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IKFSDTE BRI SR i SA0423 HiltFR
B MIRFEX I (eQTL) ZHF5E

R AWELT xRS OGEARKRS ¥’ R’ Ekae
HE
PRASES ~ PRESS ~ SETTH - MG - WSO - B4 - 584 - 2016 o AKRGHT O ERFZE

G SA0423 HTMEFIRBE MR (eQTL) ZHH5E - BIEREENTIE 65(1):54-69 °

B B F e G R R AU IR A o REF R ST AT BT AT 17 B teAziE KR > A H GRAMENE #43k >
ek K E Fl 5 cM Mg SSR AZZE 0 Ehih 2 3K CTND (Rbk) & SA0423 R 482 (dutk) Ml A % A bkaygaZzt
&3 177 18 “TNT x SA0423 F, 888 47 K R A 547 » L F& @ 3% 1 XF89b Atk s Sh R AR & -
P B #H AR R/qtl AR — AR5 8 AT ik AT R IR A b s R A el sk g8 B A4 o 2 R A ARt
Ankyrin 3 F 2 RM6838 ¢ LOD 14 (6.86) #2114 (LOD = 3.0) * #® Ankyrin J B A T 4 4 #1 SA0423 #
TR o A A RES WAL Ankyrin 2% G '8 F 7 $1 17548 5% RING & E3 42685 (XBAT32) &4 76%
B9 AR o BAT AT A #984% 1-aminocyclopropane-1-carboxylate synthase (ACS) 2 & &% » B & H T N
B THE o MMM FIE AL o B R R E R R S B4k 8 R & (real time RT-PCR) % #7458 » 34 Xoo
XF89b # * Ankyrin 3 B f& SA0423 % 4 5% ¥ 44 & RAKFS “TNG67’ * Fl B » OsACSI & OsACS3 e SA0423 &
GREM R B R E S TNGOT - 24 R8T > SA0423 KR A AE 4 TR S LR A S RBE > B
BB RIIR M o LBIBF Ankyrin KB LT3 11.8kb #9 DNA A R EITEFERBET > AHBER 1518
R8s > LR LB B 3 (Ser280Pro ¥ Thr381Ala) © 4243545 R » Ankyrin A% 2 &k 3L #2 SA0423

EH AR AH SEAAM > B R G T4 E TNG6T 8F AR » Bk > Ankyrin 5 B JEZ %51 SA0423
SR G AR IR 0 RABEF L H E (eQTL) 2 — -«

5]
%Q

RERER - /KRS - BERRDUME - 28RS~ WG - REBEMHIREANE -

AR B R R LR 6 F-EE (Yang et al.
2003) + DL » BE % U B DRI DL 5 B 0

RIS

E EE §5 % (bacterial blight disease) {4 (B4

Xanthomonas oryzae pv. oryzae fii5[#2 » = H
i 58 M & B A KRR E 2 — » Al
50% HYJEZE (Gnanamanickam et al. 1999) - [
PIF A BB E 2 WkaME - LHEEEReEE
EHYZRET (Hsieh 2007) » [ Ho M e 1Y fE A5 17

ESEEUREEEN - BE Ak £K
FEamfES > A 36 {8 DL A9 b i L R 5 3%
B 3 Rlan %Ry Xal & Xa36 (Lin et al. 1996;
Nifio-Liu et al. 2006; Zhang 2007; Shanti et al.
2010) > H. ot > Xal ~ xa5 ~ xal3 ~ Xa2l ~ Xa3/
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Xa26 Fr Xa27 EE R E#:F 7 258 (Song
et al. 1995; Yoshimura et al. 1998; lyer & Mc-
Couch 2004; Sun et al. 2004; Gu et al. 2005;
Chu et al. 2006; Jiang et al. 2006; Xiang et al.
2006) -

B IR Rk BF 22 i (International Rice Re-
search Institute; IRRI) I iz G5 £ IR24
Z{F Byt 8 ¥ (recurrent parent) » ZE A
A & Xa B R Y IRBB % 5131 [7] )i % (near-
isogenic lines) - {F & B 47 1Y Xa 3 & 2 it ¥
(donor parent) FI|H X Hi1E & (Huang ef al.
1997) - Kottapalli et al. (2006) Jz Sama et al.
(2014) A1 FH AN & FE LB HY SRS - BAZEET 209
THEEE > Al FER R BB R amfE ey B E AR b
£ (Kottapalli et al. 2006; Sama et al. 2014) -
AT RIS B — Ptk o fE - AR R
T I Y AR BN (races) BB - 1T &E BT
MEHR AR > A0 Xad B DU o0 Tl 7E R HY 1 TR ER
Sy (Khush et al. 1989; Mew et al. 1992) o
AL - B R B L A SRR - A
DUBCEE SUMERY AR AR - /2 B RTHIR SR £ RR
W o Pl o B B G0 e R B B 2 A B ik
BN DR FEEAENEL - 2P0 5 A E %
T{F (Wang et al. 2013) -

