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Fig. 1-2  Rice cultivar infected by bacterial blight in Donghai infection of Xoo at the edge of blade. C. Ex-
Anfeng Jiangsu Province (Xu , 2005) panded lesion (Mew et al., 1984). D. Xoo

ooze on the infected leaves ( Zhejiang Agricul-
tural University, 1978 )

[ 1-4 Xoo HiPAHi7% (Zhang etal., 1985) B 1-5 #THif (Zhangetal., 1987)
Fig. 1-4  Xoo colonies (Zhang et al., 1985) Fig. 1-5 Xoo lyophilized stock (Zhang et al.,1987)
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Fig. 1-6  Plaques of Xoo
(Zhang et al., 1985)
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Fig. 1-7 A. Population trends of Xoo in the 6, 9, 10™ and 12" leaves of adult plant resistance variety Zenith at
different days after inoculation by using phage test method. B. Development of BB lesion at different leaf positions
in Zenith (Zhang et al., 1987)
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Fig. 5-1 Lesion reactions of cultivars with different BB resistance
type. (Zhang et al., 1985)

A. Over-all resistance. B. Adult plant resistance. C. susceptible
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Fig.4-3 Reactions of Kogyoku (left, resistant)

Kinmaze (right, susceptible) to Japanese Xoo
race I by double needle- pricking method
(Ezuka and Horino, 1974)
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Fig. 5-2  Reactions of Xa23 resistance to 28 representative strains of Xoo races from Philippines, Japan , Korea,
and China (Zhang et al., 2004)
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Fig.5-3 The line Zhongye 5114 carrying Xa23 and its susceptible parent ( JG30 ) grown in Anhui Province in 2001
(Zhang. et al., 1998; Photo from Wang, 2001 )
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Fig 5-5 The Chinese near - isogenic japonica rice lines for BB resistance ( Zhang et al.,1996 ). Performance of six
near - isogenic japonica rice lines for BB resistance in the field. The recurrent parent ( SN1033 ) of the NILs,and

2 out of the six lines, CBB2 and CBB3
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BUHE(CR)FIER 43 DUk (PR)RY 8t % (2% (L1 6Nk 4 53 BIF R IZAL A L RIPUik & Rk B RIFE(Teqing 5 IR 64)
FIUREfE(Lemont 8 Azucena), W NIFRIRIZAL A EAIHUHE S5 R IR B /VRiTI 5. T RIZR R RHUE LA
VEEE TR RAYE BAEFABEAR A9 IIRI QRL, T 75455 LAV BCF 2 oRi% AL B il /i, QRL
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Fig. 6-3 Putative genetic networks underlying the defensive system of rice based on the epistatic relationships
between R genes and QRL detected for resistance to Xoo in rice(Li et al., 2006). A. The putative genetic networks
underlying CR and PR to six Philippine Xoo races detected in the Lemont/Teqing RILs; B. The putative genetic
networks underlying CR and PR to ten Philippine Xoo races detected in the [IR64/Azucena DHLs. QRL in red and
green colors represent loci at which the indica (Teqing or IR64) and japonica (Lemont or Azucena) alleles resulted
in resistance, respectively, whereas those in blue color present cases where resistance resulted from alleles of either
parents depending on Xoo races. Underlined QRL are those detected in the both populations, inferred based on the
common markers using the comparative mapping approach. The numbers under each QRL represent the Xoo races
against which the QRL was effective. Lines connecting two QRL indicate that significant epistasis was detected
between them and the numbers above the lines are Xoo races against which the epistasis was detected. Cases where
two interacting loci are connected by a solid line represent the parental type of interaction (the parental genotypes
were associated with resistance), those connected by a broken line represent the recombinant type of interaction (the
recombinant genotypes were associated with resistance), and those connected by a half-broken line represent cases
where either parental or recombinant type interaction was associated with resistance depending on Xoo races.
Rectangular boxes in A and C represent cases where groups of interacting loci could be included into the networks

based on the comparative mapping results
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Fig. 9-5 AvrXa27 is one of 5 homologous genes of the AvrBs3/PthA family. ( Gu et al., 2005 ). A. Black
arrow expresses AvrXa27, and R for repeat number. B. AvrXa27 has similar structure to that of AvrBs3/PthA
family members. C. Growth curves of AXO1947 containing AvrXa27(down), or not containing AvrXa27
(upper). D . Indicating NLS and AAD are required for eliciting Xa27-dependent resistance
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Fig. 10-4 Infection types in rice - Xanthomonas oryzae pv. oryzae interaction(Kaku, 1993). A. Symptomless type
of reaction controlled by Xal. B. Small yellow lesion type of reaction controlled by Xa2. C. Browning type of
reaction controlled by Xa3. D. Small to middle-sized lesion type of reaction controlled by Xa4. E. Susceptible

reaction

Bl 11-9  Xal3 3 FAEARREM A8 s, R RK R U Xal3 JR) 1 VRS 7 b 1 i
(GUS) Mk, Waon GUSE4EE R (V) FEMAMh k. FrR = 30 um

