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ADP Adenosine diphosphate

AP2 APETARA 2

BLB blacklight blue

Cas CRISPR-associated

CRISPR clustered regularly interspaced short palindromic repeats
DAMP damage-associated molecular patterns
ERF ethylene response factor

ET ethylene

GA gibereline

GC gas chromatography

GFP green fluorescent protein

GGDP geranylgeranyl diphosphate

ISR induced systemic resistance

JA jasmonic acid

JA-Tle JA-isoleucine

KS kaurene synthase

KSL KS-like

MedA methyl jasmonate

MS mass spectrometry

MS/MS tandem mass spectrometry



NMD nonsense—mediated mRNA decay

PA phytoalexin

PAMP pathogen-associated molecular patterns
PR pathogenesis-related

RACE rapid amplification of cDNA ends

SA salicylic acid

SAG SA-glucoside

SAR systemic acquired resistance

SGE SA glucose ester

Tre6 P trehalose 6-phosphate

TDM trehalose-dimycolate

TP transit peptide

TPP trehalose-6-phosphate phosphatase
TPS trehalose-6-phosphate synthase

TSR trehalose-induced systemic resistance
UDP uridine diphosphate

WSR wound-induced systemic resistance



F1E Fig

F1HED Lo — ZADfLERE

Floa—2E 7 v a—2 2 5570 al-la &6 LZFEETED BT h b,
RIKD WL LTEAZ B =R ZIRWTHEEED L. BEMN L BIZAEET
HHEE L THLIL, NRE—L, EOZREDORLFPICZSEEND. £
IRFESE DN T B ZFH U TEREES ORI, BAl Hligas O RGEIk 7 &
EIHLELTHLHLNS.

fMng—2%BES al-la 7'V 2> REEIE, Ao 0B dBEESH
$d, ZAHH (Dowd et al., 1992; French et al., 2002) 3 X OUkAEH (Kuttel et
al., 2005; Peric-Hasseler et al., 2010) (ZBWT, /o/Z—2D a7 A— 3
vEh &L (Fig 1-1A). ZWEZERT 570 av MEGOZ I, o=y~
F A= araRoZ RSN TEY (Peric-Hasseler et al., 2010), =27
FA—Ta OB \IEMSE N LB — AR OREO—D2>THDH. b
NE—RL, AT F A= a UPER-THLZ L, £ TO OH &b
FUTABLRITHD Z &b, OH KL KRGFNEE LT KBR-EESRY NT—7
#IE3 % (Fig. 1-1B) (Choi et al., 2006). ZD7=® kL/xm—R(X, A/ 1
— AR/ h—A LW LT, L0 EEIKS T AR S (Sakurai et al.,
1997; Lerbret et al., 2005; Lerbret et al., 2005-2). —J5 T b L vm— R |2,
KT EMEAER T 5 ORNG, KFFkE R 22 WBKAR 7 v S S FAES

HZEHLREINTWS (Choi et al., 2006). fE-> T b Lo — A LEHAEZ



TR BUKEEE bHAFENT L, MBS L LTRIES LEALND.
FRRIZ b e — R FI-C=C-_HfE A & CH-O ¢ L <% OH-u M oF5 K
EEN L TCRERBEEREZIRT S ENRINTEHEY (Oku et al., 2003
and 2005), RAEAFEIEEC B o EEARERT 2 2 LB L NITRo T
W5 (Fig. 1-1C) (Oku et al., 2003; Sakakura et al., 2011).

ZORIZ b =X EORBR L Tk A= g TR Y, oREC
TR OV E PR 2 AT 5. 2T Lo —2ADAEKRH To AL BEE

RS S P THELRMATHD.



O bl — RADAELSHK L AR

M lom—2ME, HiE, BEo, EHEHEEY R ESRRAMTICHEL,
ZOEBHREELILS RESN TS, g —20ESHRREKITN L 25
MLNDA, b EEOICHFET D 0O1E TPS-TPP &K ThH D (43, 2011).
ZORKTIX, Fra—x 6 Y UgEE UDP-Zva—2RE2HEME L LT, &
HBRRFEETHD FLovma—R 6-U g (trehalose 6-phosphate, Tre6P) @
i) ERLER AT R bam —ARERIND. TNENOKRIE, Tre6P
v #—1t (trehalose-6-phosphate synthase, TPS) X Tre6P A7 7
4% —<% (trehalose-6-phosphate phosphatase, TPP) (Z X 0 fitlft=h 2 (Fig.
1-2). ¥/~ rL o me—R X kLT —+F (trehalase, TRE) I X > T, 245FD
TN a—A kSN s (Fig. 1-2). K@, HIEEER, BBz E T,
kbosm — 2 EGRERIE DY b D AEBBEREIC DWW TR AT STl Y, L
N = ANE ORI IIEND, A N LA GHERE L LTRSS Z 2R
RINTWND.

KIGE > TPS & TPP X, N Ei otsA & otsBIZa— NIL1 DDA N1
YV EEH LTS (Giaever et al., 1988; Kaasen et al., 1994). otsA & otsB @
FEHUL, BREEPCEIREFO A b L ABRE T L OEFHICHEE S (Dinnbier
et al., 1988; Hengge-Aronis et al., 1991; Kandror et al., 2002; Styrvold and
Strom, 1991), ZNFN O KIBEEKIT, BBEIE A b L 22 E 7R (Giaever
et al., 1988). F 7= TPS & TPP I+ TPS1 & TPS2iZ=2— K

SND. HAFEERED b Lose — 2SRRI, BERIETEZH 5 TPS1 & TPS2,



R ONCHE 25 TPS3 & TLS1 @ 4 D% T 2=y MnbRHERKRETY
KT % (Bell et al.,, 1998). kLo —RE/AETE /0 Atps2FRIE, Elngs
ECHAERICHE~NTEHELIAEFELMHEI SN S (De Virgilio et al., 1993;
Reinders et al., 1997). ZiUE b Lo —RANHZ R0 G & BIEMEDS AR #S
HHEEE RO THDH L EZ BN TW5D (Singer and Lindquist, 1998). %
72 Tre6P % AFETE 72\ AtpsI #RIE, 7V a—RFEE F CTOAEBNHIHI S D
(Blazquez et al., 1993). Tre6P(I~F Y X+ —V N DOIEMHEZHAET L Z &N
WEINTEY (Blazquez et al., 1993), Tre6P (Z L 5 fEhE % O Hl kA% 23 /R
STV 5 (Thevelein and Hohmann, 1995). BHICEWNTSH kL am—=
FEEREEAHSTND. Mar—2XZRBOmEE LTRHHESNTEY,
TN F—REOFRICIB N TEFHRET ZH-> TS, LB 7 U7
WAERT 23R Y 22U A (Polypedilum vanderplanki) O3HlE, EKDOKSy
DIEEAERDNTEKRERINT S Z & TCAEMGHZHATS. 2085l
AKIZE DR EHEIRREEIZZ UV 7 e X LRI, MRICERE I
Tehbmum—=2ARn8H 7243252 LT, Mlags 2 o ™7 BN ZEIRE S
N5z L THELS (Watanabe et al., 2002 and 2003).
~ A anNy T Y Tea ) RAHEIL, EREORERS E LT, HEIRETH
5 hlnm—2AY 3 alb—hk (trehalose-dimycolate, TDM) % FlH 4 %
(Lederer, 1976). TDM (#fEtEE D2 — K7 77 Z—L L CTH b, TDM %
BH Ly 2R U FIXEMERIECH DA FIER N2 & 2ol & i 2
(Miyake et al., 2013). ¥ TDM OZFKER~ U AL HEE S, £ Ok

(21X TDM D b —RAEDB R RTHHZ ER RSN TS (Ishikawa



et al., 2009; Miyake et al., 2013) . F7-HE¥ILAE TH HRAECHIRE T,

AT EIRED P L ae— 22T % (Brodmann et al.,, 2002). kL
0 — A LG RREE & Ko ToARBIE 1THEY) & D ILAENRANL LenZ & s ST
W5 (Sugawara et al., 2010). LA EOEEMNS, & MEW, MWLM O

WHEHIZBWTS b —AREERFEHEZREZLTWDLEEZLND.



A

T

WZHBITD R Lo — R EER

&
w
=

FEEY TIINAE L e —2D0RHEPRNETH -T2 206, E6 ML
N — A ELSREEIEEE SN TE 72 (Eastmond and Graham, 2003). L72>L
1990 E BB, TET VM TH Ly aA XF AT 05 b Lo — 2 AR RRE
{1 (AtTPS1, AtTPPA, AtTPPB) MR\ THE S - Z &2 & o T

(Blazquez et al., 1998; Vogel et al., 2001), F L/~ — 2R AR OTELEN
FonZShT. BUETIRS /) MMEFHRAZ IS, YA X T ATI2BNT 1L HO
TPS A€/ L 10D TPP AT B 7A, A FIZBWT 11 D TPS At r 7
9D TPP AEm NS TS (Fig. 1-83A). T LD X7 HIX
g HERL L7 7 R Bfddl = L CBY, 3 2OH 777U — (Class 1,
Class1l, ClassIll) (/3345 (Fig. 1-3B) (Vandesteene et al., 2010) .

Class I (213 AtTPS1-AtTPS4, OsTPSI 343 &1 %. Class 1 #o TPS I3,
N Kufiliz TPS FA A U %2FH, C RKInZIEMEZEF-72\ TPP KA A V%
FFo. BERZHWIZMAMARBRZE ) D, AtTPS1, AtTPS2, AtTPS4, 8 L O
OsTPS1 1% TPS {HMEAFF >4 L XV ETHh D Z ENREN TV 5 (Blazquez et
al., 1998; Delorge et al., 2015; Zang et al., 2011).

Class 11213 AtTPS5 AtTPS11, OsTPS2-OsTPS11 /33 &%, Class 17
® TPS 1%, N KL C RN ZNZIUERER KD TPS KA A & TPP
RRNAAL 2> TWD. 2D, 2 H DX ™7 EILTPS{EM R LU TPP
EHEOWTNE L Ri7-72\ (Zang et al., 2011; Ramon et al., 2009). 71 %

IZB W T Class T TPS 73, Class T & A\ 3 Class [ B> TPS & HHAAE



MT 2 ENRINTEY, Class [ B TPS OS2 T 2 H88ED & 5
DTN EEZEZHINLTWD (Zang et al., 2011).

YEAXFTRAF LA R ESNS TPP AEu 7%, 27T ClasslliZ/fEE
5. ZHHIE N KRANZ TPS KA A & Ff=F, TPP KA A DR EFFO.
BERE O AR BRSO 2 2 X B oI HERER2» H, AtTPPA-AtTPPJ,
OsTPP1-OsTPP2 7%, HEFEM DX v R ETHHZ ENFRENTWVD
(Vandesteene et al., 2012; Pramanik et al., 2005; Shima et al., 2007).

ET VP LN OREWFEIC BV TS T DEROIEFI B, x & b
0— 2GRN AHEIN TS, ZORDEETITEEMEDICBIT S L

10— A AEARITEENR LD E L TEZLN TN,



A WEWIIBITD b LoNa— R SRR O E

FEIZIBIT D b Lo — 2R EGRGRE T OR LR, RAEZ BRI R 5
Rz FTe b bosm — RS AGR IS OBERERRIT S EA TV D, A XF AT
(2B W TIE, AtTPSI OKRIBEFRMRPIRMEESEIC /25 Z & RS (Eastmond
etal, 2002), L/ m—REGHIRIEPIRO I MHATH D Z LB LI
SHTWDIEN, AtTPS1I O/ v 7 X0 BRTIE, EROBERBZEIND

(Wahl et al., 2013). # / A 0D AtTPS6 f8I8IC 58 BA S, BRI D

X

AtTPS6 % £f> cell shape phenotype-1 78 %ik1%, FKEHAOERY, KILE
FEDEA, BXON T4 a—20EBOK T EoOREA%ZK7 (Chary et al.,
2007). =07=®, AtTPS6 T EOHIEEICEbL L B NS, ZhbD

T b Lom — XGRS, Y OTERETE I BB e kBl 2 FH> 2 & &

ARLTWS., —FThnm—RESHGERTORBN, FHrDA ML AIZE
BEINLGZ EEREINTVWS (Tordachescu and Imai, 2008). &R E M

® AtTPS5 1%, A U< @IRICHE SN HEIRE LR T MBFle & AR E K
T 52 ENWEZINTEY, AtTPS5 O RIZE R @ IREZ M % 7”7 (Suzuki
etal., 2008). A I L A THEINDERMEE TPP Th 5 AtTPPD 1%, A
FLATTORRBZHE L, REERKTITER b LA L, R
R CIItE A b U A% 73 (Krasensky et al., 2014). LT —F¥Z a— R
+2% AtTREL 137 733 R X 2 KELBAPA OB v, R BIRIT
it e 2 #4592 (Van Houtte et al., 2013). > Tk Lovm — R AES R

X, YA XFATFTDARVRAISECOFEEGTLLEZILND. FlovnA X



T AT b e —2AZ BT 5 L, ADP-7/va—2AaRARY 7
—BRY T 2=y hea— RRT5 ApL3 OFBPESFE IS (Fritzius et
al., 2001; Wingler et al., 2000). ZiuiE b Lo —ZAREMIZIBVNT, iTH 0
DY 7T NE E UTHRET 5 alRetE 2 7m L T 5.

A RNZBWTE, hlre— 2GR & X b LA SE DRSOV THEM
(CHFFE STV D . OsTPS1 OEIFBIEANMMRE, ok, H, FITREEA
kLRI DM EE ST % 1E0 (Lietal., 2011), ClassITZd TPS TH %
OsTPS2, OsTPS4, OsTPS5, OsTPS8, ¥ X1 OsTPS9 OiFIFHBIE S, (iR A
ML R EHA LA LT 2 %159 % (Deng et al., 2011). £7= OsTPP1
& OsTPP2 MK, Hofg, A+ L 2IZFFE S (Pramanik et al., 2005; Shima
et al.,, 2007), OsTPPI1 OiFIFEBKITH A F L A LIRIE A b b 2T DM
#1532 (Geetal., 2008).

INHOMBEND, bLm— R SRR T 2 AR, TERRIZAL,

BILORA NV RAGEICHELBEGT2LEE 2615,



FHHET b lom—R X VFFEE I DR EEGUE

R — 2GRS EY OERSA L RAGREICEE R EEZ Lo
ERRENTWS., Ll b —RAESRRKR, FolrsicLTcing
RIS D MOV TIIARAZR SN L. o —2RESROTRETH D
Tre6P 1%, SnRK1 OIEMEZAIZHIEIT 5 Z LA LTI TS (Zhang et
al., 2009). SnRK1 |3/ SNF1, WFLEHO AMPK &L L 72 Ser/Thr 7
—BTH Y, FEHHHIEICEI 59 % (Hardie, 2007; Polge and Thomas, 2006) .
FlevnAf XFAFTiE, Tre6P OFEEN 7 /Va—RX, TV7 h—R, BX
DA 0 —ADEFEEL EOMBBMRICH S Z L RENTWS (Yadav et al.,
2014). £ D7, Tre6PIHEH 2 M T 5 7 T VWE TH L rJREMENE 2
bIs.

—HT, benm—=2AR T FAEL UCTEET D ARELRINTND.
¥ - BAEETMTR AU ZEME D4 H DL, A FREE~D b Lovm — 2B
XY, RETY v 2EM (Jasmonic acid, JA) AEAREESE, L REEEE
K-, YRS & 2 37 (pathogenesis-related protein, PR protein), I3
L7 74 7 L3 (phytoalexin, PA) E& SR &% o — N3 5B
B R T ORBNFEIND Z LR LTS (Fig. 1-4) (5HD, REET—
Z). FTREIZ g —ABMBEINT A FOH EETIE, e —20
REER KL OMLEE B EITIRF L T/ 20 b it v 8 s n % (Fig. 1-5, 1-6)
(BHD, REET—H). o TA FTIE, WEA~D b Lo — 20BN, R

ik L O EF O ERIMEZFE TS EALND. PR —X 2L 5T

10



EHITHERIENFE I N D Z OB G 1L, Trehalose-induced systemic

resistance (TSR) & &b (Fig. 1-7).
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H6E AMFIEO B KO

TSR iZ b Lvm—2 &5 BRFUTTE BRI AAET D W5, R OB
BaFEd 288 ThHs. ZHUTHEMIZB T, Frma—2ARNT 7L mE
ELTHRET AHREMZ R L CWAD. 207 TSR #8452 &L T, fMIZ
BIF5 brmg—20EBERICOWTH T RMANSE NS EMfEINS.
AHFFETIL TSR Oy Z I 6022 2 & 2 HEYIZ, TSR O v 7 vinsE
gL, TSR OFEHERIC O W THT 21T o 72

%2 BTV 7T NBERIE A AR LVE ICEE LTI L. h L
—ABEBZORNVECNERBZERT DL & HIT, HWR/LVE CHEREREKE
VT TSR #8533 5 2 & ¢, TSR BT 2 ARLE L OG5 L 7-.
FI3ETIE, P mB—ARTSR #FET 2ROV THRE L. FLoaem
— ZADOMININZFED TSR #3525 & PHEL, 7/ AREICEIVIER L ML
NE— AEEBERIZIBNT, TSR ARDOBIRBBIE I NN ETT. F4ET
I%, TSR IZBIT D JA ¥ 7 FNADOEENZHOWNT, XMz iTo72. bk
Lnm — 20T JA (KAFNICERE S DR B K FiE{sF OsERF83 122U\,
TR BLRE & O T B REFRAT 21T o 72. OsERF83 Il S 412 T s 1%
ET DI LT, TSRICEIT D JAKFR RS 7 T VRERE O 2 B L7z,
% 5 ETIX, TSR ITKIT D PA AGERFREORIGFEN JA 7 F /LI
BENDIDLEMNT LT, £7- Lo — R CHESNDH- B A K

B%3% OsKSL2 122\ T OMERERRAT & 1T o 7.

12



(Sakakura et al. 2011)

Fig. 1-1. Theoretical study on the intermolecular complex formation of trehalose

(A) Structure of trehalose. (B) Distribution of water molecules around trehalose. Cloud-like regions represent
iso-probability surface of water oxygen atoms. (C) Superimposition of iso-probability surface of benzene on (B).
Purple cloud-like regions represent iso-probability surface of benzene.
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H UDP-glucose

Glucose 6-phosphate H OH H O-PP-Uridine

TPS
(Trehalose-6-phosphate synthase )

H
H OH
Trehalose 6-phosphate H o—
HO—\ OH
OH
H H
TPP

(Trehalose-6-phosphate phosphatase )

H o}
Trehalose /H OH
(a-D-Glucopyraosyl a-D-glucopyranoside) H 0
HO OH
OH f
H H

Fig. 1-2. Trehalose biosyntesis pathway
Trehalose 6-phosphate (Tre6P) is synthesized from UDP-glucose (the glucosyl donor) and glucose 6-

phosphate (the acceptor) and subsequently converted to trehalose. These reactions are catalyzed by
Tre6P synthase (TPS) and Tre6P phosphatase (TPP), respectively.

