentrations between the
untreated condition (0 min) and the indicated times. The values were
calculated by subtracting the concentration at 0 min from those at
the indicated times. Asterisks indicate significant differences
between GUS leaf strips and OX#17 leaf strips (Student’s ttest; **p
< 0.01 and ***p < 0.001). Values are presented as the means +
standard deviations of three biological replicates. Experiments were
conducted twice with similar results. OX#17, BSRI1-HPB-
overexpressing line #17; GUS, GUS-HPB-overexpressing line.
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3-3. BE

BSR1 O X 5\ TR BRI TSR FIRGUE 2 K592 RLCK E{s 713/ T
% &EFBZ DI TITWIE BRI I 720 o 72, 55 3 B TIE, £ 97 BSR1

ZiTRR IR A % - A XF XF RLCK ORI NFERPIMEICE 2 5 8 s
fftT U7z, BSRI OmFIFREBLUIA X BEEMIFNE X oryzae pv. oryzae & A % Z &
WERYWE C. miyabeanus \Zxt L CBAEREHIMEZ R LT, £D—J57 T, BSR1

2 bTkk 72 RLCK % 21— N9 % BSRI1-LIKE O RIFEHITIF M2 0 L&
2o 7= (Figures 8 and 9), S HIZ, A X F A FITB W THRS BSR1 1T
%7 RLCK #=— 9% PBL19 O3B b £/, BSR1 L # /2> T P
syringae pv. tomato DC3000 kit % [ L X722 -7 (Figure 10), Z# 5

DFRERIT. BWVERTIEMZ & O 7 2 — % — F TR S 54581
BAEEGIEZ IR G MBI BSRLICFFRNTH L Z L2/ L TN 5,

KT, aA XFRFIZE D A thalianaRLCK T 5 BIKI O IR HIL
PEMED SRR T 2 e 2 EsEd, 20— FTPTL v 7 F VU 7D
AAT 47T bFalb—ra e LB 28X F -7 m s TV — LR T
R D RF- O XD BIK1 &8 L HEFRUEON L2532 L AHRES
7z (Wang et al. 2018), BIK1 Oy fif Z g3 2% Z & THREZ AIZHI#E3 5 E3
X FU T —BoF LY e ZidA RCHLHRGFSIN TS (Monaghan,
2018), H L2y 5 &, BSR1IZFZ 9 Wo 72 RLCK X AT 4 7L ¥ al— g
PMEIZ K 250 fR - BEREINHI A2 521512 < < 2072l RLCK & $7e - Ti
FHIBUC L > THoESEE L URERIMWEZ R LS 2N TEL000 L
720, ARIFFEICHB WV TIEL RLCK Z MBI BL S 5 Fikidfix b oo, BHE
A BRI B WTH VN ENRE LV E TERETINE DI EEL TV
W JRERPME AR ] ES SN E I DRV, X ORI EOEED LT X
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ERT DD, Z NI BEOBERMMEIZER T 2000 JiZonTiEE 6
ORI LEETH D,

BSR1 #HFEIFBA R THEBIUEDE L L2WETHAEE TWLO0EH 5
N H72IZ, BSRI-HPBIREIFEL L GUS-HPB ¥ H1,° MAMP T8
SN DBGHINEC G 2 5 8B E AT LT, MAMP RAFOR:H T, OX R
HOR T O85BMIE /I —7 A Y v 7 OEEEARAND HeOg IREIZ= 2 F R
— LR L0 bt icEd o7 (Figures 12 — 14), i[53 2 O HoOq PEA A 354
LTCWENTIARBTH S, mEIFE 7z BSR1 BSHilNTHC Y b5 %
S L CTHEMEIE L, TR (NADPH 2% &% —8) Z55<iEHbT20n1s L
N2, BDWVIE, MR RO L 5 R ICE ) 22U —7 2 b Y v 7R

WEETOUIWr & W o 7o 2 F 223 LT, OX Rt & 0 ST ISZ Lz "l RErE
bLEZDHID, LW o T, EEORMBIEOIIREET S ROS DIREEIZEN & 5 H
E D MITH B TILZ2 0,

XF o NTFRIZ7Y A, LPSE FIZEWNT, OX ML= hr—
X0 EWEE D HoOs ZpE4E L7 (Figures 12 — 14), £7=. BSRI &FIZEH
XBAHBE E B R (PALD © MAMP 6B M OB L 2 L S 8 7=
(Figures 12c and 13c), 7272 L. 2 %D BSRIBEIHEILRH OX#17, OX#39
DM, PBZI £ KSL4 OEGREY L ~)UWEWRH -T2, OX#39 IZBIT D
PBZ1 D3 EL L~ L)y MAMP LA T 721 T/ < mock LB TFTH 2
Fa— LR/l 0 BN & D OX#39 23 P HIBI S5 7 DR EH7- A3
WK RDEIBERZETDHAEMENZ X HND, HDHWIE, A RIEEET M
el 2 R B3 2 BB CIIAIR S B e & OMIE PO BREE A Wi 22 A 2 5 2 L1
TERWZD, ZOEWREELIZAREES B X bivd, OX#39 B s A
N RAZEZITTEMERE LTHNEEa Y he—v e LTHWe RUBQI ¥557EY)
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DL~V B L TWiUIE, PiHBEE ST O RNT ORBENMELS 0D 2 L
TEZbND, V=7 A v 7 &2V ROS EREERICEBWTY, KR
DR L —F LT, BSRI ZREIFRHT 2 T2 b — LR/t & g LT
L < U MAMP &4 ROS N—A R &t = L7z (Figure 16), UL E X Y (BSR1
R MAMP §83%% O A ROPEISEZTTESE L 2 LWL R >
7o

