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Introduction

Bacterial blight (BB) caused by Xanthomonas campestris pv. oryzae is one of the major dis-
eases of rice in the rice-growing countries of Asia.

The pathogenic specialization in the causal bacterium of BB was first reported in Japan
by Kunara ef al. (1958) and Kusasa ef al. (1958), and a number of reports have been pub-
lished on the variability of the pathogenicity of the bacterium and of the resistance. Recent
studies on BB have been carried out mostly by Japanese researches and scientists of the
International Rice Research Institute (IRRI), Philippines.

Since the rice cultivars and bacterial races used as the differentials in both countries (Japan
and Philippines) were different, the two groups of scientists found it difficult to distinguish
the resistance gene(s). In order to control the disease, it was important to set up a com-
mon base to define the relationship between the virulence of the bacterial races and the
resistance of rice cultivars to the races. Thus it was deemed necessary at this stage to com-
pare and analyze the results of the studies conducted in Japan and at IRRI.

Against this background, the collaborative studies on resistance to rice bacterial blight (BB)
between Japan and IRRI were initiated in 1979 as a collaborative research project between
the Tropical Agriculture Research Center (TARC), Ministry of Agriculture, Forestry and Fish-
eries (MAFF), Japan and IRRI. Two years later, the MAFF-IRRI joint program for research
on resistance to rice bacterial blight was planned and the collaborative program started on
1982. In 1985, the program has been included as part of the Project; a collaborative effort
between IRRI and the Government of Japan, concentrating on selective aspects of low-input
rice cultivation, technology, sponsored by the Government of Japan.

Breeding of near-isogenic lines for the development of international differentials
for resistance to BB

Near-isogenic lines with diverse genes for resistance to major diseases and insects can be
powerful tools for identifying races and biotypes of diseases and insects as well as new genes
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for resistance. Moreover, isogenic lines can serve as donors for resistance in breeding pro-
grams and be excellent materials for studying the mechanism of resistance.

Regarding rice disease and insects, no near-isogenic lines are avairable which can be used
as common differential lines becuase of the difficulty in exchanging materials among rice-
growing countries. To establish a common basis of research on resistance to BB, we tried
to developd near-isogenic lines with diverse genes for the resistance to BB disease under the
above collaboration. As a result, we developed the initial set of near-isogenic lines (Ocawa
et al. 1988). The seeds have already been distributed to scientists of various Asian coun-
tries and biotechnologists, and some of the reports in which the lines were used have been
published (INTERNATIONAL RICE RESEARCH INSTITUTE 1989, Zuanc et al. 1990,
Enpo et al. 1991, Taura et al. 1991).

The present paper deals with the breeding procedures adapted for the development of the

lines for analysis. Some characteristics of the lines after desigﬁation will be described later.

Donors for breeding of near-isogenic lines
The resistant donors for the development of the near-isogenic lines were as follows:
Kogyoku (Chugoku Natl. Agric. Expt. St.) for Xa-1, Xa-12
Te-Tep (Chugoku Natl. Agric. Expt. St.)) for Xa-1, Xa-2
Chugoku 45 (Chugoku Natl. Agric. Expt. St.) for Xa-3
Java 14 (Chugoku Natl. Agric. Expt. St)  for Xa-1, Xa-3, and Xa-12

IR8 (HD 151, 1982 IRRI) for Xa-11

IR20 (HD 122, 1982 IRRI) for Xa-4

IR1545-339 (Acc. 32624, IRRI) for xa-5

DV85 (Acc. 8839, IRRI) for xa-5, Xa-7

Zenith (Acc. 131, IRRI) for Xa-3 (Xa-6)

Sateng (Acc. 30193, IRRI) for Xa-3 (xa-9)

CAS209 (Acc. 15793, IRRI) for Xa-10

PI1231129 (Acc. 11114, IRRI) for xa-8

The recurrent parents for the development of the near-isogenic lines were as follows:
IR24 (Natl. Agric. Res. Centr. Japan) for indica background

Toyonishiki (Natl. Agric. Res. Centr. Japan) for japonica background
Milyang 23 (Natl. Agric. Res. Centr. Japan) for ¢ndica-japonica hybrid background
For the selection of the recurrent parents, we reported earlier in detail the reaction to

Japanese and Philippine BB races.

