difFEi# Korean J. Crop Sci.), 48(6): 419~423(2003)

Q%ﬂg*ﬁ .

A5 drpe

o —

g

SMXHXa-1, Xa-3)

IEI-I-I:,LI** .

Ol JEf* -

97 B gAY, sk A BAUGOR, B 2A G

of I}
| Sy

EFAH
==

RFLP O}#

0| xxx « ZAM Sk

Mapping of RFLP Markers Linked to Bacterial Blight Resistant
Genes (Xa-1, Xa-3) in Rice
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ABSTRACT : Bacterial blight caused by Xantomonas
oryzae pv. oryzae is one of the most serious diseases of rice
especially in southern area of Korea. Three races, K;, K,
and Kj, are the most dominant species. To improve rice
breeding efficiency using marker assisted selection, some
RFLP markers were surveyed for polymorphism between
resistant and susceptible to K; and Kj;. And, 127 doubled-
haploid (DH) lines derived from Milyang121/HR11650-1-
4-2 and 131 DH lines derived from Milyang123/HR10624-
ACS were evaluated to bacterial blight (K, and Kj).
Milyangl121 and HR10624-AC5 have Xa-1, resistant to K,
race, and Milyangl123 has Xa-3, resistant to K; and K;
race. Three markers, RZ590, RZ536 and RG303, showing
polymorphism between parents and resistance gene, Xa-1
and Xa-3, were analysed in the two combinations of DH
lines. The segregation pattern of resistant DH population
of Milyang123/HR10624-ACS to susceptible showed 3:1
and 1:1 in K, and Kj; race. In three RFLP markers, RZ590
was linked to Xa-1 on chromosome 4, and RZ536 and
RG303 were linked to Xa-3 on chromosome 11. The map
distance between Xa-1 and RZ590 was 3.1cM on chromo-
some 4, and Xa-3 and RZ536/RG303 were 7.6/16.0cM on
chromosome 11, respectively. The results of RFLLP map-
ping will be useful for the selection and pyramiding of bac-
terial blight resistant genes.

Keywords : Bacterial blight, Doubled haploid (DH), Marker
assisted selection (MAS), Molecular map

FEIL2biM ¥ Aorlege vulge Sud gE 3
S7h W gRAdold F2 wasla glom, zde 4t

*Corresponding author: (Phone) +82-31-299-2618 (E-mail) kanghj
@rda.go.kr <Received November 5, 2002>

419

AN E Ao} FETkae} B AUF Tk, S4BT
2 ojde ATl F2 el o}»}o]r:} A7) 2009
Ml Beloken AR FAA7) Bl AEE S0 B8
9o} $kom), o] % Xa-I3 Xa-3 SR} ﬁ e

s SdnEye] S Jepdthy BE{rk(Shin er
al, 1995, 1998; Lin er al., 1996). A= o2 H79 A4
FRAAE g FF JAAF7] AgE AT ol FAA AL U=
o], Shin er al(1998, 2000y wWHlSFS Edl Xu-I, Xa-
2, Xa-3°] EHL 258 FA% ASTH Xa-l/Xa3 B Xa-
2Xa-DiXa-3 A7 JAE A%S 4% v slon,
RAPD %= RFLP vIAE &83t F 7] o] 3e] Agd #
AAE 3 FF JHAZ ATEE S Urh(Huang et
al., 1997; Yoshimura er al., 1995). ©]¢} 7Fo] DNA FA|2I
212 0] 83F 2 FHHZ 2 mappings} Awol FxF S5
oM F83HA &&= 3

Holl #%e] RFLP map& McCouch 5(1988)°l <]}
BEE, $2 U= MG RILsS o83 7% &
AR A7t AAQEAOH, o]E olgate] FAAL gt &
AR o] 755 = ATHKang, 1996; Cho et al., 1998).
o] g QTLEAE $-832AE3} RFLP ZARIAR e i
T3t gene taggingS SHaL, FARIARE o83l

