BB EZERISE (] Taiwan Agric. Res.) 64(2):145-158 (2015)
DOI: 10.6156/JTAR/2015.06402.07

AN ESE AT ANGRAS o e TS S Ty Sl LS S Al

FR 4 7 ¢

MERE

il

BBAR BHHS G FRAT HAH

%75

e
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G ¥R 9% A W Xanthomonas oryzae pv. oryzae Pi 5| 2t KGR ERE o RFRE T MAEI OB EAR -
FIA TE R 67 9 (TNG6T) AL+ Adutk 2 SA0423 R G 88 A A4 3486 M AASE Efminiik 2 Wl &
J Bk XF89b » 3t A BBk 7 R AT M AR 4R B AR BE AL o PTAF 4 R4 &) One-way ANOVA & Student-
Newman-Keuls (SNK) 247 * 4 8.7 SA0423 & — Rk B ey 34k T4 2,727 18 » “TNG67” RIA 3,585 18 » fo vl
Wl R AT R 5k 1843218 o AR TR B2, T OB R AEE ) - LHHEM-B
JR A X Z AR R X398 48, & "BioLayout Express 3D R I 4 #F, 7k 0 i —F 3 H SO @itk Aa A E - &
# real-time RT-PCR S #7#£3% » B REH 17 MA R 9 R BG SR oA &R o KEF A X & > 247
i 17 E SEATE ey B B REBREM TSN THY-RREXEZER, > HMOTEELER > @
B B AR R TR AR R BBy 6 AR IR | S AR B 09 RGBS o 13k 45 R IR TR B4R F SA0423 #9di
PEMEF D 0 T i —F# R I KB JE (expression quantitative trait loci; eQTL) ¥ 4 F#23% » JE A R4

KA G ERRIML S THAE -

RASEER 1 /KR - BRGNP - EEEE - WEERAG -
RIS

7K F8 H 2 Al 7 (rice bacterial blight dis-
ease) T % Xanthomonas oryzae pv. oryzae
SR » BUKRERE N B R E 2 — » A& ROK
TR EE 22 50% (Gnanamanickam ef al. 1999) °
TEGEEME - OEREEE &4 2 3RS
fE > LHEZRE#E % - &K SN EZNRE
AR T H AT N E ZE A KRR & (Hsieh
2003) °

TBATREE T FI I EER] ~ Rt B M B R i1
MRS T A - Da A MR o Ko Jitkd
TEAVIEME  PTR DR EER [ o MR IR T

FEIE A » B AR R AR B &EE
F-F% (Yang et al. 2003) » [N - §i P oo feE HY
BEH > EAEMBERNSH MEEZE-
2S5 EEKEEEA S EM EHitEER
JBE o Sy Rlen sk Xal & Xa36 (Lin et al. 1996;
Nino-Liu et al. 2006; Zhang 2007; Shanti et
al. 2010) - F o> Xal ~ xa5 ~ xal3 ~ Xa2l ~
Xa3/Xa26 [ Xa27 F RN E #; 55 (Song et
al. 1995; Yoshimura et al. 1998; Iyer & Mc-
Couch 2004; Sun et al. 2004; Gu et al. 2005;
Chu et al. 2006; Jiang et al. 2006; Xiang et al.
2006) ° 2R K B 22 B (International Rice
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Research Institute; IRRI) F| AR EHFHT TR24°
bm 2 AF By lim B > B A A E Xa R
IRBB %%1]37 [6]JF % (near isogenic lines) » H
Al — 20 3 2 By BAFHY Xa EREE L
J& Mt bt 8 & (Huang et al. 1997) - JRA
BB MM Eb g8 8 3% (comparative genetic
map) J77% » 195 IRRI AYBFZ2 45 5 - BAEE N EF
% u] ER Yy TREEE » AT E RnfEAYH ML
E (Kottapalli et al. 2006; Sama et al. 2014) -
Xa2l UREREY) - 7T EUE) Xa2l #57
B = E ] (Xa2l-mediated immunity) @ {7
H Xa2l W/KTEME IR - 8 HEF 2% 0 EMRE
AN B HEESUME (Bai et al. 2006; Lee
et al. 2009; Lee et al. 2011) - ZR 1M » IRBB21
(Xa21) A1% &K 1 XF89b ~ XM1 K XM42
L EEE R A EBEBEN P (Wang et al.
2013) » HATHEZ B8 1 B PR AY B0 1 il £
BIANRITEHERA FIATEL > HEGE L AW HUE
AE - BEAN A R B B — i KRS
T8 > FT R A S T I 3R s T T Y A B N
SR EE o MBI - WA Xad 1Y
W EmEERE L - R "R
(Khush ef al. 1989; Mew et al. 1992) - A »
BER R RS EREUEER - o] DUREE
DUMERVARAR - HEEAN R o FrDL BT
Pt F B R HU M R R B 48 > DAREEAE
HYE L BYUREEZ 52 TAE (Wang e al.
2013) -
THERZERERABCERSFOE
MR A ZE 48 ER - L% 1996 FHYFFRAIFEH
TEAK G HE S il (%) B 151 BRAVA LR
b 253 XF89b H i 26 {El A A Xa HitEE R
HI7KG i % (IRBB 3T [EIE %) R © £S5 I
fEE BT » XF89b {52 — M sR HY U™ B ik
F—JiH » AP & E LS (sodium azide)
FEE o BIiI—& TNG6T HEE - HELNHE
3,000 EZe B AG 40 £ - T R A T EERL ~ PR
R BMESH - bURESE R FEAERE M
ik (Wang er al. 2002) - &8 FE L IE 2 578
AL E#R (XF89b ~ XM Kz XM42) HY 4 14
JE - BHRATCEESD 7 EH0R2EEEE (SA0405
SA0408 - SA0421 ~ SA0423 ~ SA0424 -~