Breeding procedure of the mnear-isogenic lines

Initially for the development of near-isogenic lines with diverse genes for resistance to BB,
the BC.F, lines were bred with each monogenic basis for the resistance. The basic proce-
dure is shown in Fig. 1.

All the crossing work for the development of the near-isogenic lines was continuously car-
ried out at IRRI. After the original crossing between the recurrent parents and each resis-
tant donor and the first backcrosses to the F; hybrids were completed, the selection of the
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Fig. 1. Procedural steps in breeding for near-isogenic line to bacterial blight resistance

plants carrying dominant resistance genes was started by inoculation using Philippine isolates.
For the selection of the plants carrying a recessive gene, the F: progenies of the back-
crossed hybrids were inoculated with Philippine isolates. From the second backcross, at least
7 plants of each line were crossed with each recurrent parent to obtain a progeny carry-
ing each resistance gene at a probability of more than 99%. This process was repeated until
the BC4F2 generation of each breeding line which carried the resistance genes to Philippine
races.

On the other hand, for the breeding lines carrying resistance genes to the Japanese races,
the crossed progenies between recurrent parents and resistant donors for the development
of near-isogenic lines were inoculated mostly from the BC3;F; advanced generations with
Japanese isolates at TARC, because there is only one rice cropping season per year in
Japan. For identifying the lines with resistance genes among the backcrossed progenies, more
than seven crossed seeds per cross were sent to TARC and grown for inoculation.

By the above-mentioned process, the backcrossed progenies carrying each resistance gene
were advanced until the BC4F2 generation. The BC4F2 plants that were resistant to the BB
isolates and in which a recessive gene, such as xa-5 in IRI545-339, had been introduced
were considered to be homozygous for the recessive gene. On the other hand, the homozy-
gosity of the breeding lines in which a dominant gene had been introduced was tested in
the BC4F3 lines. From the the BC4F3 lines, each line was inoculated with a suitable BB
isolate and the morphology as compared with that of the recurrent parent. The uniformity
regarding plant type was also examined within each line.
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Designation of the near-isogenic lines
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In the BC.Fs generation, or in more advanced generations, each breeeding line was given

the name of IR-BB as a near-isogenic line for resistance to BB. The first and second figures

of the name refer to the gene number assigned to each resistance gene to BB and the third

to the recurrent parent used, that is, IR24 to none, Toyonishiki to 1 and Milyang 23 to 2.

For example, the near-isogenic line carrying Xa-3 gene and backcrossed to Toyonishiki was
designated as IR-BB 103 (Table 1).

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

collaboration
R-gene
Designation Generation Line No. Cross
Xa-1 (Xa-12)
IR-BB 1 BC4F4 1S630(BLB4674-2-2) IR24*5/Kogyoku
IR-BB 101 BC4F4 1S638(BL.B4523-2-4) Toyonishiki*5/Kogyoku

IR-BB 201 BCyF4

Xa-2 (Xa-1)V
IR-BB 2 BC4F5
IR-BB 102 BC4F5
IR-BB 202 BG4Fs

Xa-3
IR-BB 3 BC.Fe
IR-BB 103 BC4Fs
IR-BB 203 BC4Fs

IR-BB 3] BC4Fs
IR-BB 103] BC4Fs
IR-BB 203] BCsFe

IR-BB 37 BC4Fs
IR-BB 103Z BCsFe
IR-BB 203Z BC4Fs

IR-BB 3S BC4Fs
IR-BB 103S BCyF¢
IR-BB 203S BC4Fs

Xa-4
IR-BB 4 BC4Fs
IR-BB 104 BC4Fs
IR-BB 204 BC4Fs

IS634(BLB4570-1-2)

B 174(BLB4974-3-8-2)
B 205(BLB5065-41-7-5)
B 221(BLB5099-67-1-4)

IS 22(BLB3727-3-11-10-15)
15103(BLB4083-11-1-4-9)
IS 13(BLB3854-7-7-7-25)

IS 40(BLB3791-5-12-22-7)
IS 27(BLB4165-12-13-16-3)
IS 37(BLB4023-6-9-6-12-18)

IS 74(BLB3769-1-4-11-19)
IS283(BLB4111-9-14-18-2)
IS 68(BLB3954-1-5-19-11-12)

IS 91(BLB3736-5-12-10-11)
IS 79(BLB4101-1-12-10-10)
IS341(BLB3876-6-4-10-12)

