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Difference in Resistance Expression of Rice to Xanthomonas
campestris pv. oryzae as Controlled by Resistance
Genes 1. Resistance Expression Controlled

by Resistance Gene Xa-I

Hisatoshi Kaku* and Toshihiko KiMUra**

Abstract

Resistance expression controlled by resistance gene Xa-7 was investigated in adult plants
of Kogyoku group rice cultivars after inoculation with bacterial group I isolates of X. cam-
pestris pv. oryzae. Kogyoku group cultivars with resistance gene Xa-7 showed symptomless
type of resistance reaction to bacterial group I isolates irrespective of their aggressiveness.
Periodical population study showed that there was distinct difference in growth patterns
between compatible and incompatible isolates in the leaf tissues of cultivar Kogyoku.
Compatible isolate T7147 of bacterial group II grew logarithmically and reached its maxi-
mum level above 10® cfu per inoculation site. In contrast, incompatible isolates T7174 and
Q6808 of bacterial group I multiplied at a much lower rate than compatible T7147, and
reached their maxima at less than 10° and 10° cfu per inoculation site, respectively. In
Kogyoku, population levels of six isolates of bacterial group I 12 days after inoculation
ranged approximately from 10° to 10° cfu per inoculation site. The degree of multiplication
of isolates T7174 and Q6808 in nine Kogyoku group cultivars ranged approximately from
10° to 10° and 10* to 10° cfu per inoculation site, respectively, 12 days after inoculation.

(Received August 11, 1986)
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Introduction

Bacterial leaf blight caused by Xanthomonas campestris pv. oryzae is one of most
serious diseases of rice in many rice-growing countries in Asia. The most effective
control method has been use of resistant cultivars.

In Japanese differential system, rice cultivars have been classified into seven groups
on the basis of their reactions to five pathogenic groups (races) of the causal bacter-
ium®1'%2522  Genetical aspect of the resistance has also been studied, and four resis-
tance genes Xa-I, Xa-2, Xa-w and Xa-kg have been reported in Japan®1!%18,

We demonstrated that, in rice —X. campestris pv. oryzae interaction, resistance re-
actions ranged from symptomless to brown necrosis or small yellow lesion”. In addi-
tion, these types of resistance reactions appeared to be controlled by resistance genes
mentioned above® 81,
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The present investigation was designed to clarify the biological aspect of resistance
expression controlled by resistance gene Xa-I, in special reference to the bacterial
population changes and their relations to symptom expression.

Materials and Methods

Plants. Ten rice cultivars of Kogyoku group with resistance gene Xa-/ used in
this study were Kogyoku, Norin 27, Asakaze, Daiyoshi, Aka Shinriki, Tokai 12, Tokai 28,
Zensho 26, Sigadagabo and Maratelli (A)S. "Of these cultivars, Kogyoku was used asa
representative of the cultivar group. Cultivar Kinmaze, which is susceptible to all
known bacterial groups of X. campestris pv. oryzae in Japan, was applied for comparison.
Plants were grown in 1/5,000 a plastic pots for approximately 120 days under
greenhouse conditions.

Bacterial culture. Isolates of X. campestris pv. oryzae used were T7174,
T7101, T7156, T7177, T7123 and Q6808 belonging to bacterial group I, and T7147,
T7142 and H5809 of bacterial group II. They were cultured on Wakimoto’s potato
semi-synthetic agar slant at 25 C for 48 hr.

Inoculation. Bacterial suspension was prepared by washing bacterial cells from
culture slant and diluting it with sterilized distilled water. The concentration was
adjusted at approximately 5% 10? colony-forming unit (cfu) per ml spectrophotometrically.
Fully-opened flag or penultimate leaves were inoculated by the single-needle pricking
method or the clipping inoculation technique.

Measurement of bacterial population in vivo. Number of the bacterial cells
in leaf tissues inoculated by the single-needle pricking method was determined by
dilution plate technique. Six leaf samples were collected and were homogenized in a
mortar with 10 ml of sterilized distilled water. The resulting suspension was diluted
with sterilized distilled water in a standard logarithmic series and appropriate dilutions
were plated out on Suwa medium. Colonies were counted after 5 day incubation at 25 C,
and the number of the bacterial cells in inoculated tissues was estimated from the data
obtained.