rere

]

64 % H52 1

SA0912 ~ SA1613.1) » DL 55—#% ‘TNG67 &
FiF ] SA0422 Z2 8888 o o » SA0423 784
BRI EL TNGOT B - HZHEhiEME
FIAREE - AL - ABFFE DL SA0423 22888 (R)
BRI ‘TNG67 (S) Febbkt - HEfE &8 KAG
1 BE il 55 01 A E [T 25 A B PR (XF89b) 1% »
FIF RS & 7 o A SR Ag R R B - $RET ]
RES B SA0423 HLtEHINVEIN - FTfe4s i
AR Hig B % R B E K N E (expression
quantitative trait loci; eQTL) AY4r T-HEzE » FE
R ARRGMEZ 775 -

MR ESE

AEEM R

AHFE ST 58 T A SN R R BURLEY T e
HFFE A —5% , (‘TN1’ > highly susceptible » HS ;
MBI %) ~ BMERY CTNG67’ (susceptible,
S) K EEEHIMEN SA0423 228448 (resistant,
R) » 3RMRIETTEAEEIVRE » (FAEE
Sy RAf el o B BEAL R R LR S AT R R AE R 1
i EE 5= P R0 3 EEAG R Xanthomonas
oryzae pv. oryzae XF89b (FREEH : &) E
Ryftal bk -

HEWREZ ZER-R - ZEERB
HE
TEPE MR B 1 > & X, oryzae pv. ory-
zae XF89b FASH T - fGUEER 523 BIRk ks
E=E (1% sucrose ~ 0.8% casein hydrolysate -
0.4% yeast extract ~ 0.2% K,HPO, ~ 0.03%
MgSO, - 7 H,0 } 1.5% agar) » #{7/5{E 72 h
% EPEEE —FEIR RN E A W
o NEITEIMEERE 72 h 1% - B 2 523 )
FE 1% 3 L (1% sucrose ~ 0.8% casein hydroly-
sate ~ 0.4% yeast extract ~ 0.2% K,HPO, & 0.03%
MgSO, - 7 H,0) « JAZJR T ~ 150 rpm BRI E
72 he B SRR By 10° CFU mL™
TE Ry B BN B R -
HEa /K RS A PR S R 2 TR 2 = oy BE
(maximum tillering stage » %4 60—80 d) » {5
HOEESE ) (Kauffman et al. 1973) » #E{THIER
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RS © BEERT - el B aYEY T T) )RR 58
UWER > BENEESENR LT R
BHEE » BEEEAL 1-2 om 2 » #ETTHIEE RS -
FrA #EE97E 1| h A5ERK - BT > 202 0.5
12 f 6 h SFHFE R SRAVEFEFETIOLLT 2
em ZER o fER RNA RS FEIMR > SRR
PEHIE S & ITND JRET R 2 25 3/4 1 > &

5= RNA 2 2By

{& # Chirgwin et al. (1979) #J J5 % >

1T /K FE 48 B8 RNA Y FEHYL - HYL 0.3-0.5 g ¥ﬁ@$
KIBER » KRB ERZ - DU ik KA E
RcAtik » AR TA 10 mL £ HL 4% 7% (100
mM Tris-base ~ 20 mM EDTA-Na, » 200 mM
NaCl ~ 4% SDS ~ 16 mM DTT ~ 1 pg mL!
2-mercaptobenzothiazole) K %5 & f5 phenol »
PL12,000% g Ly 10 min o $23% > HL BB R
MAERBENENEEHEE1% - 2L 12,000x g
L 10 min e 2 4% > HU BB INA 13 F‘%ﬁ
TEH 8 M &L - &A% BN 4CHET
BRI - R1% 0 Y 4CT 12,000% g #fELs 30
min > B0 - S0 [0D8 7Y 2 mL 6 B 25 i
TR FEAIA 0.1 {58575 3 M EEEE 579 4% i (pH
5.2) J 2.5 (SRS TEGEEENS - FIUIUE RNA -
%1% » RNA [B[JA}> % RNAsecure (Ambion) 2
A EETK o HUB &5 > DL 320-220 nm
e AR M E HOR S R & M (T RNA H
BB ASE k5707 > DUREE RNA Y58 814

