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Genetics of Resistance in Rice Cultivars, Chugoku 45 and Java 14 to
Philippine and Japanese Races of Bacterial Blight Pathogen
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In studies of resistance of rice cultivars (Oryza sativa L.) to bacterial blight (BB) of rice
caused by Xanthomonas campestris pv. oryzae, results from different countries could not be
compared with each other, since different cultivars and/or different bacterial races were used
in each counry. Therefore, it was necessary to re-analyze key cultivars using a uniform set
of races, and to compare the results of previous studies from each country. For this pur-
pose, we initially tested the usefulness of the clipping method of inoculation for genetic anal-
ysis of resistence in rice cultivars to BB in Japan. There was no previous report on genetic
analysis in Japan using the clipping method of inoculation. We then analyzed rresistance
in Japanese differentials, Chugoku 45 and Java 14 using Japanese and Philippine races of
BB under a collaborative project between the International Rice Research Institute (IRRI),
Philippines and the Ministry of Agriculture, Forestry, and Fisheries (MAFF), Japan. The
clipping method of inoculation was useful for genetic analysis of resistant cultivars. In ad-
dition, we found Chugoku 45, Zenith, Himekei 16, Ortiglia, Zenith G713, Amareriyo, X-46,
and Chukei 314 carry the gene Xea-3 originally found in Wase Aikoku 3 while X-43 has
an additional major gene which is different from the Xe-3. Cultivars Akishinomochi and
Nakashin 120 appear to have minor genes for resistance. The results of genetic analysis
at IRRI and at Tropical Agriculture Research Center (TARC) show that Chugoku 45, Java
14 and Wase Aikoku 3 are resistant to Philippine races 1, 2, 3 and 4 as.well as to
Japanese races.

KEY WORDS: Oryza sativa L., Xanthomonas campestris pv. oryzae, disease resistance,

resistance gene.

Introduction

Bacterial blight (BB) caused by Xanthomonas campertris pv. oryzae, is one of the most im-
portant diseases of rice in the rice growing counries of Asia, especially those in the tropics.
Yield losses in severely infected fields ranged from 20 to 30% (Ou 1985) and in some
cases, the yield loss may reach about 80% (SwcH ef al. 1977). The use of resistant culti-
vars for controlling the disease is considered to be the most effective and sound method.

Since the pathogenic specialization in the bacterium of BB was first reported in Japan by
Kunara ef al. (1958) and Kusapa ef al. (1958), a number of reports have been published on
the variability for pathogenicity in the bacterium and for resistance in the rice cultivars.

The evidence for the specialization of BB races was reported by Ezuka and Hormwo (1974),
Reopy and Ou (1976), Sato et al. (1976), Cuor ef al. (1976, 1977), Yamamoro et al. (1977),
Mew and VEera Cruz (1977, 1979), Mew ef al. (1982), and Ocawa (1983). Yamamoro et al
(1977) reported on the race specialization in the casual organism of BB in Indonesia.

Studies on the genetics of resistance to BB of rice were initiated by Nisuimura (1961).
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Four major genes (Xa-1, Xa-2, Xa-3 (w), and Xa-12 (kg) were ientified in Japan (SaracucHi
1967, Ezuka et al. 1975, Ocawa et al. 1978). Seven genes for resistance, Xa-4, xa-5, Xa-6,
Xa-7, xa-8, xa-9, and Xa-10, were identified at IRRI (Perpisit ef al. 1977, OLurowoTE ef al.
1977, SonuU ef al. 1978, SioHu and Kuusa 1978, SincH ef al. 1983, YosuiMUraA et al. 1983).

The cultivars and bacterial races used in these studies were different and the results could
not be compared with each other. Therefore, it is necessary to re-analyze the key cultivars
using a uniform set of races, to compare the previous resuts and resistant cultivars.

For this purpose, a collaborative project between IRRI and the Ministry of Agriculture,
Forestry, and Fisheries (MAFF), Japan was initiated in 1982. Since then, Japanese and IRRI
BB differentials have been analyzed using Japanese races and isolates collected from Asian
countries at TARC (Tropical Agriculture Research Center), through the use of Philippine
races at IRRI.

This paper describes the efficacy of clipping method of inoculation (KAurrman ef al. 1973)
for the genetic analysis of BB resistance in rice. The results of the collaborative study on
the genetic analysis of Chugoku 45 and Java 14 are reported.