14



A 0sTPs20§ 18

ScTSL1
ALTPSS
TPS1
STPS hetps1  AUTPS3
OsTPS10
ALTPS2

OsTPS8 OsTPP2
OsTPP7 ATPPG
OsTPP6

OsTPP3
AtTPPJ ATPPD OsTPP1 AITPPA
OsTPP:
OsTRRE S 7o
AITPPI ALTPPF
OsTPP8
OsTPP4 AITPPC
ATPPH atPPe  AUTPPB

(Zang et al. 2011)

B
2 OtsA
9
ks @I ots
- (N ScTPS1
7]
¢ IS )
L ScTPS2
O ) AtTPst OsTPS1
Class 1
. - ) ATPs24
C
©
o ( H T ) AtTPS5-11  OsTPS2-11 Class Il
C M) ATPPA-J  OsTPP1-9 ClasslII

(Vandesteene et al. 2010)

Fig. 1-3. Classification of TPS and TPP

(A) Phylogenetic analysis of TPS and TPP proteins. The proteins used are: AtTPS1-11 and AtTPPA-J from A.
thanlina; OsTPS1-11 and OsTPP1-9 from O. sativa; SITPS1 from S. lepidophylla; ScTPS1-3 and ScTSL1 from S.
cerevisiae; EcotsA and EcotsB from E. coli. The clades colored by red, blue, and yellow indicates subfamilies of
Class I, Class II, and Class Ill, respectively. (B) Domain structure of bacterial, yeast, and plant trehalose
metabolism proteins. In bacteria, TPP and TPS activity are located on different TPS (green) and TPP (red) proteins.
The TPP catalytic site is characterized by three conserved motifs (indicated by the white boxes). In yeast ScTPS2,
the active TPP domain has fused with an inactive TPS-like domain. In plants, AtTPS1-11 and OsTPS1-11 all consist
of fused TPS- and TPP-like domains. In AtTPS1-4 and OsTPS1 (Class 1), the TPP motifs are not conserved. In
addition, plant has a family of smaller proteins (Class lll), lacking the N-terminal TPS-like domain and with
conserved TPP catalytic site motifs. Different shades of colors reflect different levels of sequence similarity.
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Transcription factc

JA biosynthesi

PR proteir

Phytoalexin biosynth

Name Description RAP ID Oh 2h 6h 10h 24 h
NAC4 NAC-domain containing protein 2 (ANAC002). 0s01g0816100 1.00 26.09 12.41 4.14 1.87
JAmyb Myb, DNA-binding domain containing protein. 0Os11g0684000 1.00 11.56 25.54 8.65 9.47
TGAP1 Basic leucine zipper protein (Liguleless2). 0Os04g0637000 1.00 0.97 49.90 0.84 0.92
DPF bHLH domain containing protein. 0Os01g0196300 1.00 4.78 3.20 2.52 2.25
OsERF83 Ethylene responsive element binding factor 2. 0s03g0860100 1.00 57.20 58.45 3.56 3.15
ZFP36 Zn-finger, C2H2 type domain containing protein. 0Os03g0437200 1.00 32.32 0.66 3.19 1.35
MYB30 MYB1 protein. 0s02g0624300 1.00 13.66 0.66 3.94 2.56
LOX8 Lipoxygenase (EC 1.13.11.12). 0s08g0509100 1.00 11.35 4.41 1.62 1.34
LOX11 Lipoxygenase (EC 1.13.11.12). 051290559200 1.00 20.18 7.76 1.22 1.74
AOS1 Allene oxide synthase (EC 4.2.1.92). 0s03g0767000 1.00 5.39 2.36 1.31 1.15
AOC Allene oxide cyclase precursor (EC 5.3.99.6). 0s03g0438100 1.00 2.40 1.14 0.98 0.87
PR1#072 PR-1a pathogenesis related protein (Hv-1a) precursor. 0s07g0127500 1.00 20.98 16.90 5.38 2.92
PR1#073 Allergen V5/Tpx-1 related family protein. 0Os07g0127600 1.00 18.93 19.53 8.38 3.31
Gns5 Beta-1,3-glucanase (Fragment). 0s01g0940700 1.00 7.74 64.34  143.59 36.67
Gns6 Beta-1,3-glucanase precursor. 0Os01g0940800 1.00 1.34 5.32 6.17 2.41
cht3 Endochitinase precursor (EC 3.2.1.14). 0Os06g0726100 1.00 10.53 11.25 6.06 1.96
cht8 Chitinase (EC 3.2.1.14) (Fragment). 0s10g0542900 1.00 3.57 7.96 10.79 7.94
TLP Thaumatin, pathogenesis-related family protein. 0s03g0663500 1.00 285 11165 160.58 64.90
PR10a Probenazole-inducible protein PBZ1. 0s12g0555500 1.00 1.17 9.35 12.59 9.39
PR10b Probenazole-inducible protein PBZ1. 0s12g0555200 1.00 1.21 7.95 7.79 6.07
RIR1b RIR1a protein precursor. 0s10g0569400 1.00 0.69 1.48 3.77 4.99
RIR1b-like RIR1b protein precursor. 0Os10g0569600 1.00 1.24 2.73 4.80 6.32
CPS2 Terpene synthase. 0s02g0571100 1.00 1.10 6.09 51.18 45.64
CPS4 Copalyl diphosphate synthetase. Os04g0178300 1.00 4.59 14.01 8.90 4.61
KSL4 Terpene synthase. 0Os04g0179700 1.00 47.04 53.84 19.79 7.75
KSL7 Terpene synthase. 0s02g0570400 1.00 1.14 10.89 32.31 9.30
KSL8 Terpene synthase-like domain containing protein. 0s11g0474800 1.00 1.13 1.94 2.38 11.37
KSL10 Terpene synthase-like domain containing protein. 0s12g0491800 1.00 3.63 35.61 29.34 19.23

Fig. 1-4. Microarray analysis of thehalose treated rice roots

Hydroponically-grown rice seedlings were treated with 5 mM trehalose. Total RNA was extracted from roots
and used for microarray analysis. Rice 44k microarray (Agilent Technologies) was analyzed with one color
detection method.
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Fig. 1-5. The disease resistance depending on duration or concentration of trehalose treatment.
(A) The roots of the 21-d-old plants were treated with 5 mM trehalose for 0-5 days. The 5th
leaves were spotted with the spore suspension of rice blast fungus. After co-cultured for 5 days,
the lesion length were measured. (B) Twenty one-d-old rice plants were treated with 0-10 mM
trehalose for 5 d. The 5th leaves were used for the disease resistance assay.
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Fig. 1-6. Rice blast resistance of trehalose treated rice
Rice plants were treated with 5 mM trehalose for 5 days. The fifth leaves were inoculated with rice blast fungus
by the spot inoculation method. After 5 days, lesions were observed.
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Fig. 1-7. The schematic model of trehalose-induced systemic resistance
Trehalose treatment on rice roots induces the expression of defense related genes in roots. Disease resistance in
shoots are regulated by an unknown signal transduction from roots.
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F2FE TSR IZBITDHEBENLTE T T FIVORENT
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&

RE T R O Y E I EOSMNIRIM 22 T D L, B~V 7T &R

L, FEREEALICB T 2R FRPIMEEZHE T 5. 20 X9 R 2HHEM O
ERGUE L LCIE, 25 EAEGM: (systemic acquired resistance, SAR), 15
FHELLHPIME (wound-induced systemic resistance, WSR), X UF5iE 4
FHPHIME (induced systemic resistance, ISR) @ 3 O ZEHICAIZE SN TV 5

SAR 13RI B OEKGT L 0, M B0 YL EE ) b IR EE IS TR R S 0 D L
HETH 5 (Fuetal, 2013). SAR TI, EEEHIICBWTHEDFILEL T D
YU FUEE (salicylic acid, SA) MAEARKLIND. SA X PR # /37 EX PA
DEFELZFETH L L b, MBPUESUSELZ G SR I L, A& oMl 2 &R
& 9% biotrophic 729 R DEGYLRK 25 < (Fu et al, 2013). 72 SA X
FRMEME T D SA AT MTEHIND Z & TZKPITIEHB L, IR DI
QeI o2 WIIED DAt E S %5 (Shulaev et al.,, 1997). WSR
(WG EZZ I RN LIRGEE~FESNLBHMETHY, T 7T
X JA BLO=F L (ethylene, ET) IZHilfflch 5 &2 b T5. WSR
TITHEHEME PR ¥ U XV BOEEMPFE SN, EXMRZRERET D
necrotrophic 72RO RGIER B IH & 5. —FH TISRIE, RIEICALS
% IR IFNERE & O BEAERDR E 720, RE D i ~FFE S 2
it TH % (Choudhary et al., 2007). ISR i% SA IZFEEAFHRIEHIETH V),

JABLOET 7z LTHiliE 4% (van Loon et al.,, 1998). ISR 753
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BINTAEYTIE, JARET IC6F T 2N EHT 27280, il BEIEYLRo
B E D L0 b <, HDWIFTR< B S D (Verhagen et al., 2004).
TSR IFREBA~D F Lom — ZALBEAS, ARETOREISE & # B3 T o ER
itk 8T 288 Ths. ZDH TSR Ov 7 F/UEEDL SAR, WSR, B
L VISR & ARIZHE R VT ATHITE STV D ATREMEDS V. AREEClix TSR
D=2 RINBRBR ThH L0 ERatT 5 & & biZ, TSR O 7 F v

(CBIETHEY RV N 54 2 s 2 iRk L 7=,
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528 FEBRMERE X OE

5 1IE AR

HpAERIMR & LT, A% (Oryza sativa L.) fhf @& OO0 ) A LT
A XD JA LA SRR (hebiba) BX OO =& ~H U | ITEHK
FHROLO/NRIL AR L 0 3 B IAEWZ. THARKE ] Z RS S+ 25 SA ofiflER
HRIFEHR (NahG) 13, 3 - B ERIITR AWM O PERE LY
SEEWZ. X000, =FRr~H U, BIORAFL, 430 BIFEN

BPEBME 7 Pia #F6, 4 320 H BRE (race 007) (ZHEFT 5.

B2 M
P 70% =% ) — VT 5 45, e T 2% IRHEERET b Y o LKIEIR

T30 iR 5 Z & T L7z, BEROEFIIMKE AT L.

B3I KBRS L O RS

WEMEA %, fikzZ ANy v — L BICHERE L 25°C, BEFTT 3 ARk S
7. WoKBHSRR A 0 A& L7z, L 3 RO T2 7T AF v 7 Ay
o RIZH RS, ZinaAd— b7 =7 L7oKEK TRz S 73y b
(CHEE L2, 2Ny ME25°C, HRDEICRE SN ARG aPICRIE LTz, K
BEREE I AT T U TR0 C OBIEZR) T2, REAKEK Z fE 0 AcH L7z,
TRERRER A2 Hid, AbRE R ZENIE Y o 2 —NEG RO T 2.5 kg

WXL CHBE T v =7 543 g, @Y VERAK S50 g, VU L1565 g
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MR TZb DWW, FBF L3 HlDOME 2 t/L F L— (42 mm X 42 mm
X46 mm) FOTHEIZ 1em ORSTHD . BV L —%, KEE-T/ Y B
FUCRRET 2 2 & T, K LAKEKZHHE Lz, AFITHRGEE TV,
A X 14 ARICELZE ZATEREE LT 2,000 AR LIAA R A

(HYPONeX) /Kigika 52 7. IRENOIREITE 25°C K 20°C & L7z,

B4 TE KBRS A R~ DOFELEE

KBRS L7- 14 B0 2 AW, a7 7 AF v 7 Ay vall b
mM DOFEREIE Thi7z SNy b~BL, REOLZ KRR Lz, 1R
0 A BEKVRIRIC IR LTz RE 2 A0 EE O WEf & L, LR 24 W S AR 2 B K
(CHREE L7z, BEFRRRIC I, A2 1 — % (Wako), D (+)-~ /L b —Z—/KFi# (Wako),

rLosa—Z ZKF¥ (Wako), BLOD(G)-~r=hr—/L (Wako) %MV 7-.

BB IH  TBERES A R~ DR
REBA~OFEFLEZNL, 21 DA x2 Hviz. ' b L—% 5 mM BEKIEK
ZiRoTc Ny NI L, JEE ORI KK MG L. daBass A 208 0
H&L, 5 HEBEKEK A Lz, BEldEIci, A7 v —2, D(+)-v/L h—
Z—KkF¥y, BLO L onm—2 KW %E -,
HEF~D F Lo — 2 BRITIE, 21 BEOA &AW H EEARRIC,
0.05% Tween 20 THEE L 7= 5mM kLo —R 5mL #WE5%E L7-. EHEL-H

A O R E L, b HHA REZHL ST,
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% 6 T RNA filitt - cDNA 5k

4 RNA Offitti%, RNeasy Plant Mini Kit (Qiagen) # ), == 7 /L
LU TITo7=. —AH cDNA O AkIE PrimeScript RT reagent kit (Takara)
EHWT T 2. Fikld~==2T7 /WIHEL, 77 A4 ~—IZld oligo dT & random

hexamer OIRE 77 A4 ~—% Hu T~

% 7H CFE=ER) RT-PCR

5% 6 THOFEIZHE LTI L7z 1 A8 ¢cDNA pUSIK % 5 5 IR L, itk
L LCPCR #1T->7=. PCR¥#IZIX Ex taq (Takara) % A\, $—</LH4
A 7 7 —1% Veriti 96-well ¥—~< /L% A1 7 Z— (Applied Biosystems) % fiiff]

L7c. W77 4 ~—Rd% & PCR 4/ % Table 2-1 1277

8 i FRREHR DR

A2 BINE (Magnaporthe oryzae, race 007) DOEXREZRT hTF A b
1 — AL (Difeo) (CER L, BEPT, 25°C T 3 MMEGE Lz, &% 7L — b
CWEAKRZEE AN, 20T —UBTRAZEEID 2 & CTHAR BB A il
L7z, BARRRET 24— b 2 —/Ligi (Difco) (2R, WP, 25°C T 3 A
# L, D% BLB 77 (Toshiba: FL15S, BLB 15W) 4T, 25°C 12T 2
AfEGR L7z, 7 L— MZ 0.05% Tween 20 IFRAEE AN, BELZHNTH
AfFZREE D 2 L ChFREREEZHE Lz, R OREX, 1.0x10°

spore/mL & L7z.
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B9 AW B & W o E TR

TRERE: L7z 21 Bl A 2%, 5 HOFEICHET TS AMBEQAE L-. &
S5EDEZYIVEY, K TR LIER—"—F AN EHNBZEME T T AT
r—A (25cecm x 35 cmx 5cm) HUZW Rz, TTRAF v 7 F v T OEHT,
FTBE G E DT 2PN bR Z 3 uL O F L7z, 1 OEHIZH LT
3em OMFET4EATCH F Lz, 77 AF v 7 r—RA% 25°C, BEATIC 24 FEfH
FHE L, TO% 25°C, kot T T4 HEFHE L7z, 2 1% 5 H BIZHRmMEnbE
AEEHT — 2 & LTV AL, HigfEEY 7 & (Imaged) % M THREBEER % M

ELT.

10 W LE v Ofhi

KBRS L2 14 Rl DS 22, 55 4 THOGIEICHEC T h Lo — R AL LT,
FRER I KO B35 (4% 200-300 mg) #[EIX L, v/ FE—X g vh— (LH
) AW THERERE L. =& 7 —L 20 mL #Nx L, 4°C, BT
24 FEREHE L7-. HEHIRICEKSE T L SR NEEEY IR AW (Table
2-2) % 20pL Nz, AfE W THARREZ Y BrE, A% SpeedVac BT
EfEas (Thermo Scientific) THL[E L7=. Fz[E¥% 80% A ¥ / —/L 6 mL T
i L, Zi % Bond Elut C18 column (Agilent) (Zfift3" = & T, BKMEARHY
ERELE. WHERZLELZOL, 80% A% /—/v 0.5 mL [ZFHEM L

UPLC-MS/MS T X %532 vz,
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% 113 UPLC-MS/MS (2 X 51 R /E - DIER

FEY ARV E > DEEITAT & D)5k (Matsuura et al.,, 2009) (ZH#E 72,
UPLC-MS/MS (1%, Acquity UPLC system (Waters) & Micromass Quatro
Premier tandem quadruple mass spectrometer (Waters) ZfEH L, 77 AIZ
IZ Acquity ethylene-bridged (BEH) C18 column (1.7 uym, ¢ 2.1 X 100 mm,
Waters) % i 7z, UPLC-MS/MS D431 4ffs L 0L A Ot & %

Table 2-3 |Z/:7".

#1283 U7 A L PCR
cDNA OFRSIIE 6 THD FiEIZH#E U7, PCR ##%(21X SYBR Premix Ex taqll
(Takara) Z MV, FUNRIT~Y =27 /WCHEC TR L 72, ROGSMHIT 94°C,
30 M DEVEMR, 94°C, 5 MHIDOEZEM:, 60°C, 31 MRHIDMEKISZ 40 W
A I N 7o, —~H% A2 F—|% ABI7300 Real-Time PCR system
(Applied Biosystems) #H\\ 7. WEMEHEER T & LT OsACT1 # vy, 4%

B FORBELZMIE L. ROSICHWE T T A ~—Dhkl3% Table 2-4 (27”7,
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B1E  hloo—ARRNICHEE SN B TR

FREL~D b Losm— 2B T, ARE COREBEEE S T ORBAEFHET D
(Fig. 1-4). 2T, ZOMHEBEBEFORBFHLEN b Lovg — RSO b
THEEINDIDERE Lz, KBRS L7- 14 ROSE ORI hLm—
A, Arma—A, v/ h—R, Frrigvr=b—N (BFFEE= be—N) &
WERL, b Lo —2FHEEGRET 4 ORI L EER RT-PCR (2 LY Bl%
L7z, ZORER, Flore =B X TiE JA AS KB T LOXS, k&R
‘BN EI5F NACY, JAmyb, LN PR % o {7 Ei&fin+ PRI#073 DFHEEH
WAL ENT (Fig. 2-1). A7 m— PR, </ h—2R0HEKX, 8L~
V= R VAL XTI, AKRALPRIX & EER L CEA FRBUCEN A oL n o7z
(Fig. 2-1). 1> T, ZALMHREERLET 4 MORHFE I L/ " m—2T

DIHBEESND T LRSI,

21 b loo— ARRRMICHE SN D RERE

REBA~D b Lovm—2LEE, H B TOA 320G BIRREIEZFE T 5
(Fig. 1-5). =2 °C, ZOH EEEIUENMO —PETHLFHEIN D0 E/HET L
7o TSR L7z 21 RSO A R OREBIZ L m—RA, X7 n—X, Fid~
Vb —2% 5 HEEE L, H EETOA R0 G BIRERFIELZBIZE L. 2Ok
B, 270 — 2K E <L b —AUB XTI, AKX E L TA 320G

LIRORMRICAERETR N o7z (Fig. 2-2). — 5T, hlbrm—=x
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MR X IR OEREP M2 b, REENEL 72> Tz (Fig. 2-2). 20
FEND TSR IZB 2 B ToA 20 E BREHiMEIL, FlL o —ATOR

HEINDZ LR ENT.

53T RPTHIESERR I H 1 2 B E B s T DS

TSR |2 & 0 RERGMEZ 5 L-E T, PIEBEEE T OREAIHE S
HETRINZ., TZTCZOREHALNCT A0, LHEFEEE L 21 B#oA
RO E N Losm— 2P, T O P EH B EAR 1 O R BL A R RFAYIC
BE L7z, TSRICBW TR CHREFEINL2BIAF THEABEL, FEREDN
RT-PCR (2 X W BB 21T 7. ZOREE, PR ¥ o X\ Exh2a— KT 5
PRI1#073, Gnsb, chtl, TLP, 3 X OPAAGHEEFE%Z 22— K95 OsKSL7 D
FEIX, Pl —RAEXICBWTER LTV (Fig. 2-3). F72Z 0%
FHEE, hlom—RLEE4 A0S 5 BICHT TRbE< (Fig. 2-3), R
o — ZALBEAM EESCORFERUE S E T 54 4 27 (Fig. 1-5) & —&L
2. 1> TZ o OREHBLEER - OFRBIFEE), TSR ICHT 5 H L TR
ERPMEICHES LTS EEZLNE. —~FT PR Z U\ 0EEa— R4 5%
PRIOb 3 J Y PR1I0O OFBUE, RPN L b Lo — 2 ALBX O TEIT RS
niphhoic (Fig. 2-3). ZOFERNG, REEH EFTIE L e —R|ZHE

SNDBIEFITEVDRHD Z LRI NT.

AT HI RIS R LoNm— R XA ERBUME DO S

REB~D b Lovm — 2B, R C ORI BB L ORI &R EET
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PWEFET L LRPLNE o7z, £ THLEE~D FLe —RLBTH,
R ERPUEDNTFE SN D A MET L7z, LEE: L7c A RO EE2RIZ 5 mM
~lom— 2RISR AR L, 5 HA 2 2Bk S 7z, # B2 AV TR EFR
PIERBR AT o 7o/, P — XX & SIX O BIZHREER OF 2722
FBE SN o7 (Fig. 2-4). fEo THLEEEA~D b Lovm — B TR FH K

PiEZFHEE LW ENRIB I N,

%5 TSRIZHET DHEMFNE L NEZEDEH)

R Lm— R Z AU S PRI T, JA AR EGEIE T LOX, AOS, AOC, &
L OV JA B MEE ST JAmyb (Lee et al., 2001) OFRIANFEIN D (Fig. 1-4,
2-1). F7- SAJLEMEREIE T WRKY45, WRKY76 (Shimono et al., 2007) b,
Fum—2 Bz Xy sEiEFEsns (Fig. 14). #> TRl m—RX %40
BEINTARE TIE, JABIOSA ORNAEENRENT S &AL, £ TK
BEREE L7 14 R 0ohly ORREBIZ Lo — 22008 L, ARES & # BRI
HJAE SAFHONABREZER LT,

JA L ZDOIEMRITH D JA A Y v A v (JA-isoleucine, JA-Ile) DINA &,
FRERCHLER 2 BEFEILAN O8N &2 o) LTctk, EF LU E T Lz
(Fig. 2-5). F 7zt BEITIX, JA B LV JA-Tle DNAEEICK E 2 E(LITBIE S
otz (Fig. 2-6). SA OWNAERT, REFICEB W T 8 fAZ v —2 L3
LHEERoN N A R L= (Fig. 2-6). = D%, RED SA WABIZED ICEE U7
2%, AUVER 24 R E CHE P EVME A MERF L7 (Fig. 2-6). — 5T, #1 EEICE

5 SAWAEIZITARERETBEIN ) o 7= (Fig. 2-6). F7- SA DM
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Toh%H SA 7 as N (SA-glucoside, SAG) OWNAEREIX, REF L UM EEIC
BWTKRKEARBFBEI N 2o 7= (Fig. 2-6). UL EOREENSBRE~D k
Losg— 2T, RESTO JA, JATle, BEL U SA ONEEZHIMESES
EVBIB MM E T oo FET—BITA XD SA NAEEE, REICBWTRS, #E
iz TEWZ ERmB NS (Chen et al, 1997). AREHTIZISIT 5 SA NAE
BT, blon—ZAHEFTORE T 0.17 nmol/gFW, #i Ei# T 45.9 nmol/gFW

Tholz (Fig. 2°6). > TIORERIE, BRI E X< —EH L T,

%6 RIS TOBIGFRIFEIIIT MM AR LE L DRE

HOFERND, Flmm—2AZ NI TARE TIX JA, JA-Tle, B LU SA
OWNAEBMPEMNT 5 Z LARSNT2. £ 2 T TSR ITEIT HRER T OR;#EE
BT ORBGHEEN, ZNDOMEWERNE L > 7 FIVICHIBE S D ) E et Lz,
KBERE L7214 Bl JA /£ RS BLEE hebiba, 36 JUYSA 43 it 3 i o) 35 5
Pk NahG OREIZ, F g — 22408 LR F R A BlE L.