P 1% B BEORAERY -T0CH A -

7K#3 cDNA & (microarray) < %5t
K e 2k R 8 8% 5 7 51 B MSU Rice Ge-

nome Annotation Project (Version 6.1) & »
$45 56,797 {8 £ A (loci) » K FR[E —HE K
| % {t 57 1)) (alternative splicing sequences)
oY B gt T H AL (unique gene) ¥ 5
47,154 - {fi f Agilent Oligo Microarray (60K,
custom-made, Agilent Technologies) & fF > H
A 8 {E A & (8 sub-arrays) o BE$F 75
HUEET 2 (£ ] Agilent eArray system $(fG - #F
¥ 56,797 (AR EFREG 2 3 In 1 kb K EHE
BN - $%aT4Y 60 mers (YFFI(E BEESE - &0

{i#l sub-array & 5¢ # H 5¢ & — B /KR 8 3%

TS -

cDNA fHi [ 51| % & [ F& (hybridization)
ISLETe:paxiil

o fn el () B 0~05-1-2 K 6h
9 RNA £k fn #1777 & S FE - RNA §Y 7R KR
&5 2-3 pg pL' > YAEF 25 pg o PP oLige
B 0 B B 5 1 6 S T -
4 RNA £ i 7% %% Bioanalyzer RNA QC f& £
ZE e R TR AR (BB VAT G (OD260—
0D320)/(0D280—-0D320) > 1.9 ~ (OD260 — OD320)/
(OD230-0D320) > 1.8] » HY 1 ug RNA (il Amino
Allyl MessageAmp aRNA Kit (Ambion Cat.
Am1753) f£51 RNA > ifi A Alexa Flour 555 Reac-
tive Dyes (Invitrogen) #£7T RNA £ mAYFEEE »
T ¥ RNA #% F b (fragmentation) 7% » #E {7
cDNA fid | BVFEG STE < 72 65 CHEGE 17 h
1% > {1 Agilent DNA microarray scanner (G2565CA,
Agilent Technologies) 7 cDNA flifgF @
5FIJ F Feature Extraction software (version 10.7.1.1)

iR R - &k 0 EANEEREGEEE

FI R GeneSprmg 11.5 g8 (Agilent Technolo-
gies) > #E{T One-way ANOVA J SNK f@E
(Student-Newman-Keuls test) 4747 °

¥ 5 + Th s o0 7 & St A H g:Profiler
(http://biit.cs.ut.ee/gprofiler/gconvert.cgi) 4g
vk ¥ ##E % 1 7 5% (MSU accession number)
f## UNIPRO TSPTREMBL ACC HyFEk »
2L DAVID (The Databasefor Annotation, Visu-
alization and Integrated Discover) 485 (http://
david.abcc.nciferf.gov/) » 43 7 &5 ([ 58 8% T 0]
RES BRIV AUHIEE K -

M ERERKENFEEABREE
KB R REAL

R KA 10 (http://www.riced-
ata.cn) ~ Oryzabase (http://www.shigen.nig.
ac.jp/rice/oryzabaseV4) J Gramene (http://www.
gramene.org) 44Uk EEFAY A ERRE T IERR
B > RS DL B R BAH B SRR - AR A AT A
PRIEEH SSR 43 F #5586 » B A Gramene 481k
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fy"Comparative map, 1.5 » 1 A& R 7E fir 1E
KRR B PR B 5t - #% > A OryGen-
esDB 44115 (http://orygenesdb.cirad.fr/) f@z
7= BRI E Y E BRI E o W
AN E TR > R B & H A=
RRBE G HEERECE - 5—JH
H KEGG #9ui5 (http://www.genome.jp/kegg) °
T 22 K A 4 B o 2 B 40 A B A3 (plant-
pathogen interaction-Oryza sativa japonica) 2
AN MR HE S /HAR DA ERSE
BT -

iR RIRDEE

Hést o thirEa s Z2EHg - &
BioLayout Express3D (Version 2.2) #E{73R
47 BE (clustering) (Theocharidis et al. 2009) -
V&R MR - B (R BEE £ 0.95
minimum component size % £ 5 » inflation 2%
7€ 2.2 > smallest cluster allowed 7€ 4 -

Bl P iE sk RS I E T E (real-time
RT-PCR)