Materials and Methods

1) Genetic analysis by clipping wmethod of inoculation

Sixteen rice cultivars belonging to Wase Aikoku group (Ezuka and Hormvo 1974) were ge-
netically analyzed for resistance to a Japanese race by the clipping method (Kaurrman et al.
1973). The rice cultivars used were: Wase Aikoku 3, Chugoku 45, Java 14, Zenith,
Nagomasari, Himekei 16, Ortiglia, Kuntulan, Zenith G713, Jamica, Amareriyo, X-46, Chukei
314, Akishinomochi, Nakashin 120, and X-43. Seeds of these cultivars were obtained from
Laborarory of Plant Disease Control, Chugoku National Agricultural Experiment Station in
Fukuyama. These cultivars were crossed with each other and/or with Kinmaze (susceptible
cultivar) in 1976. The F, populations of these corsses were inoculated with a Japanese race
of BB.

The isolate, T7133 (representative of race IIIA), was used for this experiment after it was
verified to have the typical pathogenicity of the race IIIA. It was cultured on potato semi-
synthetic agar medium at 25°C for 48 hr and suspended into sterile distilled water at a con-
centration of approximately 107-10% cells per md/.

The F, plants were transplanted to a single seedling/hill, an experimental plot after they
were grown in upland nursery bed for 45 days. Fertilizers were applied according to the or-
dinary standard. When about 10% plants of each F» population had flowered, all plants of
each cross-combination were inoculated by the clipping method. The lesion length of three
leaves of each F: plant was measured and the resistance was evaluated as R (resistant) or
S (susceptible) according to symptoms and degree of lesion development at three to four
weeks after inoculation. This experiment was carried out at the Chugoku National Agricul-
tural Experiment Station (CHUGOKU) in Fukuyama in 1977.

2) Genetic analysis of Chugoku 45 and Java 14 at IRRI and TARC
Under the IRRA-MAFF collaborative project, two Japanese differentials, Chugoku 45 and
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Java 14, were analyzed using Japanese races at TARC and Philippine races at IRRI. A
Japanese cultivar, Wase Aikoku 3, was also analyzed using Philippine races at IRRI.

Cultivar Chugoku 45 was crossed with Java 14, Toyonishiki and Wase Aikoku 3 and Java
14 was crossed with Toyonishiki in 1982 at IRRI. Vacuum emasculation method (JEnNINGS
et al. 1979) was employed for making crosses. The F; hybrids of Toyonishiki/Chugoku 45
and Toyonishiki/Java 14 were grown at IRRI in 1983 and F, plants of these crosses were
grown at TARC in 1985. The F; hybrids of Chugoku 45/Java 14 were grown at IRRI in
1984 and at TARC in 1985. The F; hybrids of Wase Aikoku 3/Chugoku 45 were grown
at IRRI in 1985. '

At IRRI, seeds were sown in wooden boxes measuring 60x45cm, filled with soil to a
depth of 5cm. Three-week old seedling were transplanted at a spacing 20x20cm space in
the screenhouse covered by fine nets for protecting from insects and virus disease damages.
At TARC, seedlings were transplanted at the field, one month after seeding at a spacing
of 30x18cm. Tillers of each plant were divided into groups depending upon the races to
be used by tieing with vinyl color ties before inoculation. Plants were inoculated with four
races from Philippine viz. race 1 (PX061), race 2(PX086), race 3 (PX079), and race 4
(PX071). However, F2 plants of Wase Aikoku 3/Chugoku 45 could be inoculated with race
1 and 2 only due to poor tillering in each plant. At TARC, Japanese standard races e.g.
race IA (isolate T7174), race IIIA (T7133) and race V (H75304) were employed to inocu-
late the F2 plants of Toyonishiki/Java 14, and Fz plants of other cross-combinations were
inoculated using race IITA only.

Inoculum was suspended with strilized distilled water at a concentration of 107-10® cells/m/{
after incubation at 28°C for 2 days. The uppermoét fully developed leaves of each plant
were cut with scissors wetted with the bacterial suspension about 5cm below the tip.

The lesion length was measured 14 to 21 days after inoculation (DAI). However, the evalu-
ation of resistance was done continuously for about one month after inoculation not only by
lesion length but also by sympton of the lesion.

Fs analysis was carried out both at TARC and IRRI. The F3; seeds of each F, plant
tested at IRRI, were divided into two parts. One part was sent to TARC, and the other
was kept for growing at IRRI. F; progenies consisting of 17 seedlings each were planted
at both sites. The Japanese race, IIIA, was used for inoculation at TARC, and the Philip-
pine race 1 was used for inoculation at IRRI.