kLo m— Z AU 30 oy LLIPITARSES TR B H S N H G R T8 {s 1 10 4
BEL, VT AHALPCR ZHWTHEIZBIE L. ZORE hebiba (280
Ti%, OsERF83, ZFP36, WRKY28, MYB30, OsERF91, ¥ X1 WRKY40
Dbk —2Z XA RBEFENMEIL L (Fig. 2°7). - TIhbORIH
BILJA BB RN RAIR T 5 Z LR E Tz, £72 NahGIZEB W T
MYB30, OsERF91, WRKY40, WRKY45, WRKY62, X * WRKY76 D%
BFFEMEL LT (Fig. 2-8). ZOREHRIE, T B TFORBFFEIZ SA OF

ENRAIRTCHHZ EERLTWA. £7- MYB30, OsERF91, X O WRKY40
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DI BFHET hebiba & NahG DWW T IUZB W THHA L (Fig. 2-7,2-8). =
i b bog —RERE T, JA 7 v E SA V7TV S FFEIICHERE L C
WD A[REME AR LT\ 5. —J5C DREBIA D% 817X, hebiba ¥ X " NahG
DOWFHICBWWTbEIE SN (Fig. 2-7,2-8). > T TSR ICEIT HIBEFTD
B B E AR T OFBFHEICIL, JABIOSAUSNO T 7 F L5452 &

R ST,

BT I M EE T oW ERGIMEE SIS 2RV E DR E
DFERING, TSR ITIIT DRI T OB E L - ORBFHE N, JA R
LOSAICHIBEIEND Z LR ENTZ. £Z T, I EEETOA R0 b BIRHGIE
b, JABIUSAICHIBI S LD et Lo, BB L7z 21 Rl hebiba
BEL NahG ORI b bosxg—2% 5 HEAE L, #EHTOA 20 E B
P2 AT L7z, hebiba Z MWT-ffM 226, BpAZRIEK & hebiba DN HUIC
BWTH b e — 20U L DREEROF BB B8l s (Fig. 2-9).
Flo b —RNBEBZORBEORE S, FSRX L g L TEH AR T
72%, hebiba T 59% T - 7=. Hi-> T hebiba TI%, AL FRE, HD
WITZE L EORERIESFE STV, DLEDOREFR LY, TSR O Ei
B 2RERPIEICIE, JA V7T ANRKAETIIRNZ ERHL N E o7z,
—J7°C NahG % R T2 gt ©1k, SRRk S L O NahG T b Losm — 2 AUz
L DRBERE OB BBESNTZH D0, NahG (ZBWTIE, REERE OB IED
FREENE AR LV /&< o Tz (Fig. 2-10). Z X NahGIlZEBW\TC,

MLm= 22 X W ERGIEFER DT 5 Z LR L TEY, TSR OHf L

31



(BT DI FEIEGUEICIL SA o 7 VPN EE KB 2 Rl RetE 2R Sz,
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Mlm—2 LD ZfEE VTN D, A7 v — 2B L L b —
AR, AR C OB EE R OB, B KO BT oW ERGUME A
HLAAWZ ERBHLNE 2T (Fig. 2°1, 2-2). ZOFERIE, TSRN kLom
—ARFRAICEIEE I ENDIBGETHH I LA R LTS, Lol hbar—
ANEDEHICLTTSRZ5IEE I LTHVDDOMNERIZEH LTS TV,
F1EE LS THLNZL DT, Floaa— R OBE R S A O R
Ay T A—a ko Tk (Kuttel et al, 2005), ZHid kb o —2
(SRR 7R Rt & 52, K FRONENIEE & D2 ER B A RTE R A ATREIC T
% (Lerbret et al., 2005-2; Oku et al., 2005). %7 in vitro lIZBW\Ti%, kL
NE—ANY VIR ZEECHEAT A LV it b SN TEY (Luzardo et
al., 2000; Lambruschini et al., 2000), k L/~w— 223l BRAG IS 353
LZENTSR DG E®THLAREMEDGZZOND. — TR e —2RTHAK
FIUAS FIET 2 HEThY, BRSMAEDICHBRSREICEREND
(Watanabe et al., 2002; Brodmann et al., 2002). % D 7= R EERALLCIEGLE
PR TE, ORI RRED ML m—RZBEBEINTWD EE X B,
R SRR FOZEREN LT R LA — A 5B LTS aREE L Z 2 D
N5, ZREICBRESN, EYOMHISEZS 3407 & LT,
Damage-associated molecular patterns (DAMP) <> Pathogen-associated
molecular patterns (PAMP) & FE[EI 5 53 FREDSFEMICHFIE STV 5. DAMP

(I EE DGR 0 Co DoAY T 7Y v VBRI ERF b, EHORA
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RFICE U2 DAMP 2585k 5 2 & T, IS 215k <& %5 (Ferrari
et al., 2013). F7z PAMP |3JRIRMAEMEEHNAFAET D3 FTHY, 1o
T BRELE L2 WS ThDH. WEXY LV RXIERKORTF RTHDH flg22

(Felix et al., 1999) =°, SRIREOMIBEERNRHN CHLFTF oAV I~ —
(Shibuya and Minami, 2001) 72 E23 54, HEM)IE PAMP 238545 Z &
THRIEISE Z2EML S5 (Gémez-Gémez and Boller, 2000; Kaku et al.,
2006). hlm—XIHEMBEFPERT ORETH D & LB, MEMDPERT
DHECHLHD. ZDIH kLo —21X DAMP & PAMP @ —>0O#&E| %+ 9
Bricler 7P nGfThob Lty —F, b FOFMIlRTIX L e —
2L DA— R T 7 P—EFET L LRI TS (Mayer et al.,
2016). ZAUTHIBENICERVIAENT FLoa—A0, flENNS 7L a—Z k
TUAR=Z—%HlETHZ L THEIND LB Z BTV S (DeBosch et al.,
2016). MEMEMICEKITDH L rm—RA N T U AR—F—DFEEFH b S
TRV, TSR IZBWTHMENA~D h Losa— 2D Y ARN, —HOB,
FISEORKTHLARBELEZ DILD.

RE~O ML va =22 LD, SABIOJABEONEENENTHZ &
M BN E 7o (Fig. 2°5, 2-6). SAIZ= Y AIME HEWEIZAAK SN,
SAG BLUSA /L a— A= A7) (SA glucose ester, SGE) & L CHIfENIZ
Zfish b (Dempsey et al., 2011). Zh 6 OFEBEKRIL, T HE TIEEEE
RIZWIFEATH Y, A ML RISERITINAKSFESIND Z LT de novo f#%
A& PN SA ONAE R A FHIT 5 (Dempsey et al., 2011). TSR (2T,

SA WA EDHIN L 72AREIZ 88V T SAG WAEE ORI ITBIEE S e h - 7= (Fig.
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2:6). D= kLovm— 2L, SGE OMKiEE N LT SA NAERZH
HLTWDo0h L. £72 TSR TO JA B LU JATle DEREIL, L%
R T —iBmIcElE S (Fig. 2-5). 20 &L ) 7 JAFHORE RS, 15
FEARVAFIZL-THFEIND A (Wakuta et al., 2011), ZDFELWAES
FRAREEIIAI TH 5. JA OIFERILZ N E TICH B ST 7023, TSR
TIERID JA BFRAEN D JAFE G T DR TO L WREMERE 2 b
L. ERLEBENC LI, ZALHEWER LT OZBIIREBICE W TOREL
sz (Fig. 2-5, 2-6). JA-Tle 72 CI3BEMES /v b L THRET 5 2 L R
I TVDHH (Matsuura et al., 2012), TSR IZH T HRE O H EF~D > 7
TVmEElL, JA X SA LIFER B8 7T VIEIZ X o THIAE S 4 5 7ThE
HERZEZHND.

Y OEEFHERIOPBEIGE & LT, SA ¥ 7 &/ L CRRYEED B IR
YIE PN FHE SN D SAR, JA/ET & 7 L& L TREERED S IEFE
EANEPENFE SIS WSR, BEXOJA/ET v 7 F %5 L TIRE G |
HICHEMENFESND ISR LW O BRI ML TS (Fu et al, 2013;
Choudhary et al., 2007). TSR Ti¥, RIBIZ F Lo —RZNBT D Z &M,
HEH COMPIHEESFICEETHL Z L ane (Fig. 2-4). £D7c), 1R
H DI B A~D Y 7T REE VD RISV T, TSR & ISR AL L 7815
ThobEE%25. UL TSR IZEIT DM M TORERPIEZ, JA v 7L
HFFETICBWTHER S (Fig. 2-9), SA ¥ 7 FAIEFE FIZB N TREL
#H72birz (Fig. 2-10). =07 TSR 1%, WSR X ISR T2 <, SAR &

DEFWIETHDHEEZDONZYTHDH. —HFTREIICEBWTIE, JAYV Y
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TV DEEL DR B R -8R OFBHNC D 5 Z LR & TE Y (Fig. 2-7,
2-8), JA 7 VOB SRR I RE I BIR AN R -0 5. TSR IZEIT 5 JA &~

JFAOEEEANT, & BITHERIAA RN 21T 5 LED 5.
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Table 2-1-1. Primers used in RT-PCR

Gene name Forward primer sequence (5' to 3')

Reverse primer sequence (5' to 3')

PCR condition *?

OsACT1 TCCATCTTGGCATCTCTCAG GTACCCTCATCAGGCATCTG 1
LOX8 CATGGAGAGGTTCCTGG CCATCAGATGGATGTGC 2
NAC4 GGCTGTACAACAAGAAG CATCACTCCTATTTCCG 3
JAmyb AGCTCATCTTCCGATTC CTAGACATCTAGAAGGC 3
PR1#073 ATCAACTGCGAGCTTGC CGCTTGCATCATGATGT 2
Gns5 CACTGGCATTGGTCCTTG CACCTTGATGTTGCCGAG 4
TLP AACACGCTGGCGGAGTTC GTGAAGGTGCTCGTCTGG 2
OsKSL7 CAAAGGCTTCCGCGTTAC ATAGGGCCTTCCTGTTCG 2
PR10b TGTGGAAGGTCTGCTTGG GTACGCCTCGATCATCTG 2
PR10 TCCAGGCACCATCTACAC AGGTACGCCTCCATCATC 2
a: The numbers indicate PCR condition in Table 2-1-2.
Table 2-1-2. PCR condiotion for RT-PCR
Denature Annealing Elongation Cycle
‘C sec °C sec ‘C sec

1 98 10 50 30 72 30 26

2 98 10 50 30 72 30 32

3 98 10 50 30 72 30 28

4 98 10 50 30 72 30 30
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Table 2-2. The composition of the internal standard

Conponent Consentration (ng/uL)  Final conc. (pg/uL)
JA-d, 5 5

[’He]JA-lle 0.625 0.625
SA-d, 1.25 1.25
SAG-d, 10 10
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Table 2-3-1. The analytical condition for MS

Capillary voltage (kV) 3.5
Desolvation temprature (°C) 300
Source temprature (°C) 120
Cone gas (L/h) 50
Desolvation gas (L/h) 350

Table 2-3-2. The analytical condition for UPLC

Time (min) Flow rate (mL/min) Buffer A (%) Buffer B (%)

0 0.25 100 0
0.2 0.25 100 0
17 0.25 20 80
171 0.25 0 100
18.5 0.25 0 100
19 0.25 100 0
20 0.25 100 0

Buffer A, methanol : water : acetic acid =20:20: 0.5, v/v

Buffer B, methanol : acetic acid = 100 : 0.5, v/v

Table 2-3-3. The condition of MS optimization for MRM mode

Entry [M-H]" (m/z) Transition ion (m/z) Cone voltage (V) Collision energy (eV)
JA 209 58.71 24 16
JA-d; 215 58.71 24 16
JA-lle 322.03 129.68 45 24
[PHelJA-lle 328.03 129.68 45 24
SA 136.83 92,5 26 16
SA-d, 140.83 96.63 26 16
SAG 262.9 152.62 26 12
SAG-d, 268.9 155.62 26 12
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Table 2-4. Primers used in gqRT-PCR

Gene name RAP ID MSU ID Forward primer sequence (5' to 3') Reverse primer sequence (5' to 3')
OsACT1 0s03g0718100 LOC_0s03g50890 TCTCTCTGTATGCCAGTGGTCG GTCGAGACGAAGGATAGCATGG
OsERF83 0s03g0860100 LOC_0s03g64260 AGCCACCACTCCATCTGATC TCAGAGCATGGAACCGGATC
OsSERF91 0s02g0654700 LOC_0s02g43790 TGGTGAGCTAAGTGGCGATG CGACCCATCAAGCAGCAATC
MYB30 050290624300 LOC_0s02g41510 ACTCCGGGATGGAGATGAG GATGAACAGCTTGAGCCAGA
WRKY28 0Os06g0649000 LOC_0Os06g44010 GAGTTGATCGATTTGCATGG GCACGTGTAGAGCGAGCTAA
WRKY40 Os11g0117500 LOC_0s11g02530 AACTCCAAACACCCAAGGAG GTGATCGCCATTGTAGCTGT
WRKY64 0s12g0116700 LOC_0s12902450 TCTTCTGATTCTCCGCATGA TCTCTTGTGTTGGCGAAGAG
WRKY45 0s05g0322900 LOC_0s05925770 CGGGTAAAACGATCGAAAGA TTTCGAAAGCGGAAGAACAG
WRKY62 0s09g0417800 LOC_0s09g25070 TCCCACACATTCCTGTTCAT CTTGCAAGCATTTTGGGATA
WRKY76 0s09g0417600 LOC_0s09925060 AAAACATCGAGGCGCATTTCA AAGCAGCAGAAAAGCATTCG
DREB1A 0s09g0522200 LOC_0s09g35030 ACCTGTACTACGCGAGCTTG TAGTAGCTCCAGAGTGGGAC
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Fig. 2-2. Blast resistance of sugar treated rice plants

(A,B) Twenty one-d-old plants were treated with 5 mM of trehalose, sucrose, or maltose for 5
d. Blast resistnace was detected using the 5th leaf tissue. Data represents means ®=SE (n=24).
Asterisks indicate significant differences compared with values without trehalose (t test, p <
0.01).
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Fig. 2-3. Soil trehalose treatment induces defense genes

Twenty one-d-old rice plants grown on soil were supplied with 5 mM of trehalose from bottom of
the pots. Total RNA was extracted from shoots and used for semi quantitative RT-PCR.
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Fig. 2-4. Tissue specificity of trehalose recognition

Twenty one-d-old soil grown plants were treated with 5 mM trehalose either by spraying aerial
part (A) or soaking pots to the solution (B). Five days after the treatments, the 5th leaf tissue
was detached and spotted with the blast spore suspension. After 5days of inoculation, lesion
length was measured. Data represents mean =SE (n=24). Asterisks indicate statistically
significant differences compared with values without trehalose (t test, p < 0.01).
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Fig. 2-5. Jasmonate accumulation in roots and shoots during TSR

Hydroponically grown 14-d-old seedlings were treated with trehalose by replacing water with 5 mM trehalose solution.
Hormones were extracted from roots and shoots of the seedlings at 0, 0.5, 1, 2, 4, 8, 16, and 24 h after initiation of the
treatment. Data represents means £SE (n=4).
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Fig. 2-6. Salycylate accumulation in roots and shoots during TSR

Hydroponically grown 14-d-old seedlings were treated with trehalose by replacing water with 5 mM trehalose solution.
Hormones were extracted from roots and shoots of the seedlings at 0, 0.5, 1, 2, 4, 8, 16, and 24 h after initiation of the
treatment. Data represents means £SE (n=4).
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Fig. 2-7. Expression analysis of trehalose inducible transcription factors using hebiba

Hydroponically grown 12-d-old seedlings were treated with 5 mM trehalose in roots. Total RNA was extracted from
the roots and used for gRT-PCR. Wild-type plants (WT) and the JA biosynthesis mutant plants (hebiba) were uesd.
Data represents means ==SE (n=3) and ND means not detectable.
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Fig. 2-8. Expression analysis of trehalose inducible transcription factors using NahG

Hydroponically grown 12-d-old seedlings were treated with 5 mM trehalose in roots. Total RNA was extracted from
the roots and used for qRT-PCR. Wild-type plants (WT) and the SA deficient transgenic plants (NahG) were uesd.
Data represents means == SE (n=3).
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Fig. 2-9. Disease resistance of trehalose-treated rice using hebiba

(A,B) Twenty one-d-old wild-type and hebiba plants were treated with 5 mM of trehalose for 5
d. Blast resistnace was analyzed using the 5th leaf tissue. Data represents mean *=SE (n=24).
Different letters indicate the statisticaly differences (tukey test, p < 0.05).
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Fig. 2-10. Disease resistance of trehalose-treated rice using NahG

(A,B) Twenty one-d-old wild-type and NahG plants were treated with 5 mM of trehalose for 5 d.
Blast resistnace was analyzed using the 5th leaf tissue. Data represents mean %= SE (n=30).
Different letters indicate the statisticaly differences (tukey test, p < 0.05).
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BI3E b lon—RAEEBRERITET DI E DT

H
—
z
=

TSR (X b Lo —ARRIZEIEXEZSNDIBRTH LD, FlLoam—AN
EDEHIZLTTSR 2T 20T AHTH S, TSR OFFeskAlL LTix, U
T 3 OOEMENEZ NS, Thbb, Mo kLose— 235 flafkic
WEEZ T 5 2 & T TSR # 5] & 23 araetk, Mlasho b Losm — 25340
s - O RIRICEE SN D Z & T TSR % 5| &k 23 algetk, Mlastn S HD

AENT b LA —ZHENICERT 2 Z & TTSR 25| SR Z I W REETH

L

5. 20956 3 DHOMRMELIRIET 2720121%, MRNO kN Lose — 2 EFE
AN SERE DT, BHBEER ORI, 1 20 BIFIREUE DR
Wrat1o L BFHTH 5.
mEMEIZBIT D F e —20EEEIT, TPS 3 X TPP I = 54
BRSOGE, N LT — BT S0 2 KRS Lo THIE S D . @
FENRAFSND b UANT—EBIE, 72/ BRELSI ORERIED & B K 5y sk
#%7 7 2 U — (glycoside hydrolase family, GH family) 37 {c/p¥H &N 5. Bk
W &L, 2 DOEGHEBER B TR ENENSHE AL —TCREFEINTNDHOD
XL, PN T—=BEEFITT A1 a B —LMEELRY. 205
FEHHTO N —2AGRITHE - OBEFIC Lo THIEEN D LB BbND.

FleA XD LT —E OsTREL I TMIEIZRET D22 /RSN TEY
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(Islametal., 2018) , F L u—2ADOERE 51T 5 5%, Mk O E
Tob L ATREMED E .

RETUE TSR OB IR & 7T 5 720, OsTRED EHE T2 L= kL
o — R EERM A L, (B SRRSO C TSR OB &2 Bl Sh

AR/AY i Ry
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528 FEBRMERE X OE

%1 R O ORERL

N6D £5Hb
CHU N6 salts (Sigma) 4¢g
N6 vitamin (x100) 10 mL
myo-Inositol 100 mg
Casamino acid 300 mg
Proline 28¢g
2,4-Dichlorophenoxyacetic acid 2 mg
Sucrose 30¢g

NaOH T pH5.8 (ZA&bH 2%, gellan gum 3 g Z /1%, 1000 mL ([ZFH#& L 7-.

121°C, 20 434 —h27 L—T7 L7,

N6 vitamin (x100)

Glycine 20 mg
Nicotinic acid 5 mg
Pylidoxine, hydrochloride 5 mg
Thiamine, hydrochloride 20 mg
H20 to 100 mL
AB Bzt
KoHPO4 3g
NaH2PO4 - 2H20 lg
NH.C1 lg
KCl1 150 mg
CaClz - 2H20 12 mg
FeSO, - 7TH:20 2.5 mg
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Glucose 5g
NaOH T pH 7.2 ([ZAbE7/=%, agar 15 g # /1%, 1000 mL (ZFHF L7=.

121°C, 20 &34 —hr27 L—7L, 1M MgSO4 % 1.22 mL Nz 7=.

AAM RIR LS 1
1000xAA1 1 mL
1000xAA2 1 mL
1000xAA3 1 mL
1000xAA4 1 mL
1000xAA5 1 mL
200xAA6 5 mL
100xAA sol. 10 mL
Casamino acid 05¢g
Sucrose 68.5¢g
Glucose 36 g
L-glutamine 900 mg
L-aspartate 300 mg
KCl 38

NaOH T pH5.2 (28 bE 7=, 1000 mL (ZF% L7-=. 121°C, 20 &4 — b
7 v —7 L, 10 mg/mL 7 & k> U > 3> (3, 5-Dimethoxy-4™-

hydroxyacetophenone, in DMSO) % 1 mL iz 7=.

AA stock solutions (10 mL)

1000xAA1
MnSOs- H20 100 mg
HsBO4 30 mg
ZnSOy4 - TH20 20 mg
CuSOq4- 5H=20 0.25 mg
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CoClz - 6H20
KI
H20

1000xAA2

CaClq - 2H20
H20

1000xAA3

MgSO4 - TH20
H-0

1000xAA4

Fe-EDTA
H20

1000xAA5

NaH:PO, - 2H20
H-20

1000xAA6

myo-Inositol

Nicotinic acid

Pyridoxine, hydrochloride
Thiamine, hydrochloride

H20

to

to

to

to

to

to

0.25 mg
7.5 mg
10 mL

15¢g
10 mL

25¢g
10 mL

04¢g
10 mL

15¢g
10 mL

10 g
100 mg
100 mg

500 mL
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100xAA sol.