BSR1 78 ROS N— A &2 il S E 58 L LT, BSR1 # /"7 HOumF 72
EHEEENA RICA PV A 52 T2fER, ROS RV 2L EAS LT E V) ]
REME D SERICEET D Z LIXTERY, Lol BSR1 / > 27 7 U FiBHHIRE
FERTEED LWV IS (5 2 %, Figures 2-5) LV, BSR1 MASEDOREREE L
T ROS N—RX NZIEICHIIHITHZ EDNRENTz, ZTOZEE2EDLED &,
ROS N—X hdOJLilX BSR1 HRENRA ML A Lo TREETZEWVWH LD B,
BSR1 DA DOBEREHGIE Z7= Z & T RBOH # v /37 EAmRENCIE AL L7
FERTHLEBZX NS,

BSR1 £[M U< RLCK %777 2 U—VILIZET %1 %D OsRLCK118 X3
1A X+ XF o BIK1 i, BB\ T ROS FEA % 5 RBOH 4 > /37
B EEICEICH TS (Kadota et al. 2014; Li et al. 2014; Fan et al. 2018),
W% 72 BSR1 7 RBOH # > /37 B Z [ £ 72130 & ORI F 2 L ClR g
MAbd2Z2L T, ROS A=A FOJUEZSZEH I LTV LW, 7z
2L, YA XF RSB S BIKI OEFIFHN f1g22 (2664 L7z ROS N—
A NETLESED LWV MENH D —FH T (Monaghan et al. 2014), flg22 JLEE
TTO ROS FEAREICHEREELZ RSV EWVWIRESLH S (Zhang et al.
2010), A RIZHWVTIX BSR1 LIAMCBRIFEBLRFIZ ROS N—2 M & TTE S5

RLCK O EIX 72w, Eldwvwz, @FERBEIC BSR1I AED X H R T
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NADPH # % > & —BiEHME 2L S 50, o RLCK & s LT & DR
CROSA—R FMETLHESH LD E NS0 2 & Z5u U DI S B 72 DT
HTHD,

AFZND BIFREIRRIER O AR E o A1 & A RBES 2 L8 LTORIE TRk
IKFA 72 ROS EmFERN ., A REHIT L 5 ROS EAE LIRRIKIZ L D ROS 7fF
DOEIOFEHBRZ AT 2 Z & 2 EEIC Lz, 8 x 103 mL1 734+ & DIk
X, 2 b= ARHEOY =7 A Yy FITHHATREZR L -UL D ROS /X— R
NEFHE L7207 (Figure 18), Zaudk, ZefTH%E (Tanabe et al 2011) T#
HEEINTHDEA RN BHEIC L > THAETBREBER EERICOWIND
Catarase-Peroxidase B (CPXB) |Z{KfF3 % % T — iGN A =D MAMP iz
Bl L7 R LA TE 2, A CRMHFIZRW T, BSRIIBRIFEHI A REEH
IZPAFE 72 ROS N—RA MR- SH®, 202 Lid, BSRIBFEIFREA RI13A %
Wb BIRE N AE T S ROS fEs AT A TIENMBLENR N L ~LD
HoOe ZEAT D Z L ART, SHIT, B2ENLEZEETORERT, KIRK
P MAMP Tdb 5 F F & FERICHEME MAMP TH 5 ~X7F K7 U 7 R LPS
2R D EIGEIC S BSR1 5T 52 &R Lo, LEEDR-> T, A FHE
R O X 9 729w I OGRS IR OBIE N E 5 Z &M< RIS h
Do

Y (E E-RRAE) FHAERIZE T, B E DK ROS 1Mkt
TOHEETESIEEMEOE I A v Uy — L L THRE L, i EHBIEL
%5925 (Wrzaczek et al. 2013; Waszczak et al. 2018), EEZ, 15 L2k ROS
BORT D 2 LR AR T A DICKETHH E WV O MENEFHL TV D,
Molina Hi%, MV ER ¥ Zea mays M EHE U THWIRITIRD PTI 2 T L

TEYET D703 Edk ROS ONMRMLETHDIZ L2 HE L
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(Molina et al 2007), ~vUEraIHFERIRETHL MU TR 2> BIEHE
Ustilago maydis |23\ T HzO2 MMEIC T GH-T 5851 YAP O R KITIH M %
BEE I S5, A RFBFCRIRE TH D4 30 S BHIFR RIS &7 T —
B-~ULAF v 4 —+F CPXB %50 L CEPHD ROS % /3f#3 % (Tanabe et al.
2009; Tanabe et al. 2011), 1 XV b BIFEIZB N T I AVZ FA - FF L FH
Hig{k s 25 L (glutathione and thioredoxin antioxidation system) % g
T LR IT ROS MHPEICEH 5795 & RIFEC, JREMEIC S %EETH D (Huang et
al. 2011; Fernandez et al. 2014), 1 3\ b BIFEICE T, DESI X SIR2(%
AVE VIR AN NV F % o X — B O R B A H i 9 2 55 K+ & superoxide
dismutase & 21— R %) & KK LIzBRKIT, 4 RIEFEHHK ROS OFR L
Bt BB AR R B A B BN 25 S 2 L, WRMEZ R & 720y (Chi et al.
2009; Fernandez et al. 2014), A [EIERGFH L 72 BB RIZHBNTA R0 b HIFE
i3 BSR1 mFIFEBLZ I L ClRIEA S fm EHk ROS 2 RITidn T
T, ZELTEDZDITHMEIFREBLA R L TREELBE TS ol LB R
Hivd (Figure 19), 26 3 D AT K - T 5 EI A AAEA ISV T ROS
DEAE L GEDONT AR PTLIZE > TIREMICEE TH H Z & 2R ATz,