IS110(BLB3759-3-13-26-15)
IS 98(BLB4123-1-7-16-7)
IS104(BLB3929-2-10-26-8)

Milyang 23*5/Kogyoku

IR24*5/Te-tep
Toyonishiki*5/Te-tep
Milyang 23*5/Te-tep

IR24*5/Chugoku 45
Toyonishiki*5/Chugoku 45
Milyang 23*5/Chugoku 45

IR24*5/Java 14
Toyonishiki*5/Java 14
Milyang 23*5/Java 14

IR24*5/Zenith
Toyonishiki*5/Zenith
Milyang 23*5/Zenith

IR24*5/Sateng
Toyonishiki*5/Sateng
Milyang 23*5/Sateng

IR24*5/IR20
Toyonishiki*5IR20
Milyang 23*5/IR20
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xa-5
IR-BB 5 BC4Fs IS133(BLB3813-2-22-1) IR24*5/IR1545-339
IR-BB 105 BC4Fy 1S118(BLB4183-6-1) Toyonishiki*5/FIR1545-339
IR-BB 205 BC4Fs 1S299(BLB4047-12-14-4) Milyang 23*5/IR1545-339
Xa-7
IR-BB 7 BC4F7 IS165(BLB4796-8-7-14-9-3) IR24*5/DV85
IR-BB 107 BC4F4 IS499(BLB7793-12-1) fToyonishiki*5/DV85
IR-BB 207 BC4Fs 1S491(BLB7859-5-10-4) Milyang 23*5/DV85
xa-8
IR-BB 8 BCyFs 1S513(BLB6196-2-20-7) IR24*5/P1231129
IR-BB 108 BC4Fs 1S831(BLB6355-3-5-3) Toyonishiki*5/P1231129
IR-BB 208 BC4Fs 1S818(BLB6927-5-10-1) Milyang 23*5/P1231129
Xa-10
IR-BB 10 BCyFs 1S154(BLB3722-1-6-17-9) IR24*5/CAS209
IR-BB 110 BC4F5 1S140(BLB5028-6-4-3) Toyonishiki*5/CAS209
IR-BB 210 BC4Fs IS150(BL.B2994-6-4-26-15) Milyang 23*5/CAS209
Xa-11
IR-BB 11 BC4F4 1S618(BLB4677-2-3) IR24*5/IR8
IR-BB 111 BC4F4 1S627(BLB4513-1-2) Toyonishiki*5/IR8
IR-BB 211 BC4Fy 1S624(BLB4538-1-4) Milyang 23*5/IR8

D not segregated.

Reaction of the mear-isogenic lines to BB pathogen

The reaction of the development near-isogenic lines to the Japanese and Philippine races
of BB pathogen is shown in Table 2.

It should be noticed that only two Myanmor isolates among more than 500 isolates of our

collection from Asian countries (Yamamoro and Ocawa 1988) were nor virulent to the recur-
rent parents while they were virulent to a few BB differentials. In addition, one Japanese
isolate was nor virulent to IR24 and Milyang 23 while it was virulent to Toyonishiki
(Yamamoro and Ocawa 1991). We are now developing susceptible lines with the genetic
background of the recurrent parents to the three isolates mentioned above.
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Table 2. Reaction of near-isogenic lines to Japanese and Philippine races of bacterial blight
pathogen

2)

Japanese race Philippine race

Near-isogenic lines
IA 1B II IIIA IIIB IV 1 2 3 4 5

[ep}

IR-BB 1 HR M S S S S S S S S S S
IR-BB 2 HR HR S S S S S S S S S S
IR-BB 3 REE RB RBE RB RE s RE RB RBE RB RB S
IR-BB 4 R R R R R R R S S M R S
IR-BB 5 R R R R R R R R R M R S
IR-BB 7 HR HR HR HR HR HR R HR HR S HR S
IR-BB 8 R HR HR HR R R R R R M R M
IR-BB 10 S S S S S S S HR S S HR S
IR-BB 11 S R R R S S S S S S S S

D Reaction at booting stage, HR: highly resistant, RE: resistant with browning margin, R: resistant,
M: moderately susceptible to moderately resistant, S: susceptible.