Results

1) Genetic analysis by clipping method at CHUGOKU

Table 1 shows the range of lesion length of F, plants from the crosses of Kinmaze with
eight cultivars of Wase Aikoku group. As shown in Table 1, plants having a lesion length
of less than 6.5cm were classified as resistant and plants having a lesion length of more
than 6.8cm were scored as susceptible. If the lesion development of a plant in the Fy
populations stopped within one month after the inoculation, the plant was scroed as resis-
tant. On the other hand, if the lesion length continued to increase even after one month af-
ter the inoculation, the plant was scorred as susceptible. From this criteria, every F.
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Table 1. The range of lesion length to a Japanese race IIIA (T7133) at 21DAI in Fo
plants of each cross between Kinmaze and resistant rice cultivars. CHUGOKU,

1977 :
R Lesion length (cm) 2
Cross E\t/glg N;) . of X‘l P
atio Min.  Aver. Max.  SD plants  (3:1)
Wase Aikoku 3 R 0.1 0.9 3.1 0.64 174 0118 0.8.0.0
/Kinmaze S 7.3 11.8 18.8 2.85 55 ' o
R 0.1 1.0 5.3 1.00 172
Chugoku 45 /Ki 2 5-0.
ugokt rhmaze S 97 155 221  3.19 62 0279 0.5-0.7
R 0.2 1.0 3.8 0.76 98
Ki / 14 . .
inmaze/Java S 68 111 173 248 33 0.0z >0.99
R 0.1 2.0 5.6 2.45 282
Ki /Zenith 1.726  0.1-0.2
Hmazersen S 80 155 385 568 109
R 0.3 1.6 6.5 1.35 73
Ki /Kuntul . 1-0.
inmaze/Kuntulan S 79 13.7 194 3.99 39 1.679 0.1-0.2
R 0.1 1.2 6.1 1.09 109 ‘
Ki /N ' ) 5-0.
inmaze/Nagomasari S 0.7 159 19.8 9 64 39 0.400 0.5-0.7
R 0.1 1.0 4.4 0.73 126
Ki /Himekei 16 . 5-0.
inmaze/Himekei S 79 12.3 175 988 46 0.279 0.5-0.7
R 0.1 2.3 6.2 2.99 71
Ki /Ortigli . 2-0.
mmazefrigha S 1.7 192 278 441 30 1191 0.2-0.3

R: resistant, S: susceptible.
Min., Aver., and Max.: minimum, average, and maximum lesion length.

population segregated into a ratio of 3R:1S (Table 1).

The frequency distribuiton of the lesion length in the Fj populations of X-43/Kinmaze,
Akishinomochi/Kinmaze, and Kinmaze/Nakashin 120 is shown in Fig. 1. The resistance of
F, plants, especially those which showed the lesion length around 6-7cm, could not be
evaluated visually. As a result, the dividing line between resistant and susceptible plants for
the frequency distribution was not clear. However, as shown in Fig. 1, Fs plants of
X-43/Kinmaze showed the peak of the distribution curve for the lesion length around 2cm.
If the plants had a lesion length of below 5cm length (average lesion length of the resis-
tant plants in the eight F» populations mentioned above), were evaluated as resistant, the
F, segregation fits the 3R:1S ratio (292R:95S, x?= 0.042, P:0.8-0.9).

The distribution of lesion length of F» plants in the crosses of Akishinimoshi/Kinmaze and
Kinmaze/Nakashin 120, showed a continuous distribution, and the peak of the distribution
curve was 5 or 6cm.

Table 2 shows the range of lesion length in Fs plants of the crosses amongst resistant
cultivars. All F» plants were evaluated as resistant by visual observaiton. The maximum le-
sion length of the F, plants in these crosses was 7cm, while average lesion length of the
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Table 2. The range of lesion to a Japanese race (T7133) in Fy plants of each cross
between resistant cultivars. CHUGOKU, 1977