fam & L C, BSRI BTN MAMP iRt (2358 S 4 5 Bt 2 Tk S
HHZEERHLMNCI LT, S 6T, il ROSIEEN LA LW E 9 7oA -l
MAIEROSEMETEH . BSRLEREIFEH A RIZROS A=A M2 T2 L%
e L7, UIbEX YD BSRIWFIFEIAEY) TlImEIEA Sz ROS MEAHE
BHEE 70T LI ET LEREE L7 (Figure 19),

64



PGN, LPS %
j' i Enhanced PTI
_/-’ . ol
x 8 to broad-spectrum
7 3 pathogens

Pathogens }itin

VLS LS ILLSITLY

Iy

T B

mOverproduced ROS |
]

I

1

@ Excess BSR1
ROS-degrading \l ‘ ,’/

system -

\_| ROS burst |»_,/'
(Defense zesponses) BSR1-OX

— 7

WT
Figure 19. Proposed model in which BSR1 regulates defense

responses, such as oxidative bursts, after the perception of MAMPs
in wild-type (left) and BSRI-overexpressing rice lines (right). PGN,
peptidoglycan; LPS, lipopolysaccharide; RLPs, receptor-like
proteins; ROS, reactive oxygen species; PTI, pattern-triggered
immunity; BSR1-OX, BSRI-overexpressing plant; WT, wild-type.
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% 4 F BSR1 2B 5 B R EE O

R D3 S0 2 78k L COIMEIGE 2 BT 5 2im C 5 IChic > T, FF
RT7 TV WS MAEHBKDO MAMP ([ZIGET 57200051 A =R
LB ELSHES R TE L, L, BRFIZEWTIMAERTZ T Tida< | e
PER 2 EOREEFMLEEEFEL VI N HbTHEMZKET 5, BFICBWTL,
R O OSBRSS 2 & Tl SN 7= MR O W R Al o
AMERRCAI ST D, 29 W o lop THED EIWIC X o TR S v, PG A %
FHETLHENMONTWD, HEMHEERICHERT o) v —ZfERMEE R
4y F--< % — > (herbivore-associated molecular pattern: HAMP), filf &<
NIRRT 2 b D2 5 ERE ) 1Y% — 2 (damage-associated
molecular pattern: DAMP) & #3595,

FEAVER M ICHRk 35 HAMP 238k 2 Bt O JEIc s\, #BHE (5
a7 H) BHROSHEOOFESWY (oral secretion: 0OS) 23 LIZLIZAV 6D,
OS TR DIHEENED Z ANDLRWH L THEOLNLIREW TH D, ZILET
(2. WD OBHEINE DR &4 L 72 D8 % ¢ HAMP 2% OS IO HBESATWD
(Erb and Reymond, 2019), %@ H BB DY mAE HEALENIZAET 5 fatty
acid-amino acid conjugates (FACs) |ZF A, # /32 hvEnay bn-oizkix
IRRE BN E 23585 % (Acevedo et al 2015; Stahl et al. 2018), FACs (%
S OEZFIEOBRE CTHIBICE W TESGR SN LAY TH S (Yoshinaga
et al. 2008), FEFIEIENIEHICE ZHET 550 0HV . b~ MIEAR R R
R OWERIZE F45 glucose oxidase (GOX) {HMHEIZS & S5 Z & THH#ENS
% 27 (Louis et al 2013), Z D X 912, WMk S DH HAMP 0451
ERDOERITIZER— S o205 D, L L, T OB IZ OV CIIRARI 72
IR E L, HAMP & 2zl 2 2 B OMAE O FE S - filidie
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Mo,

ARIZBNTH, A RXBEFERBD OS ZHW T &z, A%, b
vERaY, ARV oA B EILS BRET LS/ vnXa by
(Mythimna Ilorey) @ OS t F7- FACs &\ o7 HAMP % & %4, A %2 ROS
N— A h R TIRAHEED A AR & Vo 2B EIS A #7584 % (Shinya et al
2016; Shinya et al. 2018), OS THE I DHILEN MAMP JEE LHITWH Z
CIHERHL, ZNODIRENEO T 7Y o VRIS TR I LTV S ATEEME
R L7z, £ 2T, Bix7e MAMP IZxH3 506 #1925 BSR1 23, OS i
B THFET LN E I DTG L b LT,
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4-1. Fi&
4-1-1. MBkE L7cA xR

BSRI’KO #ift& LT, # 2 B CIEM L bsri-1#13 (KO#1), bsrl-2#16
(KO#2). bsrl-8#5KO#8) % /- (Kanda et al 2017), BSRI-KO %&#t & Lt
B 57D AR E LT, TOATETH 5 HANE 2 H i,