Results

Macroscopic reactions of Kogyoku group cultivars to bacterial group I

isolates of X. campestris pv. oryzae

Macroscopic reactions of nine Kogyoku group cultivars with resistance gene Xa-I were
observed 21 days after inoculation with isolates T7174, T7177 and Q6808 bacterial group
I, and T7147, T7142 and H5809 of bacterial group II by the clipping inoculation
technique. All these cultivars with resistance gene Xa-I showed symptomless type of
resistance reaction to the three isolates of bacterial group I irrespective of their
aggressiveness (Table 1). No visible symptoms were observed except necrosis induced
by clipping. In contrast, typical symptom of yellowing developed in these cultivars after
inoculation with the compatible three isolates of bacterial group II. In Kinmaze without
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Table 1. Reactions of nine Kogyoku group cultivars and cultivar Kinmaze to bacterial
group I (left three) and bacterial group II (right three) isolates of Xantho-
monas campestris pv. oryzae

Lesion length by each isolates®
Cultivar

T7174 T7177 Q6808 T7147 T7142 H5809
Kogyoku 0 0 0 10.3 105 47
Norin 27 0 0 0 13.9 155 4.8
Asakaze 0 0 0 11.5 14.8 3.
Tokai 12 0 0 0 12.4 11.1 3.9
Tokai 28 0 0 0 8.5 8.6 2.0
Aka Shinriki 0 0 0 11.1 12.6 5.3
Zensho 26 0 0 0 13.0 9.6 4.0
Sigadagabo 0 0 0 18.7 19.8 4.8
Maratelli (A) S 0 0 0 22.5 22.8 5.7
Kinmaze 19.6 6.8 4.2 17.2 15.8 6.6

a) Average lesion length (cm) of twenty inoculated leaves.

Fig. 1. Reactions of cultivar Ko-
gyoku to isolate T7174 of

_ bacterial group [ (left) and
isolate T7147 of bacterial
groupll (right) of Xantho-
monas campestris pv. oryzae
16 days after inoculation
by the singleneedle prick-
ing method.

resistance gene Xao-I, such typical lesions appeared
after inoculation with the isolates of bacterial group
I as well as those of bacterial group II. In both
cases, typical symptom started to develop around 8
days after inoculation and the sizes of the lesions
varied among cultivar-isolate combinations.
Symptomless type of resistance reaction was
confirmed in Kogyoku after inoculation with isolate
T7174 by the single-needle pricking method (Fig. 1).
Population changes of bacterial group I iso-
lates of X. campestris pv. oryzae in leaf
tissues of cultivar Kogyoku
Population trends of two incompatible isolates
T7174 and Q6808 of bacterial group I were inves-
tigated in leaf tissues of Kogyoku, and they were
compared with population trend of compatible isolate
T7147 of Dbacterial group II in the same cultivar.
Among bacterial group I isolates, T7174 and Q6808
are highly and weakly aggressive ones, respectively,
to compatible cultivar Kinmaze as shown in Table 1.
The results are illustrated in Fig. 2A. Moment
after inoculation, bacterial cells recovered ranged
from approximately 10% to 10° cfu per inoculation
site, when suspension of 5X10® cfu per ml was

applied as inoculum. No noted changes in populations were observed 24 hr after
inoculation. Two days after inoculation, population level of compatible T7147 was slightly
higher than that of incompatible T7174 or Q6808.  Thereafter, compatible T7147
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] multiplied at a logarithmic

- A /. rate up to 8 days after
10°L /o inoculation. After 8 days
° following inoculation, the

multiplication rate of T7147
10°- o/o © slowed down, but it still
L / continued to multiply at
Lot .ég/a/A_——*_ﬂA a lower rate. Typical
/g symptorr.l appeafed 8 days

- / after inoculation, when
population level of the

isolate exceeded 10%® cfu

l
- B o . . .
8/? per inoculation site. On
8
10 o/ /A the other hand, maximum
A ®
A

Bacterial population(cfu)

population levels of incom-
patible isolates T7174 and
2

Q6808 were much lower
i than that of compatible
10* % isolate T7147. The signifi-