2) Standard isolates for each race are as follows:
T7174 for race 1A, T7156 for race IB, T7147 for race II, T7133 for race IIIA, Q6803 for race IIIB,
H75373 for race IV, PX061 for race 1, PX086 for race 2, PX079 for race 3, PX071 for race 4, PX0112
for race 5, PX099 for race 6.
The reaction to Japanese race V(H75304) is not included in this Table due to the low virulence.
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HIERYR PR R FICET 5 4 2 DOBFEEBRTREDOE K

ANNRESC® - ot W - GS.KHUSH? - & ®AE?
DRV REEMTIE L > 7 —, TR (T, T 305
PEBERRHTZEAT, P.OBox 933, v=7, 74 ) >
VB NINRRERARY, REARFET, T 833
Y3 dLEERZERERY, HriBR LM, T 943-01)

4 BERREREIC BT 2RI I BA L HERBTZEH(IRRD, 74 ) EX TIThILT X 7245, HEWHE E
R DOMERLIATZ Welr o 12728, WED AL 6T HEHD A 2 BEMFIETEICEE T 2 ek RIS IC ik
WKL o7z, Tz, BABKKEE & IRRIIZ A A BERFIRTEICE T A oHE K 24T Ldkic#
DIGBEBEERT 5726, 1982 FIcHKFEFFREZEBL. T4bb, BEEL IRRIDHIGEEZ 74 VOV ER
UCHAEHERRREL —A 2B ToirL, EREERTE2 DT DERERETREOTR L LT, 14 H
ERRHE L — 2ADOEBHG SR LT L & L,

ZDkER, 1987 FE I RFIEBETFREO—MI BRI N (0cawA et al. 1988), Bl 7 0 ¥EVEHZ TR & fit
AL 72RO ARSI WED 2, 2072, ZOEREFBEBRTFRENOBTERGE & ZOFREERZBLICT S 72
OFEPEET- 2,

EEHEBTFRRERD ONORER & LT, BARRZEN F 2= %, IRRI &N IR 24 F O8E S IE 0B
23 5% Hwv72 (Ocawa - YaAMAMOTO 1987), 72, #HEHUMEB E LT3, BA & IRRI OHB) SFE K T 51 FiEH
Bl WEBET2 L O8E, T4bbAENRIENEEET Xa-1256 Xa-12 2 b ORE2 MR L 72,

EEERIBTRRERD 2 ONTEIZ4L T IRRI TT- 72 (Fig. 1), EHEEETF 2 XMICEAT 27268 2 [
BORRED 613 7K EIcERREZERL, F UM b OREMTF % IRRI & HARICTAHL?, 74 ) EY
PEEIERRE L — 2 2 - ToOWIEMEAERDRIKIT BC,F,2* 5 IRRI TR L 228, BATIIE—E L » o ss
BCEL o722 b, BGE 25 BREAERFEL — A28 > THOBRKEIT - 2. HHEETF (-5, xa-8)
DBADTHDICIZRERRELL 72 Fo 2 BfE L CIEMERETF 280 P2 REL 2. 4 BORTENHE, BRERSIC
& o THR 2D 72, BIEDIESTEEEF DB A2 13 BC,F, CHEFMEER DB % L 7214, 20 B#i BC,F, %355
L, ERETHZLI2L - T, mENEHERKEZFEE L2, LERETOEAIZ BCFoEHREEEL EHIC
WHERK S LCRRAL 72, BREREDEIEE REOB—Hi: BC,F2 5L 2. BREERES L EUL, B—5
12 R W C I S N RIS, BCF b, BEEEEBTRHE LT, & E2HBLE.

ERVEBEFRMICIITNTIR-BB D& ZML, BN 2 HOBEFIIEETES, EONOBTERRES S5
By s L icLal%lL i IR24, 1! 3=, 2 1 HEH22BE). BELLT, 36 RELEREAETFRHE L
Ténsa L7z (Tablel), IR24 % REHR & L 2 BFEERTFRBIZERHISEE#HE L EASNTWS, b
DREDBRERVT 4 ) ©EAEMNFE L — 2T 2 5t% Table 2 laRed Lz, 2o, L 72 KEHI
T YT EED LD 500 ML) BIERIFHEARICBEEE R R L2, I v e—ED 2 BRE U BARED 1 Bk I3
PiEERO Lz, 2, BEERU Y 7 Nold D Xa-12 & Te-tep @ Xa-1 138 F 0L~ Lo BER ¢l 8
b O EMEARIT B L e - 72,

Z DEERVERBETFREOERIC & 5 EBHBGFEDFREIZ A A O REIRHTIEICE L T BMoOBRRETH 5,
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