OsCERKI / v 7 77 h%# (OsCERKI-KO) & LT, —[alFE[FRHE# 2 I &
- T OsCERKI PSS LTW % KO#53 1 1 (Kouzai et al. 2014a) %\
7=o CEBIP 7 v 77 v & (CEBIPKO) %&#ft& LT, ZIEFFAME#HEZIZ L > T
CEBIP EE S 1T % KO#169 1 & (Kouzai et al. 2014b) M=, Zh
D DOFRME L T 2B AR R L LT, £ TH 5 H AN BL2 52 v
776

4-1-2. OS FR% L BT R M i oD /L E

WFIZHN D 0OS OFREUILLT OBEIC G S L7z FIEILHE > TIT b
(Shinya et al. 2016), A X DHEZEE L L THTE SNI-EEOFEIENI S OS 20
W L7z, OS iz Loyl (14000 x g) #AEZATV, 1557z ik 2 8T v
72, TRBEE IR SERRIZ BT, OS 13 500 A RIREE L 72 5 X H U L7z,
Extracellular Protein 6 (Ecp6) ¥ > 7/ (Jonge et al 2010) T H2EE 30 nM.,
FF U\ ERITHEIRE 1 nM ORETUEL L7, RROHEENS OS il E To
BEL | Ecp6 ¥ 7 Doy 5 IR BEAH HEHRITRIE L7z,
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4-2. FEHR
4-2-1. BSR1 i3 X DARA T 5 OS WEZHET S

52 B CHERL L7 = > OMSE L7- BSRI-KO Hifk KO#1, KO#2, KO#8 15 X
OB AR St OFE -2 HIREE R Ml 258 Lic, 7y uefx3a hunb il
L7- OS T L, FRIFIICH i D HoOo IS 2 E R LT-, ZDfEH, BSRI
7T 7 M A X008 ik LTt 29 ROS N—RZ | (Ho02 E4E) &40
#3952 Enibhroiz (Figure 20a), ZLEE% 60 min (2381F 5 HoO2 R % k&
HLTHELEZEZA, FPOREICHOVWTHLZFDOEITAETH-7- (Figure
20b), [AARICALER L7=sssiia s Sh i cH 7Y 7 L, qRT-PCR #17-
CHHE B E s DR B A E 8 LI=, PBZI, PALI, KSL4\ZOW T LT &
ZA.BSR1 28 OS IEICEBIT 5 26 OGO EORBREICTF G35 2 &
MRSz (Figure 20c), VL E XD | BpAERLA 275 OS % 385% L 72 O BH IS
DOFHEIZ BSR1 B 5T 56 Z LRGN -7z, OS JSE %4 %5 RLCK
TR ToOMEZB L CINETHESN TV holz, ThbH, ZORRICK
S THER (0S) (23T 2 BHHINE OFFEN MAMP 5% & FIfRIZ RLCK IZ X -
THIE SIS LW Z EREST,
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Figure 20. Knockouts of BSRK1impaired defense responses in rice cell
cultures treated with Mythimna loreyi OS. Suspension-cultured cells
were treated with OS (500-fold dilution). (a) A time course of the
H202 production in cell cultures. H2Oz concentrations were measured
before treatment and at 20, 60, and 180 min after treatment. (b)
H20: accumulations captured at 60 min after treatment. (c)

Transcriptional activation of defense-related genes in suspension-
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cultured rice cells. The PBZ1, PALI1, and KSL4 transcript levels at 3
h after treatment with OS were normalized against the RUBQI
internal control levels. Asterisks indicate significant differences
between the values of WT and those of other lines (Dunnett's test; *p
< 0.05). Values are presented as the means + standard deviations of
three biological replicates. Experiments were conducted twice with
similar results. OS, oral secretion; KO, BSRI1knockout; WT, wild-
type (Nipponbare).
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4-2-2. OsCERK1 7% OS REILHFET 5

OS JHZEITH W T BSR1 @ kit Tk 15 HAMP 75+ O FEKEZ[FET L Z
ExZHME LT, BSR1 O LS A OfNT 21T > 72, OsCERK1 (35 2 TN 3
B (Kanda et al 2017; Kanda et al 2019) 5, PTI v 27U v 728\ T
BSR1 @ Lifi LALEST SRR Z Rk 7 0T A X F—ETh D,
. ¥F v, XTFRIY D LPS EWolotfx etk ) o % — D3Rk
WA B Z ERMEIN TS (Kouzai et al. 2014a; Ao et al. 2014;
Desaki et al. 2018), ZiLH D Z & H25, OsCERK1 ML T 5 S BRI A KN
BSR1 @ _Eifi T OS > HAMP OEa#kiZ & B4 5 arRett 2 48 L 72,

OsCERK1 7% OS (25 £id HAMP OfBFIZBD 5 rIRetE A MEET 5728
(2. EDORKAMAS OS JEHEITE 2 2B AT L, 2 2Tl BRIC/EH &
NTWe OsCERK1 / v 7 7 v h%#t (OsCERKI-KO)¥ L' OsCERKI-KO
RN OsCERKI %3 A L7-fHffi %%t (Complementary line: CL#1, CL#21)
% 7= (Kouzai et al. 2014a),