L-arginine 16g
Glycine 75 mg
H20 to 100 mL
2N6AS Bz
CHU N6 salts (Sigma) 4¢g
N6 vitamin (x100) 10 mL
myo-Inositol 100 mg
Casamino acid 300 mg
2,4-Dichlorophenoxyacetic acid 2 mg
Sucrose 30¢g
Glucose 10g

NaOH T pH5.2 [ZHGbET-1%, gellangum4 g /i1 2 1000 mL [ZFH% L 7=.

121°C, 20 pfiA—hrZ7 L —7L, 10 mgmL 7t h> V2% 1 mL Tz

7z

MSNK 521t
MS salts (Sigma) 43¢g
MS vitamin (x100) 10 mL
myo-Inositol 100 mg
Casamino acid 2g
Kinetine (0.1 mg/mL) 20 mL
NAA (0.2 mg/mL) 1 mL
Sucrose 30 g
Sorbitol 30¢g
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NaOH T pH 5.8 IZA > 7=%, gellan gum 3 g %12 1000 mL (ZFH% L 7=.
121°C, 20 oA — 27 L—7L, 2560 mg/mL #/L~X=21V >, 50 mg/mL />

A r7a~vA % 1mL3$2o0x7.

MS vitamin (x100)

Glycine 20 mg
Nicotinic acid 50 mg
Pyridoxine, hydrochloride 100 mg
Thiamine, hydrochloride 100 mg
H20 to 100 mL

o2 WM E

BpAERIRRE LC, 4% (Oryzasatival.) fff @O0y ZEH L.

B3WE T AEEA AT P OFR

CRISPR/Cas9 (2L 57 ) LREEZATH T2, FTA4 K RNA BL O Cas9 ¥
NWIBHA—RTHaA 77 FaFILT.. 7/ ARESIILZ 22—
TOMMR I ASEHAY A~ —k v FPABMUKICEML, 95°C TEULH L 721,
FIRT 20 HFHET L2 L T2 ARHEAY I~v—L L. Rl ENT- 2 KAV
=~—% Bbs I THIWT & 7= pUGgRNA | A L7-. Z® pU6gRNA % Pac 1
BEIO Asc I TUIWT L, #BI~2 ¥ —pZDgRNA_Cas9 ver.2_HPT (23 AT %
ZETH ) AREa VAT RE L. ERLEaYy A NT 7 ME

Agrobacterium tumefacience EHA105 tRIZE AN L, A X EEHICH W, 7
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J AFRERERIEALIEL OsTREI Ox=F% Y U HIC 2 @EFEREL, AU I~v—k& v
(XL T DfeA 2 7z, Target2, 5-GTTGACCCTGGGCAGGAACCCGGG-
3 B X T 5-AAACCCCGGGTTCCTGCCCAGGGT-3; Targetd , 5
GTTGGCAGGTCGACGTAGAGCTTG-3 S & [6) 5-
AAACCAAGCTCTACGTCGACCTGC-3. pU6gRNA 6 XU pZDgRNA_Cas9
ver.2_HPT 1%, 3 - RAERDANREUITEHAE ORI 1 L0 Ty

T2z,

o4 T R

H2E, H2HOFEIIHEL YTk,

#5 I  JRHEISHA R O/EH

TEE LA 2 OVEHIL A. tumefacience % F TR HEN) 72 515 CT1T - 7= (Hiel
et al,, 1994) . 55 4 HOIIEIZHE U TR L7l 2 N6D Bei i fE i L,
SHMEEERT DI L TUNAEFHFE L., FEINT VAT AAM iRIRESHy
T L7 A. tumefacience BEIKIZIR T Z & T, A. tumefacience | ZJ&G: S
o, YOIV A% 2N6AS 54 T 3 B M3EfFREAE L. LR atk, L
A ZPEKTELPEY, 50 pg/mL A <A 2B LW 250 ug/mL A1
=¥V v zaEie N6D it BIZER L, S6IC 3R L. BEL T2l
VAT MSNK B HUZ B3 2 & TR S, B4 L7CE®RIL 3 B B AHEEE

THHb =&k, L~BELT.
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%6 4/ . DNA HhiH

77 5 DNA OfHITHER > P W TIT o 7o, # B 2 ik 2 35 CRul
HAE S, VT E—XT g v —% HW T Uz, IRk R 2 A% ik [100
mM Tris-HCI (pH 9.0), 40 mM EDTA, 1.67% SDS] 300 pL, ¥ifk~<> /1 (Wako)
150 pL 201z, 50°C T 15 /yRIEVAE L7=. BVLEE#%, 3 M fifg+ bV o4

(pH5.2) 150 pL Nz, K EIZ 15 oRIEE Lo, £ DO®RIESK%Z 12,000%g,
15 min O LR EEZEI L. IS 2 FEO=% J — L&z
12,000xg, 15 min Cim.LyEEd 5 Z & T4 7 4 DNA ZibBsH7-. B L7-
DNA IE 70% =% / — /L CHg L, BM/KICEMRT 52 & T 5 DNARIR L

L.

BT 7 5 PCRBIOY—2 = AfiRHr

PCR E£# (213 EX Taq Z W o, ROSKIZ~Y == 7 /VIZHEC CTIRELL, 7/
DLAREARHIEN. 23 e OsTRELI O nlis %z, U TOT 74 ~v—k v b &
T ¥ W L 7= . 5-CTCCTCGTCCTCACAAAC-3 ¥ X W 5-
TAGTAGACCTCCCGGAAC-3". PCR 513 98°C, 3 /MO ELE M, 98°C,
10 OB, 55°C, 30 DT =—1U 7, 72°C, 30 B OMERIG%
30 A 7 AT~ 7. HEE S 7=Wr i % pGEM-T Easy Vector (Promega) (2
ANL7=. v—27 = Zfi#HT1E BigDye Terminator v3.1 Cycle Sequencing Kit

(Applied Biosystems) & ABI3130 Genetic Analyzer (Applied Biosystems)

ZHWTIiTo 7.
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%58 IH KRS
28, HB2HOFEIEL TToT. 722 LA LRREN OIS 16 FF

A8 IFfmEHI & L 7=,

% 98 RNA it - cDNA &%

28, F2HOTIEIIHEL TITo .

&

%10 H EREM RT-PCR

W2, B 2MMOFIEICHEL TITHo 7=, OsTREI OB OHEE L, 7 F
f{ ~ = 5-GGGTATTTCCCTCACTGCTG-3’ L 5-
GCGCGGTTCTGTGAGATAG-3 % V>, PCR %&ffi% 98°C, 3 4yfiidEZEM:
%, 98°C, 10 MHIDEZEM:, 55°C, 30 DT =—1U 7, 72°C, 30 B D
MERIEA 30 A 7 M To7-. F7- OsACT1 OERSEH | OHREIL, I A ~
— 5-TCCATCTTGGCATCTCTCAG-3 & 5-GTACCCTCATCAGGCATCTG-
3 &My, PCR 413 98°C, 3 srfH 0 EVE M, 98°C, 10 FP[H DBV, 55°C,

30 DT ==V 7, 72°C, 30 BREOMENKIGZ 26 Y1 7 WATo Tz,

% 115 NaCl 4Lt
NaCl JLB X, KBEEE L7 12 B 2 7 7 AF v 7 A v 2T &, 150
mM NaCl (Wako) TS/ h~ L, fBEIZ NaCl KKz 24 B

[FPRFF9 2 2 & TITo 7z,
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12 LT —BIEHERE

11 HOIEICHE LT, NaClAAEAT (12 Hiff) &£ 0 NaCl 448 (13 A
i) DL O Z B L7z, B L 7ok A IR E 3R TRl S8, v /L F
=X a vy h—a AW T L7, Bl L 72/ 50 mM MES-KOH (pH
5.7) ZNATHIFRL, 12,000xg, 20 s3HOELIEEZIT- T, Hohic BiE%
& 51T 14,000xg, 10 o0z LIBEIHT Z & T, JEzEeIlcRELEL. 15
ST R BIEEERIEL, Amicon Ultra-0.5, 10 kDa (Merck) % WV CiEfE
Liz. X7 EREOHIEILX Takara Bradford Protein Assay Kit (Takara)
ZHWTITY, EEREIZIIMEO Y S IET VT X a W,

NUNT —BIEMIE, b — ARG LD AL 5ERED 72—
FEETHIETHMLE. KISE [560 mM MES-KOH (pH 5.7), 10 mM
trehalose 999 (Hayashibara), crude protein 20 pg] 100 pL % 30°C T 60 4y fH
OGS &8, £0% 100°C, 10 3 OBSLE TRISZAF L Sz, KSR F D 7
NVa—RAEE, Zva—ACI-7 A U a— (Wako) (2 &0 FEAKEETT- 72
%, 505 nm 2B T DWLEAZRET S Z & TR L. REMHET 1 5B 2

nmol D/ )NV a—R&x 5z AlEFEELY 1U & L7-.

B 13 IH  AlEtERE O R

KB E: L7212 R o shes 2 vz, REB X O Bzt iEI L,
R EHTARER S, vV F U —Rv g v I—%2 AW TR L. e L=
FHRIZ0.1 mMT 7 b — A KR &2 Y > 71100 mglZxt L1 mLANz, 30474

WLz, ZOHIK ETRM L12,000xg, 553D LBz T o7, EiFAENY
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L, &51214,000xg, 104 H D LOBEZATWRIEZERE LIz, 5 0NTERIR

130.45 pmfL7 4V Z — T+ 5 Z & TRIEHF 7L e L.

H14H  AlEtEREONIE

AIYEMEREOREX, A A7 r~ 777 14— (DIONEX ICS-5000+) &,
NPV ART a2 MY —ftasE AW TITo72. 77 A2k CarboPac PA1
ZHV, BHIE 40 mM NaOH T 40 o T-7=. Z/va—RA, 77 h—2XA,
A=A, hbmrr—R, BELORT 7 b —ZXDREITEER ORFFREH & DL
B K VATV, ABER R AL 2 WD TR LB e b S ICE L.
DI IREZNEIEEYE (77 h—R) ORETHET D Z LT, AEEY

hORESEREZRH L.

¥ 15 U T /LZA A PCR

oo E 2 EHOFEICHL TTo . RISICHWE T I 4 ~—OKAIT

Table 3-1 |2/~
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%17  OsTREI 2 BRRO/EH

OsTRE1 ERMEEZNEHT 5720, UKBRTOHE 1 =%V I 2 EHDT /
AmEEEREAL (Target 2 3 X O Target 3) ZiX & L7z (Fig. 3-1A) .
CRISPR/Cas9 % W THEAZERIENL D B ENZE I 1 R/ D OsTRET 2 bk (2.15-
2 ZEB L 3.4-2 Z#0) HIEH LT-. FERMKDHS 7 5 DNA ZHiH L,
OsTRE1 B{n 1 ORI ZfENT LT- & 2 A, 2.15-2 2k TIXEFAER OsTRE1 Eix
T LR LT 2 HEDOKRK, 3.4-2 R TIL THIEDO KK L 1RO B IEILE
Eh7- (Fig.3-1B) . o8B 1TMND, FEEKD OsTRE1 72— K9
HREUNIEEWELIZEZA, 2152 R TIX 100 FHDO 7Y v, 3.4°2 %
MTIX 40 FHD U > UUBEOT I 7 BRSNS, B4R OsTREL & HE7x > T
7= (Fig. 3-2) . £AER KT, HEX " 7EOEE AN OsTREL &

e L CaL Zp o Tz (Fig. 3-2) .

%5 218  OsTREIZEFARIZEIT % OsTRE1 D¥HL

T BSOEFEAN, OsTRE1 ORBUEZ 52 20 BE Lz, Kk
g U7z 12 Bl O OB 5 RNA ZhiH L, FEEM RT-PCR ZHW\ T
OsTRE1 ORBZEE Uiz, £72 2 OWE, BAES 2 850 I A3 28 B AT &
D TR IR & Uic. FBURIT ORER, 2.15-2 Rfeds KO 3.4-2 FZiff TILEF
ATRIRR & el U C OsTRET OFBIMET LTz (Fig. 3-3) . 6> TH /AL

DEFRE ALY, OsTREI D mRNA EHEENBADT 5 Z LRI NI,
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% 31  OsTREIZEHMRD b LT —BiGHE

B1EBIOE 2HOMERN D, OsTREI ERETIE b LT —BIEMENMK
TLTWD EPREINTZ. &2 CTRIER: L2 12 HEROShE ORI G
R7E R L, invitro TO F LT —BiEEEZHE L2, £ DOREE, OsTREI
BERD N LT —BIEMEIE, BT E iR LT 2.15-2 R# T 29%, 3.4-2 5%
MT18%F TIK F LTz (Fig. 3-4) . £7- OsTRE1 % NaCl ALBEZ L v ¥
BFEIh, IRETO MNT—BiEEE EH S8 % (Islametal., 2018) . #
2T NaCl iz L72AREICEB N TS, FRO b LT —BIEERIE 21T -
To. JKBEESE L7z 12 Al OS i ORE %2 150 mM NaCl T 24 FfEjALBE L7z,
WLERRE DR Z X7 Baf L, ST —BIRHZ2HE L. TR
FECIE, NaCl LBz K W AR T b LT —BIEMEN 2.3 51 LA/ Lizolkt
L, #ZHEETIE NaCl WBIC L5 R LT —BiEo FAMEER S -
7= (Fig.3-4) . ULEOKER LY, OsTREI ZEBEMROMBITIT b LT —BTRME

METT 22 EpmRahr.

% 470 OsTREI ZRERIZI T 2 vl ENERE O

NG —BIEEOR FIC L DEEBEEOE LT DL720, APREE L
12 Ao OB R L O Ef 2 H <, oo —R&, F)va—R&, 7))L
J h—RA, BIORAZ o —2AOEEREY ER LI AR TO M — 2 EH®
1%, BATUERDY 64 png/gFW TH - 7=DIZkt L, 2.15-2 Z#eiL 178 pg/gFW, 3.4-
2 AL 240 pg/gFW Th -7 (Fig. 3-5) . ZHIFBHARKO b Long—2E

BED 2.8 MBI N3.8ETHY, OsTREI ZEKOBETIZ R Lz —20
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BT D ZENAGNE o7, ETRFICBT L7 v a—R LT LT h—

N

DFEFENT, BRI E OsTREI ARKKOB TEITA BN o7, A7 1

— A

B

FEEIZHOWTIL 2.152 B TO R BEIZE Sz (Fig. 3-5) .
HESTO N o — XAEREEIE, BAREN 52 ng/gFW Th > 7=01Zx%t L,
2.15-2 A% 192 ng/gFW, 38.4-2 2#tld 247 pg/gFW ThH - 7= (Fig. 3-6) . =
FUTE AR D b Lo —2AERBED 3.7 HFBL 4.8 THY, OsTREI &
BRECIIM EEICBWTE Lo —AREER/ L W=, 728 Bz
L7V h—RAL AT a—AOEMEIL, AR L HEE L T OsTRED 4 2k
THIL T2, Z b a—REREEIZHOWTIT 2.15-2 B TO M AEILE &

n7- (Fig. 3-6) .

BHIE  Nloo—ARBEIC L D BHEBE G T OB )
ZZETORREND, OsTREI ZEREETIX AT —EBIHEEIMET L, RES
BIOMH EHIZ N e —2ARGEET L E08HLNE RS, £2T
OsTRE1 ZEBLBRIZHE T, TSR IR B 4L 2 ARES T OBGHBIE R 7 O R H75E
DBLER SN D D Z AT, AKBERES L7z 12 Bl OREZ W T, L
0 — A FHEM LT, PRI1#073, LOXS, JAmyb, OsKSL4, ¥ X 1" OsKSL7 ™
HHEZBE LT, TORE, LOXS8 3 XN OsKSL4 O3BLIE, BpAMK L
OsTRE1 ZE Rk CEFBIE SN2 -7 (Fig. 3-7) . —J5 T, PRI#073,
JAmyb, B X OsKSL7 DF#HIL, 2.15-2 % THOH EF L= (Fig. 3-7) .

o> T OsTREI ZEBIEORE TIX, 2.15-2 R TOI, —EdD kLo — 2
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R (PRI#073, JAmyb, OsKSL7) OFBNFEINDN, 2 DDZH

WZHE@T 5, bl —AFFEMEBLRFORBFEIIHEIN o T,
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H
S
%”%
I
b

REFA~D ~ Lo —ZRABX TSR 2745, LorL g —ARED X
HIZLTTSR ZFHELT 2NEAHATHSH. AETIHE, MENO FLo—2F
Y TSR % 5| & i Z 3 Al BEMEIC DWW CHGE L7=. CRISPR/Cas9 % W CHEH
L7c OsTRE1 ZERKTIE, M T—BIEEDOKT &, REH L UM EETo
oo —AEEENELR SN, OsTREI ERERORETIE, 2.15-2 ZHT
DIx, —FD b bonm—ZAFFEMERBRFORBGHFENBIE SN2, 2 DDO%k
BT S, honm —AFFEMRRFORBFFE BRI Lo Tz,

mRNA OFt AR ORICH = 7okl a RO AL L SE L8R EF v A%

L

—

VI BEEMTIE, Ut AEREZFFO mRNAICK A RFE X R0 E
DEMBEZH S, R mRNA 2 &R W25 BT 5K
(Nonsense—mediated mRNA decay, NMD) 23 {F7E9 % (Maquat, 2002) . 1E
L7 2 %#D OsTREI % TlE, OsTREI ® mRNA (Z7 L—AT 7 hMC
BRI 2=k tha RURNAE LD EHEE SN2 (Fig. 3-2) . £ D72 Rk
IZ81F %5 OsTRE1 ® mRNA FREE&OHA L (Fig. 3-3) , NMD (2 & % 5 fifh
RN ThHEEILND.

HLE T EE TG, OsTRE1 ZRKETIE N LT —BIEHOK
TOBEINTN, EEOZERRERITIA N0 -7 (Fig. 3-4) . OsTREI
® mRNA [ZOWTHEBOERRWRITIR 6T (Fig. 3-3) , TN ZEELE
DFEAF B LT —EBIEEORKICH A 5. Lo LB AR N6, &28 LK

IZBW T OsTREL 2MERE 2 FF L T\ 5 ATREMEIEE 212 < v (Fig. 3-1, 3-2) .
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ZDIDERK TR SN2 LT —BIEMHIL OsTREL & 8205 2 X7 F
[CHSRT 2 FEEMRH 5. R LT —BIZ— &0 GH15, 37, 3L U065 1257
JHEN 57 (Shuklaetal, 2015) , A RIZBWTIZGHI LTV 65 =2 — K
THEBFITRHSN TR, S0 TA RITHE, RO b Losa— R fRlEsR
DAEAET D RN B 2 b b.

OsTRE1 ZES8BRIZI T 2 AlEMEREOfFNT 26, #E B CIE b bove — 2R
ERHIT 5703 TRL, 707 b—ABLORAZ 0 —2AOERBE LT 5
ZENRHBM LR (Fig. 3-6) . YA XFXFTIE, bl —2ARK
OHFAETH D Tre6P ODEEN, FLa—A, A7 h—Z, BIORAI o
—ADERERE L, EOMBEBRIZH D Z LIRS TS (Yadavetal,, 2014) .
FDID b —2AERES, MOREEHEE L IEOMBERRICH 5 TR
T EZ NS, —HTIREICEWNTIE, #EESTHBEINS L7, P
o— AR MOREFERE & OBRIZAE S o7 (Fig. 3-5) . AREBIX
I T BWMBETHDL EEZEZ DI, RO ITFER ED Y — ARE
MBI L T D A7 m—A ZHKT %5 (Wardetal,, 1998) . fiE> TZ OF5FR
X, Fle—2OEEBEBPPEFRTICCE L 52RO AR EZ R LTV D,

OsTRE1 Z B KEOMRE % VT, TSR THE SN 5B Is 1 5 FLO R % fpT
L7-ER, 2.15-2 Rk TOH PRI#073, JAmyb, ¥ XN OsKSL7 O EIFHE
NI (Fig. 3-7) . 2.15°2 R & 3.4°2 RfElE, WTILHIRERIZ F L
O—AEmEBLTND. TOED, ZORBFEOFINNS h Lo —2AEHET
b5 EITBAIILL, A/ n—AEHEERR CMORKRNEZZ X Z0LERHDH. £-

LOX8 ¥ X 1Y OsKSL4 DFBI%, BRIk OsTRE1 B RO TEITA O
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2otz (Fig.3-7) . BLEDZ &0n, OsTREI AR TIE, 2 >DO%RKKICIH
BT 5 b n—AFFENERFOREFEIIBE ST, P —2XEE
H28 TSR OB S 25 & Z ARV E & 2 51 5. TSR ITHIES O K

boa =Rl Lo THE SN D ATREMED F.
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Table 3-1. Primers used in gqRT-PCR

Gene name RAP ID MSU ID Forward primer sequence (5' to 3') Reverse primer sequence (5' to 3')
OsACT1 0s03g0718100 LOC_0Os03g50890 TCTCTCTGTATGCCAGTGGTCG GTCGAGACGAAGGATAGCATGG
PR1#073 0s07g0127600 LOC_0s07g03590 TTATATATGTATGTTCGTATGTATGTATGC TGATGTACTTATTCCATCCGACAC
LOX8 0Os08g0509100 LOC_0Os08g39850 TGGGAGGACATCTACTTGC AACATCAACAACAACCACTTC
JAmyb Os11g0684000 LOC_Os11g45740 GCAAGAGGTTCAAGGATGCCA AGCTAGTCACCATGCTCGGA

KSL4 0s04g0179700 LOC_0Os04g10060 CGCCTTTGTAACTCTAAGGTA ACGTAAAAGGCTTGTATATC

KSL7 0s02g0570400 LOC_0s02g36140 TTCATCTCTGTCACTTTTTCTTTTT ATCCCAACGAAGTCATCCAC
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OsTRE1 genomic DNA

[ —HHHHHHE

A A
200 bp
B
493 503 513
WT |ACCCCcCcCeGGGTTEETGEECAGGGTG
| PAM | gRNA_Target2 )

2.15-2 /\/\/\/\/\/\ /\N\M/\/\A/\/\/\/\MN\/\

ACCCCCC--GGTTCCTGCCCAGGGTG

313 323 333 |

WT  |cAceeeAA GETOTAEGTEGATOT GEE
| PAM | gRNA_Target3 )

342 AN TR
GACCCC@®------- CGTCGACCTGCC

Fig. 3-1. Creation of the ostrel mutants
(A) Structure of the OsTRE1 gene. UTR, exon, and intron were indicated by white box, gray box, and
black horizontal line, respectively. Edited genome site of two independent lines, 2.15-2 and 3.4-2,

locate on black and white triangle, respectively. (B) Edited genome sequence of line 2.15-2 and line
3.4-2.
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2.15-2

3.4-2

2.15-2

3.4-2

2.15-2

3.4-2

2.15-2

3.4-2

2.15-2

3.4-2

2.15-2

3.4-2

2.15-2

3.4-2

2.15-2

34-2

2.15-2

3.4-2

20 30 40 50 6!