{# ] SuperScript™ IT Reverse Transcriptase
(Invitrogen) #5445 RNA [Z #5%5% cDNA : 1]
1 uL 10 mM oligo d(T)I18 5[F (¥ 1) A 2 ng
H4E RNA fan > &80T ~ 10 min 1% - [
BIER 4ChH > fFZ—hA 1 L 0.1 M DTT »
4 pL 2.5 mM dNTP (TaKaRa) -~ 4 pL 5x first-
strand buffer ~ 1 pL. RNaseOUT ~ 1 uL Super-
Script IIReverse Transcriptase (200 U pL™) »
3 5% GA BB R £ 20 uL - 5 25 10 min &
42°C~ 90 min fE i #& > F LL95SC 5 min &
12 HE > Fif3 Bl ks cDNA - B2 1 DL KAPA™
SYBR" FAST qPCR &% 7 4H # 77 PCR » H{ 4
uL F7ifE 20 {9 cDNA > il A 10 uL 2x master
mix ~ 0.4 pL 10 uM 5] F (F 1) ~ 0.4 pL 50x
ROX Low 4.8 pL E8F /K> BN L EE
e ELR E B EE S M (ABI 7500, Life Tech-
nologies Co., Ltd.) » #E{THRIFFE & PCR K JE -
PCR (&2 EA T  95°C ~ 2 min 30 s » FfE
RO S PR ETTRYIEIE R > 9SCEEME 30 s
ME K ER 60C T30 s T2CHE K IE
32 s MESCTEHETT 40 RAGER - MEEESTE (dis-

Hoat 2

1. HIEFER RT-PCR 572751 -

Table 1. Sequences of primer for real-time RT-PCR
analysis.
Primer Sequence (5> — 3°)
Ankyrin F TACGCATTCTTCCATCATCA
Ankyrin R TTTCTCCACCCACATTCC
ATG1_F GAGGCACAGATAGATTTG
ATGI_R GTCACTCAGTCGTTATTC
CaM_chrl-1_F GGTCAGATCAATTACGAAGA
CaM_chrl-1 R TTACTACCACCAGGAGAG
CaM_chrl-2 F TTCAGAGACATCCTATGCT
CaM_chrl-2 R ACAACAGAATGGCTACAC
CaM_chr2 F ATCCGCTTGTGTCAGAAG
CaM_chr2 R CGAATGAATCAACCAATGTCTC
CaM_chr5_F GGAGTTCGTTAAGGTCAT
CaM_chr5 R TACCACCAGCAAAGATAG
CMPGI1_F GCTAGGTCAAGAACACAATCAA
CMPGI_R ACTGCCAAATACGGTCTGT
DUFlc_F TTACTTCTATGTCCGATCCA
DUFlc R TGATTACTGTCCACTGTCT
FMO_2F GAGCATTCATTCGTTCGT
FMO_2R ATCATCTCGAAGGTGTAG
JOM_F ATCTATCGACGTGTTCAC
JOM_R CACCTTCTCCTTGTTGTA
Oligo g (T)18 GTTTTTTTTTTTTTTTTTT
PxMP_F CCACGAGTTCATAATCAGA
PxMP _R CGCATCATAGTCCAGTTA
SAM_F GGAAGGATGAGGATGTAT
SAM R ATAGGTAGGTAGGTTGAAG
SNARE_F GGCTGTTCAATCTGTATCA
SNARE_R TGGACTCGTGGATGTTAT
Ubi-F1 ACACTTGTGATTCAGTTCCA
Ubi-R1 TGCAGTGTCGATGAAACC
Xa2 F TGGTGGTCTGAATCTGAT
Xa2 R GCCTCCTCATCAAGAAAG
xa5-2F’ CATGTGCCTCACTGAGAC
xa5-2R ATAGACTTATCAAACTGGACAAGA
Xa25_F TTTGGGATGGTGATGGTA
Xa25 R TACAACAGAAGCGGAAAC

sociation) {F 95C#EfT 15 s » 60C#fT 1 min »
95°CHEFT 15 s » 60°CHETT 158 »
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FER R AR

SA0423 £ ‘TNG67’ #&#E XF89b 2 cDNA
WA D

B o BEHARG B 2 SA0423 28 S8 B
B2 TNG67” » BEflE A £ & 2w My 43 Bk
XF89%b » Wi AL 7 1421 [ 28 d >
BRmEER R (B 1) GREHR
TNGO67 Rl B I8 T % TNT (15755 BE B & 3%
BRI E > {2 SA0423 ZE 8 B 155 BT 4% °F
WFIE—TERE » BUR SA0423 HEE % XF89b
SyEERRA BHEERIIUM: o B 1T TNG6T K
SA0423 FEfd 1% A [FIRF [ 2 EEREE 7 i (R 2)
GEE ST BEfEIR Y SA0423 4HIBEN B A 21,159
(87 BRIFEE T > TNG67 HIFE 22,017 {#
PR IR A — 2 22 BRI 18,432
{E ST > SH7 SA0423 B —38 H LI i s
TH 2,727 8 > MAE ING6T H—z RFIE
TR 3,585 @ -