KIFEFA TG 67 9%, (TNG6T) R H
FEMEHME > SA0423 ZE8 88 Btk > e S &
7K A8 B 5 il 9 B 1 e [ 5 B PR XF89b
H GRS o3 B W e fd () PR REfE (R 1Y 5k
BRI AR » PREHR R F A S B GUMEAHR 2
EHAELA (Huang et al. 2015) 55— 50 » 45
G oy i 2 BN AH A R BLEF4H (genome-
wide expression profiles) Ei i& {# # $5 45 7
(genetic linkage analysis) 7 flif - #t B %
HY B & MR T R BB E IR (expres-
sion quantitative trait loci; eQTLs) #£ 2 » i
T &I £ BT 8 MR R BRI £ 2 75 LB
SEINREME > T EE (functional marker) » B
FEFI S S - I SRS TR A8 fy B Bk S i L
(transcriptome mapping) (Jansen & Nap 2001;
Jansen 2003; Holloway & Li 2010) °

AW FE S S AT SRS 0 AT P IS A (5 238 A
(Huang et al. 2015) » F|f§ GRAMENE #dih

15 H AR R 5 cM #Y SSR 4 Tz » 4%
M 177 {8 “TNT x SA0423 F, {[E#5 » $PRET % 2
EEREGUME AV ESHR (& - FRS&ER > BROIER
3 B R R A R ST LR R B e I O 3w o >
ATRAEE oy I EE FE F S /KR B BERE R B Y
FEHE -

MRS E

AVBE AR

b5 258 P S 1 BE A e B R Y 7K A
TSR fFEA 1 5%, (TNT) (susceptible, S) B1E
REEMEHi M > 22 8 5% SA0423 (resistant, R)
HE4HE TND x SA0423 7 F, REE B #H R} -
Fr A sl i R RIE T % - AT R 2
(ZBgREARHBH - OEMHEEAILL
EEABEREREREERERRENE
BERK Xanthomonas oryzae pv. oryzae XF89b
(Xoo XF89b ; £R&EM © &) 1 R AtalEk -

BAEMRECEERER  BERERE
HE

FE PR TR B 455 7 1 » ¥ Xoo XF89b it =
BT 523 [E BB BE & A (1% sucrose ~ 0.8%
casein hydrolysate ~ 0.4% yeast extract ~ 0.2%
K,HPO, ~ 0.03% MgSO, - 7H,0 k& 1.5% agar)
bR E 72 h 1% o FEPRECE — VR BRI
e A NER TETIMEEE 72 h #
L E 523 WHEEEE AL (1% sucrose ~ 0.8%
casein hydrolysate ~ 0.4% yeast extract ~ 0.2%
K,HPO, } 0.03% MgSO, - 7TH,0) « JAZ BT
150 rpm FEIZIEE 72 h - FRERRE K 107
CFU mL" > {E ks (I BRI B 2 BefdR -

5 K A5 18 PR P B = 0 BE ] (maximum
tillering stage > %7 60 d) » i< $% 57 5 # 1l /%
(Kauffman et al. 1973) » #E{T9 JF B BE7E - $%
E TR S E=2i LA DA DAY F3 - e pl a3
T NLFI R > GE oS EpEg b2
TR BHER 12 om jE 0 TTERE -
FRARREITAE 1 h N5ERK - G 1E R 3 B o A
TN ZJmPE & 2 3/4 1% HERRE
PRZIABE - (F Ry bitEsN R & HY -
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BEEZENIE o5 1]

EHX5E DNA =2 21 SESER B ~ 750 uL BV B R 150 L A 1R
48 & DNA 7 ZZ HJ » DL GeneReach Biotech- (eluting buffer) - 2 - H%LM%E’DZJ:;‘%?& ’
nology Corporation 2\ &) &3 7 f %) DNA/RNA Wﬁiﬁﬁ‘}\ 96 FLAZHUE Eﬁ%ﬁ & B
e r g a0 BEEBNLERAL T DNA iy

TacoTM *yﬂﬂlgi)j,ﬂ: Hi \}E (fﬁﬁﬁ/!ﬁ/iﬁi?ﬁ/\ {% ﬁﬁfﬁ‘ DNA TKHDELJ\ﬁ%%}EE-[_ (ND'IOOO

ZEEE Gt

H o BE) 3%

#HU DNA ° 5YH{ 0.05-0.1 g /KFgFEE
R B2 mL ZFBEELERN  TIA3EE

NanoDrop Technologies, USA) 5 DNA &k °
H#EFT DNA HYRE BLELE 2 934 -

% 3 mm §{Bk > FELL Taco™ Prep 398 # (it #ROBEENMEERZ SSR DS &L=

EAEERAE

BI8) BEHL 1 min - $ FIFH Gramene 415 (http://archive.gramene.