Fig. 11-9 The expression pattern of Xa/3 in leaves. Xal3 promoter-B-glucuronidase (GUS) expression in transgenic
rice plant. The blue color indicates that GUS was preferentially expressed in the cells surrounding the vascular
element (V). Scale bar, 30 um



Preface by T. W, Mew

To draw a general picture of bacterial blight (BB) caused by Xanthomonas oryxae
pv. oryzae (Xoo) on rice production in the fields today is not an easy job. Although the
disease has been seen “quiet” for some time, yet in recent years it has gradually emerged
prevalently in fields planted with newly released rice varieties, particularly in China.
This situation poses a major concern for scientists and inevitably raised several ques-
tions: what causes the resurgence and what should we do next? A more specific question
is: do we need to conduct research to prevent the disease intensity reaching the levels as
damaging as in the 1960s to 1980s? To answer these questions we need to examine the
road map leading to what has been achieved from the past three decades on research in
BB, and also on issues of crop improvement and disease management;

(1) a description of the problem, and

(2) an account of its function on crop production.

Research often takes the first step to understand the biology of the problem, an
analysis of the actual and potential damage the problem may impose on the crop produc-
tion, and then to {ind solution to correct the problem. As in most agricultural systems,
the rice production system is dynamic and continually evolving. The change is caused by
new varieties being developed and planted, new cultural methods being formulated, in-
troduced and practiced by farmers. But plant pathogens that cause the diseases are shifty
enemies. They have the intrinsic mechanism to adjust to new crop cultivars and to new
crop production environment. The rate or frequency by which old diseases reemerge and
new diseases and virulent pathogen populations emerge depend on the inherent ability of
the pathogen to adapt and on the efficiency by which farmers use their inputs and re-
sources. There are numerous examples of reemergence of old diseases, sudden out-
breaks of new ones, and emergency of virulent populations of a pathogen in rice produc-
tion systems in modern times. Ragged stunt, grassy stunt emerged in the 1970s, and
red stripe in the 1990s due to changes in new varieties and new crop management prac-
tices. Another example is blast which continues to be a devastating disease despite de-
cades of research devoted to its management because of the ability of the pathogen’s high
ability to evolve to new forms of virulence. In modern times blast epidemics not only
devastated the rice production in the fields causing heartfelt sufferings to millions of rice
farmers but also had serious political and social consequences in many countries. Would
this situation be different for rice bacterial blight? It is unlikely. However, due to the
fact that its epidemic potential, and thus damage to Tice crop and production may not be

at par in magnitude and frequency with that of the rice blast situation. Nonetheless, it
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remains a threat to rice production because of its increase in prevalence in rice fields
where newly release varieties are introduced to rice farmers. Its resurgence after a
decade of “quietness” seems to suggest three possible reasons:

(1) more virulent populations of the bacterial pathogen have emerged,

(2) newly released varieties do not carry resistance genes, and/or

(3) varieties were not adequately screened prior to their release.

Clearly something has gone wrong during this period of BB “quietness”. Are we too
relaxed on the success achieved? It often happens that when the problem is not seen, it
is either not important or non-existent. No matter what the reason is, the situation does
not conform well for the stability of rice production in rice growing countries. The
pressure of human population is not lessened and the rice production has to meet the de-
mand of the hungry majority in developing world. In the essence of rice production, rice
improvement has to be taken as a continuous effort in agricultural production, and there
is no room for complacence. We cannot underestimate the intrinsic potential of plant
pathogens to flourish in a new crop environment. Resistance breeding has to be in the
agenda of crop improvement, or we will pay the price.

To look forward on bacterial blight in rice production, let us pause for a while to
look back and to assess where we came from. Active research on bacterial blight of rice
did not probably take place until the launching of modern rice improvement program in
the 1950s or 1960s. Research intensified during the post-green revolution era. The over-
all goal at the time was to improve the performance of modern varieties in rice-growing
areas in the tropics. To manage bacterial blight, the specific objective was to develop re-
sistant varieties. Scientists initially succeeded in achieving this objective as proven by
the low incidence of bacterial blight throughout Asia for some time. For about two dec-
ades, varieties grown by farmers possessed various degrees of resistance to bacterial
blight. Nowadays, there are several questions we need to ask when bacterial blight is
frequently observed in farmers’ fields.

(1) TIs the resistance still effective?

(2) More strategically, is resistance breeding still one of the main objectives of rice
improvement?

(3) Can we continue to use the same resistance gene to prolong or achieve such a
scenario for another decade or two? and,

(4) With the numerous new tools, what approach do we take on resistance breeding
so that the resistance will be more durable, and the R-gene will be used more efficient-
ly?