6 A Fr S PR A 2 RS T kil
(%) 23 AIFH DAVID Web site #{T GO (gene
ontology) FY&Efi# » Slff 2 % /K e 4l it 32 FEE 1%

(A) TN1 TNG67 SA0423

o
o

oF B A BRI (B 2) - HRTAWFEE 58T
AHBNZRTHE T2 GO shfg > " {E R
HE UKEE E2RIEE AR R AR A
HYESBREORE - [FIR 7R AT Y 2 LA R AEHY
AL D RET B Y B [ B ST A R AY
A - ARG RE A A -
REEREMGLE (R) BIREERRAHE
i TR GO sER&E R Bl oy - B HLE T AR
SHERY - B SWERER (cysteine -
methionine) & & BF A& 09 & A& B (serine
threonine) % U3 - HAT - 18 L AUH S 1K BLK
FE A ZHEY SRR R - 9 R E % - M
SA0423 ZES RGN FEME 1%~ B — 72 FR T %
T AIETRE 2 BLfE I (amino sugar) ~ % H BL
I (nucleotide sugar) ~ ZEE[BEEE (glyoxylate)
T #BMEEE (dicarboxylate) K f#FLEE (alanine
aspartate ~ glutamate ~ arginine Jz proline) Z§
LR - FIF > IV B0 ek 2 B gk
Hg (glycerophospholipid) K 4 4 2 Bl (thia-
mine) HYFCEH o Hoob - HdbkAg & GHAAEAY £
SRy 5 M4 R Bl A BEAEAE V)i t il
o MEECHTAE > AEEEYI T

@ ™

)
&

N
o
T

Lesion length (cm

——-
1cm
IS

(B)

. TN1
[ TNG67
[ SA0423

7 14 21 28
Days after inoculation (DAI)

1. “TNI” ~ “TNG67" Jz SA0423 Hi#fd [ BEAL I XF89b ZHiMEaier - (A) 7 28 d HURBESNEL ¢ (B) 1%&

1% 2 i BE-EE 4 (bar = Standard deviation) ©
Fig. 1.

The disease response by leaf lesion (cm) in‘TN1°, “TNG67’ and SA0423 after inoculation of Xanthomonas

oryzae pv. oryzae XF89b. (A) Morphology of leaf lesion at 28 days after inoculation (DAI); (B) Leaf lesion investi-

gated at various DALI. (bar = standard deviation).
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Hoat 2

2. (SRR O - EERT 2 EREDER - R REE -

Table 2. Microarray analysis: steps, conditions and number of transcripts screening.

Time after infection Transcripts

Step Condition (h) SA0423  TNG67
Preliminary screening Total transcript 61,713 61,713
Deduct the controls 61,657 61,657
One-way ANOVA Deduct expression < 50 26,900 26,900
Compare each transcriptome of TNG67 and 22,506 23,260
SA0423

Post-hoc test (SNK) Compare the transcriptomes after inoculation 0.5 9,592 10,901
with the transcriptomes at 0 h in each line 1 12,893 11,775
2 14,964 14,825
6 15,466 15,102
Comparative analysis(Union) Contain the non-line specific transcripts and line 21,159 22,017

specific transcripts
Comparative analysis(Intersection) Deduct the non-line specific transcripts (18,432 2,727 3,585

transcripts)

T 24 0 (HFEY)IES HLME (systemic acquired
resistance, SAR) (Ahn et al. 2005) - 55— H1H »
ING67 JriEfdls » H— = R RHEE T Hl
FHESBLEE (N-glycan) 1Y &l R E S
& B (genetic information processing) > 1 1
FHIIYIER{E1E (base excision repair) ~ DNA #
Bl W E RV R {Z 18 (nucleotide excision
repair) % [6] )5 5 40 (homologous recombina-
tion) % o HL&HREUR - BEERHY TNG6T 4H
HEL T BE 52 F1 XF89b 45 i Y A= BB 3% » (I
UL B S AE S8 B - (HiE S 1A 7R
3 SR TR -
T EREERAVEDE

EiEL B E e B B KREEE oL
Oryzabase F; Gramene £ 4k - fg % H #i &
BROAEMFIUMEEREE - G5R1%8H > K
AR EE 42 (0] se 8y B BRI P A
Kl - H g1 Xal ~ xa5 >~ xal3 ~ Xa2l ~ Xa3/
Xa26 Fl Xa27 55 B R T ;B8 78 & € J¥ (Song
et al. 1995; Yoshimura et al. 1998; Iyer & Mc-
Couch 2004; Sun et al. 2004; Gu et al. 2005;
Chu et al. 2006; Jiang et al. 2006; Xiang et al.
2006) - Fl| A "Comparative map; (Gramene
Web site) fig %3 78 S KL N (VB [ s 1y (i B -