Z > f0A 600 uL HyZ @fﬁ& (lysis buffer) » = org/; Gramene Release 39, 10/2013) #1784

#230s 0 BREE S NE

@0y 5 min o

AIIOA 400 pL 2

12,000< g BREFT - & e e FIAIRBEEE O FESE (B 0 LOC_

H— 73@ ffF?EA 96 FLEZHHE 0s06g13050) 18 = {5 i BL R (E L B i B
SLAES (isopropanol) ~ 750 uL 3% E Sy THESEMEAL By SSR v S EEIRE S S

H 6 A (washing buffer A) ~ 50 L B2 BRI M > BIEEHS = HAZEBEEARE 5 oM fJ SSR
(magnetic bead) ~ 750 uL j&F Z& 7 A~ 750 uL  FAERE (F 1) -

1. AHTIEEEELARIH S cM P2 SSR 73 Ff355E
Table 1. The SSR markers located in 5 cM region flanking to the candidate genes.

Gene

Position

SSR marker

Ankyrin

ATG1

CaM_Chr.1-1

CaM_Chr.1-2

CaM _Chr.2

Up

Down

Up

Down

Up

Down

Up

Down

Up

Down

RM3214, RM3215, RM3481, RM6027, RM6429, RM6838, RM8243, RM22669, RM22675,
RM22684, RM22690, RM22696, RM22707, RM22715

RM344, RM3395, RM5514, RM5663, RM7267, RM22725, RM22742, RM22754, RM22761,
RM22771, RM22779

RM147, RM484, RM4477, RM5009, RM5352, RM5628, RM6128, RM6691, RM25737, RM25743,
RM25751, RM25761, RM25769, RM25776, RM25789, RM25794, RM25803

RM228, RM333, RM496, RM 1162, RM1374, RM3123, RM3451, RM3563, RM3749, RM3750,
RM3834, RM5009, RM5471, RM5494, RM5666, RM5768, RM6160, RM6960, RM25810, RM25818,
RM25823, RM25829, RM25834, RM25844, RM25853, RM25859, RM25868, RM25885, RM25905

RM243, RM575, RM576, RM577, RM578, RM579, RM581, RM582, RM583, RM1151, RM3359,
RM3780, RM5346, RM6466, RM6516, RM6630, RM8083, RM8091, RM8092, RM8093, RM8103,
RM&8140, RM8141, RM8&8148, RM8222, RM8268, RM10498, RM10518, RM10525, RM10533,
RM10544, RM10551, RM10567, RM10573

RM292, RM294, RM572, RM580, RM600, RM1032, RM3627, RM5644, RM6039, RM6190,
RM6613, RM6642, RM8046, RM8052, RM8053, RM8063, RM8065, RM8066, RM8071, RM8123,
RMS8131, RM8132, RM8133, RM10587, RM10601, RM10616, RM10628, RM10635, RM10644,
RM10654, RM10660

RM292, RM572, RM580, RM581, RM582, RM600, RM1032, RM5346, RM5644, RM6039,
RM6190, RM6466, RM6613, RM6642, RM8052, RM8053, RM8063, RM8065, RM8066, RM8071,
RMS8083, RM8091, RM8092, RM8093, RM8123, RM8131, RM8132, RM8133, RM8222, RM8268,
RM10544, RM10551, RM10567, RM10573, RM10587, RM10601, RM10616

RM294, RM1287, RM3627, RM8046, RM10628, RM10635, RM10644, RM10654, RM10660,
RM10665, RM10683, RM10695, RM10702, RM10712

RMS555, RM1347, RM2008, RM3294, RM3497, RM3732, RM3865, RM4355, RM4949, RM5301,
RMS5350, RM5512, RMS5553, RM5622, RM5664, RM5780, RM5869, RM6112, RM6129, RM6230,
RM6378, RM6641, RM6654, RM6895, RM7082, RM7215, RM7638, RM8080, RM12569,
RM12576, RM12583, RM 12589, RM 12594, RM 12606, RM12616, RM12625, RM 12632, RM 12642,
RM12649, RM12656

RM2483, RM4702, RM5862, RM5897, RM6069, RM6233, RM6247, RM7006, RM7575, RM12666,
RM12672, RM12680, RM 12687, RM12699, RM12708, RM 12720, RM 12730
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F 1. HTIEEEEARM 5 cM N2 SSR 43 FIZsE (48) -
Table 1. The SSR markers located in 5 cM region flanking to the candidate genes (continued).

