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Reaction of Near—Isogenic Lines with Resistance to Bacterial Blight to Korean
and Japanese isolates of Xanthomonas oryzae pv. oryzae
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ABSTRACT To develop durable and stable breeding
strategies for the control of rice bacterial blight (BB)
disease, the near-isogenic lines (NILs) with diverse resi-
stance genes to BB isolates were evaluated in plant at three
different growth stages using four Korean (Ki, Kz, K3, Ks,)
and three Japanese isolates (I, 11, III). The resistance of the
NILs to seven BB isolates tended to increase with plant
aging. At the seedling stage, the NILs with single resi-
stance genes were mostly resistant to K, race but they
showed partial or no resistance to other isolates. A NILs
(IRBB5) possessing xa5 had full resistance to the four
Korean isolates, illustrating that it is a useful source to give
enhancement to Korean breeding program. At the maxi-
mum tillering stage, resistance of NILs to K,, K3, [ and
II isolates considerably increased while resistance to K,
Ksa and III were similar to those of seedling stage. NILs
with resistance gene of Xa4, xa5 and Xa7 proved to be the
most stable to BB isolates at the maximum tillering stage.
At the heading stage, most resistance genes of NILs were
effective against BB isolates, and xa5 showed the consi-
stent resistance to all the BB isolates including K3, and III
isolates, demonstrating that resistance genes of Xa4, xa’
and Xa7 can be used either alone or combined to enhance
resistance to BB disease in Korea.

Keywords : bacterial blight (BB), resistance genes, growth

stage, Xanthomonas oryzae pv. oryzae

TCorresponding author: (Phone) +82-42-821-5729
(E-mail) choije@cnu.ac.kr <Received February 23, 2006>

89

Xanthomonas oryzae pv. oryzae (X00)©| <3|
= wslQlobEye ve] £8 o sitRA

A2 20~30%0A I 80%<] o2&
Z 3O, 1985). Eat, WIYuEH
Eind % Axjo] WAYsl7] wiimol oFAlR
o, AZA vy} Tosln g B o) v
%%—9] Al 7b 7 EpAQ) AoR 2

"

°f

1=)3

=
i
3o

=
A
me
O T
) A&

A
HAE 9

deix

A:L_rEL

sjoln =y A& §HA &

e o
[e ] Lo

o] 23} [RRI(The
International Rice Research Institute)& Z4 0.2 o]|F0]3]
2 glon, AgtakEe] sk Xal oA xa28= HTEE IR
thRao et al., 2002; Lee et al., 2003). 1 % Xal, Xall,
Xa26 59 A= olu] 229 HIoH, Xa219| 37
ARG 7} 524 =) 9t Yoshimura ef al., 1998; Wang et
al., 1996; Lyer & McCouch, 2004; Sun et al., 2004).
U A= WAt 5 I~ VIS olgstof A%
A fAAe] g 9 AR w3t At 2R H
o} o] HrHEzuka et al, 1974; Yoshimura et al., 1983,
Ogawa, 1987; Ogawa et al., 1991; Noda & Ohuchi, 1989,

Yamamoto & Ogawa, 1990, Khush et al., 1990). $-gjLfet

79 Yun er al(1985)0] o]&) w3 ntEo] Af2e vt
Wizzoz i SA 220l uloF 233, AW, FAw 3§t

A, Wk 25 AU

wgEglon, olefd AAR T $4%F%, U % IRRI
TP EEo| iRt A4 4 A7 o1l Rk Choi er

al.(2003)2- $-2ju}atof A 1987~1989 4 1994~1996 At

of M H SHH PUFOE HAQGTY AFH $7

e}

e



90 OHEEX|(KOREAN J. CROP SCI.), 52(1), 2007

X}E_Q] WA H=E BT AT, x5 Xa7 FA%
3 AREL £HE 25 BR dis AFe B

H}ES_, Xal, Xa3, Xa4, xa8, Xal4 D Xa2l& HAA A
Bart Ao gof LlusteMs ¢4 Xl-’—.h*é °l
<o Aoz BuE Tt Heu et al.(2005)] 2lsHH Xe
xal3, Xa2l 5& FUolA AFgezAef 85 %ﬂ‘i“i
1, xa59F Xa7e= 120 AL Bk st 1yt
the] AA AFA SAANE 2= ES AL wejgrol ¥
o] 9 2 & Foj& 2A To= A FHA] 4
thA o] Qlol(Bai et al., 2000; Vera Cruz et al., 2000), U&
& T3 ofAlo} Aol WBAANBYF Wk 2 WOl
So] A7} WA olRolX T ek