FIH OryGenesDB 481k » 43 A7 i 75 18 £ 1 e Y
AR RH T - Z*%é"%%%@(ﬁﬁ 1 141

Fy SA0423 ZEBHGE — R E R T - HE—FLE
Bty EbThEE > #IA 32 ﬂﬁ%@ﬁz?ﬁ

REBLHUIEAR - P EE xa5 B Xa25 Mi{EE
HEEFE PR » xa5 4RtE RNA AT ¢
ZIT (subunit) - RI%E A4 il ELHYZE 8 (4R
B AR B - KA TRE (Iyer & McCouch
2004) - BREHERR 0 H EEALE A S T 25
Wb Z 4% > 3 3% transcription activator like ef-
fectors (TALEs) £ 75 F 4G - [N xa5 EEH
%Vﬂ’] RNA B &H§KE AL TALEs &54 >
AETT 5 BB T R R AV > & RKE
HIPi MR (Bogdanove et al. 2010) = ZRfi »
Xa25 MRS - BRIDRELE -
FH KEGG Web site fg 2 /KIgHEY) - 5
& B X O E A % {€ (Plant-pathogen interac-
tion-Oryza sativa japonica, 0sa04626) > 535
Horfr 69 flElBL PR 2 B I AR B AR (18 3) - #E—
A B SA0423 ZE G H — R B E 8 T LL ¥
R 14 (M T ORE 6 HAR) fIas
SE L AH R (B 3) - Hf > Gk H
PEHFRIAY AN » 40 calcium-dependent protein
kinase (CDPK) Hi
protein (CaM/CML) ;

calmodulln/calclum binding

B3 B R SRR Y A
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Thiamine metabolism

Nucleotie excision repair

N-Glycan biosynthesis |F

Homologous recombination

Glyoxylate and dicarboxylate metabolism
Glycerophospholipid metabolism
Glutathione metabolism

DNA replication

Citrate cycle (TCA cycle)

Base excision repair

Arginine and proline metabolism

Amino sugar and nucleotide sugar metabolism
Alanine aspartate and glutamate metabolism

Cysteine and methionine metabolism

KEGG pathway

= Both
= SA0423
= TNG67

Photosynthesis |
Fructose and mannose metabolism | m——m a?
Pentose phosphate pathway | —"—"—"
Glycine serine and threonine metabolism —]

Aminoacyl-tRNA biosynthesis | immm———
RNA degradation | s,

R
Endocytosis e

Starch and sucrose metabolism

Pyruvate metabolism | — _—
Proteasome |
Ubiquitin mediated proteolysis | i—
Pyrimidine metabolism | —"

Amino sugar and nucleotide sugar metabolism |

Oxidative phosphorylation

Glycolysis/Gluconeogenesis _--’L
Purine metabolism | —
Carbon fixation in photosynthetic organisms '_-ﬁ -
Spliceosome || —————
Ribosome ,——ﬂ

40 60 80 100 120 140 160
Gene number

2. PEFEEEER XF89b 1% » SA0423 ~ “TNGO7" K [RIIFHFAE W i Fa 2 7 B ik T A 2 B ACHRR K
Fig. 2. The metabolic pathways of differentially displayed transcripts present in SA0423, “TNG67° and both lines in

response to pathogen (XF89b) inoculation.

» 41 heat shock protein (HSP) i respiratory
burst oxidase (Rboh) ; HLZ ] i {12 X AH B
~ coronatine-insensitive protein 1 (COII) ; J
S E {98 AH B 2 mitogen-activated protein ki-
nase kinase (MKK) ° FH#E§% 88 73 A7 45 R BT »
Rboh ~ COIl F: MKK #Sc &R & LTT
HSP R 2R T 5 i CDPK Bl CAM/CML
A 2B BRI -

FF]A BioLayout Express3D » % SA0423
EERE -REEE T IREBIET T 0K
942 Bf » 7 256 Ef4F SA0423 B “TNG67 [ £
BUME SR BLBES - H0 2 B 8 T et g
FWEAL T~ BT RORATHEEE B E

M AIFR S L INRE R H BV RN ERAH - 45 R B HE
A 18 {EEFH - B EH S B ESE T -
FBREB T Mt e A LIhEE » MG RS
13 {16 7] 5 BG4 AH R HY B B 1 -

e i i e A X AT 48 3R AT 59 (B B tEAH R
HYEE s+ - FI F RIS € 2700 5 5 T SRR s
J& (real-time RT-PCR) FFJ 57 77 Lo EL R 1E 1
TERHRBEY - B HE S 17 [EE 1R
BB R A (B4~ % 3) > FIHEBRE
PRET 12 Sb BN B ) o0 0 S RE YRR IR M - H Al
CHRINVEYIRIE 24 » 20 R 3 REr W
JFAHRE 77 T B2 (microbe/pathogen-associated
molecular patterns, MAMP) HY ¥ 3% ~ 3% & &
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3. AWITTETEEFTS Z G REERA -

Table 3. The resistance gene candidates screened in this study.