Gene Position SSR marker
CaM _Chr.5 Up RM421, RM534, RM1187, RM3476, RM3673, RM3870, RM5311, RM5575, RM5947, RM5970,
RM5973, RM6054, RM6188, RM 18842, RM 18859, RM 18866, RM 18875, RM 18884, RM 18895,
RM18905
Down RM178, RM1869, RM3348, RM3612, RM3620, RM4641, RM5770, RM6334, RM6545, RM6972,
RM7081, RM7446, RM18912, RM 18919, RM 18925, RM18933, RM18951, RM 18959, RM 18965
CMPG1 Up RM6, RM318, RM530, RM3275, RM3316, RM3421, RM5303, RM5378, RM5472, RM5993,
RM6290, RM6295, RM6424, RM6933, RM7598, RM13871, RM13878, RM 13883, RM13907,
RM13912, RM 13923, RM13928, RM13938
Down RM112, RM240, RM425, RM2578, RM2848, RM3857, RM4883, RM6535, RM8255, RM13945,
RM13950, RM 13963, RM13971, RM 13978, RM 13986, RM 13995
DUF lIc Up RM1048, RM1973, RM2420, RM3404, RM3826, RM5009, RM5009, RM6011, RM21739, RM21753,
RM21764, RM21771
Down RM336, RM455, RM1017, RM1279, RM2752, RM2848, RM3608, RM3799, RM5495, RM6152,
RM6278, RM6403, RM21780, RM21786, RM21801, RM21823, RM21835
FMO Up RMI11, RM115, RM1163, RM2434, RM2848, RM3034, RM3408, RM4608, RM5986, RM6119,
RM6176, RM6734, RM6773, RM6917, RM7420, RM7561, RM8258, RM 19458, RM 19467,
RM19478, RM 19484, RM 19491, RM19514, RM19521, RM 19535, RM 19548
Down  RM253, RM276, RM2126, RM3794, RM4173, RM5754, RM5981, RM6194, RM19556, RM19565,
RM19573, RM 19581, RM 19588, RM19596, RM 19602, RM 19609, RM19618, RM19626
JOM Up RM348, RM1153, RM3306, RM3335, RM3648, RM5478, RM5506, RM5950, RM6057, RM6238,
RM6441, RM8217, RM8218, RM17549, RM 17554, RM 17568, RM 17578, RM 17586, RM 17594,
RM17599, RM 17604
Down RM131, RM1112, RM1113, RM2275, RM2420, RM2799, RM3466, RM5307, RM7172, RM7314,
RM7410, RM7474, RM8220, RM17616, RM17624, RM17634, RM 17644
PxMP Up RM1246, RM2486, RM2848, RM2972, RM5195, RM5196, RM5341, RM28231, RM28247,
RM28259, RM28270, RM28276
Down  RMS519, RM2848, RM3448, RM6022, RM28283, RM28292, RM28305, RM28319, RM28328
SAM Up RM276, RM402, RM549, RM3125, RM3370, RM4128, RM5531, RM5981, RM6194, RM6359,
RM6701, RM6779, RM6857, RM7023, RM7088, RM7488, RM8270, RM8274, RM19618,
RM19626, RM19637, RM19646, RM19653, RM19671, RM19676, RM 19684
Down RM1169, RM3438, RM5585, RM5855, RM7572, RM19696, RM19705, RM19710, RM 19715,
RM19724, RM 19730, RM19736, RM19748
SNARE Up RM134, RM429, RM1209, RM 1364, RM3552, RM5455, RM6216, RM6650, RM22017, RM22024,
RM22032, RM22041, RM22051, RM22062, RM22071
Down RM1306, RM1335, RM1357, RM1362, RM2420, RM2715, RM3555, RM5720, RM6063, RM6389,
RM6655, RM22080, RM22086, RM22092, RM22098, RM22132, RM22143
Ubi Up RM147, RM484, RM3773, RM5009, RM6128, RM6691, RM7300, RM25719, RM25731, RM25737,
RM25743, RM25751, RM25761, RM25769, RM25776, RM25789, RM25794
Down  RM228, RM333, RM1162, RM1374, RM3123, RM3451, RM3563, RM3749, RM3750, RM3834,
RM4477, RM5009, RM5352, RM5471, RM5628, RM5666, RM25803, RM25810, RM25818,
RM25823, RM25829, RM25834, RM25844, RM25853, RM25859, RM25868
Xa2 Up RM255, RM3276, RM3423, RM3534, RM5030, RM5511, RM6748, RM6992, RM 17465, RM17471,
RM17479, RM17487
Down RM1100, RM3687, RM3836, RM3843, RM5473, RM5771, RM6629, RM17492, RM17504,
RM17512
xal Up RM122, RM153, RM2494, RM5816, RM7373, RM17724, RM17732, RM17741, RM 17746
Down RM159, RM1200, RM1258, RM3334, RM4777, RM5361, RM5693, RM6209, RM6300, RM6320,
RM7029, RM17756, RM17770, RM17777, RM17784
Xal25 Up RM179, RM465, RM2848, RM28057, RM28069, RM28075, RM28083, RM28089, RM28098,
RM28107, RM28128
Down  RMS5I11, RM1261, RM3495, RM6564, RM28157, RM28172, RM28189, RM28204, RM28214,

RM28221, RM28231
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SSR DS &6 DT

#EFT SSR I FARSE DTG - & —1E PCR 2
ERJLEASTE Ky 10 uL - HrpE & 20 ng DNA ~ 0.6
U Tag DNA polymerase (ProTag™, Protech Tech-
nology Enterprise Co., Ltd.) ~ Taq buffer (10
mM Tris-HCI ~50 mM KCI ~0.01% gelatin ~1.5
mM MgCl, & 0.1% Triton X-100) ~ 200 uM
dNTP ~ 0.4 uM IE[E5[TH1 0.4 uM KZ[A5[ 5 °
PCR [ JE{T B0 BT [ FESS (DNAEngine” Peltier
Thermal Cycler, Bio-Rad Laboratories, Inc.)
drEfT > REMRM B 94°C ~ 5 min; 94C ~ 1
min; 55C ~30s:72C ~ 1 min > 3£ 30 {&{E% >
72C ~ 4 min > 1 {E7EER  RES SRR L 15CHR
7 PCR EY) -