o= ¢ EIL}EMWE Fa fAAdely 28 F3
of that ARy SHEAOIY ATEA] B AT W
%] 9} © L(Kang, 1995, Shin et al., 1995; Park et al., 1998;
Choi ef al., 2003), U] BHZZ] {47 w7} §H&2
2 u]Fo} Hol HHEZF | APAgo] SYHIA gloH, A
P4 g B0t A AAE T waEAuhE
ol g #3= ARSEA gokch wbA FWe A
Ao ¥hg-o ARG EE3F ofAlotofl A HirH A2t
ofe] ulw
4 AL A R
2t BAES 257 deide FlolA o= =
Zﬁtﬂ-/l-] Oz{x]..— 2+ Q= _II:]:]:ELE_&_Q_ A{x%o} T} %%
o] whgof whel tjEFFE AWste] FelofM B A
4 gAAAe) B8E FYSE 2ol Faslt

gl A GFU AR AR 2T 25
$AZ AT NEL AYY FAAE FHsk=H o188
4 912 mat opat WalEol Holau AHF e T3k
g oj$ g-gsicth E3, 25E A ASFES AMEF

ol §AAA| MAYTHE WS
U RS 7 240 ol & AT AYIEE &
4o 93 BRoZE B8F 4 Uk EI A $HA
ol B7IE 93t A3 AL o]
a3t a4 34 OMOIE}

x;ﬁr&m

iy

<

=

Auo] B of2igo] g Wwuk ohjel, I A
47 SHE ofele Aol of

Mz WL

STAES ¥ M

HAQuLEY APY A4S BAE 2FE {4 A
% (near-isogenic ling) IRRIZFE Hofdho} X833 o
o @EjzE YL HY 52 Table 13+ Zrh H{3AdvtES
s Ezol AN, Axs, Ak, A7, s, 19
23, 254 §A% A5 WEYOR AR Y 235,
Toyonishiki, IR24% F&A&H HENSHC 2R E EF

o} Zalsto] ARESHAITH
& WERE 4847 A3t WolA|7l ThE 20059
60] ARE T QY= FER AES YL LE(XF 5.5 cm)

of Pt 4~594 wpFste] A At

AgRE

B Age] AgE FRE SEEUANUY 4287
2] Aol 4 HB02045(Ky), HBO1014(K2), HB04012(Ks), HB
01009(K3,) S Bopugrth, AE | E F5E T7174(Racel),
T7147(RaceII), T7133(Racell}S A& HJWELLA

QAR oA B Wk B e FRE F

Aﬂ"ﬂ 10% golo] F TS BT 7, 80T o] Bast
gax FAstel ARt

i OB
° ¥
4
0z
i

=

42S 9% 23 AL A WEAY TAHAPSA
medium ; ZHA} 300 g &, NaH,PO,-2H0 2 g, Ca(NOs),
4H,0 0.5 g, Peptone 5 g, Sucrose 15 g, Agar 15 g, =84
14, pH 7.0)2 A&t} 27C 9] F-27]ellA 3U3F vfefst
9t Wakimoto, 1960). Wi #F2 F#F4E 7letd 10
cellm ¢ FEE ST The AFUO A3t Y
F A2 20059 8Y 2+ F A9l 5~68& 2 em FE
Hehdl the, B Eel WFAE AN HE o 24
Azshg. WAL 2% 149 Fo] 7 Fojth AFR
S el Zolg zABlel BATRom AGY Y
zzz0| Pybge] ek AFER), FEATLMR),
A(S)e.g HrtstgithKang, 1995).

4

-

H

Y 3



B

HOIES MY ST Bt 91

Table 1. Near-isogenic lines for resistance to bacterial blight of rice developed in 1987 under Japan-IRRI collaboration.