TS DR O REEE MR A TEE L, OS IS LRI U7, B AL
faTIX e TASE (Shinya et al. 2016) @@ Y ¥ L HeO2 24 (ROS /N— & |)
NFEINTZ, e LT, OsCERKI'KO H:aMiaids L <IERWIBED
Ho0s Z 4 L7 (Figure 21a, b), 7272 L., B MEIZmEIZI Kb enoTz,
E BT, ZOOMNE U AR TIL OS IRE D HoOg FEAR AN BF AR L [FIFE FE
FATENLLED L UL E TEIE L7, OS ALEE 3 h IRl T ORI HIBIE B 1O
LB PEM L~V D LH 72, OsCERKI O/ ~ 7 7w MZ L - THifl & i,
iz X - CHEE L7z (Figure 21c), 6 OfE F1x OsCERK1 78 OS 1o
HAMP (29 2 J0EICHFOICHE 52 L2 L TR Y, OsCERKL 23
HAMP 50K/ F/IR L U CTHERET 2 2 L 3R <RI S 472,
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Figure 21. OsCERKI1 contributes the perception of Mythimna loreyi
OS 1n rice cell cultures. Suspension-cultured cells were treated with
OS (500-fold dilution). (a) A time course of the H2O2 production in
cell cultures. H202 concentrations were measured before treatment
and at 20, 60, and 180 min after treatment. (b) H2O2 accumulations
captured at 60 min after treatment. **p < 0.01 and ***p < 0.001
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compared with KO (Student’s #test). (¢c) Transcriptional activation of
defense-related genes in suspension-cultured rice cells. The PBZI,
PALI, and KSL4 transcript levels at 3 h after treatment with OS
were normalized against the RUBQI internal control levels. **p <
0.01 and ***p < 0.001 compared with KO (Student’s #test). Values
are presented as the means + standard deviations of three biological
replicates. Experiments were conducted twice with similar results.
OS, oral secretion; KO, OsCERKIknockout; CL, OsCERKI-
complementary line; WT, wild-type (Nipponbare BL2).
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4-2-3. OsCERK1-CEBiP % F V& EBE A4 0S 238k 7 5

OsCERK1 (IZHEMY T ROZEFREEHREZMERLT DL INTVD Z L
5, 0S D= Y ¥ & —{EEDOREZIMT ONDOLHEERT 5 Z EnTRINT,
ZIZTC, BROAVEBN N-TETFA IV ah I vnb b2 ETHLXT T
RSN TWAHZ EIZEH LZ, ¥F 0%, HAMP & L THRESINZZ L1137k
WH DD, MAMP & L CTHEPOBEINE ZFET 5 Z Lidk<mbhTuni,
Z 2T, BHEMBEO OB L2 $ 5228 0S FICAAE L, PTI B8 iE 2 84 0
TRV LW RERZL Tz, TDOfEEL LT, OsCERK1 &~T nia k%
Bk L TR F o2 /a2 KT 5 CEBIP ICOWTHITT 5 2 & & LTz,

22T, BRICEH STz CEBIP J v 7 7 v + (CEBIPKO) F##ik &
O CEBIPKO %#t\Z CEBIP %8 A\ LT-f#i%#t (CL#9, CL#23) % M\ 7=
(Kouzai et al. 2014b), ZiLH DR HFE L 7= BBE ML % v ¢ ROS
N—RA NEERLEZEZAH, OS JREMED HoO2 FEAIT CEBIP /> 7 7 7 M
X o Tl &, CEBIP&EL¥ DOFIZ L » ClEIE L7z (Figure 22), 7272 L,
FFUIRED CEBIPKO MR CReICRbiILD Z L3 ho o BLEX Y
OS o=V & —DRi#kiz OsCERK1 & CEBIiP 28 (5% b ZREEAK L
LO) #5322 BN oTz, FRHZ, CEBIP RNZOFRFICKEH
HLizZ b, 430808 28T 5B8T HAMP & L CEICFF 28 % L

TN Z PRI,
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Figure 22. CEBiP recognized Mythimna loreyi OS in rice cell
cultures. Suspension-cultured cells were treated with OS (500-fold
dilution). (a) A time course of the H202 production in cell cultures.
H2032 concentrations were measured before treatment and at 20, 60,
and 180 min after treatment. (b) H2Oz accumulations captured at 60
min after treatment. **p < 0.01 and ***p < 0.001 compared with KO
(Student’s #test). Values are presented as the means + standard
deviations of three biological replicates. Experiments were
conducted twice with similar results. OS, oral secretion; KO, CEBiP-
knockout; CL, CEBiPcomplementary line; WT, wild-type
(Nipponbare BL2).
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4-2-4.0SHOTY U F—DEEKIIFF L THD

OS #1® OsCERK1-CEBiP ZAKESIRIZ L - TS b & B2 b
OS 1 HAMP R ¥F 2 ThH D1 E ) MRGET 2 EBra1T o7, 2 2 CTlIAEY
DX T B E L ET D LysM M7 =7 #—% /378 Ecpb % 7=, Ecp6
ITRFSRIRETH D b~ FEENUYRE Cladosporium fulvum H 6 BB X h7-—
T2 I H—=TH, XTFTUHEERAAL L THD LysM KAA U EHT 5 (Jonge
et al. 2010), Ecp6 LB I ¥ F IO PTI Z R a9 Hf 35 2 & Ak
HINTWD, HAMP & Ecp6 # AR L7 BRI U o & —IHMEME T3 2 75
E D MEFS, HAMP HUZF FUmEENDLNE S T 5 2 & 2l Tz,