i 3 4 SSR HEEHY PCR EY) » % HLUS uL
REH AR RIFIA 96 FLER - 8 Dls e
F 4l & FE 7k % (eGene HAD-GTI12, QIAGEN
Co., Ltd.) -F[E (BI5% : QIlAxcel DNA High
Resolution Kit 1200, QIAGEN Co., Ltd.) >
R e A F A ERE R AR - AT RN AIH 7
Ko BT 2 ¥ /F #t B#8 K QIAxcel ScreenGel
(QIAGEN Co., Ltd.) ; Size marker £ 50-800
bp (20 ng uL'; QIAGEN Co., Ltd.) ; Align-
ment marker 5 QX 15 bp—1 kb (QIAGEN Co.,
Ltd.) °

fEEEEEETRIE < BRI

PUME SN R B (B 58 A 4y A7 177 8 TND x
SA0423 F, {E#S - /A H#E Xoo XF89b 1%55 28 d
HRBERE » {E RPUIEINERIIE R - FIH L
fir i AR 5 cM [N » B R A i 2 % 1Y
PERY SSR 73 T-HHEE » #ETT F, (A 2 AN AL 7y
T o 82 1% > FIH R/qtl (ver. 3.1.0; http://www.
r-progect.org/) (Broman et a/. 2003; Broman
& Sen 2009) B — 3 [E]FR 7y 1705 (single
marker regression, SMR) (Haley & Knott
1992) » F3fr§h2 A4 B L PR AY Ty 28 G A 5
BIbF 5 SR R S B & SH & (real-time
RT-PCR)

{# FJ SuperScript'™ II Reverse Transcrip-
tase (Invitrogen) Gl 7 4H 5 48 & RNA fZ # §%

Boest HFH1H

B ¢cDNA : fii 1 pL 10 mM oligo d (T) 18 5]+
(FfF8% 1) 7> 2 pg 488 RNA £Ein > &£ 80T ~ 10
min #E1% 0 BEEIER 4CT > HE—IA 1
pL 0.1 M DTT +4 uL 2.5 mM dNTP (TaKaRa) -
4 pL 5x first-strand buffer ~ 1 pL RNase-
OUT ~ 1 pL SuperScript IT (200 U pL™") » i 5
LRSI By 20 pL o 74 25C ~ 10 min Jz 42°C -
90 min {EM 7% » FFLL 95°C ~ 5 min 4% 117 JE
Fff 13 B k5 cDNA - £ % F Ll KAPA™ SYBR"
FAST qPCR g 7l 41 #£ 17 PCR » HY 4 pL i F
20 f% Y cDNA » fjii A 10 pL 2x master mix -
0.4 uL 10 uM B[ T (I§% 1) ~ 0.4 uL 50x ROX
low 2 4.8 pnL B /K > BNZEENLER
EENEES M (ABI 7500, Life Technologies
Co., Ltd.) » #{TEE E & PCR » PCR & {F5¢
FEMT 1 95C ~ 2 min 30 s> BEEERREM: 5 $2
o TR EL > 95CEME 30 s RS STE
2 60C T #ETT 30 s » T2CHEENIE32 s [EZ
JEHEAT 40 IEER - 1% - HEITHERESRE (dis-
sociation) : 95C ~ 15 s> 60C ~ 1 min

EX#H DNA R EETBEER Y o AT

B 4% 7t Gramene 49 15 (Gramene Release
39, 10/2013) » Tk BER A K H ETFE S
Kb #y %1 » L SoftBerry 44 115 (http://linuxl.
softberry.com/berry.phtml?topic=case_study
plants) 78I §(B) - (promoter) 3 T-45
& fiL B (transcription factorbinding site) » i
BE T B YR > & 4 Kb kst —(EER & —
{8 fZ 15[+ (% 2) » 345 3 B - PCR Hahghs -
K ERSTE 25 ul > Hthi a4 200 ng DNA ~0.6
U Tag DNA polymerase (TaKaRa Ex Taq'") I
Tagq buffer ~200 pM dNTP ~ 0.4 pM TF[E 5] F
0.4 uM JZ[F 5[ F » PCR JZ FEAE Fif il BAAE B f2
TERS T fErT » BRI 95C ~ 2 min 30 s ;
95C~30s~60C~30s~72C 3 min> 325
fEfEE + 72°C 7 min > —{EJEIR ; KIELEH &
1A ISCORTEHRIG DY) -

Fii 5 PCR YL 0.8% 0.5x TAE ¥ 322
HEITE KT WESLARV/NIERETR - BIK DNA
A FTAERIRERG U 2K > P QTAquick Gel Ex-
traction 3 58 E4H (QIAGEN Co. Ltd.) » DU rE
BRI o T H AR DNA #y[E[UL - [H]
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WoFr s DNA ZEY) - HU 1 pL TR DT £l
BB FORE - 5 R RILEH IR R B IOEE
%2 pGEM-T easy vector %47 (Promega Co.) »
FifSRE & EY) - FHK Chung et al. (1989) Frds
RI7E  BIP 2 RIGRE IM109 - Z88;  fi s
% PREQOEE - #E{TEHELHER DNA i
K Eco RI[RIEEZEY) » MERLIEMERYEAHE
fG > B AT T7 K SP6 5[+ » #{T#E A DNA
SEF © iS4 A DNA Fp1 5 PA Vector NTI (ver
8.0; Invitrogen) #:1{TF %P (contig) » FF
A SDSC web site (https://www.sdsc.edu/) Y
EYERE T RIETRFIEEE T -