NILs R-gene Generation Cross

IRBBI Xal(Xal2) BC.F, IR24*5/Kogyoku

IRBB101 Xal(Xal2) BC4F, Toyonishiki*5/Kogyoku

IRBB201 Xal(Xal2) BC4F, Milyang23*5/Kogyoku

IRBB2 Xa2 BC4Fs [R24*5/Te-tep

IRBB3 Xa3 BC4Fs IR24*5/Chugoku 45

IRBB103J Xa3 BC4Fs Toyonishiki*5/Java 14

IRBB103Z Xa3 BCsF¢ Toyonishiki*5/Zenith

IRBB203 Xa3 BC4Fs Milyang 23*5/Chugoku 45

IRBB203J Xa3 BC4F¢ Milyang 23*5/Java 14

IRBB203Z Xa3 BC4Fs Milyang 23*5/Zenith

IRBB4 Xa4 BC.Fs IR24*5/IR20

IRBB104 Xa4 BC4Fs Toyonishiki*5/IR20

IRBB204 Xo4 BC4Fs Milyang23*5/IR20

IRBBS5 xas BC.Fs [R24*5/IR1545-339

IRBB105 xas BC4Fs Toyonishik*5/IR1545-339

IRBB205 xas BC4Fs Milyang 23*5/IR1545-339

IRBB7 Xa7 BC4F; IR24*5/DV8S

IRBB107 Xa7 BC.F,4 Toyonishiki*5/DV85

IRBB207 Xa7 BC4Fs Milyang 23*5/DV85

IRBB8 xa8 BC,Fs IR24*5/P1231129

IRBB108 xa8 BCJFs Toyonishiki*5/P1231129

IRBB208 xa8 BC.Fs Milyang 23*5/P1231129

IRBB10 Xal0 BC4Fs IR24*5/CAS209

IRBBI110 XalO BC4Fs Toyonishiki*5/CAS209

IRBB210 Xal0 BC4Fs Milyang 23*5/CAS209

IRBB11 Xall BC.F,4 IR24*5/IR8

IRBB111 Xall BC4F4 Toyonishiki*5/IR8

IRBB211 Xall BC4F4 Milyang 23*5/IR8

IRBB13 xal3 - -

IRBB21 Xa2l - -
o A weE HE 2% 2 Table 29} 9] Ky, Ko9F AE o] Racel, 11 w520l et 2arkdd
Zth g2 Ky, Ko, Ky 5 9@ QR 9] Racel, IL 1T #5719} $A AT 79 FARIA W SAM S AP = K
of dE fE7] WEEFY W2 diRie] ANk FrolMe AW, Racelll@ oA 405 WHE3)
Iy = o e, AEe 23 5o & A7t AU KyatEol et vk SAM oA
g2 T= A% Ut w39 FHoz 4 Aoz wAE Ae AYstH Ki, Ko, Kst FUSHA WHE
Byt 54 #5 3ol Y& 50 Hgtq T & P‘ﬁﬁ} E57)9 HEEF B2 2 Ed7 H blacy
MR B FFo] W2 A2 1980dv7HA) L2y I Ho) 4xskgl ok, Racelllatao] thdt 473H9
gtoll A FAM, o B Y 5 TdA 59 ‘i%ol Aoz dmAE o] 2tolzh 3Tk
Aufet Bdol QL A2+
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Table 2. Reaction of differential varities to Korean and Japanese isolates of bacterial blight during rice growth stage.