3 253

AE

£928 Augosn &5 885 ST Urk A
= dg] o]gE e microsatellite PHE FE 9 JNA|7E
of T2 T¥AAE Ro)] Wi yTE FAHHR}F A %é]
ZFAo] 7R304 a1, MAS(Marker assisted selection)7} 22 &
?l &Y oE €88 F UERE U MASE SEHA
ol Bx¥Ed dvd ¥ ddgoss 5 &
S48 SAANZ & 3o, ojnl Ednigy A FAA
S UHEA d#E DNA mEo] AT
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(Yoshimura et al,, 1995; Sanchez et al,
et al., 2000).
2 Adre A90E A fAe daE vE gy
815z, ekl AlEel thek AdnE A3 42 Xa-1 and
Xa-3)9te] AAEAE Bl FAA AEE 2Pt 3

1999, 2000; Sheng

AT
R
SANE ¥ 2l0EY 43

2 Ao AR Ase AYued AP FAxe a3
H S Galshaar Uok12135/HR11650-1-4-2 Z§e] o
% 1274153} YF1235/HR10624-AC5 ZF§o] ohfok 1317
TS olgsth wuizlez ol 8E WUF1213.9F HR10624-
ACSE Kpoll AR Xa- 14345 743 o, 2123
I Kol AP Xa-3 %X*Z]f-— 7R3 tk(Table 1). 3
ArlEY AAL K, K; ZF S PSA HIx|o)] 28°Col|lA] 3U7k
uj Fsled, 108~10° cells/ml<] ”‘EE HuEA7|o GAaT
5cm F-9lo AGHEAT. HF 379 Foll EoA] Wt
o] I AxE U0z gl EE HEldA 1 o]
2 2Re] gle Ae AR, AgE FEA Wik

o] FANE Z93= oo T ATdle RAlSIAT

l

Southern &4 5'4 ?_13& 24
AEAe] DNA F2, Agtash A7, A7|9%, Southemn
blotting2 Causse et al(l994)94 H ‘?.13%
Ak W 9& 5~10 g AFHS F
SYFAZ oA vAg REE u}/}ﬂfﬂ & AE7t =A
%% 4elZ 50ml cap tubedll A HUTH 2xCTAB DNA
FZ buffers} o} 60°C F2FFoA] 205 B HHEAT]
WA 2-33] 7M9A £33t & Chloroform:Isoamylalcohol
QADNEZEN o ETE AAE 28] HAlstd FEAE A
FHA 2713, TYF] isopropanols Ho] # AL TS -
20°C] 3087k o] DNAE Y717 8kivh. DNAS 70% ol
2ol o] 15ml tubed] 4ml TE buffers Y3 60°C &
2420 DNAE =9 2, 10 mg/ml RNaseg 4ul B2

Ao 3087+ HFsled RNAS EajAZl & 7,500xgE 12
F2F Q4R dede Al FEE &7 & #4d o1&

8(6), 2003

3199t} Southem blotting2 $]3] genomic DNAZS Dral,
Hindlll, EcoRl, EcoRV, Psfl 5 )¢ A|gagihzE A& &
271953t gele 025N HCHE-Yo| 1087+ shakingst
depurination A% TH Gel2 &7l ¢ A3 04 M NaOH
bufferZ capillary transferE ©]-&31%, nylon membrane
(Amershame Hybond N*)ol DNAE #°]AZl 2 nylon
membraneS 2xSSC bufferdl] 287F 24, Z=3}A]A Southern

F-490)) o] 83199t} Southern E4H-& H]WAFSH (Boehringer-
Mannheim)& ©]8-31%t}. Probex= DIG-labelling®-& ©]-&-3}

o] labellingd}$1.2.™, Prehybridizations} hybridization 732
AZ] & DIGe] thdt 333 AlAoke] CSPDE ©]&38t X-
ray filmel] d4Fsle] Wi=E 215l