Evalu- Lesion length (cm) No.
Cross . of

ation Min.  Aver. Max.  SD plants
Wase Aikoku 3/Himeki 16 R 0.1 0.4 2.4 0.16 150
Wase Aikoku 3/Nagomasari R 0.1 0.4 3.2 0.46 181
Wase Aikoku 3/Chukei 314 R 0.1 0.4 34 0.35 96
Wase Aikoku 3/X-46 R 0.1 0.3 1.5 0.07 178
Wase Aikoku 3/Java 14 R 0.1 0.6 4.4 0.81 289
Wase Aikoku 3/Amareriyo R 0.1 1.1 5.9 1.23 142
Wase Aikoku 3/Jamica R 0.1 1.2 3.8 1.44 42
Wase Aikoku 3/Ortiglia R 0.1 0.4 3.1 0.55 129
Chugoku 45/Wase Aikoku 3 R 0.1 0.5 3.8 0.49 266
Chugoku 45/Kuntulan R 0.1 0.5 1.3 0.38 43
Chugoku 45/Zenith R 0.1 0.4 3.0 0.69 148
Chugoku 45/Zenith G713 R 0.1 0.7 6.6 1.08 132
Chugoku 45/Himekei 16 R 0.1 0.4 1.8 0.34 136
Chugoku 45/Java 14 R 0.1 0.5 3.3 0.53 160
Himekei 16/Java 14 R 0.1 0.2 1.0 0.18 127
Himekei 16/Amareriyo R 0.1 0.6 3.7 0.50 194
Jamica/Himekei 16 R 0.1 0.4 1.7 0.33 131
Ortiglia/Java 14 R 0.1 0.9 3.2 0.74 201
Amareriyo/Chugoku 45 R 0.1 1.3 7.0 1.27 171

R: resistant.
Min., Aver., and Max.: minimum, average, and maximum lesion length.

each population ranged from 0.2 to 1.3cm. The variation in lesion length was within the
range of lesion length of resistant plants from the crosses of Kinmaze and other resistant
cultivars.

2) Genetic analysis of Chugoku 45 and Java 14 at IRRI and TARC
Genetic analysis using Japanese isolates

F2 populations of Toyonishiki/Chugoku 45 segregated into 232R (resistant to race IIIA)
and 75S (susceptible to race II[A) plants. This segregation agreed with the expected 3R:1S
ratio (x*=0.053, P:0.8-0.9). The F, plants of Toyonishiki/Java 14 segregated into three
reaction patterns, that is, 276RRR (resistant to races IA, IIIA, and V). 55RSR (resistant
races IA and V, but susceptible to race IIIA) and 19SSS (susceptible to races IA, IIIA and
V). This segregation pattern agreed with the 12RRR :3RSR:1SSS ratio (x¥=2.768, P:0.2-
-0.3). The frequency distribuitons of the lesion length of the plants of the above two F,
populations are shown in Fig. 2. The lesion length at 17DAI of resistant plants in F, popu-
lation fell below 6cm, although a few susceptible plants showed a lesion length below 6cm.
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Fig. 1. Frequency distribuiton for lesion length of F2 population from
the crosses of X-43/Kinmaze, Akishinomochi/Kinmaze, and Kin-
maze/Nakashin 120.

CHUGOKU, 1977.
l : the average of the longest lesion length of resistant plants in
F2 population of Kinmaze/resistant cultivars.

The distribution between the lesion of resistant and susceptible plants became clear 17 to
21 DAIL The expansion of lesion length of resistant plant stopped at 17 to 21 DAI and de-
veloped a brown margin near the end of the lesion. The lesion of susceptible plants con-
tinued to develop beyond 21 DAL

All the 402 F, plants from the cross Chugoku 45/Java 14 were resistant to a Japanese
race (IITA) as their lesion length was below 6cm (Fig. 2).
Genetic analysis using Philippine races

The frequency distribution of the lesion length of plants of the two F» populaitons are
shown in Figs. 3 and 4. The F; plants of Toyonishiki/Chugoku 45 and Toyonishiki/Java 14
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showed resistance to all four races (races

T7133(ITA), 17DAI
_] . )Toyonishiki/ 1,2, 3, and 4).