1 10
ATGGCGCCCACCGCCGCGGTTGCCGGGEGEGTGGCGTGGAGGCGGAGGCGCTGCTGGGGCTG
A A A \ A G G G \% E A E A L L G L

3

M A A A \ A G G G \% E A E A L L G L

70 80 %0 100 110 120
CTGCAGCGGGTGCAGTICGGAGGCGCTGCGGGCGTTCGGGCCGAACGACT T CGACCCCUVAE
L Q R \ Q E A L R A F G N D F D K
CTGCAGCGGGTGCAGTCGGAGGCGCTGCGGGCGTTCGGGCCGAACGACTTCGACCCCUVAE
L Q R \Y Q E A L R A F G N D F D K
CTGCAGCGGGTGCAGTICGGAGGCGCTGCGOGGGCGTTCGGGCCGAACGACT T CGACCCCRiiy
L Q R \Y Q E A L R A F G N D F D ---
130 150 170

140 160 180
ICAN@RWNC GTCGACCTGCCGCTCGCCGCCGACGCCAGCGCGGCGGCCGCGCTGGCGTCGCTG
L Y \Y D L L A A D A A A A A L A L
ICAN@RWNC GTCGACCTGCCGCTCGCCGCCGACGCCAGCGCGGCGGCCGCGCTGGCGTCGCTG
L Y \Y D L L A A D A A A A A L A L

€ - - - - [chidc I NdaiddddeaidcdddcdddcyNacddeNcldcddcdcdeccddcelcien iciclelchiecienic]

C R A R R R w R R

190 200 2)0 220 230 2

CCGCGGGCGEGGCGCCGTCGAGGGGCGAGATGGAGGCCTACATCTCGAGGTACTTCGCGCTG
R A A R G E M E A Y | R Y F A L

CCGCGGGCGGCGCCGTCGAGGGGCGAGATGGAGGCCTACATCTCGAGGTACTTCGCGCTG
R A A R G E M E A Y | R Y F A L

CCGCGGGCGGCGCCGTCGAGGGGCGAGATGGAGGCCTACATCTCGAGGTACTTCGCGCTG
R G R R R R G A R W R R G R w

5 M

250 260 270

280 29 300
GCCGGGTCCGACCTCGTCGCCGCCGCCGACCCGCCGGACTTCGAGCGCGACCCCCCIAEGG
A G D L \% A A A D D F E R D G
GCCGGGTCCGACCTCGTCGCCGCCGCCGACCCGCCGGACTTCGAGCGCGACCCCCCRIEGG
A G D L \ A A A D D F E R D - -
GCCGGGTCCGACCTCGICGCCGCCGCCGACCCGCCGGACTITCGAGCGCGACCCCCCIAEGG

G R R A G

3

310 320 330 340 350 3

TTCCTGCCCAGGGTGGAGCGCGCCGAGGCGCGGGCCTGGGCGCTGGAGGTGCACGCGCTG
F L R \Y E R A E A R A w A L E \Y H A L
TTCCTGCCCAGGGTGGAGCGCGCCGAGGCGCGGGECCTGGGCGCTGGAGGTGCACGCGCTG

\Y A Q G G A R R G A G L G A G G A R A
TTCCTGCCCAGGGTGGAGCGCGCCGAGGCGCGGGCCTGGGCGCTGGAGGTGCACGCGCTG
C G w A R R G G R W R C R C

370 380 390 400 410 4;
TGGAAGGACCTGACGCGGCGOGGGTGGECGCCGGCCGTCGCGGCGCGCCCCGACCGGCACACG
w K D L R R \% A A \% A A R D R H
TGGAAGGACCTGACGCGGCGGGTGGCGCCGGCCOGTICGCGGCGCGCCCCGACCGGCACACG
\% E G D A A G G A G R R G A R A H

TGGAAGGACCTGA
G R *

8

430 440 450 460 470 480

CTGCTGCCGCTCCCCGGCAGGGTGGTCGTGCCGGGCTCCAGGTITCCGGGAGGTCTACTAC
L L L G R V V V P G S R F R E V Y ¥
CTGCTGCCGCTCCCCGGCAGGGTGGTCGTGCCGGGCTCCAGGT TCCGGGAGGTCTACTAC
A A A A R Q G G R A G L Q Vv G G L L

490 500 510 520 530 540
TGGGACTCCTACTGGGTCGTCAGAGGTTTACTGGTGAGCAAAATGTIATGAGACGGCAAAG
W D Y w \'% \% R G L L \% K M Y E A K

TGGGACTCCTACTGGGTCGTCAGAGGTTTACTIGGTGAGCAAAATGTATGA
L G L L L G R Q R F G E Q N \ *

Fig. 3-2 . Alignment of the cDNA sequences encoded by OsTRE1.
The cDNA sequences of OsTRE1 derived from wild-type (AK108163), 2.15-2, and 3.4-2 were aligned.
Deduced amino acid sequences were indicated below nucleotide sequence.
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OsTRE1

OsACT1

Fig. 3-3. The expression of OsTRE1 in the ostrel mutants
Total RNA was extracted from the roots of 12-d-old seedlings. Semi-quantitative RT-PCR was
performed using OsTRE1-specific primers. OSACT1 expression was used as the endogenous control.
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16 - °
14 I O No treatment
12 4 @ 150 mM NaCl
EﬂO .
D 8 -
.
6 _ 1
4 A C
c c
2 T T T =E
1 T -
: S

WT 2.15-2 3.4-2

Fig. 3-4 . Trehalase activity of the ostrel mutants

Hydroponically grown 12-d-old seedlings were treated with 150 mM NaCl for 24 h. Crude protein was
extracted from roots tissue collected before the treatment (No treatment) and after the treatment.
Trehalose hydrolyzing activity was measured from the amount of glucose released from trehalose.
Data represent means = SE (n = 3). Different letters indicate statistically significant differences with
P < 0.05 (Tukey test).
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Trehalose Glucose

0.3 - 0.5 -
% %
04 -
50.2 1 s 03
<, 5
[®)] (@)]
g € 0.2 -
0.1 -
j 0.1 |
0.0 - 0.0 -
2152  3.4-2 2.15-2  3.4-2
Fructose Sucrose
1.2 A 1.2 1
1.0 1.0
0.8 - 0.8 -
= =
Lo (1
20.6 A 206 A
(@] (@)]
£ £
04 - 04 A
0.2 A 0.2 A
0.0 - 0.0 -
2152  3.4-2 2.15-2  3.4-2

Fig. 3-5. Soluble sugar contents of roots in the ostrel mutants

Seedlings were grown under hydroponic conditions for 12 d. Soluble sugars were then extracted from
the roots and quantified using HPAEC-PAD. The data represent means £ SE (n = 4). Asterisks indicate
statistically significant differences compared with the wild-type (t test, *: 0.01 < p < 0.05, **:p <
0.01).
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Trehalose Glucose

0.3 - 1.4 - "
1.2 -
;0'2 | 1.0 -
T “5530'8 i
2 20.6 1
0.1 1 04 |
] "
0.0 - 0.0 -
2.15-2  3.4-2 WT 2.15-2  3.4-2
Fructose Sucrose
1.8 A 25 -
* %
1.5 20
1.2 *%
: 215 1
go.g . 2
£ €10 -
0.6 -
0.3 — 57
0.0 — 0 -
2152  3.4-2 WT 2.15-2 3.4-2

Fig. 3-6. Soluble sugar contents of shoots in the ostrel mutants

Seedlings were grown under hydroponic conditions for 12 d. Soluble sugars were then extracted from
the shoots and quantified using HPAEC-PAD. The data represent means = SE (n = 4). Asterisks
indicate statistically significant differences compared with the wild-type (t test, *: 0.01 < p <0.05, *
*:p<0.01).
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Relative expression

Relative expression

PR1#073 LOX8 JAmyb

7 A 4 A 2 -
3
sk
6 - 3.5 A
5 | S 31 515 -
A a
325 - 3
4 a S
3 2 A S 11
3 2454 2
1 0.5 1
11 0.5
0 - 0 0 -
WT 2152 342 WT 2152 342 WT 2152 342
OsKSL4 OsKSL7
3.5 - 40 - By
3 .
c
25 - 230 1
1]
(0]
2 S
3 20 A
1.5 A é
T §1o :
0.5 -
0 - 0 -

WT 2.15-2 3.4-2 WT 2.15-2 3.4-2

Fig. 3-7. Expression analysis of trehalose-inducible genes in the ostrel mutants
gRT-PCR was performed using total RNA isolated from wild type (WT) and mutants (lines 2.15-2 and
3.4-2) grown under hydroponic conditions. The expression level of each defense-related gene was
normalized to the expression of OsACT1. The data represents mean £ SE (n = 3). Asterisks indicate
statistically significant differences compared with the wild-type (t test, p < 0.05).
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F4E Lo —XFEUEERT OsERF83 OBEREMFT

H

—

z
=

Ethylene response factor (ERF) 1%, APETARA2 (AP2)/ERF A —/X—7 7
RN —EERT AT 773V —D 1 5THY, 7 EESIFTIC DNA &

RAA L TdHDH AP2/IERF RAA % 1 ODFHOZ LI K> THREMITOND

(Nakano et al., 2006; Riechmann et al., 2000). ERF [Z=F L U iFEMIER
FOTuE—H—ERICHESET DXL LT, ¥,Na (Nicotiana

tabacum) \ZHBWTHIO THE S 7z (Ohme-Takagi and Shinshi, 1995).

-~
—

NETIZZ K OIEWTE T ERF OFEREMAIT TN, WA LVE L DY 7T VR

£ (Ohme-Takagi and Shinshi, 1995), A% « IEAM A b L A~DIFE (Guet
al., 2000; Liu et al., 1998; Dubouzet et al., 2003), —&AEHEY D4 A R

(van der Fits and Memelink, 2000; Broun et al., 2004; Zhang et al., 2005),

<
7

HEAEZE DT
ze&

15 NRIINLTWND.
A RIZBWTIX, ¥/ LRI 7T 2 —0 ERF PR HITWS

W< DD OsERF &5,

HEJEZA% (van der Graaff et al., 2000; Chuck et al., 1998) (25

(Sharoni et al., 2011). Z L E TOHFIEN D,
Holg, M, BXOHEAKA MLV RAREDIFEMA ML AMMHICEET L Z &

(Hattori et al., 2009; Jung et al., 2010; Lee et al., 2016; Schmidt et al., 2013;
Wan et al., 2011; Yu et al., 2017; Zhang et al., 2013), F7=/NMEDER K%
32 Z ENHLNE 2> TS (Komatsu et al., 2003; Ren et al., 2013)
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TSR ZfiftT3 iR T, bl ovo— R0 L) BIICEHEE S D 5K 1
Bl & LT OsERF83 % A L7=. OsERFS83 ® kL onu— A & 53 BlHE
1%, JAAEARERKICBWTHAET S Z 25 (Fig. 2-7), OsERFS31% TSR
ZBI D JA RIFM Y 7 RVIBERBICEG LT D B2 bhd. RET
I%, TSRIZEIT D JA ¥ 7 NLOEEZ & HITHRFTT 5729, OsERF83 OiHE

ENT 21TV, OsERF83 23filfHl 3~ 5 TiiidEls &2k E L7z,
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528 FEBRMERE X OE

51 MR
BpAERIRRE LC, £ % (Oryzasatival.) S @ xO00 | Z2EH L. @
XODDIEFA RV B ESREPIEME T Pla 285, 4 3200 LIRE

(race 007) (2RI 5.

o2 AP

28, F2HOTIEIIHEL TITo .

&

93 KPER L ORI

28, F2HOTIEIIHEL TITo .

&
o

%4 TR O i R

H2E, H2HOFEIIHEL YTz,

FHIH A XNSBIRED AT L —HfE

AKBERES L7c 12 BEsoshd o FIC, 25 4 TR L 7o fa 758K 3 mL
EAT LU —ZHWTHEFBLE Lz, LBE%OSE EAEET Ny b T EEHREE
BRT T AT v 7Ry 7 A~AR, 25°C, BT C1 HES®R LT, TDOH% 7T A
F v IRy 7 A% 25°C, HHGIZHRE INIALIEZHNICEL, 61

[FIREAE L7z, ML, 1 30 S BIFE ORI AR 2D, 77 AF v
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7 Wy 7 AN T ERE IR T

% 6H bEWLE

KBERRE L7z 14 B0 2 iz, Sl o L¥#~, 0.05% Tween 20 ¥
W TR L 7=, 100 pM methyl jasmonate (MeJA) (Wako), 5 mM SA (nacalai
tesque), F721% 1 mM ethephon (Sigma-Aldrich) % 3 mL ®EZE L=, £/

Mock & LT, 0.05% Tween 20 &K 3 mL 2% L7 XE &R 1T 7=,

% 7T RNA it - cDNA &%

H2E, H2HOFEIIHEL YTk,

# 81 &R RT-PCR

[\

W2, H2HIOTIEICHE L TIT o 7. OsERF83 O /yEeH|OalgE L, 7 <
£ v = 5-CATGTCGCTTCATCCTCACC-3’ & 5-
AGGTAGTCAGGTCCCAGGTC-3" % V>, PCR 1% 98°C, 3 sy ZE
%, 98°C, 10 B o#EZEME, 55°C, 15 07T =—Y 7, 68°C, 30 HD
MENRIEA 33 A 7 M To7-. F7- OsACT1 OERSEH | OHEIL, I A ~
— 5-TCCATCTTGGCATCTCTCAG-3 & 5-GTACCCTCATCAGGCATCTG-
3 Z MW, PCR &:4:1% 98°C, 3 7r[H OEZEME%, 98°C, 10 FO[H DEEME, 55°C,

1557 =—1 7, 68°C, 30 M OMERIEE 26 A 7 NMiTo7=.
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H9IH  MRN RTERRT
FHA N R AEREATIC WV B 5 BL~ 7 2 —pUC-GWGFP %% L7-. pGWB5
(Nakagawa et al,. 2007) [Z& EN 5 358 V't —% —fElf & sGFP = — N8
%, Hind III 3 J O Sacl Z W TV L, pUC19 (Takara) [ZEA L7z,
VT pAct-ZH2 (Sentoku et al.,, 2000) [Z&E 5 /N v Z—BH—3
F— & —fEI %, Sacl B LN EcoRTI AW CTHIW H L, iFED pUC19 I2E
A3 % Z & TpUC-GWGFP & L7-.

ANy 7aRrzR< OsERF83D ORF #LL N7 74 ~—& v F&HHWT
g L7z, 5-AAAAAGCAGGCTATGCATTGCTGCATGTCG-3 £ X ¥ 5*-
AGAAAGCTGGGTAGATGGAGTGGTGGCTTG-3 . H g = #L 7= Wr i %
pDONR221 (Thermo Fisher Scientific) (2 AL, 23T LR KGIZ XV %
B~ Z— pUC-GWGFP ([ZEA L AER L7222 XA 77 F% 1.0 pm Gold
particle (Bio-Rad) OFEmiZ=2—7 1 7 L, PDS-1000 biolistic delivery
system (Bio-Rad) ZHW\\T, #~RFXFRLMIUTFEA LTz, &~ R1F KM
(1, RO Z = 2T BEY S L7 B o WO K B2 2 V-, TEE S
PRl oBlEE, GFP 7 4 V% —3 L W Texas Red 7 ¢ V¥ —%fifi 2 728t

TEs4E (Leica DM6000B) % W\ TiT-7-.

% 10 I Transactivation activity R
OsERF83 ® ORF Z#LLTO7 74 ~—ty haHWTHEL, pEG202
(Gyurisetal., 1993) IZEAL7-. 5-GAATTCATGCATTGCTGCATGTCGC-

3 BLO 5-CTCGAGTCAGATGGAGTGGTGGCTTG-3. £z b r—/L ]
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AARNT 7 FELT, HEEMAL R A A (B42ap) £721% OsACT 1 ® ORF
Z pEG202 (TEA L=, fERlL7=a A T 7 F%&EEY F v A3 (Schiestl
and Gietz, 1989) %\ THRE (Saccharomyces cerevisiae) EGY48 £k (MATa,
ura3, his3, trpl, LexA(op(x6))-LEU2) (Z8 A L7=. WEE# S NI-#R4%2 T T
b, BEAFVY, NUT N7y &R SD Bil ECAEE SE . IEIRM

{ERBITE R AR RE D 1 A 3 BRI L OY B-galactosidase 164 CRiAM L 7=.

11 TE A x & LRI B OFER

OsERF83 ® ORF #U TDO7J7 4 ~—ty hE2HWTHELLZ. 5-
GGATCCATGCATTGCTGCATGTCGC-3 (TFHRESILHIERESE BamH 1 D8
B3 2R 9) 3 L 5-CTCGAGAGATCAGATGGAGTGGTGG-3 (T HREBI%
IRIE% Xhol OFEFECY 2 7~37) . ¥R L72fds % BamH I 3 X O Xhol 2 MW
T pET28b (Novagen) IZE AL, Z#aHWCKIE (Escherichia coli)
BL21(DE3Wk A A L=, 1§57z KIGE % LB kAR TRk %
L7214, R 100 uL % 100 mL @ LB @R HUCHE L, 37°C T 3 KRR
TR LT, fKRE 0.4 mM @ IPTG 212 S 512 16°C T 16 FEfEET 5 2
& TR Z X R B R FHE LTz, 1m0 0B X0 B U @A & RN (50
mM U ) b U U AREER(pH 8.0), 0.5 M NaCl] [ZW&E L, @5k 5
Z b O R 2 572, 2 vE Ni-NTA ${K (Qiagen) |Zi# L, His-tag fil
A OsERF83 # Wi S H7-. 250 mM A I &Y — /LK% Ni-NTA f#H{RIZE T

T THME RV E R LT,

83



B2 Sv 7 kR
GCC Y'u—7 (5-TAAGAGCCGCCTAAGAGCCGCC-3) & Z&FA GCC
(mGCC) 71 —7 (5- TAAGATCCTCCTAAGATCCTCC-3) I, FE4fi172 DNA
AV Aa~v—ty & 98°C T5uyMALESELE, 25°C T15 7T =— L&t
LT LT, 2o VBE T u—TORANNE, T u—7 2.5 ng LK
il R 78 1 pg ZFEA Buffer [20 mM Hepes-NaOH (pH 7.6), 1 mM EDTA,
10 mM (NH4)2S04, 1 mM dithiothreitol, 2% Tween 20, 30 mM KCl] 50 nL
T A4C, 1 MHEIEDL 2L TIiofe. RKRTOX VRV E-Ta—T 184G
KX 8% TBE-PAGE Tl 7 m—7 L 0fi L, r—T7 2Rk F VU LYE

THZETHRE L.

% 1318  OsERFS3 @RI DIEH

OsERF83 ® ORF #U TDO7J7 A4 ~—ty hE2HWTHELLZ. 5-
TCTAGATCTATTATTCGGCGGCGGC-3 (FHREBIXHIREESE Xba 1 DF2FHAELS
ZR7) BELOV 5-GGTACCACATGTTAACCACTGCTAG-3" (TR 1% PRA%
& Kpnl ORGES 2 7~7) . HEIE L7728l Z Xbal 3 XN Kpnl Z VT A
F U —~_7 Z—pAct-ZH2 (Sentoku et al., 2000) (ZE A L7=. JBEisHA RIX,

3, FH2EOHFIEICHELT TEH L7 (Hieiet al., 1994).