Southern &4 A3} UERt DNA EX|QIAIe} SYnjE A
g FATRe] ABAAE BAEE e, BEXIAEY 74
2 718 Kosambi centi Morgan® 2 JERAITH

Zot ¥ o

oftliet AlEeo| ElA0EY XM 2

FAE 2% 258 AlEo) Wist AYnfEy 23 AAA
= Table 294 B ulo} Zv), UF1215/HR11650-1-4-2
ZgoAle Wl o o]fH W1215 0| Xa-l FHAE
7EASL 9471 wiEell, K raced] tiste] AAIH grdo]
112 223kt 2eF12335/HR10624-AC5 ZFollMs 2
12317]’ K], Kz, K30ﬂ _l—'y‘ Z«]é‘]‘/HO] Xa3 -,OTPHZ}JE- 7}'7(]_—17_
17, HR10624-AC5= Kol AaHdel Xa-1 §-3AE 7R3

9171 wWiEel|, K, racel thdled 3:1, K, raced] thsld= 101
o BEH|E Ho F X% BT o4 wEHet A%
o} ehlg AlEelA -rl%l”]*‘tﬂ Aol el 28 o
g Zole Aoy A3 AT FENIET o, {HA
oz2w kFggel Aot oPY AT bé}"ﬂ uE EniE
W A Fele Aol 5XF A AH, vixd] Hrtst
= AgEA Ugt AXA} whgo] H9A g3 9 ol
717 & AME UE fAAEY AR AT 5o dleR
£ 49 '1*1147} o234 ZlUR|9= tEA Yelg F=
Aor, AA A7t S dele olgd 8<]lo] ¢ AA

1982; Chen et al., 1983:
A AsF

ety % AtHChen ef al,

Lee et al., 1992). ¥ Aol = chufjfol] <)%t

Table 1. Reaction to the races of bacterial blight and agronomic characteristics in parental rice varieties.

Parent Resistance Reaction to race Chromosome Heading Culm length
gene K, K, K; number date (cm)
Milyang 121 Xa-1 R S S 4 8.18 76
Milyang 123 Xa-3 R R R 11 8.17 73
HR11650-1-4-2 - S S S 8.11 81
HR10624-AC5 Xa-1 R S S 4 8.21 71
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Table 2. Segregation of resistance to the pathogene of bacterial blight in anther culture lines of two cross.

.. Race of bacterial No. of line (%)* Expected 2
Cross combination . . X
blight R S Total ratio
Milyang121/HR11650-1-4-2 K1 61(48.0) 66(52.0) 127 1:1 1.95
. K1 101(77.1) 30(22.9) 131 3:1 0.31
I 123/HR10624-A
Milyang123/HR10624-ACS K3 74(56.5) 57(43.5) 131 1:1 220

*R; Resistant, S; Susceptable

7 233 1309 Ao vwF Wil Xa-17 Xa-37F T
SQo7 §A87] wW&Fol(Shin ef al, 1995; 1998), o]=4+
e 2 dXE 2Aog ALY Yang er al(1988)%
Y743 Dasukei 2 239 FAvSH K, w5l tisk 23
FHEA oM AgAAF 7dol AfiteAE 11 £
, FARAE 312 25k dagdAzpel o)k Au)
Tl sfe] E AT} 2t