100p Chugoku 45 The lesion length of Fs plants from the
80r cross of Toyonishiki/Chugoku 45 was evalu-
EST ated at 15 DAI. However, the plants could
20| g 5. not be categorized into resistant and sus-
e B ceptible groups at this stage. Therefore,
" 17DA1I the F2 plants of this cross were evaluated
100l Toyonishiki/ petween 21-30 DAL The plants in which
;5 80} lesion length expansion stopped at 18 to
E 601 21 DAI, and had a brown margin at the
: ;8 end of the lesion were considered as resis-
“ 1 tant. The plants in which the lesion length
— 13DAI continued to expand beyond 21 DAI were

100l = Chugoku 45/ classified as susceptible.
sol Java 14 The F; plants of Toyonishiki/Chugoku
60l 45 segregated into 193RRRR (resistant to
40} races 1, 2, 3, and 4 from left to right of
20} - the capital letter): 65SSSS (susceptible to
0 10 2'0 30 races 1, 2, 3, and 4). This agrees with
Lesion length (¢m) 3:1 ratio (x2=0.005, P:>0.99). The F,

plants of Toyonishiki/Java 14 segregated
Fig. 2. Frequency distribution for lesion length of into 187RRRR :78SSSS. This segregation

Fy population from the cross of agrees with 3:1 ratio (x2=0.378, P:0.5-
Toyonishiki/Chugoku 45, Toyonishiki/Java ’

14, and Chugoku 45/Java 14. 07) As shown in FlgS 3 and 4, the dis-
TARC, 1985. tribution of Fs plants of Toyonishiki/
R: resistant, S: susceptible. Chugoku 45 and Toyonishiki/Java 14 ac-

cording to lesion length showed a contin-
uous variation at 14 or 15 DAI. However, the distribution frequency of susceptible or resis-
tant plants appears to show a bimodal distribution. In addition, the distribution patterns show
that the resistance gene of Chugoku 45 and Java 14 imparts a somewhat lower level of
resistance to race 1 (PX061) as compared to races 2, 3, and 4.

The F; populations from the crosses Chugoku 45/Java 14 and Wase Aikoku 3/Chugoku
45, consisting of 547 and 221 plants respectively were evaluated for resistance and not sus-
ceptible plant was observed. Some of the plants showed slightly longer lesion as shown in
Figs. 5 and 6, but the lesion length in all these plants stopped at about 18 DAI. There-
fore, all plants of the two populations were resistant to the races with which they were in-
oculated.

Fs3 analysis ,

The F3 analysis was carried out at TARC and at IRRI. Fs; plants were inoculated with
race IITA (isolate T7133) at TARC, and with race 1 at IRRI. The F3 lines were classified
either as homozygous resistant or segregating, or homozygous susceptible at 18 to 21 DAL
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Fig. 3. Frequency distribution for lesion length of parental,
Fi, and Fy populations from the cross of Toyonishiki
(P1)/Chugoku 45(P2), at boosting to flowering stages,
IRRI, 1983.

R: resistant, S: susceptible.

One hundred and thirty-three Fz from the cross Toyonishiki/Chugoku 45 derived from F;
plants which were resistant to four races of the Philippines were inoculated. Of these 33
were homozygous resistant, 100 were segregating and none was homozygous susceptible in
inoculation tests conducted both at TARC and IRRI. On the other hand, 53 F; lines der-
ived from susceptible F» plants were homozygous susceptible.

Similar results were obtained from the analysis of F3 lines of the cross. Toyonishiki/Java
14. Out of 158 lines derived from resistant F» plants, 51 were homozygous resistant, 107
were segregating and none was homozygous susceptible. On the other hand, 65 F3 lines
derived from susceptible F» plants were homozygous susceptible.
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Fig. 4. Frequency distribution for lesion length of parental,
Fi, and F2 populaitons of Toyonishiki (P1)/Java 14
(P2) at booting to flowering stages. IRRI, 1983.
R: resistant, S: susceptible.

Discussion

Clipping method of inoculation with BB developed by Kaurrman et al. (1973) is generally
used at IRRI for screening the breeding materials or populations of genetic analysis.
However, this method was not commonly used in Japan for research on BB. MoriNaKA ef
al. (1978) investigated the utility of this method in inoculating the rice cultivars with Japanese
races of bacterial blight pathogen but this method was not employed for genetic analysis.
Needle prick method of inoculation has been commonly used in Japan, but it is very labori-
ous. Clipping method of inoculation is a simple and convenient to use in both field and
greenhouse conditions. It is especially useful for mass screening of breeding populations of
rice (Mormwaka et al. 1978). Therefore, we first evaluated the usefulness of clipping method
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Fig. 5. Frequency distribution for lesion length of parental,
Fi1, and Fy population from the cross of Chugoku 45
(Py)/Java 14 (P2) at booting to flowering stges. IRRI,

1984.
R: resistant.
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Fig. 6. Frequency distribution for lesion length of parental and F; popu-
lation from the cross of Wase Aikoku 3 (P;)/Chugoku 45 (P2) at
booting of flowering stages. IRRI, 1985.