TR BET AR
BEITERMAIC SSR ZHEFHEY
BT DA

ISR R B R E 7%
A EEBLA 17 (E BN 7T AR EL SA0423 HYHLIK
MR (F 1) (Huang et al. 2015) « AKHFFEF]
i GRAMENE Uk & il B - $ % i 20 {5 58 A

 J AR IR SSR 43 FHRE5E (R 1) #
T2 By A7 - BB /K RGN 8 (E B 5 2 4T 6
o HILEEEREDG L - Mgz 0
9 i SSR 73 FHEaE o A AR A 3 HT o

HEH TR B A AR R TS R AE
R—5%, (TND) 81 SA0423 FEATFR{GHY F, ERT
(Tseng et al. 2015) < & Ja i b # = g 2
SSR fF5E > #AT ‘TNI K SA0423 Ry AN %
FPE 43 A7 (B 1) > % B RM6838 ~ RM5352 ~
RM8123 ~ RM572 - RM6378 ~ RM421 -
RM13938  RM3862  RM19556 ~ RM17604
RM3448 - RM7488a ~ RM22086 ~ RM147 ~
RM3843 ~ RM28157 F RM17741 % SSR 7£
TNI & SA0423 2RI (F2) -

FKIRHEEFRE (eQTLs) E2HIMTEZEH
DA

FyPRET 15 b B R R B SA0423 i1 Y
AR % 0 PRI 177 {8 TNT x SA0423 F, {i
e (8 2) » 3l RO AR 25 B 1Y SSR (3% 2)
HITERA S (B 3) - B EbitEsb R

©f o)
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Fig. 1. The polymorphic SSR markers between ‘TN1” and SA0423 analyzed with E-Gene system. T represents “TN1’

and S represents SA0423.
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Table 2. Linkage analysis between the resistance gene candidates and the resistance trait of SA0423.

Gene Chromosome Position (cM) Marker LOD*
CaM_Chr.1-1 1 50.8 RM6039 0.8941
CaM_Chr:1-2 1 50.9 RM572 1.7618
CaM_Chr.2 2 253 RM6378 0.0886
CMPG 2 131 RM13938 0.5618
Xa2 4 107.4 RM17492 1.2685
JOM 4 120.3 RM17604 0.5006
xa5 5 3 RM17741 0.2725
CaM_Chr.5 5 104.7 RM6972 0.5717
FMO 6 19.1 RM19556 0.2034
SAM 6 335 RM276 0.1920
DUF26 7 732 RM3826 0.1547
SNARE 7 116.1 RM1362a 0.2325
Ankyrin 8 42.9 RM6838 6.8579
ATG 10 73.7 RM5471a 0.0479
Ubi 10 99.8 RM147 0.2880
Xa25 12 57.9 RM28157 0.4657
PxMP 12 69.6 RM519 0.2940

“LOD: Log,, of odds.
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Fig. 2. Distribution of lesion length (cm) after inoculation with Taiwanese Xanthomonas oryzae pv. oryzae XF89b
in the F, population of ‘TN1> x SA0423 containing 177 individuals.
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eSS o P 51 B A 8 O BT 45 SRR
Ankyrin B PRFR ] B 2 B SA0423 1y (3 BE Ak 5
7N 1
HRARICHEYHBEANAR —H 3 An-
kyrin motif #Y & (R R J - 41 XB BN % ik -
AW 5T At 8% I B K R Ankyrin B2 A (LOC_
0s08g15840) » H & 1 & fy 51 B [ fi7 {7 7+
XB BN Z R H Y 45 S 8or - H B {H
7+ RING A E3 # & [i§ (XBAT32) &£ HE ¥
SRR A 76% LM » =T &M 15 1Y) 4 B
thT] BE £ 08 A LAY AR BT RE o TR BB ST
XBAT32 Z RE R B ¥ 21 248 & BCH B o 1%
% ACS7 (1-aminocyclopropane-1-carboxylate
synthase 7) {E4HRINHY & & > HEMERLIFHE
Y EE ) 2R E K (Lyzenga et al. 2012) o
ZiE—TEEYERS  BAEYYIEN K IE
HEE BRI REEESEEESNEHEMERIE
HIHL I 53 E L &P A & (Ecker
& Davis 1987; Feys & Parker 2000; Lorenzo
et al. 2003) - Helliwell et al. (2013) 257K
fa K BRI 0sACS2 W > 0 2 1% B 1%
=N BEOKRE S Magnaporthe oryzae (7
UK ) B Rhizoctonia solani (MR H) 2
BPUME « 280 » Shen et al. (2011) K /KFHHY
OsDER B (RMETTMIE R - ML IGH B E
A& RO ERETIEAIR G o HhAE R R
2 Pl fL AR T AH B 28 23R A S AV 45 5@ (Rober-
Seilaniantz et al. 2011) o Z & SFAEYIHUILERY
YL WRERERL & EMEYE EE AR EIE
H (Yang et al. 2013) - 55— 7 » E2F#HAE
Be[ iz {9 71 B2 35 i e N Y 2 0 2 & 35 B (1 BE AR
[6] J& ~ Xanthomonas campestris 3% 7 & 2
FMEE IEAHRE (Bent et al. 1992; Ciardi et al.
2000) « HHELER TR 0 JIGHEE 280K
M B ERE R DU - H R E LRI
1% > J7RE B A H AT B TE A B AR R i
HEVA e R AR E SRS A 3B - B
TE 1% SA0423 ZEEEGHY Ankyrin BRI & T
F% > ifi OsACS [A] ) £ K (LOC_0s01g09700,
0sACSI; LOC_0s03g51740, OsACS2; LOC _
0s04g48850; OsACS3) R EA] EFf - ig b4
SREREA - P 2SS SA0423 FTRE{E#ETE Xoo