¢

oo ox Al

Southern &4

87 HEHR 2009709 A9 A A F @
=9 8 Al AL BolE Xa-l, Xa-2 B Xa-3E F
T FAA ol HEg we-& Rol7] WE(Shin er al,
1995; Shin e al, 1998), DNA ¥X|QIAE o]&st Aut 7]
&2 AA Tl 8T F I B opde}, HlwE &4
7l MASE o]&3la] 3§l F5ol o] A §HAE JA4A]
7 EZ2SA = 758 HHuang et al., 1997; Yoshimura et
al, 1995). B A7te] AREE 2F12159F HR10624-ACSE
3YrlEE Ky 75 gk e 5 542 Xa-10] #
sk 3% APEE Holn, 1235 e F5RAA
Xa-37t Ky, Ky, Ky #570) djsted F= A3dS zal ok
olo] wa} wulxl 7hell HHA S Kol £ probeE B3}
7] 915ted genomic DNAE Dral, Hindlll, EcoRI, EcoRV,
Psd & 5/0¢] AgtaAi g #el Southern 4L 3 A3}
RG303, RZ536, RZ590 & 37H¢] probeRto] T}EAHE HAT)
o]& o]l FA] AFES RFLP ¥4& 3 A3}, AEZ
of F3lg EAe YEMIATHFg. 1). RG303% RZ536
11 GAA glom, RZ5908 41 FAA ol EA)sh=
dl, ol5 el Ae7kA FLrkEE APS 71wzl
Zholl T A)-S Hole IR virEo] Birso] QUthLin et
al., 1996; Huang et al., 1997; Yoshimura er al., 1995).
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Fig. 1. Southern profiles of the RZ590 marker (Genomic DNA
was digested with Pstl). M : size marker (A HindIll), 1 :
Milyang123, 2 : HR10624-ACS, 3~21 : DH lines.

HIZHEA

FAgNA AR Sl A3 At Aol RFLP
48 T3 DNA #AQIAeH] AAAAE AHE HAie
Table 3(Xa-1) 2 Table 4(Xa-3)$+ 74}, E¥F1215/HR11650-
1-4-2 ZFolA opullef A2 Xa-1 F34 tidk RZ5363%
RG3032] WH=molo) 98k §AAE-e Ak Ao}, oF 50%
el AlgEe] ddrEd AP Aok 5940 AL
2 kbt 29F123/HR10624-AC5 Z3oAE oF 44%9)
AlB-E0] RG3039] Wi=wolol] o3t FAAYHAs SHE L
2 Uelten], RZ5908 Xa-17+ 44 GAA| Aol <F 3.1ecM
o] AR 7P WA dHE BRI 2H(Table 3), 474157
a7t FEERD Xa-1 AR digted RZ590S ©l-&%
HAAviEHl e A3 Ase MEade 96.9%E e
Wi, gk Wok23/HR10624-AC5 Z3HolA Bdn}Ey #
A FAA Xa-3¢F ARE vHAE 119 GO K|S
RZ5369} RG3032-2 7} 7.6cM, 16.0cMe] 8718 B
o, RZ536FHAE )83 AunEs A3 Alge A &
= 924%2 YERSTHTable 4).

ool AAE 72 IYREY APY FHA Xa-17
Xa-3° o8l 3-8 el RZ590, RZ536, RG303 7

Table 3. Linkage analysis of Xa-1 and markers to rice bacterial blight.

N Chromosome Linkage to . Combination value
Combination Marker No. resistance Non-linkage 10 Xa-1 (%)
Milyang121/HR 1 1650-1-4-2 RZ536 11 65 (51.2%) 62 (48.8%) %ndependent
RG303 11 59 (46.5%) 68 (53.5%) independent
+
Milyang123/HR 10624-ACS RZ590 4 127 (96.9%) 4 (3.1%) .3.1 t15
) RG303 11 73 (55.7%) 58 (44.3%) independent




422 §{F55(KOREAN J. CROP SCI), 48(6), 2003

Table 4. Linkage analysis of Xa-3 and markers to rice bacterial blight.