L / cant difference in multi-
&>‘Q plication rate between com-
102 2=— 1 I i 1
0 1

2 4 6 8 12 patible and incompatible
Days after inoculation isolates became apparent
Fig. 2. Comparative population trends of two bacterial group around 4 days after inocu-
I isolates T7174 (O—0O) and Q6808 (A—2), and a  lation. In addition, such
bacterial group I isolate T7147 (@—@) of Xanthomonas
campestris pv. oryzae in the leaf tissues of cultivars
Kogyoku (A) and Kinmaze (B). ed between highly aggres-

sive T7174 and weakly
aggressive Q6808 of incompatible bacterial group I. Multiplication of Q6808 ceased

difference was also observ-

earlier than that of T7174, and the final population level of the former was much lower
than that of the latter.

Similar experiment was made using cultivar Kinmaze, which lacks resistance to all
known bacterial groups in Japan. The results are presented in Fig. 2B. The growth
patterns of isolates T7174 and T7147 were very similar to each other and to that of the
latter in the leaf tissue of Kogyoku. The multiplication rate of isolate Q6808 in the leaf
tissue of Kinmaze was much higher than that in incompatible Kogyoku, though it was
somewhat lower than that of T7174 or T7147 in Kinmaze.

Comparative population levels of bacterial group I isolates of X. campestris

pu. oryzae in the leaf tissues of Kogyoku group cultivars with resistance gene

Xa-1

As described above, maximum population levels of the incompatible isolates of
bacterial group I were less than 10° cfu per inoculation site of Kogyoku with gene
Xa-1. In addition, there was much difference in population levels between highly aggres-
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Bacterial population(cfu)
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Lesion length(cm)

T7174
T7101
T 7156
T7177
T17123
Q6808

Fig. 3. Relationship between degree of mul-
tiplication of six isolates belonging
to bacterial group 1 of Xanthomonas
campestris pv. oryzae in cultivar
Kogyoku and their aggressiveness
expressed by lesion length. A: Pop-
ulations of the six isolates in the
leaf tissues of Kogyoku 12 days
after inoculation, B: Lesion length
on the leaves of cultivar Kinmaze
inoculated with the six isolates 21
days after inoculation.

sive and weakly aggressive isolates of
bacterial group I in the cultivar.

To confirm the degree of multiplication
of Dbacterial group I isolates wunder
Kogyoku was

isolates of

control of gene Xea-J,
inoculated with the six
bacterial group I including T7174 and
Q6808 as listed in Fig. 3 and their
population levels were investigated 12
days after inoculation.

The results showed that the popu-
lations of the six isolates in the leaf
tissues of Kogyoku ranged from 2.8%10*
to 9.2X10% cfu per inoculation site (Fig.
3A).

Besides, cultivar Kinmaze was inocu-
lated with the six isolates of bacterial
group I to clarify the relationship bet
ween the degree of multiplication and
their aggressiveness expressed by lesion
length. Lesion length on the inoculated
leaves recorded 21 days after inoculation
was presented in Fig. 3B.

The degree of their multiplications
was correspondent to their aggressiveness.
Highly aggressive T7174 and T7156 reached
level slightly lower than 10° cfu per
inoculation site, while population levels
of weakly aggressive Q6808 and T7101

Table 2. Comparative populations of bacterial group I isolates T7174 and
Q6808, and bacterial group II isolate T7147 of Xanthomonas campes-
tris pv. oryzae in the leaf tissues of nine rice cultivars belonging
to Kogyoku group

Isclate
Cultivar

T7174 Q6808 T7147
Kogyoku 5.6x10° 5.4x10* 3.2x108
Norin 27 9.2x10° 5.2x10* 3.8x10°
Daiyoshi 1.2x10° 2.5%10* 6.6x10°
Tokai 12 6.8x10° 1.3x10* 2.2x108
Tokai 28 1.2x10° 9.0x10° 8.3%x107
Aka Shinriki 1.1x10° 4.2x10* 4.1x108
Zensho 26 1.4x10° 4.6x10* 6.2x10°8
Sigadagabo 1.8x10° 4.8x10* 5.8x10°8
Maratelli (A) S 2.3%10° 1.2x10* 2.2x108
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were much lower than that of T7174 or T7156. Moderately aggressive T7177 and
T7123 reached intermediate level between highly and weakly aggressive isolates.