PP AT A R IREB M 2 K (mock), OS. FF /UK (GN8) TRLEL |
ROS /N—2Z ks OFEMED Ecpb (ZHEIND ) E D AN LT- (Figure 23),
W I TW2@EY . 1 nM FF 2 /URIRIZ L 5 ROS 73— MFE I Ecp6 1k
LFRIZ K » CHBMR S AEICHD Lz (Figure 23a, b), —J7. OS LF T D
HoOo JR L THER T 5 & 2 B DOFAAT & b Ecp6 IALE A ROS 73— | Z 47§
HEMIZH o7, L, 1 HBEOERTIIZOEIIAEENRD T
(Figure 23a) H DD, 2 [HIHOEBRTITAEEIZOWTIIHEB IN RN -7
(Figure 23b), 7272 L. mock 5§ & mock (Ecp6) it Tht#kd 2% &, Ecp6
Y TITHAR TS HoOp PEAEZFHE T DA 2 2 M OFRITTHRE L TR LT, £
ZC. Ecp6 7 VBIRICEK T 5 HeOg FEAFFEIEMED 5 ZEE L T, &4
mock ZLFEE 7213 mock (Ecp6) ALFREF OB Z BV - EZ2FH L CH#k 247
-7 (Figure 23c,d), Z DEZIZ LD OS ABRIZISE LTz HoOg PEAE OFFE X
Ecp6 BRI Lo THREIIKR FTT 2 Z Enmahi, ZORERIE, OS HoF
FUNA R L > TR S, BIISE DR E @l /ao T D Z & i R
LTW5,
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Figure 23. Ecp6 inhibited ROS production against Mythimna loreyi
OS in rice cell cultures. Wild-type (Nipponbare BL2) suspension-
cultured cells were treated with water (mock), OS (500-fold dilution),
or 1 nM chitin octamer with/without Ecp6. H2O2 concentrations were
measured before treatment and at 60 min after treatment. (a, b)
H202 productions elicited by the co-treatment in cell cultures at 60
min after treatment. (c, d The comparison between OS/chitin-
elicited H2O2 production under (co-)treatment with and without Ecp6.
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Values were calculated by subtracting the H203 level in mock-treated
conditions from that in elicitor-treated conditions. Values are
presented as the means + standard deviations of three biological
replicates. Experiments were conducted twice (a and c, first time; b
and d, second time). **p < 0.01 and ***p < 0.001 (Student’s ttest).
OS, oral secretion; GNS8, chitin octamer.
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4-3. BE

% 3 ETIE, BSR1 25 PTL > 7 F U v VRN AKOMERE L LT A %
OfEf P B RERHHEE C B 2 0 & D I E RN L7z, BSRI J v 7 7 7 M, 7
imxa hyghh OS T I - A 235 29 ROS S— & | & BifHIESE &
o O3B ER 2 L7z (Figure 20), Z OfEFIL, BBRAZGRMR LA R 2308E
Z RIS E OFEEIZ BSRL BREESTHZ EER LTV A,

BSR1 R EICH G Lo L WHREREFHND L LT v 7 )V IRRICE
T BSR1 O LT OS 2@k 9™ 2 X BIRDRIE 2D Iz, 5 2 B MAMP i
EREHTIZ L - T PTL 7+ U > 728\ T BSR1 @ Bl ST Hiv/-
OsCERK1 X° CEBIP Z gt L7z, / v 27 7 7 N RFEOMARME & IV 72 K8 K
». OsCERK1 X° CEBiP 7% OS @Biic K& HHTHZ ENHLMITR T
(Figures 21 and 22), MAMP J&&I2RBWT I 5O " HIIA~T 0 Z K EELK
AR LT, DAY FEFRIC PTI 7 U v 7 Ofe8 &L 72 % (Shimizu et al
2010), L EDOFER X b | CEBiP-OsCERK1 Z A AREA K2 B HBGE#H Y A7 40
HERA T & U TR 2L AT 1T 72,

FriZ CEBIP 2% F & EIZRET 2B MEER S X7 HE L THLRTWY
% Z &0vn (Kaku et al 2006; Kouzai et al. 2014b), OS HZ A 1 DO BHBEIGE
DFE &L RO TR RBEOXF U NFET D EIURB SN, O
XTF UM R RENICHEST A =T 2 7 X — % NI E Ecp6 & OILMLBIT
OS DOBAEIGEHEIENE 2 A ZIIE T &7 (Figure 23c, d), 7272 L. Ecp6 ¥
YINVABEROTY UH—IEHIC L o TEENRRHTE R RPEBETH- - &