14T A RS DR & O TR E R TERER
%28, B 2HOFTEIHEL UYTo 7. 772 LR EBRGUERBRIZH WS 1 x

I EREEES 25 Rilso b o & L, b Lbam =B Th R0,
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#1565 U TA%ALPCR
o E 2 EHOFEICHL T, RISICHWE T 94 ~— 0Ky %

Table 4-1 |Z/~:7".
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&
w
=
P
el
7B

¥ 118 OsERFS83 DRI T 17 7 A )L

OsERF83 1% AP2/ERF KA A > % 1 DFf> 24 kDa O X > /X7 B A a— K
L, 3 TSR fRir OFE RS v a A X X F OREFIREME ERF Th 5 AtERF15,
ORA59, 5 LW ERF1 & m\WMFEMZ R L7 (Fig. 4-1). % Z T OsERFS83 %
REISEVEDOBIE A Th D0 AR Lz, KRS Lol oM EEIcA 30
H O MEE L, BYEICB ) D OsERF83 DR 2RI L=, =D
FE 9, OsERFS83 DFEBUIIEFEYLIEICB W TERW LU= TV D DICHE L,
R TE Ol 2 H A OHFICHFEINL Z AW LNE o7 (Figd-
2A). 16> T, OsERF83 [3JRFISENMD ERF ThHHZ &R ahiz. RIZ
OsERF83 D /E BRI BT D54 E CORB 2~ RS LA XD
R, WG, By, O, %, NEL AL BROTFEEZMWT, OsERF83 ™
RUEBIER L. TOME, OsERFS3 TN, Y, BI UM TRILENME
MoTzDIZHE L, RES, W, BIWIMETIEEEH L THWDL 2 ERHLNE R

-7 (Fig. 4-2B).

B 2IH FEMHRLE L D OsERF83 DR HiikE

JA, SA, ET 72 E DY ARNE NIHED OREFICEIZES T 5. 22T
OsERF83 D BANNEW) AR /VE N L0 K S 0 Efat L. KBRS L7z
14 HiinDOLhiE O EEIZ MedJA, SA, F 721X ethephon %#"'&5% L, OsERFS83

DB AT LTz (Fig. 4-3). MeJA LBL I 7= A X TlX, OsERF83 D¥EHi&:
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DALERTE 2 BERAND BR L, ST — I L. £ 2 0RBL I, A
% 16 Kl & THIEE W E FHEFRF Sz, —F T SA Qs 7oA X Tl
LPRT% 4 KEfH £ TIZ OsERF83 OFRELNHIRIZHEE S, T D% 8 KffH £ TIZ
R L -VIEICE TR T L7, ethephon ZLEEA RIZEWTH, SAWLE L [H
U RS = ORBEMPBEINT. TN DOFREEND, 134 R0 B YLy
(23T % OsERF83 DOFBFHEIL, HBOMMHARNLE AL > THIEI S D A

REVED IR S U7z,

% 31 OsERF83 OHtfam RTE

OsERF83 /X ERF 7 7 X U —lIZR T 2GR F L L THICRET L EXD
nNi-. $EEREYZF AT 7 v 275 A (eNLS Mapper, http:/nls-
mapper.iab.keio.ac.jp/) 1% % &, OsERF83 % AP2/ERF K A A v OUTfEICE:
JAERAN 2 & 2, BRICRTET 2 2 e TPHlS e, ZORREMEZREET 5729,
GFP @hes % o X7 B % O TC N RTET 24T o 72, /N—TF 4 ViR /83—
RA Y MEEZHWT, #~v 2 FRGMIBIZERE GFP 721X OsERF83-GFP %
—IEFEEBL S 7. WEEE GFP Oaty 7 e e o E 5 L ORIz
—IZoA L CW=Dlzxt L (Fig. 4-4A-C), OsERF83-GFP Dty 7 v,
MN OO THEZR SN (Fig.4-4D-F). fit-> T, OsERF83 23§ % o /X7

BThdI EWRBEINIE.

¥ 41 OsERF83 D#sEIEME{LAE

ERF 7 7 X U —{%, WBEZIEIZHIET 2/EK &, AICHIE3 2 /&R -1
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Z e, OsERF83 MIEDOFHIKNF TH D70, &2 WITADHEIKNFTH L0 %
HONTT D700, BEREY — A 7 U v RRZEHWT, BEIEHCRE ORI 217
>7-. DNA G KA A2 LexA @ C £4ilZ OsERF83 Z@lA L% A7 & v
PRI E E BRI S, LexA XL — 4% — D LiR— 4 —iEfsa+ (LEU2
BEWlacZ) DOFBLZ, WX EREORFEZRMERS LU X-gal 7rfifRe TRl L
7= (Fig. 4-5A). ZDfEE, LexA-OsERF83 % 3814 2 BeREMaIL, Bttt
TdH % LexA-B42ap L RFRIC, vA VU IFFE T CRUBRAETZRT L L BIC
B-HT7 U b A —BIEHICHEKT 2 EFAEEEZ R LT (Fig. 4-5B). Z OfE RN

5, OsERF83 2N IEDHRGFHIAF & L THRET 5 Z L amshuiz.

% 51 OsERF83 @ GCC 7R v 77 A~DfEH

AP2/ERF R A A %, GCC A v 7 A REZFES T % (Ohme-Takagi and
Shinshi, 1995) . & Z C OsERF83 ¢, GCC &R v 7 A &3k T 2 & ket L7z,
KGE & AW CREA L= 4l 2 His-OsERF83 % (Fig. 4-6A) , GCC R v 7 &
7 v — 7 (TAAGAGCCGCC) F 71X mGCC KA v 7 A7 nu — 7

(TAAGATCCTCC) & i &+, TBE-PAGE Z W T v 30 E-Fu—71
GWESHELT.. 7a—7L LT GCC Ry 7 AEfWiiha, X R_ug-~7
BT HEAKRICHKTH T PN RBBEENEOIKL, Te—TZ
mGCC R v 7 ZAZ WA, 7 b Ridligtsneo-7- (Fig. 4-
6B) . fit> T DFERN D, OsERF83 28 GCC R v 7 A L AT 2 Z LR

niz.
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% 6 TH  OsERFS831&RIFEBIK DI F G

OsERF83 N EBRPIUELHIET 20 E 5 a5, OsACT1I 7m €
—Z —ifilf#f] N T OsERF83 Z RIFE B 2 W H A 1 (OsERF830x) %1
L72. AL 3RH D OsERF830x %R L (Fig. 4-7TA) , 5 EDEHIZA F
Wb IR & R Lo, PR S VTR BE 2 8152 LTCRE IR, T R C OB R
ICBWT, BpAERER & LB R O s BlEt s (Fig. 4-7B) , TR
FEIX 6-3 RfE, 20-6 KAk, FBLV24-3 RHET 52%, 49%, BELUN6T7T% Th-
7= (Fig. 4-7C) . F7oA X\ b BIFEIC KT 2 IPIMES ORE X, KPEk
BRHICI T D OsERF83 DFRBLL~LIZEHEL TS L9 Tho7- (Fig. 4
7A, C) . 7> T, OsERF83 71131 F\ b BLIFICKT 2 it 2 EIZHIET 2 2

LRSI,

% 71 OsERF83 ® s 1

OsERF83 %I L 7= BHEIS 1S, mRR BRI W TEFEISTEE LS L Twn
L EHERIS L7z, £ 2T OsERF83 O M aFaRIET 5728, % 5 FEDIE
Hibiit L7z RNA Z W C~ A 7 v 7 LA fiffi 247> 7. OsERF830x (20-
6 %it) I8 L OEFAERRROERE EY 4 it L, OsERF830x I\ THEL LS L
TWABAHBIEER T2 5202 L7z (Table 4-2) . 2D 55 PRF VNI E
A— R 58I FICHR L, FERICHHE L7ZZ RNA 2 T U 714 1 5 PCR
(&0 BB 21T o 72, £ OREE, #EIFBEL TIL PR1 (LOC_0s07g03710:
PR1#074) , PR2 (LOC_0s01g71350: Gns6) , PR3 (LOC_0s04g41680: cht5,

LOC_0s01g18400: cht10) , PR5 (LOC_0Os03g46070: TLP) , PR10
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(LOC_0s12g36850: PR10b) % 21— R¥ 5i&{s 1, B X OYRERHIEICEE S5
D ENMBILTW DB HE B E BT, RIR1b (LOC_0Os10g41980) ,
RIR1b-like (LOC_Os10g41999) (Schaffrath et al., 2000) DIEHEA FHF-L
Tz (Fig. 4-8) . 1t»> T, OsERFS83 1% Z 15 OB BB L1 DI B & 7

HiT D2 & TA RS BIFISH T D|PUEZ I L TW D TREMEN B 2 b,

90



H
S
%”%
I
b

ERF (3IMW ORI L OB HEISICED 2 ERFTh Y, v u A XFXF,
k< b (Solanum Iycopersicum) , % /32, 3L RITH T 20 ERbUEE
512 H %59 % (Berrocal-Lobo et al., 2002; Gu et al., 2002; Guo et al., 2004;
Liuetal, 2012) . A#fZEClE, Lo —R0BEZ L0 JARGEICHEE S H
% OsERF83 ORgHEf#NT 247 > 7-. OsERF83 I A=L A & LTGCC AR
v 7 ARk U, PR & 237 BB nF O3B 4 BT 25N+ &
L CHERE L7z, F72 OsERF83MBIFEBIFR TIE, 1 R vh BIFITKT 2 HRE TR
RSN,

vaAXFTRAFEBLOA 2D ERF X, AP2/ERF KA A 07 I BREHIIZ
KS3% 1507 V—71231F 6% (Nakanoet al., 2006) . 7 /L—7 IXc ERF
%, 8 a—nvuA X} X} ERF & 11 2 —0D A * ERF % & #, OsERF83
H DT N—TIET DH. RGNS, OsERF83 (X3 >Dv A XF X
7 ERF (ERF1, AtERF15, 3 X (X ORAR9) & 7 L — K&k T 5 (Fig. 4-1) .
INH O AtERFIZIWTI G, FRIREORYC L0 BB FHE S, R
(3 PR Z 7 BB ORERFELI L TOREFRYIEZ ST 5 (Berrocal-
Lobo et al., 2002; Pre et al., 2008; Solano et al., 1998; Zarei et al., 2011;
Zhang et al., 2015) . > T/ L —7IXcERF |%, 0o XFXATFRA 2%8E

TS 2RI BN T, WEFIRPUEIC EE 5B 2 7o T AlREER B 2 b
L. FREEEOHENDL, Fv—7 IXe ERF O 7 L—RIZET D

OsERF87 35 L U OsERF136 73, PR # XV HiE{sF, RSOsPR10, » 7 1%
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— X —HEICEER S L, T ORBLTERT 5 2 &R &7 (Yamamoto et
al., 2018) . Yamamoto 5L OsERF83 12O\ T b AIERDERZITV, T
RSOsPRIODHFHBIZIEMAL LW Z EHR LTS > TA XD 7NV —T71IXc
ERF (%, LR CRERIIMEZ G 2B 2RELER L TWD &
oD,

7' V—7"1Xc ERF 1%, C KEmfllcfff7: S iz EDLL £ F—7 &4 L TH5H
BRICHEE L, BEEMEAT & L THET 5 (Huanget al., 2016) . Zhi
ARETR LT, BEEEEERRORE (Fig. 4-56B) L b I &L TW5
RIFEBLE A T OsERF83 A4 2 TitEln FA2HRE L7z L 25, 8D
SiEBEE A A R En7e (Fig. 4-8) . 7/ AFEHREHWT, b 8 s
TOTaEe—4 —fEEEFTTHDH L, PR1#074, Gns6, cht5, 35 LN RIR1b
D7 E—H —fEE (~1000bp FT) IZGCC Ry 7 ANIFETHZ ENHL
Ik 7eolz. ft- T OsERF83 iX PR1#074, Gns6, cht5, ¥ L\ RIRIb D~
0 — X — RIS ESES ST 5 2 & T, EORBEZFE L TV D A[REMENE %
5D, XRIIC chts, TLP, PR10b, ¥ X RIR1b-like Di&fn+ Liff (~
3000bp £T) IZIX GCC Ry 7 ANFIEL TWirinoTe. A 7 a7 LA T
DFERINE, WL OhDIE ERF B TF 78 OsERFS830x (B W T LR 5 2
EMNRENTWS (Table4-2) . fit~> T OsERF83 1%, Z#5 D3 ERF & TF
ZJr LT chts, TLP, PR10b, ¥ X O RIR1b-like DIEBLHHZ 3 Z 72> T\ 5%
EEZLNS.

A FIREE~D b Lovm— R T, Gns6, TLP, PR10b, RIR1b, 3 J. 1" RIR1b-

like DB HET 5 (Fig.1-4) . I NLBEEFORAFEOE— 7 1% b
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Losm— Z4LEE 10 B2~ 24 BB C©H Y, OsERFS83 ODRBFEDOE— 7 T
HAHLNH 6 LV % TH S, o T hro—RMBE I REICB N T

I%, OsERF83 #4r LT, Gns6, TLP, PR10b, RIR1b, ¥ X RIR1b-like D

REHIETTON D RN B L OND.
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Table 4-1. Primers used in gqRT-PCR

Gene name RAP ID MSU ID Forward primer sequence (5' to 3') Reverse primer sequence (5' to 3')
OsACT1 0s03g0718100 LOC_0Os03g50890 TCTCTCTGTATGCCAGTGGTCG GTCGAGACGAAGGATAGCATGG
PR1#074 0s07g0129200 LOC_0Os07g03710 GTATGCTATGCTACGTGTTTATGC GCAAATACGGCTGACAGTACAG
Gns6 0s01g0940800 LOC_0Os01g71350 GAACGTACGGCCAGCATATAGT CAAAGTGCCAAGGCAGAGTT

chts 0s049g0494100 LOC_0Os04g41680 CAGCGGCGTGTCTGTAGAGA ACGACTGTCGTGTGTAAAAGTTCTTG
cht10 0s01g0287600 LOC_0Os01g18400 ACAACCGCATCGGCTTCTAC AGCAGCGACATGAGAAACGA

TLP 0s03g0663500 LOC_0Os03g46070 AGACGAGCACCTTCACTTGC TGCCAGCTAACAAGTCATCG

PR10b 0s12g0555200 LOC_0s12g36850 TGTGGAAGGTCTGCTTGG GTACGCCTCGATCATCTG

RIR1b 0s10g0569400 LOC_0Os10g41980 CTCATCTGCACCCTGGAAAC CTCTCCGGCCTATGTAAGGTTC
RIR1b-like 0s10g0569600 LOC_0Os10g41999 AGAGCAGGAGCAGCAGATG CATCCGTATGCAACGGTG
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Fig. 4-1. Phylogenetic analysis of the subgroup IXc ERFs in Arabidopsis and rice.

The amino acid sequences of the AP2/ERF domains were aligned using ClustalW, and the
phylogenetic tree was created using the neighbor-joining method. The bar represents the
evolutionary distance between the proteins expressed as the number of substitutions per amino acid

residue. The bootstrap values (1000 replicates) are shown in percentage.
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A Mock Rice Blast

0 2 4 6 0 2 4 6 (day)
OsERF83

OsERF83

OsACT1

Fig. 4-2. Expression profile of OsERF83.

(A) Expression of OsERF83 under rice blast infection. Hydroponically grown seedlings were sprayed
with a rice blast spore suspension (in 0.05% Tween 20) or 0.05% Tween 20 (mock). The total RNA
was extracted from the shoots at the indicated time points after inoculation. (B) Organ-specific
expression of OsERF83. Total RNA was isolated from the root, leaf sheath, leaf blade, inflorescence,
anther, palea, lemma, and ovary. For (A) and (B), semi-quantitative RT-PCR was performed using
OsERF83-specific primers. OsACT1 expression was used as the endogenous control.
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Fig. 4-3. Induction of OSERF83 in response to exogenous phytohormones.

Hydroponically grown 14-d-old seedlings were sprayed with methyl jasmonate (MelJA; 100 uM),
salicylic acid (SA; 5 mM), ethephon (1 mM), or a mock solution (0.05% Tween 20). Total RNA was
extracted from the shoot tissue at the indicated time points. Semi-quantitative RT-PCR was
performed using OsERF83-specific primers. OsACT1 was used as the endogenous control.
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Fig. 4-4. Subcellular localization of OSERF83 in onion epidermal cells.

Micrographs of onion epidermal cells transiently expressing free GFP (A, B) or OsERF83-GFP (D, E). (C,
F) Merged bright field and fluorescence images. Scale bars represent 50 um.
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Effector Reporter

= ADH1pro p=| LexA | OSACT1 |w= —TIT—~ ez -

— ADHipro = LexA | B42p = 6xLexAq

=i ADH1pro f= LexA | OsERF83 [== L]
2xLexAqp

SD(-U/H/L) + X-Gal

LexA- LexA-
OsACT1 | B42ap

LexA-
OsERF83

Fig. 4-5. Transactivation activity of OSERF83.

(A) Schematic models of the effector and reporter genes. LexA was used as a DNA-binding domain.
OsACT1 and B42,, were used as negative and positive controls, respectively. (B) Transactivation
activity of OsERF83, performed using a yeast two-hybrid system. Yeast cells carrying each effector
plasmid were grown on SD medium lacking uracil, histidine, and leucine. The B-galactosidase activity
was evaluated in yeast cells grown on SD medium supplemented with X-gal.
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Fig. 4-6. Electrophoretic mobility shift assays using recombinant OsERF83.

(A) SDS-PAGE analysis of the purified His fusion OsERF83. The molecular masses of standard proteins
were shown on the left. (B)Purified His-OsERF83 was incubated with GCC or mGCC probes. Protein-
probe complexes were detected using TBE-PAGE followed by ethidium bromide staining. The shifted
band and free-probe band are indicated by the black and white triangles, respectively.
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Fig. 4-7. M. oryzae resistance of in OsERF83-overexpressing (OsERF830x) plants.

(A) The expression levels of OsERF83 in the transgenic overexpression plants (lines 6-3, 20-6, and 24-
3). Three independent lines were analyzed. Semi-quantitative RT-PCR was performed using OsERF83-
specific primers. OsACT1 was used as an endogenous control. Total RNA was extracted from 5t
leaves of wild type (WT) and transgenic lines. (B) Disease resistance assay against M. oryzae. The 5th
leaves of the wild-type and OsERF830x plants were inoculated with a spore suspension and
incubated for 5 d, after which the disease lesions were observed. (C) Measurement of the lesion
lengths shown in (B). The data represent the mean £ SE (n = 24). Asterisks indicate statistically
significant differences compared with the wild-type (t test, p < 0.01).
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Table 4-2. Transcriptome comparison of WT versus transgenic plants

RAP ID

MSU ID

Description

Fold change (#20-6/ WT)

Hormone associated gene

0s10g0419400
0s01g0757200
0s08g0508700
0s06g0216300
0s03g0180900
0s03g0402800
0s0790153000
0s10g0392400

Transcription factor
0s04g0301500
0s03g0327800
0s07g0683200
0s07g0684800
0s08g0200600
0s11g0126900
0s01g0734000
0s03g0657400

PR gene

0s0790129200
0s01g0940800
0s01g0287600
0s01g0860500
0s04g0494100
0s03g0663500
0s03g0300400
0s1290555200

Other difence-related gene

0Os04g0112100
0s1290281600
0s08g0155900
0s0290626400
0s02g0627100
0Os04g0518400
0s05g0427400
0s10g0398100
0s11g0214400
0s10g0569400
0s10g0569600
0s10g0569800
0s1190559200

LOC_0s10g28350
LOC_0s01g55240
LOC_0s08g39830
LOC_0s06g11290
LOC_0s03g08320
LOC_0s03g28940
LOC_0s07g05830
LOC_0s10g25290

LOC_Os04g23550
LOC_Os03g21060
LOC_Os07g48450
LOC_Os07g48550
LOC_Os08g10080
LOC_Os11g03300
LOC_Os01g53260
LOC_Os03g45450

LOC_0s07g03710
LOC_0s01g71350
LOC_0s01g18400
LOC_0s01g64110
LOC_0s04g41680
LOC_0s03g46070
LOC_0s03g18850
LOC_0s12g36850

LOC_0s04g02120
LOC_0s12g18374
LOC_0s08g05960
LOC_0s02g41650
LOC_0s02g41680
LOC_0s04g43800
LOC_0s05g35290
LOC_0s10g25870
LOC_0s11g10800
LOC_0s10g41980
LOC_0s10g41999
LOC_0s10g42020
LOC_0s11g35500

Submergence induced protein 2
Gibberellin 2-oxidase

EIN3-like protein

OPDA reductase

ZIM domain containing protein
ZIM domain containing protein
ZIM domain containing protein
ZIM domain containing protein

bHLH domain containing protein
NAC domain containing protein
NAC domain containing protein
NAC domain containing protein
NAC domain containing protein
NAC domain containing protein
WRKY transcription factor
WRKY transcription factor

PR1/ Pathogenesis-related protein/ OsPR1#074
PR2/ Beta-1,3-glucanase/ Gns6

PR3/ Chitinase/ cht10

PR3/ Chitinase

PR3/ Chitinase/ cht5

PR5/ Thaumatin/ TLP

PR10/ Pathogenesis-related protein

PR10/ Pathogenesis-related protein/ PR10b

NB-ARC domain containing protein

NB-ARC domain containing protein
Pathogen-induced defense-responsive protein
Phenylalanine ammonia-lyase

Phenylalanine ammonia-lyase

Phenylalanine ammonia-lyase

Phenylalanine ammonia-lyase

Plant disease resistance response protein family
Plant disease resistance response protein family
Rice pathogen-related protein/ RIR1b

Rice pathogen-related protein/ RIR1b-like

Rice pathogen-related protein

Xanthomonas oryzae pv. oryzae resistance 21

17.18
19.22
7.34
8.03
3.33
434
69.93
4.30

10.56
8.97
8.84
8.97

17.56
5.49
3.36
8.25

3.98
8.20
3.14
4.78
7.19
4.58
10.74
3.47

5.50
3.57
5.79
3.49
3.28
4.1
11.40
8.35
3.68
6.45
5.84
6.18
3.83

13.74
19.30
8.70
7.24
2.28
3.59
72.52
6.14

4.63
5.50
5.46
6.37
21.35
8.36
2.51
3.86

3.66
2.69
3.27
4.91
2.60
3.35
15.30
3.91

5.89
3.42
3.09
4.45
3.27
11.62
14.87
5.77
4.51
16.74
12.43
2.08
2.51
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Relative expression

Relative expression

PR1#074 Gns6 cht5 cht10

16 - 15 1 16 1 4 -
12 12 A 12 A 3
9 -
8 - 8 - 2
6 -
4 T 3 4 4 T 1 T
0 - 0 - 0 - 0 -
WT 20-6 24-3 WT 20-6 24-3 WT 20-6 24-3 WT 20-6 24-3
TLP PR10b RIR1b RIR1b-like
5 1 5 - 30 H 8 1
4_ . 20 - ® ]
3 3 1
4 -
2 A 2 A 10 - ,
11 1 .
0 - 0 - 0 - 0 -
WT 20-6 24-3 WT 20-6 24-3 WT 20-6 24-3 WT 20-6 24-3

Fig. 4-8. Expression analysis of defense-related genes in OsERF83-overexpressing (OsERF830x)

plants.

gRT-PCR was performed using total RNA isolated from the 5t leaves of the wild-type (WT) and
transgenic (overexpression lines 20-6 and 24-3) plants grown under non-stress conditions. The
expression level of each defense-related gene was normalized to the expression of OsACT1. The data
represent the means of three independent experiments £ SE.
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BHE MNa—RIIFEIND 774 M7 VXU UAASREBET DN

H
—
z
=

L, TEIRE ORI BRBIC L2 /8ER Y, WICHkx AEMWA LA
IS TWD., ZO7DHEMIE, ZNHDARNLVANLHEEZSFLHT2DITMo
AT R SNV OPEISE 2362 ST 5. LRI I 23
FOMNIGED—2>TH Y, PO _RNMEN Z SRS ELEICLY, 7
JFREDEGEEB S A=A L TH 5. PA I bEriittEicE 53 2160 TH
D, FIRE OGS UV RS, iz S oz ) o2 — A 50 TEIC A
PE SN DAE FHEIL A DO TH S (Peters, 2006; Toyomasu, 2008).