Gene name Gene ontology

Ankyrin, Ankyrin repeat-rich protein BP*  Cellular process, biosynthetic process, protein modification process, post-
embryonic development, anatomical structure morphogenesis, response to
endogenous stimulus

MF  Binding, protein binding, catalytic activity,

ATG1, ATG1 BP Cellular process, cellular component organization, protein modification pro-
cess

CC Plasma membrane
MF  Molecular_function

CaM_Chr.1-1, OsCaml-3- Calmodulin BP Biological process, response to abiotic stimulus, post-embryonic develop-
ment, signal transduction

MF  Binding, protein binding

CaM Chr.1-2, OsCam3- Calmodulin BP Biological process, response to abiotic stimulus, post-embryonic develop-
ment, signal transduction

MF  Binding, protein binding
CaM_Chr:2, EF hand family protein BP Protein modification process, biosynthetic process
CC Cytoplasm
MF  Binding
CaM_Chr.5, OsCam2- Calmodulin BP Signal transduction
cC Plasma membrane
MF  Signal transducer activity, binding, protein binding
CMPG, Immediate-early fungal elicitor BP Protein modification process, biological process
protein CMPG1 CcC Intracellular
MF  Catalytic activity, binding
DUF26, Domain of Unknown Function BP Protein modification process, cellular process, metabolic process
26-le CC  Plasma membrane
MF  Kinase activity, protein binding, cellular process,

FMO, Flavin-containing monooxygenase BP Cell death, signal transduction, metabolic process, response to biotic stimulus,
family protein cellular process, response to stress

CC Endoplasmic reticulum, membrane, cell
MF  Nucleotide binding, catalytic activity, binding
JOM, Jasmonate O-methyltransferase BP Multicellular organismal development, cellular process, metabolic process
CcC Cellular_component
MF  Binding, protein binding, transferase activity
PxMP, Peroxisomal membrane protein BP Biological process
CC Peroxisome, membrane
MF  Molecular function
SAM, SAM dependent carboxyl methyl- ~ BP Biological process, cellular process, metabolic process
transferase CcC Cellular_component
MF  Transferase activity
SNARE, SNARE associated Golgi protein  CC Cytosol
Ubi, Ubiquitin family protein MF  Molecular_function
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3. AUITEERERATE DU SR (5) -

Table 3. The resistance gene candidates screened in this study. (continued)

Gene name Gene ontology
Xa2, OsSAUR21—Auxin-responsive BP Response to endogenous stimulus
SAUR gene family member MF  Molecular_function
Xa25, Nodulin MtN3 family protein BP Biological process, cellular process, transport
CC Plasma membrane, membrane, cell
MF  Transporter activity
xa5, Transcription initiation factor IIA BP Biosynthetic process, nucleobase, nucleoside, nucleotide and nucleic acid

gamma chain

CC Nucleoplasm

metabolic process

“ BP: biological process; CC: cellular_component; MF: molecular_function.

effector & B HY 77 ) B 3 R V178 £ A
B0 4ET B 52 A8 & K R AR BRI ER (Panstruga et al.
2009) © [fi AT gk AS D ATEE R > CaM
SNARE associated Golgi protein (SNARE) ]
FES BLTE TMAMP HY ¥ B - S Y4
He 2 )55 R B I BRI bR RS T
o7 & CaM WY A - HE T BB 15 90 %0 9% R 40 HY
[ ® £ [N (Poovaiah ef al. 2013) - SNARE &
— LRSI E 08 AT RE S 2 4
FfLEE SH B f e dR B Bt BB B A 0 BT
JRIFRE Af= (Bassham & Blatt 2008) - 55— 75
M > flavin-containing monooxygenase family
protein (FMO) (Schlaich 2007) ~ jasmonate
O-methyltransferase (JOM) ~ peroxisomal
membrane protein (PxMP) ~ SAM dependent
carboxyl methyltransferase (SAM) (Loake &
Grant 2007) & Xa2 (Ghanashyam & Jain 2009)
SRR RS HEYHREE S

TE IR R 2 AR I ER SR IR T — i &
(% S FE A A2 > 72 Z AL (ubiquitination) #7}
BRI A o MZRLEE F 2 3 EER
YT - BHEZ Z)5/0ER (ubiquitin-activating
enzyme, E1) ~ JZ % & & B (ubiquitin-conju-
gating enzyme, E2) K ;2 2 # B[ (ubiquitin
ligase, E3) (Furlan ef al. 2012) » 4 AHEH 2
72 BRBE k- ankyrin > EHEHEFIILL
By o3 M 8 TR BT L (B T E3 B S % 76%
AR » BUREM AT REA I £ B I RE -
TEFTRAA TR TR S 3R - E3 B 2 IR0 4

&k (Lyzenga et al. 2012) - HL » /KFEHY an-
kyrin 0] B 2B 21 4= & R AT 12
HAMFIA B ey & A B AL B - 45
G E » ETHMPTMEERE 2 2= RR T E
Bk T YD RE TR R sE g 35 3R » ATG1 W] BE B4
FEYEIE A (autophagy) HRE - SELFEZ
VA E S ATAAEIE T > B m A FE R E AR
(Zhou et al. 2014) - | DUF26 2 15 %) 41 A 0
15 78 %7 #8 & B (receptor protein kinase)
FIEN— & ERRETFHRER - ZRE
BRI ~ JE{RE&JE (reactive oxygen species,
ROS) K/KGEESEFHE » FAES BIEEYIR A
(plant perception) ¢ i#ili 7 JIE % E EHE R K
(Czernic et al. 1999; Du & Chen 2000) °