Korean races Japanese races
Growth stage Variety
K, K Ks Kia I 11 11
Seedling stage
Dongjinbyeo s' S S S S S S
Milyang 23 S S S S S S S
Toyonishiki S S S S S S S
1R24 S S S S S S S
Seomjinbeyo R S S S R S S
Pungsanbyeo R MR S MR R R S
Samgangbyeo R MR S MR R R S
Hangang-chalbyeo R R MR R R R MR
Milyang 42 R MR MR R R R MR
Maximum tillering stage
Dongjinbyeo S S S S S S S
Milyang 23 S S S S S S S
Toyonishiki S S S S S S S
IR24 S S S S R S S
Seomjinbeyo R S S S R S S
Pungsanbyco R R R S R R S
Samgangbyeo R R R R R MR S
Hangang-chalbyeo R MR R R R R R
Milyang 42 R R R R R R R
Heading stage
Dongjinbyeo S S S S S S S
Milyang 23 S S S S S S S
Toyonishiki S S S S S S S
IR24 S S S S S S S
Seomjinbeyo R S S S R S S
Pungsanbyeo R R R S R R S
Samgangbyeo R R R R R R R
Hangang-chalbyeo R MR R R R R R
Milyang 42 R R R R R R R
R : resistant, MR : moderately resistant, S : susceptible
f87| NiLsQ| A&ty g2 74154 A3/d ~t— F= Aoz S, YA A
F27] 258 AR A5 HEAAWEY dFo) g < BE oz whesiilth Ksatd+ IRBB203Z,
29 Table 37 Zth &Y AT SHAAE 1-1_‘:- = IRBB4, IRBB104, IRBB204, IRBBS, IRBBIOS, IRBB205,
=2 2.x2 A% ZoA IRBB208zt IRBB21 AEL A¢]  IRBB7, IRBB107, IRBB207, IRBBS, IRBB108, IRBB21
st mE K o] tiote] AFHO R Mtk KE  ATI AR Bk 2% AFHoE WSHAT, YA

£+ IRBB2, IRBB103Z, IRBBS5, IRBB211 A&, KsitF+=
IRBB103Z, IRBB4, IRBB104, IRBB204, IRBB5, IRBB21

AT 2F
AR Racel 3+

A
wBeHo

+ IRBBI, IRBB101, IRBB201, IRBB2,

2 wesidrt.
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Table 3. Reaction of near-isogenic lines containing a single resistance gene to seven isolates of bacterial blight pathogen at

the seedling stage.

Resistance Korean races Japanese races
NILs
gene K K> K3 Ksa 1 II 11T

IRBB1 Xal R S S S R S S
IRBB101 Xal MR S S S MR S S
IRBB201 Xal R S S S MR S S
IRBB2 Xa2 R R S S R R S
IRBB3 Xa3 MR S S S S S S
IRBB103J Xa3 R S S S S S S
IRBB103Z Xa3 R MR MR S R MR S
IRBB203 Xa3 MR S S S S S S
IRBB203J Xa3 R S S S S S MR
IRBB203Z Xa3 R S S MR S MR S
IRBB4 Xa4 R S R R MR R S
IRBB104 Xad R S MR R S R S
IRBB204 Xa4 R S R R R R S
IRBBS xal R R R R S R S
IRBB105 xa$ R S S MR S MR MR
IRBB205 xas R S S R MR R MR
IRBB7 Xa7 R S S MR MR MR S
IRBB107 Xa7 R S S R S S S
IRBB207 Xa7 R S S R S S S
IRBBS xa8 R S S MR S S S
IRBB108 xa8 MR S S R S S S
IRBB208 xa8 S S .S S S S S
IRBB10 Xal0 MR S S S S S S
IRBB110 XalQ R S S S S S S
IRBB210 Xal0 R S S S S S S
IRBB11 Xall R S S S S S S
IRBBI111 Xall R S S S S MR S
IBBB211 Xall R MR S S S R S
IRBB13 xal3 MR S S S S MR S
IRBB21 Xa2l S S MR R MR S S

'R : resistant, MR : moderately resistant, S : susceptible

IRBB103Z, IRBB4, IRBB204, IRBB205, IRBB7, IRBB21 A5 B&F g 5ol A/dez whgshalil, Xado}

ATL AP B 25 A o2 Hhesl9al, Racelld Xa2l$AA7 AR E IRBBS3, xal3d Xa2l AR 33

%= IRBB2, IRBB103Z, IRBB203Z, IRBB4, IRBB104,
IRBB204, IRBBS, IRBB105, IRBB205, IRBB7, IRBBI 11,
IRBB211, IRBB13 AF% A3gd Tt FE HIHoR
1H8-5}93.2 1, Racelll5-t= IRBB203J, IRBB105, IRBB20S
AT AFY B = APYLR whgsidlon, yuA
AT 24 5ol ded o= whEohgh

27 ol el AP AAE e 258 AR AT T
N xal3xt Xa2lwH77F &€ IRBB5SSASZ A7t

L84

= IRBBS5SAH %2 A ogh vymals dB F58 A3Hde
2 Hhgstel A YA ATTL vhebti(Table 4).