Boest HFH1H

XF89b 1% » HMRNKI 2G4 & > Al fEZ
OsACS [ERFE KRR IR EHI A HIME TNG6T
R

Ankyrin B[R 2 ETBENFIE DT

By T B0 SA0423 28 8 B Ankyrin Fr ACS
ERFE R F I - F] A real time RT-PCR {5
M Ankyrin Fr OsACS [EJEEE A FY “TNG67 K
SA0423 A BEfE Xoo XF89b 21 ETH & » 45 &
B SA0423 Ankyrin ZRBVFRIEL TNG6T
ZRIM OsACS1 Fz OsACS3 HIHEE S » 0sACS2
R g2 R (B 4) - SBRERNERIRER
s B SA0423 O0sACS £ R 2 3= B & 7] A€ 1
ING67 HHYIREANAE - M KEEREN L
JE A B RCR - T SA0423 ZEE R H
TERLR e

KCEETE ~ E Pl L TNG671 ~ ‘TNT K
SA0423 ZE S B8 M Ankyrin FL R FF 5 (47 11.8
kb) &EEEEW > EREFIIFYISAENE - H
1 H At A BRIl A 29 ([ i & 35 4 transition &
transversion Y & & (£ 3) H d > H 15 F
SR PRI FE2 EE 0 ERA Ser-
280Pro B Thr381Ala 35 4 ey B # - H
Fil > Ankyrin & FVB & T AR BT - R 3G
AR 45 IS B (modeling) #YJ7 20 0 ARERET
e E B SR & - (HR(E2e %
fir BEEUAC IR ELHY (] 8 AL E (side chain) B4R
BRI IERE - BEAEARENMEE o #EH
ELEEEZ G REEEEEEEE
M52 B THEE » J0H > Proline /2 {18 & [ Y 5%
o AAEEGRHEHEYE  BMPEEA
& MY I BE (Peralvarez-Marin et al. 2006) < F
BLEE R UG > Ankyrin RETERRFTH
W H B B SA0423 HEREHIMEASE
FHEH - HEABEREINE TNG6T B 4: AU
HERE o NI > Ankyrin JEZ S B R 2 S 88
SA0423 7 [ BERE G HT MR I Y R B B B B X
JE (eQTL) °

f&am
— S EEYMEIRIIThRE R » B RHE
75 {8 (qualitative inheritance) » A] I FH & [A] i
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Fig. 4. Quantitative analysis of mRNA expression of Ankyrin and OsACS homologs in ‘TNG67” and SA0423 after

inoculated with XF89bby using real-time RT-PCR.

TEFT - LK E RIS RNAT SRR B AN
P TE SR ES HEfT DhRE PR AT 5 BOFI FH B H 28 8 4G
FEACHETT Ml M B - DLEREE H TN AE (Doeb-
ley et al. 1997; Waterhouse & Helliwell 2003;
Salvi & Tuberosa 2005) - 2 = &8 (B EH A
PEAR Ry B2 VR (quantitative trait) Y3 5
o [ EERG R UM R Ry SR Y 8 &2 AR (Hol-
land 2007; St. Clair 2010) » =2/ FEHY % KA
(polygenes) FTafi 2 - [A]% 5 52 BB A T MY 52
% (Mather 1941) o 3> 150K & RS 80/ N HY B
SRR - B DL A SRS AT R R TR
Base - AUtsTst WRTHHES R o tie 2 17

{IE AT BEAY P M (= B ALK (Huang et al. 2015)
HMI T PRET IS AN 2Bl SA0423 $i
PERRBIHY AT REE - &R BHER Ankyrin FEH
HEEE o BRI AN ATRE 2 Bl SA0423 Ze8k
BS I B EAR UM R - AV ERE A
0 Y Ankyrin 25 BB B 75 7+ XBA32
EHEM A 76% HIH B - BUR H A 58
f1{a7+ XBA32 EHE ML - EHFHEEL
W 4 & A Th BE (Ecker & Davis 1987; Feys
& Parker 2000; Lorenzo et al. 2003; Lyzenga
et al. 2012; Huang et al. 2015) - | fi P %1
1 real time RT-PCR 43 #f &5 &% » 71 % ¥ P 1
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Xoo XF89b 1% » SA0423 2% % B4 11 Ankyrin %
RELWE AR 1 H T IFRY 0sACS [F]JHE AR
T RBAIE R ING6T - HH st 4k B 5k -
SA0423 ZE 8 85 N 1] BE N Ankyrin B[RRI
DU > I T OsSACS BEZ & 8 » T
BOIGHNAEGH - EEEMRE O EMREE
eSS o HAT > ¥ TNG67T K SA0423 28
RN HE O EMREREYR LGS ENE
b R E—S Bt - DR AR 2015 /KR
HEMEIUEEH AT E Z A o RIHE
GEROTHERY Ankyrin BN Ry A =GR LM 22 8
S SA0423 HyFRIEEMAREINE (eQTLs) 2
— > HOERNAEMFEIEN S T 5 -
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B 1. HIHEE & RT-PCR 5[ 12741 -
Appendix 1. Sequences of primer for real-time RT-PCR analysis.