A X, BT THD VLY (gibereline, GA) & REXEAIZHEALL L
2T NRUBIPA ZEFET D, ZHVE TIZ 16 D V7 /L~ PA 3 HLEE
XTHED (Peters, 2006; Horie et al., 2015), Z iU 5 IXHEAFHKOMEND &
~ TV UMDEIT I NAB, ATV W07 A Mo AF, o
AT7av<I7 VP ROF VP LI AR, AT~ LU ROF L s,
AARIOT . M-10-FF YT Ty IS, GABIOPA XS
T =)V =0 ") Ul (geranylgeranyl diphosphate, GGDP) % i@ Hi %
WE L LT, BRIDT LR UBR{EEEF (copalyl diphosphate synthase, CPS)
BLRAROT LB bE#E (kaurene synthase, KS; KS-like, KSL) (2 X
5 BEDOBRLONZ Lo TAGH SN S (Fig. 5-1A) (Peters, 2006;

Toyomasu, 2008). ZiLE TIiZA X7/ A LIZIZF4 28 —0 CPSEaT L 11
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a b —0 KS/KSLBInFINFETDH I EDNRINTWVDS (Peters, 2006;
Toyomasu, 2005) .

OsCPS1 & OsKS1 13 GAAEGHIZED Y, fivb KT 5 L MEMHVE 2R
4 (Sakamoto et al., 2004; Xu et al., 2004). UV BV % —E# |z L
FENFHE SN D 0sCPS2, OsCPS4, OsKSL4, OsKSL7, OsKSLS, OsKSL10
3, = N £ 1 ent-CDP, syn-CDP, syn-pimara-7,15-diene,
ent-cassa-12,15-diene, syn-stemar-13-ene, ent-sandaraco-pimaradiene & i
Wz =2— FLTRY, PAEGKIZE ST 25 (Xuet al,, 2007; Cho et al., 2004;
Nemoto et al., 2004; Otomo et al., 2004; Wilderman et al., 2004). F7- UV &
o U U7 — A CREBLFE S iL7e vy OsKSLS5, OsKSL6¥ X O OsKSL11 1
ZIEh, entpimara-8,15-diene, ent-isokaurene, syn-stemod-13(17)-ene &
lig#E 4 o — K9 5728 (Kanno et al., 2006; Morrone et al., 2005), ZiLH{bE&
YO EBFERE (X H 0 ICH B MNT STV RV, OsKSL2 13, W AEF R TR
BRI ST, B~ UV BB LUOEEMl~ox Y o &% — g
ICE > THREBADFEINRNZ LD, 2K cDNA ARG R8T T
HbHEEZLNTWS (Fig. 5-1B) (Hilwig et al., 2011; Sakamoto et al., 2004;
Xu et al., 2007).

Mg — 22 S LT ARERTCIE, PA GRS KSL &is1 & (48
T &BEZABND OsKSL2 DFEHPFES D (Fig. 5-2). AETIE, ZDPA
AEEBEFORBFHEEN JA 7 FCHE SN2 0% BaT 5 & & big,
OsKSL2 7% PA AEAMICED MR DO T LU B{LERE Th 5 & T L,

2R cDNA OHAG & BTG TE O BT 21T > 7.
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528 FEBRMERE X OE

91 MR

BH2E, H2HICHEL .

o2 AP

2

T

, H2EOFIEITHEL YT 72,

&

53 IH KPR

H2E, H2HOFEIIHEL YTk,

F4H b Lom— RLHEE LT MedJA WLEE

b Losm— 2 ALETEE 2 B, 5 2 i FIEICHEL TITo 7. MeJA LB,

KBEEEE U7 14 Bl 2 77 AF v 7 A v 228, 100 ptM MedJA /KR

Tz S ey b~ L, iR A4 MeJA KEETITIRFFT 52 & TITo 7.

% 518 RNA flitt] - cDNA &%

H2E, H2HOFEIIHEL YT,

%61 &R RT-PCR

2 8, B 2O HEICHE L TYT o 72, BJURICHWZ 7 F A ~— D% & PCR

Z:tE% Table 5-1 |27~
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BITH U7X AL PCR
F2E, 2D HFIEICHE L THT o 72 KU H W=7 A ~— W24 Table

5-2 1277,

% 8IH 5’- and 3- Rapid amplification of cDNA ends (RACE)

RACE 7:121%, GeneRacer kit (Invitrogen) %\ 7=. 4 RNA % GeneRacer
RNA oligo adapter & 74 7 —3 a3 &4, GeneRacer oligo dT primer &
Superscript Il Reverse Transcriptase (Invitrogen) % VT 1 A8 cDNA %
Hak L7z, OsKSL2 ¢cDNA @ 5 RiEaDHEEIZIL, GeneRacer 5-nested primer
& gene specific primer 1: 5~AGAGGTCGCGCTCGGTGACGATCT-3 % H\ 7z
F 72 IEKRIGOHENME 21X GeneRacer 3’ -nested primer & gene specific primer 2:
5-GAGGCGCCGTTCCAAGGCCATGCA-3x H\/=. PCREMET T —RA
TNToHEER, RO A ADRENVWEEN REREI/n—r 5% 5, 3K

i & R E L7

% 9IH 2K cDNA OHEilE

RACE B2 L W 5 54072 ¢cDNA RisDE RN D, Fiizlo 77 A4 ~—%&i&dt L,
OsKSL2 »4F cDNA Z#HiE L7-. PCR E#5£(21% PrimeSTAR GXL DNA
Polymerase (Takara) =M\, H—~< /41 7 7 —|3 Veriti 96-well H#—~ /L
VA T—%FEH L. HWie7 714 ~—k& > k& PCR &M% Table 5-1 1277

KR
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5510 TH HHR X FESR A FH O T B RERRAT

OsKSL2 @ 4 ORF % pGEX-4T-3 (GE Healthcare) (23 A L,
pGEX-OsKSL2 #/E#L L7=. Ziad KiGEH BL21(DE3)IZE A L7, JBExH
FRIZ 87°C, 2XYT iR HiHp T3 L, ODeoo 28 0.7 (272572 & Z A THIBE 1
mM @ IPTG 2%ML7=. TD1% 17°CT 24 kR L, Mz 2 o "/ B%
P L7=. 15,000x g, 4CTHERE L, HAIL 20 mM Tris-HC1 (pH 8.0) (24

W U 7=, ## 2 OsKSL2 # > /327 'H1%, Glutathione Sepharose 4B
717 2 (GE Healthcare) ZHWTHR L7z, ISEE TH D ent-CDP B LW
syn-CDP 1%, ##iz OsCPS2 35 L UMH#E 2 OsCPS4 % i\ T GGDP » bk
BN A RE, SRR L7, oz, Agilent 6890N GC-5973N MSD % fifi
ML, GC-MS GHr&FI kA S DFHE (Otomo et al., 2004-2) ([ZHEUT-. F
TR OREEIZIX, BEAXY MT—4F 4751 (Wiley Registry 7th)

PR L.

F11H 7o 772 OB LU PEG I X DB FEA

7'u 7T 2 FOFEE XU PEG IZ X BT EH AL Yoo 5D HE (Yoo et
al., 2007) (ZHEU 7=, APHREE L72 12 RO E D HE 3L H 4 EL GV I
D, =T ANAREHNTHIN< O L7, Zg 0.02 g/mL &LV T—E
R-10 (v Z /L 1) & 0.02g/mL O~ta+H A AR10 (¥ 2 1) 5T 20 mM
MES-KOH(pH 5.0 RIZI= L, 24°C, B5AT, 40 rpm T 4 REEWMAL L=, #im
ZITpm LoF Ao Ay a2 HNTHERB L0, 100 x g T L

FEEZROERWE. o7 e b7 T A ME, 73 mgmL O~ 2= k—/)b
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(Wako) #&7r 10 mM MES-KOH(pH 5.7) (2 8% L, ffu%k)s 2.0x105 {#/mL
272D IR L=, e N7 T X MR 100 pL I27'7 A3 RIE#K 10 pL
& 0.4 g/mL @ PEG4000 /KIA#R 110 pL 23 L, 25°CT 10 EE L=, =
D% 100 x g T ODHEL FIGEBRW-. SN BEESMN %L, 73 mg/mL
D<= hr—/L (Wako) Z&ter 10 mM MES-KOH(pH 5.DIZE&E L, 24°C,

AT C 16 FrfEisEE L7z,

5512 TH KRR RTE MR AT

OsKSL2 OIEREBITY 7 F VT F F(TPksIEHK AL TFDO T T A ~—%
W THINE L7z, 5-GTCGACGATGCTGCCGTGCTTGTTCC-3 (TF#r#si% Sal
I 3BFELS 27~ d) B LV 5-CCATGGAGCTGCAGTGCCGCATGGC-3 (T}
1% Neo I RaLS % /797) . HE S 7=l i & 58 81~ 7 % —pUC-sGFP |2 A
L, pUC-TPksl2 -GFP Z{EflL7-. ZDa A NT 7 h&H 10 TED FiE|HE
CTAXTa b7 TR MIEAL, 5N BEEBMIEIC k9 2 50t & 81
Bz 7u 7T A NOBIEIE, GFP 7 4 v Z—E X Texas Red 7 4 /L4

— & % - e sE  (Leica DM6000B) % W TiT- 7-.
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w
=
8
¢
i
e

F1E Foe—2X0HIC L5 KSKSLB G ORBFE

~A a7 VARG, Fnm — A RBE ST AR T, PA AR RIS
2% KSL #51 & OsKSL2 ORBINFEIND Z LRENTND (Fig.
5-2). I THEEM RTPCR ZHW\T, ZOMEZFEMR L. AR L
72 14 Rl OLHE OREBIZ ~ Loe — 2 2B L, REBIZI 1T 5 KS/KSL 8+
DB ABILE LT-. ZORE PA AGHICE D H 72\ 0sKS1, OsKSL5, 3 KO
OsKSL6 D3 BUZELDN A DL e o T-DIzxt L, PA A RIZED 5 OsKSLA4,
OsKSL7, OsKSLS8, # X O OsKSL10 O%BLE, L xm— RALBHE 8 KEfE LAY
\Z b5 U7= (Fig. 5-3). £72 OsKSL2 DFHLE b Lo — 2 4LEE 2 BERILINIC,
@I EH- L7 (Fig. 5-3). #E- T, bk lom—R 02 L 5B <o KSL

BURF DI BLFHE ) R S vz,

%21 JAIZX D OsKSL2 D¥BIFHE

OsKSL4 ¥ X O OsKSL7 DI CORBLE, JAIZL W #HEEZ 2 (Yoshida
etal, 2017). & Z T OsKSL2 D¥ELH JAIZIHE SN D 0 Z et Lz, KBk
B L7214 Bis DY OIRENIC MeJA 2581 L, AR L O =T OsKSL2
DRBLEBE LT, TOREE, i B To OsKSL2 ORBLFRHER LT TH
STZDITHKE L, REFTO OsKSL2 DIEHLIL, P 2 FRFFLINIC—E EA L, A
8 BEELIBEICH O EA L= (Fig. 5-4). ZOREMND, BETH OsKSL2

DFHL JAITHFEIND Z LR aSh.
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B3I JAEARAERRICE T D KSLEs T ORBHE

N lom— 2B X D KSL s OREGFER, JA v 7l sh
DR L. KBRS U7z JA RGBS AR hebiba DARIBIZ b L — 2R
ZALBR L, RIS KSL BT ORBEZHBE L. ZORR OsKSL2,
OsKSL4, B L1 OsKSL7 D ks Lo~xg— A2 X AFEFHEX, hebiba [T
WM& L7z (Fig. 55). t->T, bl o—2Ri2k% OsKSL2, OsKSL4, 1 L

OsKSL7 D3BIFHFEIX JA > 7 FCHI S b Z &R ST,

% 4TH  OsKSL2 D4f cDNA o Hij

OsKSL2 1%, &K cDNABESTERWIZ LD BBEETTHLIEBI LN
TWh. L UIRE~D ~Lona—AE 7213 MeJA LEEA, OsKSL2 O¥H%
BET DL EAURENT. 22T, MeJA UBEESNREAE A NS Z & T,
OsKSL2 D4 E cDNA ZEfFH¥K 5 O Tideun it B 2 7-. MeJA ALEE 1 FFf
ORI S RNA 2 L, 58 XN 3-RACE I2 X ¥ OsKSL2 ® cDNA K
ARE LT, RESNTESNZ b LTI 74 ~v—%kat L, &K cDNA
DR 2 A T F5 5, 2,460 bp @ ORF % & {p 42K cDNA % Hipf L 7- (Fig. 5-6A).
) N T ) F — ¥oa v 7 ¥ = 7 + ( MSURGAP:
http://rice.plantbiology.msu.edu/, IRGSP-RAP: http://rapdb.dna.affrc.go.jp/)
M5, OsKSL2 DY A s a U AEiEE L e DNA B 23 BEERHIZHEE =
NTWD. #HEES D cDNA BLAI & EERICHEE L 722K cDNA BAI & g L7z
EZA, W OoERNB RSz (Fig. 5-6B). T72bbh, #Hii-kE1x

XVUDEE BT X DATITA U NE, 11512 =% Y U O
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MBI S TW=, F£72 OsKSL2 D7 ) ABEHNZONWT Y, T —H_X—2 LD

EERIBEONSDHZ E2ALN L (Fig. 5°7).

% 518 PR KSLs & OsKSL2 O 7 3/ BEELHI O bl

OsKSL2 O 7 3/ Welit | & B oo KS/KSL % /37 BRED T X Welis & b
L7z, ZORER, OsKSL2 13REF D KS/KSL & 45-63% DA A 7R L7z,
DV T N BRI S E ISR S D SAYDTAW, QXXDGSW
ETF =70 OsKSL2 IZBWTHRFESNTND Z &, iz Té 5 DDXXD
ETF—TI DRI TWD Z R EnT (Fig. 5-8). ZD7=8% OsKSL2 |35

RO AT TNV BREERZ a— R 5 LB bk,

H6TH fHMR R X N7 B & T OsKSL2 ORERERFAT

OsKSL2 OHEREZ fiftT 3 572, Mz 2 /X7 EZ MW T in vitro \ZH817F
AIEETEMREBR 21T o7, AT NL_UBILEBEEZDOEE Th 5 ent-CDP 35 &
O syn-CDP Z i 2 OsKSL2 & & S8, RN E GC-MS (2 X fgtr L7z,
Z OFER synCDP & HH & L7561, JOSRTIC Y T ARV ea o v
— I BB SN oo DIZR L (F— 2 K4B#), ent:CDP ZHEE & Li2hh
2, BOSIRFIZ T ARUREEmEZ 2 bD 2 DOV —7 BRI
(Fig. 5-9A). fEUEME L DEE )G, B —27 B ORFIEF L~ A 227 kL
I% ent-kaurene & —E L7=. TDO7=H ' —7 Bt ent-kaurene THDH L EZ 5
7= (Fig. 59ABD,E). —hHFbE—7 AIZoW\WTIL, BEAXY T —H T

A4 77V (Wiley Registry 7th) & @Ot 5, 17-noukaure-15ene 13-methyl
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(beyerene) Toh D EHEHIESN7= (Fig. 5-9C). LLEDFER S, OsKSL2 1%
in vitro \ZB\W T, ent-CDP Z}LE & L T entkaurene & ent-beyerene % Ef%

THHRTHD Z ErrEny (Fig 5-9F).

% 7 OsKSL2 OfffuNmTE

ent-CDP (%, #faN CTERKITHET S, £D® ent-CDP #HE LT 5
OsKSL2 bIERAITRIET 5 Z LB PRS-, ERERKRES vV BT
H>—/ L (ChloroP 1.1) & W= fi#fr 20 & b, OsKSL2 MIERMRIZRIEL, N K
S D 58 FRIENEERLAE 27 F R (transit peptide, TP) & L CTHRET S &
WESNT., ZZTZOREWALNCT S0, GFP © N K OsKSL2 @
TP Z@t& L% 378 (TPksl2-GFP) %, A 370 h7J & MZ—i#3 8l
S, TOMBENREZBIEZE L. OSSR TPksl2-GFP % 33 S ¥ 7= s
B <X, GFP v 7 FADNERKOHFEN L ERx o Tl sz (Fig.
5-10D,E,F). 7> T OsKSL2 [TEMAICREL TWDH Z LRSSz, —7,
FOLT )T —varyayeal MIEYHEESZES] (NP_001053842)
» TP %z GFP IZ@ELIcH "B a7 n F 77 A MR IED &,
GFP 80t ic#lgd s iz (Fig. 5-10G,HD . ZOfERNS, ARFIETH

572 cDNA X OsKSL2 DR 7 vn—2rThDH T LRI,
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TN PA LY, GGDP #HHREME & LT CPS & KSL T X5 B oD
BALROG AR CTAAKR SN D (Peters, 2006;, Toyomasu, 2008). L/ m—X%
AP S UTCARE T, PA AAARUCRED S KSL BinF L ABIs LB 26
% OsKSL2 DFRBINTFHFEIND Z LRI TWe., RIFFETIE, hra—
A2 LD KSL BInFORBFEN JA 7Pkl ns 2 L &rd &
& BT, OsKSL2 OBREfNT 23 7=, OsKSL2 1%, entCDP % E L LT
ent-beyerene AT HDHEREFL D Z L X B A a— R LTWAH Z L ZH LM
L7z.

PA &3 MR EE T, WY IC de novo THELS L H1RS)
FHE LAY LD (BRI, 2017) . L e —2E72iE MeJA &
M7z, OsKSL2 OB/ NZ — RN DG, OsKSL2 1338 A2 BRI IR D T
MEFZ LFEBL LN &, bl —2AE T MeJA EHIZ L0 B 25 EL
FEINDZENRHGNE o7 (Fig. 53, 54). ZDX I REHEAZ—L D
R, PA EARORHME <AL TCWDEBEXOLND. £72 OsKSL2 O
FBL NS — 0, BEFND PA A HGEIE T Toh D OsCPS2, OsCPS4, OsKSLA,
OsKSL7, OsKSLS, ¥ X" OsKSL10 D3Hl/ 7 —> & L LT D (Xuet
al., 2004; Cho et al., 2004; Nemoto et al., 2004; Wilderman et al., 2004). it~
TINHORERIE, OsKSL2 231 3@ PA AA/EICEE 57 2 alRENE 250 < /RIE
LTW5.