F|DEHT| NiLs2| X3 WS
R 25U SHA AFY wEYuEY B
off gt W2 Table S&F 7heh bl 247
= 254 4474 A% o)A IRBBI3, IRBB2
Aefat BE AZE KigFol 25 AR B T A%
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)
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Table 4. Reaction of near-isogenic lines containing gene combinations to seven isolates of bacterial blight pathogen at the
seedling stage.

. Korean races Japanese races

NILs Resistance gene K 5 K Ko I I I
IRBB50 Xa4 and xa$ R’ R R R R R R
IRBBS52 Xa4 and xal3 R R R R R R R
IRBB53 Xa4 and Xa2l R R R R S R MR
IRBB55 xal3 and Xa2l MR S MR R R S S
IRBB56 Xad, xa5 and xal3 R R R R R R R
IRBBS57 Xad, xal3 and Xa2l R R R R R R R
IRBBS58 xa5, xal3 and Xa2l R R R R R R R
IRBB60 Xad, xa5, xal3 and Xa2l R R R R R R R

R resistant, MR : moderately resistant, S : susceptible

Table 5. Reaction of near-isogenic lines containing a single resistance gene to seven isolates of bacterial blight pathogen at
the maximum tillering stage. :

NILs Resistance Korean races Japanese races

gene K, K, K; Kaa 1 II III
IRBBI Xal R S S S R S S
IRBB101 Xal R S S S R S S
IRBB201 Xal R R S S R S S
IRBB2 Xa2 R R S S R R S
IRBB3 Xa3 R R MR S MR MR MR
IRBB103J Xa3 R MR MR S R R MR
IRBB103Z Xa3 R MR MR R R MR MR
IRBB203 Xa3 R R MR S MR MR MR
IRBB203J Xa3 MR MR MR MR MR MR MR
IRBB203Z Xa3 R R MR MR R R R
IRBB4 Xad R MR MR MR MR MR S
IRBB104 Xad MR MR MR MR R MR MR
IRBB204 Xad R R R MR MR MR S
IRBB5 xas R R MR R MR R R
IRBB105 xas R R MR R MR MR MR
IRBB205 xas R R R R MR R R
IRBB7 Xa7 MR R R R R R MR
IRBB107 Xa7 R MR R R R R R
IRBB207 Xa7 R R R R R R R
IRBB8 xa8 MR R MR R MR R S
IRBB108 xa8 MR S MR S MR S S
IRBB208 xa8 R S MR S S MR S
IRBB10 Xal0 MR R MR S S S S
IRBB110 Xal0 MR S MR S MR S S
IRBB210 Xal0 MR S R S S S S
IRBBI11 Xall R S MR S S S S
IRBB111 Xall MR MR MR MR S MR S
IBBB211 Xall R R R S S MR MR
IRBB13 xal3 S S MR S S S R
IRBB21 Xa2l S R R R R S S

'R : resistant, MR : moderately resistant, S : susceptible
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Ao g vl-2319ict IRBBI, IRBB101, IRBB108, IRBB20S,
IRBB110, IRBB210, IRBB11, IRBB13 AEL K320
Hated FpAor wheatea, 1 e Alse BE AY
A Fe - AgAo=z g =9ct IRBBI, IRBBIOL,
IRBB201, IRBB2 AE& KytFot Aoz v-estgl
3, Yo R AgoA B AR B S Ao 8t
S3l4ch IRBB1, IRBB101, IRBB201, IRBB2, IRBB3,
IRBB103J, IRBB203, IRBB108, IRBB208, IRBBI10,
IRBB110, IRBB210, IRBB11, IRBB211, IRBB13 AE&
Kot 7ot e oz whgetgla, 1 oare] A% 25 A
P B T AYHOR et
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A=} Racelli#+5-= IRBBI1, IRBB101, IRBB201, IRBB10S,
IRBB10, IRBB110, IRBB210, IRBB11, IRBB13, IRBB21
AEH AR Whgatglon, 11 oghel AFe K
AR Eve S5 AFAYOZ 933t Racelllg e
IRBB1, IRBB101, IRBB201, IRBB2, IRBB4, IRBB204,
IRBBS, IRBB108, IRBB208, IRBB10, IRBB110, IRBB210,
IRBB11, IRBBI111, IRBB21 A&} 7Aooz vreslgl
a1, 2Ere] AE2 BE A os uhgaiert

270 o|A9 WA AR RS e 258 A
Ki, Ko, Ks, Kso #F0] 57 A3 B= 55 3
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Table 6. Reaction of near-isogenic lines containing gene combinations to seven isolates of bacterial blight pathogen at the

maximum tillering stage.