The remarkable success making BB “quiet” in the forefront of rice production has to
be attributed to an exerted effort of over 40 years of resistance breeding beginning in the
1950s in China and 1960s in tropical Asia. In this effort and process thousands of acces-
sions of rice germplasm were evaluated to identify new sources of resistance. Conse-
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quently research on BB and its bacterial pathogen was mushrooming in the 1970s and
1980s in most of the rice growing countries, and it was especially obvious in China jud-
ging the number of scientists working on bacterial blight and also the number of publica-
tions that appeared in technical and semi-technical journals. Prior to the introduction of
the modern semi-dwarf high yielding varieties, BB was not known to occur in epidemic
proportion whether it was in China or the rest of Asia except in Japan. However, after
the release of the first generation of the high-yielding and nitrogen responsive rice varie-
ties, such as TNI and IR8, the disease had become a serious constraint. Recognizing it
as a major threat, resistance breeding began. Resistance genes were identified and were
incorporated into the breeding programs. Among the R-genes, Xa4 was the first to be
used in modern rice varieties and it had become the most widely deployed resistance gene
in rice throughout Asia except in Japan. In resistance breeding, however, finding and
utilizing diverse sources of resistance is only part of the ingredients. The other vital
component is a good understanding of the pathogen variability. Analysis of pathogenic
variation is essential for the detection of pathogen effectors that matches the resistance.
The research results coming from different rice growing countries has provided a clear
picture of race or pathotype diversity and distribution of the bacterial blight pathogen.
Change is the norm of the biological world, so are the pathogen populations. When
a single source of resistance is being extensively utilized in the breeding programs, and
varieties carrying this resistance gene have been widely grown, new virulence of the
pathogen would evolve to overcome its resistance. This begins the “boom and bust” cy-
cle. In rice and resistance to bacterial blight, new strains of Xoo virulent to rice varieties
carrying the Xa{ resistance gene were detected after its release. The good news is, al-
though the resistance conferred by Xa4 has been matched by the virulence, its useful life
has never been totally displaced. In a screening process designed to accumulate minor
effects of the resistance, it has continued to demonstrate that Xa4 is a good combiner in
the resistance breeding program. Although some of the varieties still carry Xad alone,
their resistance to BB has never been totally “broken” down. The information, never-
theless, suggests that the battle against rice diseases is never ending. We need not only
develop resistant varieties with different R-genes, but also continue monitoring the
pathogen population in response to the newly released varieties in order to be “a step
ahead” of the disease problem. We need to identify more resistance genes that are effec-
tive and durable, and also know how these resistance genes should be utilized in breed-
ing. The guiding principle in doing so is the information of pathogen population
dynamics in response to new resistance. Such information would also guide the deploy-
ment once the resistant varieties are developed and introduced to farmers for commerecial
planting. A smart use of the R-genes should be based on information of host-pathogen
interactions. The past 20 years of research on bacterial blight of rice has prepared us to
do just that. We believe that a good knowledge of pathogenic variability is essential to
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formulate strategy for disease management based on resistance deployment. We have
used conventional tools like differential varieties as well as molecular markers to analyze
pathogenic variation and to use the information to design and develop durable resistance.
Genetic resource is a limited natural resource, and resource of R-genes is no exception to
this. The future of rice production using host plant resistance has to address resource
use efficiency. Only then can we move forward to design a more sustainable rice produc-
tion system.

As scientists, we all can do research on our own; but we may not be able to use our
research results to solve a problem on our own. Sooner or later we would have to realize
that to solve a problem like bacterial blight across the region and across the Asian rice
growing countries we need collaboration among scientists of different disciplines. Even
on research to evaluate how stable is the sources of resistance from the germplasm that
we have identified, there is a need to collaborate testing them on multi-locations. The
objective is to expose the resistance to the pathogen populations in different rice produc-
tion environments, We need to work with scientists from different countries to evaluate
the resistance. After we have confirmed that there was physiologic specialization among
isolates of the pathogen in the tropics, a collaborative research was organized among sci-
entists to test the differential varieties against strains from various localities. To design
more stable (and durable) resistance we also need to have a bigger picture in mind on
virulence pattern that may be present in rice growing environments, i, e. tropies, sub-
tropics and temperate; or East to West Asia. Would the set of differentials we just for-
mulated provide a more useful tool to allow us to more accurately assess the virulence
pattern to compare the amount of variation in different populations of bacterial blight
pathogen? Qur target was clear and focused. The next step was to bring scientists work-
ing on rice bacterial blight together to formulate work plans and to share and execute
different research activities. At the end we could compare and analyze the data to draw
the right picture. After extensive data gathering, the initial information available at that
time, appeared to suggest that the virulence spectrum was continuous geographically as
the strains were more virulent in South Asia than in East Asia. This means that if a re-
sistance were functional in South Asia, it would likely be resistant in East Asia. When
more information was available and new tool was used to assess coevolution of rice and
Xoo, the hypothesis did not seem to hold true. This was further confirmed when Xa21 ,
originally thought to be the most resistant gene against the South Asian strains of Xoo,
was found to be susceptible to some strains in Korea and in China. This information
suggests that we need to look int’o the pathogenic variability not only nationwide but al-
so on a geographical scale in consideration of resistance breeding and R-gene deploy-
ment. The virulence of the bacterial pathogen is not continuous. The rice-Xoo coevolu-
tion is determined obviously by the R-genes-virulence interactions in specific host envi-
ronments.
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