W2, i T 0 NERIZKTT 5 Eepb O FIFE Em il S s Z &Lz )
-7= (Figurea,b), 2D Z Lid, OS FIZHFF L LA DT Y v H—NEFEN T
TeleO LIATE 5, ZOMPWE LT, 4 XOFF 0 EMD OsCERKL (257
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BATRAET % (Kouzal et al. 2014a, b) (ZH4 57 OS &LPEY OsCERKI-KO
BRI DT 0722 5 HoOo EAEZFHE L2 Z E N2 s (Figure 21a),
ZOZ i, 0OS H1iZ OsCERK1 & IR0 TRk SN L FF LSt Y
VH=NEEN TN EE2RT, FF LSO Y v X —T Ecpb DB 4%
FRNTeD  IBEWMTH D 0S LT T F D78 L0 i< Ecob 12 &
LHIEEEELZZ T2 EZ 6N, ULy AR E LY ho OS 23R4 =Y
EIEEORE DT TF AATHKT H T LR RIB ST,
BHICBWTARICEL L THBY O FF o THR STV AR E LT,
S EFSCHHRIEDN B 25, SVEFED 5 BIEZ T /) T 250 Sk (#: incisor)
N OSHDOXFF L OEFE L TORFEMENREW, iR E B hhhCEAE (N
ZH) BREWSTHEARATERET RN TIX, R KRE BT L Z &0
57 TW% (Bernays, 1991), EEC, A X2 RETHHBAR B TH D=0 2
A F a2 B4 =H AAH) Chilo suppressalis DX RO HBIEA B TEEEE
L. BB &g L CHBHEICHELS 25 2 EREZE STV 5 (Djamin and
Pathak, 1967), fi#HRE R EEHITEAEORRIL, HLENEY & IHE L
FAEBTHEINFET HHBRE L FFEND T = — 7 REE&EZ BENICAET 5
(Hegedus et al. 2009), FHEBIL, THEENSBMSNEFT R ~v—&,
ENERGE L TER LI 7 EOREMIC L - TRk SN D, HILE
NEIFHEBEICOEN T EEHENEBH L, ToEEHEE L HRtIN D,
ZOEDCHRTF U EGOATICEN LICEENERRICEASRFESINLTEY ., £
NONEROEHOIEEZE L THETL2Z LITE<{Hmbon TN, 2o
TexF v CHEW OIS Z i OHT oS X 2V E TR o 7o, 3 4 ED
FRIZL > THEMNRFTEX D L oA ) I~v—EOFF 4 HAMP L7225
IREET OS HITHHET 2 Z L s R STz, 7272 L, RO E ToH

81



B

RN DI ENTHIET 2 Z 1B 212 Wb o0, BENIEREIC
H2RT 5 & W) AlEE b B E TE RV,

ftam & LC. BSR1, OsCERK1, CEBiP 231 RrBERHHEEKD OS (2375
IWEICHO TG TAHZEE R LT, 2OZ L aTHN0 & LIEMITICE > T A X
NOSHOXFF % HAMP & L TZARL TREFERBZFEHRTLIEVIET L E

28 L7z (Figure 24),

Larvae Microbes
-ﬂ O
I |
OS (chitin, FACs...) MAMPs (e.qg. chitin, fg22)
\ { V
=y .

CEBiP-OsCERK1 CEBiIP- OsFLS2-
| SL!J OsCERK1 OsBAK1

\ BSR1 A‘//“ “

(RLCK) ROS burst and

Rice cell defense responses

Figure 24. Proposed model in which BSR1, CEBiP, and OsCERK1
contribute to the perception of chitin in OS. OS, oral secretion; FACs,
fatty acid-amino acid conjugates; MAMPs, microbe-associated
molecular patterns; ROS, reactive oxygen species; WT, wild-type.
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BHE WG

AWFFEIZ L > T, BSR1 34K O#ERE & U TRIFUATE D> & R O BHHHS 2
DHEETOMO PTI 7SV 72 T RSN, EHIZ, BSRIH
FIFEHLD MAMP 385862 OBEICE 2 Tt S E 5 Z &, ROS N—2 DL
RIRRIC X D FEZEEL O DI IRV L2 BN Lz, T b DORER
G, BSRIBFIFEBAEY CILBRIEA Sz ROS BMEARERSIEL & 72
53 EWVIETVEERE L (Figure 19),

BSR1 1%, WEIHBEFFICHEREBTARLE 32 LR MAREAHER
PEZIR G5 &9 FHZMEE % 1 2(Dubouzet et al. 2011; Maeda et al.
2016), “NE T, WEBRIMEDO A D= XLNRMTH-T-Z &% BSR1 DE
EISHDOR FVF 7 Eipo Tz, ARBEN Z OB AR EFLRGUEDN A X OAR
AT O GIEDTTEIC L 5 b D Th 5 &l 5 ERBILE 5 2 7- 2 &
%, BSRI Z1&EH T 59582 ROVITBET 2137 TH 5, 4% ORI E LT,
BSRI BRI A ¢ OWREERES (280 D FERGUEOFE & oz, IR=EHT
DI % 5l 2 3HEEIT L o2 d D,

BSR1 D{FEIEEREICF% S AL 7o RO FERIE, RIS BRI F G 2 il 5-
T2H2HDELRNEDEDEIMIERT LD E NI HTHL, FHET
(2, BSR1 &[RRI MAMP %58 L= BRIKO T CPTL v 7/ U v 7 &
9 RLCK 1354 ST 5 (Li et al 2014; Kadota et al. 2014; Ao et al.
2014; Li et al. 2017; Wang et al 2017; Yamada et al. 2017; Fan et al. 2018),
L L, RIS W CHEFEFEEL S 4172 RLCK 238 O JFRIZ 5 % 50 )
RRPMEE B 726 Lz W 9 #4513 BSR1 28 W\ Tl 7 < . AP T BSR1
RER 7 R S EIGAIC bIRGUWEIEm E Lo, 202 b idamEE
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FEBUT & o THERE A A C % 5 RLCK (BSR1) &% 9 T/l RLCK (Z0fhod
RLCK) "5 Z L&KL TS,