+=A
A afl

AR HEEBREOEMBIEZ
SA0423 ZE8 45 » FIM & 7 o il » P&
HEEE R ERES RN aTEZE
SRS > FIH GO SRR R E 28l
HIACEHTES 7K - 2530 SA0423 ZE g H — R
¥+ > ATEE 2 BLREEE (amino sugar) ~ % I
% (nucleotide sugar) ~ ZFEfEES (glyoxylate)
B (dicarboxylate) K f#ELEE (alanine -
aspartate ~ glutamate ~ arginine Jz proline) »
HH w5 (glycerophospholipid) k44 2 Bl
(thiamine) 5% {3 p% 7€ « H o> 4 4 & Bl
AJRERA BEE Y R S Pk (systemic ac-
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quired resistance; SAR) (Ahn et al. 2005) - $#
FZAIH TEE R EPIEEEIER , R TS
TR ERE | FREERA - REER
REE ST RSB SA0423 ZEE R HIHLIERK
#il > DL TEAIPUMERENELE, ~ TEH TE
Y — W R E R EAF . RS RAIEL Y, &
MBioLayout Express3D IR 7B | H 3 @4
Y& ERERI Sy i T 05 - 853R 59 (E 2 REHE
Bk T RE B SA0423 ZE B AGHY UMM HI AR -
T D) real-time RT-PCR RN R » A
17 il {5 88 KL X 7T BE 2 B SA0423 By Hi Mk - 8%
% FIH "EAEFILLE, &k SRR,
AELTIE 17 i B2 R R D RE TEORI R sk g > DA
PR B 09 B R R I 0 &5 RSB CaM R
SNARE Tl Re 2 BAfE A Y- R B X &
fEH . X # B 1€ 5 i FMO ~ JOM ~ PxMP ~
SAM ~ Xa2 J ankyrin EEER > Qo2 A
VIS4 &R, ATG1 ] fE B4R Y 5 W (E
A BE » DUF26 1] s £ B 5 1% 1% 1 BBl T Y
REEIERS S -

BEGEREUR A RFTEIL A ERE
HYER G AR EEAVARBERCE > TP -
R B kRS o AT AS 5 0 B SR AT RERYPUIE
IHREH A o Aok iE s BL KR LATHRE 73 A i 0 3
£ SA0423 FyHLIE S i M At > Ehe
F%¥ eQTL 73 5 DAFE F It B EEAb s B bERY
STEE e
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Transcriptomic Analysis of a Resistant Mutant in
Response to Xanthomonas oryzae pv. oryzae Infection

Chiao-Yi Huang', Szu-Yi Chou’, Ya-Lin Lee’, Wen-Bin Tseng', Chun-Wei Chen®,
Chang-Sheng Wang™", and Da-Gin Lin®’

Abstract

Huang, C. Y., S. Y. Chou, Y. L. Lee, W. B. Tseng, C. W. Chen, C. S. Wang, and D. G. Lin.
2015. Transcriptomic analysis of a resistant mutant in response to Xanthomonas oryzae pv.
oryzae infection. J. Taiwan Agric. Res. 64(2):145-158.

Bacterial blight disease, caused by Xanthomonas oryzae pv. oryzae, is one of the most serious
diseases in rice. To explore novel resistant genes in SA0423, harbored with broadly resistance against
rice bacterial blight disease (RBBD), the transcriptomes of “TNG67’ and SA0423 were determined
by microarray technologies with the RNA samples prepared from the leaves collected at 0, 0.5, 1, 2,
and 6 h, respectively, after inoculation of XF89b, atypical isolate used in Taiwan nursery. One-way
analysis of variance and Student-Newman-Keuls (SNK) test displayed that 2,727, 3,585, and 18,432
differentially displayed transcripts were found only in SA0423, ‘TNG67°, and both lines, respec-
tively. Fifty-nine genes that might involve in providing the resistance in SA0423 were determined
by bioinformatics analysis such as annotation of metabolic pathway, comparative mapping analysis
with published resistance loci, “plant-pathogen interaction” pathway, and clustering with BioLayout
Express3D. By confirming with real-time RT-PCR, 17 resistance gene candidates were selected in this
work. Through bioinformatic analysis, results showed that they might be involved in the published
“plant-pathogen interaction” pathway, biosynthetic pathway of plant hormones, autophagy and signal
transduction before the plant immune system was induced. The function of these candidates will be
further defined to understand the resistance mechanism of SA0423 and to develop eQTL and/or SSR
markers to apply in marker-assisted selection for improving disease resistance.

Key words: Rice, Bacterial blight disease, Resistance, Mutant, Transcriptomes.
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