Primer Sequence (5° — 3°)
Ankyrin F TACGCATTCTTCCATCATCA
Ankyrin R TTTCTCCACCCACATTCC
ACSIF TTGGACACGCTGGATCTT
ACSIR TATTGCTGTTCTTGCTGCT
ACS2F AGAAGAACCCCCACGCGC
ACS2R CACCTTGTACCCTCTCTG
ACS3F ACTGTTGCTGGAGGTCAG
ACS3R TCCTTGGTGAGCCTGAAG
Ubi-F1 ACACTTGTGATTCAGTTCCA
Ubi-R1 TGCAGTGTCGATGAAACC

oligod (T) 18 GTTTTTTTTTTTTTTITTTT

BRISk 2. 3EEFH Ankyrin FR 2 5[ FFP51 -

Appendix 2. Primers used for cloning of Ankyrin gene.

Primer Sequence (5° — 3°)
Ankyrin-F1 GTCGATGCCATTGAACAAGACA
Ankyrin-R1 GTAGGTCTGTCTAGCTTGCTG
Ankyrin-R1-1 GTATTTCTTAGTCCCTAGTGGAA
Ankyrin-F2 GCTCCTAATTGAGTCTGGTGTTG
Ankyrin-R2 GACTGTCCAGATTCATAGCACT
Ankyrin-R2-1 GTTCAGGGTTTGAGAATTTGCC
Ankyrin-F3 GATCTGCCTCCGGTTTACACT
Ankyrin-F3-1 GTGCGCGTGTCCCGTGTAAT
Ankyrin-F3-2 GAACGCCAGCTTGATCCCGA
Ankyrin-R3 GACTTAGCATTTGTTACCGGGA
Ankyrin-R3-1 GACTTTGCAGGTTGTAGACACT
Ankyrin-R3-2 GACCGTTTCCACCCGTTGTC
Ankyrin-CF4 GATGGGGCTCTTAGGTATGGTG
Ankyrin-CF4-1 GCTCTCCATTCTCGTTGCCT
Ankyrin-CR4 GCTATGAAAATTGTGAATATCTCCTAATT

Ankyrin-CR4-1 GACTACAGGTATGAAGAAGCCA
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Abstract

Lin, D. G., Y. L. Lin, C. Y. Huang, H. Y. Tseng, W. B. Tseng, C. W. Chen, and C. S. Wang.
2016. Study on the resistance eQTLs in the rice bacterial blight resistant mutant, SA0423. J.
Taiwan Agric. Res. 65(1):54—69.

To explore the novel bacterial blight resistance gene for rice disease resistance breeding, 17
candidate resistance genes found from previous transcriptomic analysis were characterized in this
study. The SSR markers flanking 5 ¢cM region of them were retrieved from GRAME web site, and
analyzed for the polymorphic markers between ‘TN1’ (susceptible parent) and SA0423 (resistant par-
ent). Genotyping analysis of 177 ‘TN1’ x SA0423 F, individuals was performed using polymorphic
SSR markers. The lesion of these F, individuals were also investigated following the inoculation of
Xanthomonas oryzae pv. oryzae XF89b (Xoo XF89b) as the resistance phenotype. The linkage be-
tween genotyping and resistance was analyzed by R/qtl using the single marker regression model. The
result displayed that only RM6838 adjacent to Ankyrin showed a significantly high LOD (6.86) com-
paring with the threshold LOD (3.0). It is suggested that Ankyrin have high potential to be involved in
providing the resistance of SA0423. The bioinformatic analysis demonstrates that the Ankyrin protein
shares a similarity of 76% with the Arabidopsis RING type ligase, XBAT32, an Arabidopsis XB fam-
ily. Results suggested that Ankyrin may change the ethylene biosynthesis pathway by regulation of
1-aminocyclopropane-1-carboxylate synthase (4CS), and then compromised the immune system. The
real-time RT-PCR displayed that the expression profile of Ankyrin in SA0423 was less than that of
‘TNG67’; however, higher expressions of OsACSI and OsACS3 were found in SA0423. These find-
ings indicated that the biosynthesis of ethylene might change in the SA0423 mutant leading to resis-
tance against pathogens. Cloning and sequence comparison on Ankyrin gene found that 15 mutations
were located in the coding region and resulted two amino acid mutations, Ser280Pro and Thr381Ala.
Therefore, Ankyrin is considered to be one of the expression quantitative trait loci (eQTLs) involved
in the bacterial blight resistance of SA0423.

Key words: Rice, Resistance of bacterial blight, Mutant, Transcriptome, Expression quantitative.
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