ZoWVomENE L LT EREE LT, BSR1 82 E TRLCK L4215
MCRWERER 7 TURIA 2§ L TV B ATEEERE 2 Hivd, LavL, RLCK
Y777 I =VILIZBWTIL, itkx72 RLCK /X7 v Z'[a] 42728 TR - % il 1]
THBIZTLEMICHERET 5 Z L3 5T 5 (Kadota et al 2014; Rao et al
2018), 7. RLCK A /v Y v VT THEENRF SN TW DB HHE ST
% (Yamada et al 2017; Kawasaki et al, 2017; Fan et al. 2018), Z iLIZxf
L. WERBRFOE CHlEkd 5B Y . BSR1 OMREIZA 2OV r A XF X
BT AR bITHRRREr JICI 2 RFES N TWeWnWE 5> Th D (Figures 8 —
10), Z9Wo 7= RLCK AT ZIZOWVWTOMAIZIESNTEZLRY . T
K7 ORFERMEIC R T2 &9 ATREMEIR W, o & LT, BSR1 271
Fe LA AEAE T DA BT X/ BRE A7 &)Y mRNA 0% L /37 B O
REREICHE LT O OMEEZ 5 X TWAHAEEENRE 2 b D, Ziuld, e
(EJE » FUREFV CBIENE) 1XREETH - TH, BREIFEBRIC K 37 E
DHFICEBTOHDOE LN EDORH DL LV TH D, #ilxiL., BSR1
B Ry LB TERE L CHIIS A T LMo F A2 S| &k 248,
BSR1-LIKE % /R BITHERB LIC W & THbUEZ M EEER20nont L
IR, 2O WV oW DWW T R B 2w 2 720X, 1n vitro ®
mRNA °% X7 B OEFE &% 4D RLCK [ T 2 X 9 7efifbr 23 228
Th D,

% 4 B TIX BSR1 234 X EERBHRD OS 12 2 I8 IC b HE5T 52 &
ZRHHE L, E61C#A T, OsCERKL & CEBIP AWM A TRREEZ
WIMT DZRIKTH D LALESIT Tz, CERKL AV Y v 7 LS /RS Xy
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BOERLT %38 — VIR R RE AR E RO L LTe X T VR AT ATIA
SHRIFESN TS (Kawasaki et al 2017), ZHLET, Z O AT LD
A ORE) ST D HEMERERE E L TOBRNR O TE -, AN
X, T UVINENERRFE AT L2 LTOMmEZA T D aleEMELZIRE LT,
7272 L. AWFZEA R L7z CEBiP, OsCERK1, BSR1 2M&mk 4% OS ()
RIS AR FUC R T D HE-E B AERICHE S LTV 5 &0 ) FEERAVIRIL

E={I1}

X720, 2D OS iR N E R AT A E LTHIEL TS ENH 720
2%, FEERA REBRELEBORE~OTEORGER, /v 77U MRHET
DT BHEFRE & WV o 7o S B R DTN E TH 5,

AWFFEIZ X - T, BSR1 A BEs T & LT HBERET 2 AlReME S R S
7=, BSR1 |Z MAMP J&2ZM: ROS /N— 2 R &I L. 2> oid R BIRE CAw)
2R A EBUE A 5 2 5, BSR1 25 HAMP 02 ROS 73— & M2 [FAIERIZ AT
32 L0952 Lb BSRIWRPFEH S B FERUEZ & 5 2 2 nTRetk
WG IND, SHBOMITICE > T, MR & L ToFAER B S
L LIV,
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AR X THEAHLIZAY X7 VAF ROEF

Table 2. List of primers used for qRT-PCR.

gene

primer sequence

BSR1 AGGTGAGGTTGCACTCTGCT
CCAAGAATCCACCAACTCGT

BSR1 (ORF) CCGGGACTTCAAAGCATCTAAC
TGTTGGTCCCTCCCTTGCT

BSRI-LIKE TCGAGAGGGTGCTCCAGAT
CACTGGTTGACCGTCGTTG

HPB tag GCTCCGAAACATCATCACACC
TGCTCCATCTTCATTGCCTCT

PBZ1 CCGGCTTGGTCGACGACATT
CCGACTTTAGGACATGACTT

PALI GCTATCAACGAAGGCAAGCAC
GCCTCCACACTCCACTGTTATTC

DPF CGTGCAAACCTAACATTACA
GGCACCTCCCTTTTTCTTCTT

KSL4 GTATTTCATGGGACAAAATCTCTGG
CCATCCTTGCATTCCCTCTC

KSL7 TCTACTACCAGACCGACGGATTC
GAGTTGAAGTGGCTCGTTGATG

RBOHB TCGGTGTGTTCTACTGTGGTGAG
CTTGTGTTTGTCTTGTGGGTGAA

RUBQI GGAGCTGCTGCTGTTCTAGG
TTCAGACACCATCAAACCAGA

Cas9 CCGTTACACAAGGCGTAAGAATAGA
TCCAGACGGTGAAAGAAGGAA

elFla CAACCCTGACAAGATTCCCT
AGTCAAGGTTGGTGGACCTC

PBL19 GGCTACGACTACGACCAAGGA
CCTCTGACACTAACCCCTCTCAA

Actin2 CACTTGTGTGTGACAAACTCTCTGG

GGGACTAAAACGCAAAACGAAA
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Table 3. List of oligonucleotides cloned into gRNA for CRISPR/Cas9 system.

Target Sequence

BSRI-targetl gttgTCCAAGAGCAAGGAATCGTC

aaacGACGATTCCTTGCTCTTGGA

BSRI-target2 gttgGCTGCAAGAAATGAGCTGCT

aaacAGCAGCTCATTTCTTGCAGC

BSRI-target8 gttgTGGGTTGGTTCAAGAAGCGG

aaacCCGCTTCTTGAACCAACCCA
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