R: resistant.

for genetic analysis of BB resistance in Japan.

The data of inoculations at CHUGOKU in this experiemnt shows that the resistant plants -
of F» population between susceptible and resistant cultivars were below 6.5cm lesion length
at 21 DAL On the other hand, susceptible plants had a lesion length over 6.8cm at 21 DAL
There was no overlaps in ranges of lesion length of resistant and susceptible plants evalu-
ated by visual observation. All the Fy plants of the crosses amongst the resistant cultivars
belonging to Wase Aikoku group (Ezuka and Horino 1974) were found to be resistant. The
lesion length of each plant varied between 0.1 to 7.0cm, Only one plant showed a lesion
length of over 6.8cm. The dividing point for distinguishing resistant plants having Xa-3 gene
was between 6 and 7cm under the conditions of this experiment. Moreover, the resistant
plants of the abovementioned Fy populations showed a typical browing reaction like that
reported by Kaxku and Kmvura (1978).

The frequency distribution of lesion length of F» plants of X-43/Kinmaze showed no dis-
continuity around 6 to 7cm. However, if we consider the dividing line of lesion length for
resistant and susceptible plants at around 5cm, the segregation ratio in the F» population
agreed with a ratio 3:1. Moreover, plants of X-43 and all the F» plants of X-43/Kinmaze
did not show browning reaction around the lesion. These results indicate that X-43 has one
dominant gene for resistance to race IITA (isolate T7133) but this gene appears to be differ-
ent from Xag-3.

The lesion length of F» plants from the crosses between Kinmaze and Akishinomochi or
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Nakashin 120 showed a continuous distribution. Moreover, Akishinomochi and Nakashin 120
did not show the browning reaction around the base of the lesions. These observations reveal
that Akishinomochi and Nakashin 120 do not have Xa-3 but have polygenes for moderate
resistance.

Thus, we concluded that clipping inoculation. method is useful for genetic analysis of cul-
tivars resistant to BB in Japan. We also concluded that Chugoku 45, Zenith, Himekei 16,
Ortiglia, Zenith G713, Amareriyo, X-46, and Chukei 314 have Xa-3 for resistance. However,
X-43 has a different major gene, and Akishinomochi and Nakashin 120 appear to have poly-
genes. We reconfirmed that the earlier results of Ezuka ef al. (1975) that Nagomasari, Java
14, and Kuntulan (Koentoelan) have the Xa-3 gene.

When IRRI-MAFF collaborative research on BB was started, the resistant cultivars,
Chugoku 45 and Java 14 were analyzed using Japanese and Philippine isolates. The results
of the genetic analysis using Japanese isolates at TARC agreed with those of Ezuka et al.
(1975). Moreover, we found that Chugoku 45 and Java 14 have the same gene for resistance.

However, the lesion length of the resistant cultivars, Chugoku 45 and Java 14, and the
resistant plants in the F; populations was quite different at IRRI than those at TARC,
Japan. The lesion length of the inoculated plants continued to expand beyond 14 DAI. Ini-
tially, we measured the lesion length of F: plants at about 14 DAI, but the evaluation of
reactions was done a few times until one month after inoculation. From these observation,
we concluded that if the lesion development stopped at 18 DAI and there was a browning
reaction around the lesions, the plant could be classified as resistant. On the basis of this
visual criteria, we could score the reaction of each plant in Fy population.

The results showed that Chugoku 45 and Java 14 are resistant to Philippine races 1, 2,
3, and 4, and that the resistance is controlled by one dominant gene. Moreover, Chugoku
45, Java 14, and Wase Aikoku 3 have the same gene for resistance to four Philippine races.

The F3 analysis both at IRRI as well as at TARC confirmed the results of the F: anal-
ysis of the crosses between Toyonishiki and Chugoku 45, and Toyonishiki and Java 14.
These results confirmed that the same gene (present in Chugoku 45 and Java 14) conveys
resistance to Japanese races as well as four races from the Philippines.

Thus, we conclude that Chugoku 45, Java 14, and Wase Aikoku 3 show the resistance
to Philippine races 1, 2, 3, and 4 as well as to Japanese races and this resistance is con-
veyed by Xa-3. However, some plants with Xa-3 show lesion length of up to 20cm under

tropical conditions.
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