Korean races Japanese races

NILs Resistance gene

K, K Ks Ksa I 11 111
IRBB50 Xa4 and xa$ R' R R R R R R
IRBBS52 Xa4 and xal3 MR MR R R R MR R
IRBB53 Xa4 and Xa2l R MR R MR MR R MR
IRBB5S xal3 and Xa2l MR MR MR MR MR S R
IRBB56 Xa4, xa5 and xal3 R R R R R R
IRBB57 Xa4, xal3 and Xa2l R R R R R R R
IRBB58 xa5, xal3 and Xa2l R MR R R R MR R
IRBB60 Xa4, xa5, xal3 and Xa2l R R R R R R R

R : resistant, MR : moderately resistant, S : susceptible
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Table 7. Reaction of near-isogenic lines containing a single resistance gene to seven isolates of bacterial blight pathogen at

the heading stage.

NILs Resistance Korean races Japanese races
gene Ky Ky K3 Ksa I 1I I
IRBB1 Xal R’ S S R S
IRBB101 Xal R S S R S
IRBB201 Xal R S S S R S
IRBB2 Xa2 R R MR S R R S
IRBB3 Xa3 R R MR S MR MR R
IRBB103J Xa3 R R R MR MR MR MR
IRBB103Z Xa3 R R R R R R
IRBB203 Xa3 R R R S R R R
IRBB203J Xa3 R R R MR MR MR R
IRBB203Z Xa3 R R R MR MR R R
IRBB4 Xa4 R R R MR R MR S
IRBB104 Xad R R R R R R S
IRBB204 Xa4 R MR R R MR R S
IRBBS xas R R R R R R R
IRBB105 xad R R R MR MR R MR
IRBB205 xal R R R MR MR R R
IRBB7 Xa7 R R R MR R R S
IRBB107 Xa7 R MR R R R R S
IRBB207 Xa7 R R R R R R S
IRBBS xa8 R S R R MR R S
IRBB108 xa8 R S R R R MR
IRBB208 xa8 R S MR S S S S
IRBB10 Xal0 R S MR S R S
IRBB110 Xal0 R S R S S R S
IRBB210 Xal( MR S R S MR R S
IRBBI11 Xall R R R S S R S
IRBB111 Xall R R R MR S R S
IBBB211 Xall R MR R S S R MR
IRBB13 xal3 R R S S S R
IRBB21 Xa2l S R R R MR S
R : resistant, MR : moderately resistant, S : susceptible
F Ee TE APAHLE vhEtGtHTable ). 53 AP SAATL 22 AsAT R e #et o
ole] Axts FdE B wf, 3t ¥ Yo HslQduty B2 FFoA Y A Y v 2tk old Adte
¥ #5o] met fFR7IgRE 24770 HRE APEE vkl At HEST GEA A BEF
Uetfe A f3xe fR7ldE 248 B 22 A ALY Aot wAYutEET HHd AolE THAR
PO Z Bhgatthrt R 7] e &40 A AoR AZED uebd LU dFE ARY FAAE
2 gt AA A FAAEC] EAEH B3 2 24 g 25E AFel diF s 2yt 4FE
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Table 8. Reaction of near-isogenic lines containing gene combinations to seven isolates of bacterial blight pathogen at the

heading stage.

Korean races Japanese races

NILs Resistance gene
Ky K, K3 Ksa I 1T it
IRBB50 Xa4 and xa$ R R R R R R R
IRBB52 Xa4 and xal3 R R R R R R R
IRBB53 Xa4 and Xall R R R R MR R R
IRBBSS xal3 and Xa2l R R R R R R R
IRBB56 Xad, xa5 and xal3 R R R R R R R
IRBB57 Xa4, xal3 and Xa2l R R R R R R R
IRBB58 xal, xal3 and Xa2l R MR R R R R R
IRBB60 Xad4, xa5, xal3 and Xa2l R R R R R R R
R : resistant, MR : moderately resistant, S : susceptible
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