OsKSL2 OEEFIEM% in vitro THMT L7=& 25, ent—CDP #HH & LT
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ent-beyerene %A% T 5 Z LA B E 7p o7z (Fig. 5-9A,C,F) . ent-beyerene
TR D—=DTHY, Frx2EMPEREME L L THEESNA TN D

(Robinson et al., 1969; Bohlmann et al., 1982; Rudloff et al., 1988). =A%
L b A= BWTIE, KSL % /37 B ent-beyerene & EART 5 2 L R
XN THEY (Zhou et al., 2012; Jacson et al., 2014), A FIZEBWTH KSL & >
/X7 G %I LTz beyerene AL HRENFIET 2 Z LITHRICEZLBND. £z
ent-beyerene 3 L N DFEARTH D ent-beyene-19-ol, ent-beyerene-19-oic
acid, ent-beyeren-18-O-oxalate, 35X U\ ent-beyeren-18-O-succinate (%, HiE
EEEZRTIEEmE L THHE SN TS (Drewes et al., 2006; Tsiri et al.,
2009). TD7=bA % TlE, BEFD PA 1212 T beyerene ! PA & /EpEL T
LAREMERZ X BiILD.

OsKSL2 ® % 5 — DDA T 5 ent—kaurene 13 GA DAL KPR TH
D. LInLIATHIGE 6 A RICBIT D GA OEE A AR KIX, OsCPS1 &
OsKS1 # N L7RETH D EEZEZHNTEY, EBEICZN L OBEFOXREE
BRIL, GA RRIZ X 2 E 2~ (Sakamoto et al., 2004; Xu et al.,
2004). Z?d7=% OsKSL2 13 GA EGOERK L 1T R D, RIRRKE L TH
RET D A[REMENE 2 B D . OsKSL2 28 GA AAKICED L HICEGT 0%
I ONZT D 720I21E, OsKSL2 EEKAZMWT GA WARZHIET 572 L,
VD FERZR T 24T O WER D 5.

RETHE, g —2R0HIZXH5METO OsKSL2, OsKSL4, LW
OsKSL7 DFRBIFHE N, JAL 7zl & s Z & 2 6002 L7z (Fig. 5-5) .

OsKSL4 & OsKSL7 i, ThThEIT77 b ABET77A IV AFOD
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EEKRICEED S, EIT 7 bUBEE T A MY UBITPIETEES TR, AR
IZEEET D720, A FXDOEERPATHDLHEEZ LN TS (Yoshida et al.,
2017) . D7 TSRIZKT B JA v 7 ik, PAAEREEN LT, WREEFT

HI72 R ERGIEZ HIE L CTW D AIREMER B 2 b d.
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Table 5-1-1. Primers for RT-PCR

Primers Sequence (5' to 3') PCR condition @
OsKS1 Fw CAGTGAACCAGCTTGGAG 1
OsKS1 Rv ACCCTGTTCTCCAAGGAC 1
OsKSL2 Fw CTGGGTGAAAGAGAGCAGG 1
OsKSL2 Rv TCTGCCTCCACTCTACCTC 1
OsKSL4 Fw CAATGGCTTCCGCAGTAC 2
OsKSL4 Rv CCAACCGTAGCAACTCTC 2
OsKSL5 Fw GGAAGAGGTTTTCAGGAGCA 3
OsKSL5 Rv CTGCTGATGCCATCATCCCA 3
OsKSL6 Fw TGCCGTGGACTCCTTTGCTG 4
OsKSL6 Rv CCTCTGCCGTGAAATACCTA 4
OsKSL7 Fw CAAAGGCTTCCGCGTTAC 2
OsKSL7 Rv ATAGGGCCTTCCTGTTCG 2
OsKSL8 Fw ACATCCCGGCAACAATGG 2
OsKSL8 Rv GGAATGATGCTGCTGCTG 2
OsKSL10 Fw TTCTCGGGCTGAAACTGTCT 4
OsKSL10 Rv CTTCACTGTAGTAGAAC 4
Actin1 Fw TCCATCTTGGCATCTCTCAG 5
Actin1 Rv GTACCCTCATCAGGCATCTG 5
OsKSL2-full Fw CGCTACGTAACGCGATGACAGTG 6
OsKSL2-full Rv GCCTCTGTCGTTAGTTAGTCAC 6
a: The numbersindicate PCR condition in Table 5-1-2.
Table 5-1-2. PCR condition for RT-PCR
Condition Denature Annealing Elongation Cycle
°c sec °c sec °c sec

1 98 10 50 30 72 30 30

2 98 10 50 30 72 30 28

3 98 10 50 30 72 30 34

4 98 10 50 30 72 30 38

5 98 10 50 30 72 20 26

6 98 10 55 15 68 180 30
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Table 5-2. Primers used in qRT-PCR

Gene name RAP ID MSU ID Forward primer sequence (5' to 3') Reverse primer sequence (5' to 3')
OsACT1 0s03g0718100 LOC_0s03g50890 TCTCTCTGTATGCCAGTGGTCG GTCGAGACGAAGGATAGCATGG
OsKSL2 0Os04g0612000 LOC_0Os04g52240 TGCATTTCCAGCCTCTGTCG GGTCTGCCACTTCTTCTACTCC
OsKSL4 0s04g0179700 LOC_0s04g10060 CGCCTTTGTAACTCTAAGGTA ACGTAAAAGGCTTGTATATC
OsKSL7 0s02g0570400 LOC_0s02g36140 TTCATCTCTGTCACTTTTTCTTTTT ATCCCAACGAAGTCATCCAC
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" Lpp . OsCPs A\ OsCPS1/2 {7~

OPP OPP

syn-CPP (3) GGPP (1) ent-CPP (2)

OsKSLS OsKSL11 SESLoE
OsKSL4 OsKSL10 it \ OIS

syn-pimara-

ent-isokaurene (6)

syn-stemar- 795 giene (5) synjstcmod- _ en;-sanda:aco- ent-cassa-12,
iremsicl) ; 13(17)-ene (10) pimaradiene (9)  15-diene () opr-kaurene (4)
e | s o
Oryzalexin S i 20 Ll Oryzalexins A-F i Gibberellins
Momilactones A&B Phytocassanes A-E
(Xu et al. 2007)

Name Locus Substrate Product

OsKS1 LOC_0s04g52230 ent-CDP ent-Kaurene

OsKSL2 LOC_0s04g52240 pseudo-gene ?

OsKSL3 LOC_0s04g52210 pseudo-gene

OsKSL4 LOC_0Os04g10060 syn-CDP syn-Pimaradiene

OsKSL5 LOC_0s02g36220 ent-CDP ent-iso-Kaurene

OsKSL6 LOC_0s02g36264 ent-CDP ent-iso-Kaurene

OsKSL7 LOC_0s02g36140 ent-CDP ent-Cassadiene

OsKSL8 LOC_0s11g28530 syn-CDP syn-Stemarene

OsKSL9 LOC_0s11g28500 pseudo-gene

OsKSL10 LOC_0s12g30824 ent-CDP ent-Pimaradiene

OsKSL11 LOC_0s12g30800 syn-CDP syn-Stemodene

Fig. 5-1. Function of the kaurene synthase-like gene family in rice
(A) Biosynthesis pathway for diterpene phytoalexins and gibberellins in rice. (B) A list of kaurene synthase-
like gene in rice.

119



Name Accesion Relative expression
0 2 4 10 24 (h)
OsKSL2 0Os04g0612000 1.00 49.06 16.68 0.70 0.36
OsKSL4 0Os04g0179700 1.00 51.42 54.30 21.03 8.13
OsKSL7 0s02g0570400 1.00 1.14 10.89 32.31 9.30
OsKSL8 Os11g0474800 1.00 1.13 1.94 2.38 11.37
OsKSL10 0s12g0491800 1.00 3.63 35.61 29.34 19.23
B 60

—\ ——0sKSL2

==0sKSL[4

OsKSL7

\ —o—0sKSL8
0sKSL10

—~
/

Relative expression
w
o
_ gt
-

S
[ —
//

10 /

Time (h)

Fig. 5-2. Trehalose up-regulates several OskSL gene

Hydroponically grown seedlings were treated with 5 mM trehalose. Total RNA was extracted from
roots and used for microarray analysis. Rice 44k microarray (Agilent Technologies) with one-color
detection method was utilized to performe a transcriptional analysis for trehalose-induced changes
in gene expression. (A) The relative expression of the OsKSL genes during the trehalose treatment
are indicated. (B) A graph showing the data in (A).
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5 mM Trehalose

Unknown

function OsKSL2
GA
synthesis OskS1
OsKSL5
Other secandary
methabolites
synthesis OsKSL6
OsKSL4
Phytoalexin OsKSL7
synthesis
OsKSL8
OsKSL10

Fig. 5-3. Expression of KS/KSL genes in response to trehalose
Hydroponically grown 14-d-old seedlings were treated with 5 mM trehalose. Total RNA was extracted

from roots at 0, 1, 2, 4, 8, 16, 32 h after initiation of the treatment. Semi-quantitative RT-PCR was
performed for the KS/KSL family genes including OsKSL2.
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0 1 2 4 8 12 (h)

OsKSL2
©
[e]
=
2 Actin
OsKSL2
©
o
@ Actin

Fig. 5-4. Expression of OsKSL2 during MeJA treatment
Total RNA was extracted from shoot and root tissues of 14-d-old seedlings. Semi-quantitative RT-PCR
was performed with primers designed to amplify partial sequence with in the OskSL2 cording region.
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OsKSL2 OsKSL4

100 - 20 -
5 5
2 801 215
) )
& 60 S
3 3 10 4
2 401 2
- - 5 .|
g 2] g

0 = 0 4
0 2 4 0 2 4 (h) 0 2 4 0 2 4 (h)
WT hebiba WT hebiba
OsKSL7

8 -
ST
3¢ 1
55 1
54
234
T2
g1

0 n

0 2 4 0 2 4 (h)
WT hebiba

Fig. 5-5. Expression analysis of KSL genes in hebiba

Hydroponically grown 12-d-old seedlings were treated with 5 mM trehalose in roots. Total RNA was
extracted from the roots and used for qRT-PCR. Wild-type plants (WT) and the JA biosynthesis mutant
plants (hebiba) were uesd. Data represents mean ==SE (n=3).
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MSU-RGAP 5377>CATTGTATCTTGTTGG-ACCAAAGATCCCTGATTCTGTCATAAGAAGCCA>5425
IRGSP-RAP 5533>CATTGTATCTTGTTGGGACCAAAGATGCCTGATTCTGTCATAAGAAGCCA>5582
OsKSL2 6151 >CATTGTATCTTGTTGG-ACCAAAGATCCCTGATTCTGTCATAAGAAGCCA>6199

0 20

GTTGGACCAAAGATCCCTGATTC

Fig. 5-7. Possible errors in OsKSL2 sequence from the rice genome database IRGSP-RAP
Alignment of the genome sequence for OskSL2 from rice genome databases, MSU-RGAP
(LOC_0s04g52240) and IRGSP-RAP (NP_001053842), are aligned with the Nipponbare genomic
sequence determined in this study.
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regions conserved in diterpene cyclases, SAYDTAW, QXXDGSW, and DDXXD motifs, are boxed.

ive rice KSL sequences
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Amino acid sequences of OsKS1(AB126933.1), OskSL4(QOJEZ8), OskSL7 (QOE088), OskSL8 (Q6BDZ9), OskSL10

(Q2QQJ5), and OsKSL2 (LC033788) are aligned using ClustalW software (http

Fig. 5-8. Alignment of OsKSL2 and representat
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Fig. 5-9. Functional analysis of OsKSL2
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Gas chromatograms (m/z 272) of the products converted from ent-CDP by recombinant GST-OsKSL2
(A) and authentic ent-kaurene (B). Mass spectra of peak A (C), peak B (D), and authentic ent-kaurene
(E). Scheme of biosynthetic pathway for the synthesis of ent-beyerene and ent-kaurene from ent-CDP

(F).
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Fig. 5-10. Subcellular localization of KSL2 in rice protoplasts
Fluorescence microscopic images of transformed rice protoplast cells. Images of a cell expressing GFP
fused with a putative transit peptide from the full length OsKSL2 (A to C), free GFP (D to F), and GFP
fused to a putative transit peptide from IRGSP-RAP-based OsKSL2 (NP_001053842) (G to I).

Fluorescent signals of GFP (A, D, and G) and chlorophylls (B, E, and H) are merged (C, F, and I). Scale
baris 5 um.
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BOE A

R Lo — 23D SO HEEN Y 72 &R O AW AR S p T
HO, B A ML AREWE & L CHRET 5 (Wyatt, 1967; Singer and
Lindquist, 1998) . @SB NTH b Lom —RINAEREE LTFET S
N, TOEEEIIWMETH Y, YT TED X S I AEFREZ FF oD T
IR SR Z . A XTI, RBEA~O b Losm— ZAUEAS, FRERC o Bl BEE
R TORREFEST S 2L (Fig. 1-4) , #EHTOA 30 Byt 25
WL ENRENTWS (Fig. 1-5,16) . 20O F L —RCFES N HHE
WA 45 T ORG24 1T Trehalose-induced systemic resistance (TSR) & &
h% (Fig.1-7) . TSR, FLrm—2E W5 BRFICEBAIICIE(ET 5 p
R, BT DY 7T AMEE LTHRET D ATREMEA R L TV D, ZD72®)
TSR #Hfif3 25 Z & T, HMIZBT D b Lm—RADEIEEREIC OWTHT 7272
MAEHR LD &R S D . ARBFFETIX TSR O 4 T-HiE ORI % B )12, TSR
BT D HRNVE L DOEGEZRITT 2L L BIZ, Frr—2ARLEDk )

TSR % T % D i it L7z,

TSR 2B DM NE L DREE

WP E L FEROPHISE L LTI, SAT 7T Az LTHllshs
SAR &, JA/ET > 7 F v L CHlfI &7 5 WSR, ISR @ 3 523EH 65 (Fu
et al., 2013; van Loon et al., 1998). TSR IFARHE> 5 i I HRBIME DS FFE S

NAFHROEHIRFMTH S, ZD7-0 TSR O 7 FIVniEL, fHWFRLE
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ICHI S D Z R TRENTZ. £ 2 TTSRICE T DA LVE L O %7
RAE=D, g — 2B OFRLVECNEEZERE L. F Lo — 24U
SR E T, WEBEOHMALEL ThD JA, JAlle, 3LV SA DE
BNz sz (Fig. 2-5, 2-6) . £/ 60O/ TSR ZHIH+ 2 0Z
A5, JA AL BER hebiba 35 £ O SA /3y il FIF L NahG %
HAWT, FEARLE L RBIRIETO TSR 28l L=, ZOfE5%, TSRIZEIT S
R COBGHBHE R T ORBUIIJA > 7 e SAv 7 ichlEans = &

(Fig. 2-7, 2-8) , #fi_ LHL COIRFRGIMEIL SA & 7 F VT S5 Z L2
k7ol (Fig. 2-9, 2-10) .

—HRIZJA 7Tl SA LT IVIFEEHIICHER T ¢ &2 6N TWnA. L
LA RNVE CREMRONGEIZIE, WY TN HENICEER T RBR E
BT 5 Z ERRIN TS (Mur et al., 2006) . TSR IZEITF HRFTO JA
BLOJATle DNAEEIT (Fig. 2-5) , BEA MLV AR EONAER L HIEEL T
DirhoTc (Wakutaetal., 2011) . E72ARETIEL, SAWAEDOEEKL L
K\ Z &2°5 (Chen et al., 1997) , TSR 21T 2 ARE TIXBAHIBEEE T O
FHLO—IE, JAT TN b SA VT FANHEEMIZHEIL TS EEZ BN
L. REICHT D JA T Tl SA 7 FIVOMAEERIZOWT, fi#iT &kl
TWSKERHDH. —F T, TSR IZEIT DM EEIORFRGuEN SA ~ 7 F L
ICHIfE S5 Z L 2vn, TSR SAR EHBIOBRTH L AREMN B 2 b D.
L2>L SAR OBENES 7 FAMEN SAFEH TH S Z EARINTNDHDITR L

(Shulaev et al., 1997) , TSR OB & 7 F VBT 62N STV,

TSR DEFZROENICTH-0ITIE, 5B IOREZHLNITLILENDD.
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cbora—2Ri2 k% TSR OFE

lom—2 Lo ZHEE WS, A7 m— 29~ L h—Z % TSR
EHELRNZENHLMNE o7 (Fig. 2-1, 2-2). £D7=®, TSRIiE kL
AR RBGE ThHDL EEZBND. LL, R —ARED L5
LT TSR &4 5 DI ST, TSR OF XL LT, UTFD 35
DHREMENREZ 2 B D, Thbb, Mo N Losm — 2SR BRI T
Wd 5 Z & TTSR 5| X 29 Ardet:, Mfasto b Losm — 23 Fosz
FRIERE SN D Z & TTSR 5 & 23 waett, MlRsn ol AEh b
Lo —ANHIENICERTHZ E TTSR 23 & T afgEETH 5. 2D )
H 3 DHOARMAMRIET 5720, BEBIZ ML m—2 &2 GHEET 28K E
fEHIL (Fig. 3-1, 3-5), TSREEOBIGNBE SN DT T, ZORE, £R
RORETIL, b lLm—AFEMNEEFORBIIK S 228 IBE s e
o7 (Fig. 3-7). %> T, MEANO b Love —2EEREA TSR 23559 5 rlhe
IR EB 2 b d. ZRERICERIND 2 & CTHYOBHINE 2783 5
PAMP (121%, FF 8-V Ui EOWEMNEE NS (Cheong et al., 1991;
Kaku et al., 2006). & D72 DY b L~m— R KR 22 28K % FEO AT REME
THicEZBNS. —5T, PAMP |3 nM L~UL THEW) O Bl & 5584
% DIZ%t L (Cheong et al., 1991; Kaku et al., 2006), kL xg—2ImM L
LV TTSR ZihHT 5. 2072 b Lm —AZKKPFET D LWV D IRGERIZ,
2V DRMBAELTD. M Lm— 2B BRI T D TR D

Th, TORBRZITOLERDD.

131



TSR IZE T B JA ¥ 7 F IV ORI T

TSR IZEIT D JA 7L, R TOBEINEICE G35 & PRIk,
ZZTIZDORIZOWT, KO FEMRMRIT 21T o7, b Lovm — 2R S 7o AR
IZBWNT, JARMFIICREGFEE SN LRGN FBIc T OsERFS83 &P L, £
DOFEREFRNT 21T - 7o, MIRINJRTERENT, S5 TEMALRE DRI, ERRS G RE ORI
7225, OsERF83 75 GCC 7R v 7 A&7 5 IEORGFEINF Th 5 Z & 23R
Sz (Fig. 4-4, 4-5, 4-6) . OsERF83 DRI HMAZMEH L, EinFI38HM%
725 OsERF83 3l ¥ 25 Tt FE2RELTLL 25, L e — 2
ICXVIRETHRIENFEIND PR ¥ vV Hili{5z+ Gns6, TLP, PRIOb,
RIR1b, 3 X RIR1b-like PR & 7= (Fig.1-4,4-8) . "> T hlm—2
VR S N ARERCTIE, JA 703 OsERF83 2/ LC, —#d PR # /%7
EORBUGIE 21T 5 alieERN RSz, —H T, b —RI2 k0 JAERFH
[ZHE SN HEERT#EE71X, OsERF83 LM A sz (Fig. 2-7) .
TSR IZHT 5 JA 7 FNVOERELZHLNITT H70DITE, Zh b DIEEFRT
([COWT S HERERFAT 24T 5 MR H D

hbonm — 2B ST ARER TIE, PA G RGEE T ORBN EAT 5 (Fig.
1-4,5-3) . £ 2 T PAEARUEIRFORBIFEEN, JA 7 ZHliiE s g n
REHT LTz, ZORER, PA AA GRS T OsKSL4 3 XN OsKSL7 D ks Lm

X DRBFHEIIE, JAVTFANRARRIRTHSZ EnrEive (Fig. 5-

5) . OsKSL4 & OsKSL7 %, A ROFERPATHLEI TV FEHET 74
kY O EAEEE TH D (Toyomasu, 2008) . fit-> T TSR IZEIT 5 JA

T FME, PAEGKRETZ LT, RERATRI R EESMMEZHE L Th D
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FREMENE X B, F1- b Lo — 2B S ARE T, OsKSL2 OFEH,
N IAKTFINCHESND Z L L E o7 (Fig. 5°5) . OsKSL2 134 E
cDNA G HNRNWZ LD, BEBEEFTHLEBZZ N TS (Xu et al,

2007) , AWFFEIC LV 2K cDNA 2 ¥ CHEE S 7 (Fig. 5-6) . OsKSL2 %
ent-CDP % L HIZ ent-beyerene AT DRI D & X H %k a— RNLT
Wiz (Fig. 5-9) . entbeyerene & % OFFEIRITIHIFETENE L FF> 2 & 3HiE S
THY (Drewes et al., 2006; Tsiri et al., 2009) , TSR IZHET D JA v 7 F L

1%, REIZIIT D beyerene ! PA OAFELHIEIL CW D RIEEMEDR B 5.

TSR DHEE > FH8HE

AFTEOFERID, TSR O THENHEE SNT-. T70bh, RERICAH S
e b o — 20, MRS 5 2 8T, H D WITMaEE o

RIS NDZ T, flaNICY 7PV EmET D, ZOv 7 i, RET
DIJAHE SADEREEHETDH LT, TNENDORNVEY VT FIVICERR S
MBS 2 AT 5. JA o 7 VISR ES R ETHI 2 DS & 2B 0, PA A4
A i%°, OsERF83 2/ L7- PR ¥ v X BOAREZGIET 5. —J5 SA v 7 )
VX, RESTOHBER S FORBFEICHF G T 57200 TR, HEHOA =

W BIFIREIMEZ 2 2 & T, TSR ORHFHEM O ERTIAICEDL 5.
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