Similar experiment was made using nine Kogyoku group cultivars-isolates T7174,
Q6808 and T7147 combinations. The population level of each isolate was almost at
the same level as that in Kogyoku; the population levels of T7174, Q6808 and T7147
were approximately 10° to 10%° cfu, 10* to 10° cfu, and 10® to 10° cfu per inoculation
site, respectively, 12 days after inoculation (Table 2). In Tokai 28, however, the pop-
ulation levels of the three isolates were significantly lower than those in other
cultivars with gene Xo-1.

Discussion

In general, plants respond to incompatible phytopathogenic bacteria with hypersensi-
tive reaction (HR)'P. In rice cultivars with resistance gene Xa-I, however, such reac-
tion was not observed after inoculation with incompatible isolates belonging to bacterial
group I. Failure of the cultivars to show HR may partly be due to weak ability of X.
campestris pv. oryzae to induce HR. In addition, resistance reaction with necrosis has
not been reported in this host-parasite interaction except cultivars with resistance gene
Xa-w".

Although adult plants of Kogyoku group cultivars do not show macroscopic symptoms
to bacterial group I isolates, the multiplication of inoculated bacteria is not suppressed
completely. The population study showed that even weakly aggressive isolate Q6808 could
multiply in incompatible cultivar Kogyoku with Xe-7 gene. The difference between com-
patible and incompatible isolates was degree of multiplication in host tissues, which is
common to other plant-bacterium relationships! 214151718 Compatible isolates could mul-
tiply above the level of 10® cfu per inoculation site in host plants, and induce typical
symptoms. In contrast, growth of incompatible isolates was suppressed to the level
much less than that of compatible one, and inoculated plants remain symptomless.
Lower population levels of the three isolates in Tokai 28 appears to be due to high level
of quantitative resistance of the cultivar®. Thus, development of typical symptoms and
their sizes depend on the degree of multiplication of inoculated bacteria in host tissues.

The difference in multiplication rate between compatible and incompatible isolates
became apparent from 2 days after inoculation in cultivar Kogyoku with resistance gene
Xa-1. This suggests that incompatible isolates induce resistance reaction, and that
resistance mechanisms start to operate at around 2 days after inoculation. At present,
however, what factors play a decisive role in suppression of growth of incompatible
isolates in the cultivars is not elucidated, though antibacterial substances or fibrillar
material (FM) have been reporteds 920,
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Xa-1 ¥EPEZTICVMIN S A 3 BENBERALEOREOBEE W S IicT 2720, ERGMELTF+2E

T AEERRTICA > DERE I EAEEL, WHRRACERCEY 2 IHEOBIEAT~, Xo-
I FEETF5 HTAHEFR I BROETII WENORN 2 T HE 3BHRO WFhicst LT MEE 0k
BREER Ue BEANESEE LT, MEEFc XD I HEOWREIER T7174 KO 55K 1 Ek
Q6808 DI AARIFINCIA Tz & T A, THEE SER% 2 AT A5 S WiliAIEDI-Hs, BEHRIZRMEER
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P 6 Bk BB L, 120 %ICBY) 2R AL 12680, LWINOBEKS 1E/ERIY D 10°
cfu PFicEEE D, FEKOEIEERINSORENEETRRICHELITH ke S5, Xa-1 &
WEETFAET AEER 9 BFIC ITRE T7174 KU Q6808 #[ERHCHAEL, H:E12 A %0 BN E 230~
12 & T A, TNTOERBTICHBNT, T71741 10° » 5 10° cfu OFPHIC, 7 Q6808 1 10* » 5 10°
cfu ORIICH - 120 PLED &K SIC, Xo-1 FHBETICHE S N A IEPUEDSTMCHIR L 7284, JBEmk:
1 BB OO BEIAR B (3 BRI D FEBIR S 105 cfu LIl s 1, U & EHIER B ETFIR3E TMia o
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