. Linkage to . Combination value
Combination Marker Chromosome No. resistnace Non-linkage to Xa-3 (%)
+
Milyang123/HR 10624-ACS RZ536 11 121 (92.4%}) 10 (7.6%) 7.6%23
RG303 11 110 (84.0%) 21 (16.0%) 16.0£32

ofe] APA|TE= Fig. 29 ) K, @59 e Aads
FE RZ590 nHA= 44 HAM 3.1eM A BojA] Sle
B, K3 #590 AdE-& Y= RZ5363F RG303 7 el=
11 GAANA 22t 7.6cM, 16.0cM A= HolA e 2o
2 bt o283t A3 Causse er al(1994)% Yoshimura
et al(1992)°] 2743k A=} vhA] fx|oF BHE #kA
o] Aot ATTAe} A x5 veRiTh

AR7HA welR Fviey A fxbe 2099707
A glomn, o]F fEuEtdlX W EE K, Ky, K3 Al
A @l i AFgE fAAZE Xa-10] Kol disted 2
E A veS HolY, Xa-2& K, Kol sl A% A
A ¥he-S HolW, Xu-3: K|, K, ¥ Kol tisld &
Agd ¥H-g-& HRATKShin er al, 2000). oleigt A H-4
2t AAE DNA BEXQIARS] /e &5 42 Al 2
tHlEE A3 A4 5340 MAS(marker assisted-
selectionye E38l] #8314 o842 4 UtHMohan er al.,
1997; Sanchez et al, 2000; Sheng et al., 2000). = 27}
A B ey A fRAeh A AEAIAEe] W
A=Y, Sanchez et al.(1999)F Zhang er al(1996)2 VA
FA2} xa-130] RG1363} 80 FAA] Aol 4eM o E A
Ho] Yrhal &3, Yoshimura et al(1995y xa-59+ RZ390,
RG556, RG 207¢] 581 FAAS] 23cM, Xa-33 Xa-4=
XNpbl8tt 118 FAA Aol 1.7cMeR =] e
By EAtt Singh er al (2000 xa-5, Xa-13 2 Xa-21&
MAS olste] g Algel FAA A3 1L A< 3t
A4S By sl 2 doliM Xa-39F ddE Ao 8
371 RZ536 2 RG3032 $jo] Hud Aynties f34 A
27t v dAolx gl 4N HAH GolA Xa-137 ABA A
o7 R RZ590= oF 3.1cMe] AR 7P UE3 I

Chromosome 4 Chromosome 11

Xa-1 — Xa-3
3.1cM 7.6cM
RZ590  15.0cMm RZ536
_ RG303

Fig. 2. Genetic map of Xa-1 and Xa-3 linked with RFLP markers,
RZ590, RZ536 and RG303, to rice bacterial blight.

2 nof, ) AYTHEY APY fAA] A
edom $89 4 9 7
202 NF WH e wFol sl ARAE mole
FAARN ) Jet EFOIE o8 =UT Bav} glow,
37 2 A7ERE WPE olaF Y H4A7} YA

of @] Holel HPA Uk FEL 4 Aol

2

SElvet Axu7t 5] Adngy AP Fxzke A
#H v AE A7) Y3le], "Wd121%, d¥123E 2
HR10624-AC5 55 Wi o= 3+ F 2§ho] oMok AES
ANz BQuEy A FAA(Xe-1 and Xa-3)9F DNA vt
7] 7Fe) ATIEAE FIl FAR AngE At st
Qe AHE g9k o2 2t

1. K, &0 g vy Mad A4y, 4Y121%
/HR11650-1-4-20 4= AgAlzt 2pAdo] 112 Eyae
v, YoF1235/HR10624-AC5 Z§e) K, 2 K, 5ol it
A4 717 313 LR Bgste] o]Exj] st

2. s Rloll thdtd Dral, Hindll, EcoRl, EcoRV, Psil 5
5747 Aigaid tig EANS AR A, RZ590,
RG303, RZ536 5 37/M9] »pA7} St &S VeElRIch

3. SdvEY A AR A A RELP vhA9te] A
B4 A3 Xa-1 FAARE RZ5903} 48 GAA AollA 3.1+
1.5 cMe2 A=y Qlglom, Xa-3 FAAE RZ536 %
RG303% 11 GAA AollX zk2; 7.6+23 B 16.0+3.2
cMeZ AFHY Ut

4. 111 AR oA Xa-39F RZ536 B RG3032 “Xg-3
- RZ536 - RG303” <22 X3t
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