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Abstract

Eight Philippine races oKanthomonas oryzapv. oryzaehave been identified based on virulence phenotypes
observed on a set of five differential varieties. One of these, Race 3, was found to consist of two phylogenetically
distinct lineages based on DNA fingerprinting analysis. To determine, if the two lineages could be differentiated
based on host-specificity, 186 strains of Race 3 were analyzed with additional fingerprints and 76 selected isolates
with additional differential rice varieties. The strains were separated into 36 haplotypes clustering in three groups
(IS1113B, -C, and -G) at the 75% similarity level. Isolates varied in their reaction to arice line carrying the resistance
geneXat, however, the variability was not consistent within lineage. Aggressiveness of isolates belonging to lineage
IS1113B and-G was significantly greater when tested during the dry season than when tested during the wet season.
However, no such differences were evident for isolates from linkatEl 3€, indicating that environmental effects
presumably light and temperature are genotype-specific.

Introduction been utilized extensively for the characterization of
pathogen populations. This approach can help in clar-
Since differential host—pathogen interactions were ifying phylogenetic relationships within and among
first demonstrated between the wheat stem rust populations (Leung etal., 1993). Phylogenetic lineages
pathogerPuccinia graminisand different wheat cul-  have become a key tool for understanding the popu-
tivars (Stakman and Levine, 1922), ‘races’ have been lation biology of pathogens such as the blast fungus
defined for many host—pathogen systems. A race is aPyricularia grisea(Zeigler et al., 1995) and the potato
composite virulence phenotype on a number of stan- late blight pathogefPhytophthora infestan@ry and
dard host cultivars carrying different resistance genes. Goodwin, 1997).
The number of races defined is a function of the number  Both race-typing and DNA fingerprinting have been
of differential hosts used and races are frequently con- applied to Philippine populations of the rice bacterial
sidered to be genetically distinct groups (Caten, 1987). blight pathogerKanthomonas oryzge. oryzae Eight
Although several authors have pointed out that race Philippine races oK. oryzaepv. oryzaewere identi-
typing may not be the most useful way to characterize fied based on the virulence combinations observed on
pathogen populations (e.g., Wolfe and Schwarzbach, a set of five differential varieties (Nelson et al., 1994).
1975), the race concept is still widely used in plant Among the more than 4,000 strains Xf oryzaepv.
pathology. In recent years, DNA fingerprinting has oryzaecollected in the Philippines between 1972 and
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1992 and maintained at the International Rice Researchthe IRRI. Strains were revived and grown on modified
Institute (IRRI), 186 were classified as Race 3 based Wakimoto's medium (WF-P, Karganilla and Natural,
on their reaction on a standard set of differential culti- 1973) prior to DNA isolation. One hundred and eighty-
vars. Until 1992, strain IRN135 (PXO79) was used as six strains were selected based on their recorded reac-
the ‘type strain’ to represent Race 3 for genetic studies, tions to a standard set of differential cultivars which
resistance screening, and breeding. Because DNA fin-indicated that the strains were of Race 3 (Table 1).
gerprinting analysis indicated that strains identified as In addition, 28 strains from a 1992 collection from
Race 3 consisted of two phylogenetically distinct lin- Calauan near IRRI that were Race 2 (like Race 3 but
eages (Nelsonetal., 1994), a strain (IRN25BX087) R for IR-BB10, see Table 1) were included because
belonging to the second lineage was later added as anunreplicated pathogenicity tests had indicated a vari-
additional ‘type strain’. able reaction to IR-BB7Xa-7). Also, the commonly
Although the two ‘Race 3’ groups were not con- usedtype strainfor Race 2,IRN253PX086) andthe
sistently differentiated based on pathogenicity tests strain IRN35 & PXO35; Race 1), which was the only
(Nelson et al., 1994), preliminary data suggested that known representative of RFLP probe 1S1113 group F
the two ‘Race 3’ lineages may show quantitative dif- were included. IRN35 was included for comparison
ferences in lesion lengths (i.e. aggressivity) on several after the detection of a new, very different haplotype
differentials used. In particular, isolates varied in reac- among the race 3 isolates.
tion to the differential possessixa-7, (IR-BB7). The Before the initial differential tests were performed,
present study was undertaken to further explore the the aggressiveness of the cultures revived from long-
phylogenetic and pathotypic differences among strains term storage was verified. Bacteria for inoculum were
of X. oryzaepv. oryzaeclassified as Race 3. In par- prepared as described by Mew et al. (1982). All
ticular, we tested the hypothesis that the two known strains were clip inoculated (Kauffman et al., 1973) on
Race 3 lineages constitute distinct races, to identify 4 —7-week-old plants of the susceptible cultivar IR24.
resistance gene(s) that could be used to differentiate Leaves with long water-soaked lesions were harvested
these two lineages within Race 3, and to assess the spai0-14 days after inoculation and stored a4untiliso-
tial and temporal patterns of variation within Race 3 in lation of bacteria. Leaf sections including about 5 mm
the Philippines. of the advancing border of the lesion and 5mm of
adjacent healthy tissue were surface sterilized in 100%
ethanol for 10s and rinsed twice in sterile distilled

Materials and methods water. Bacteria were allowed to ooze into 0.5 ml ster-
ile distilled water for 15min or longer and the ooze
Bacterial strains, culture and maintenance was streaked onto WF-P plates. After four days incuba-

tion at 30°C, bacterial growth was transferred to WF-P
The bacterial strains selected for study were collected slants. Cultures were maintained on agar slants@t 4
between 1972 and 1992 in the Philippines and main- for 2—4 weeks and at20°C in skim milk for longer-
tained as skim milk stocks or as lyophilized cultures at term storage.

Table 1 Reaction of near isogenic differential rice lines Xanthomonas
oryzaepv. oryzaeRaces 1, 2, and 3

Line IR24 IR-BB4 |IR-BB5 |IR-BB10 IR-BB14 |IR-BB7
Gene noné Xa-4 xa-5 Xa-10 Xa-14 Xa-7
Race® S R R S S R
Race 2 S S R R S R
Race 3 S S R S S \

2]R24 is known to carryXa-18 a gene that is ineffective against all known
Philippine strains. IR24 was used as the susceptible recurrent parent for the
development of the near-isogenic lines (NILs) used in this study. The NILs
presumably carrxXa-18

PRace designations are based on the reactions to all differentials except
IR-BB7.

S = susceptible reaction, R resistant reaction, = variable reaction.



RFLP analysis

DNA isolation, probes and labeling.Genomic DNA
was extracted from 20 ml of overnight nutrient broth
cultures of each strain following the CTAB method as
modified by Raymundo et al. (1990). The DNA pellet
was dissolved in 100l TE.

IS1113atransposable elementon aplasmid (Nelson
et al., 1994) and plasmid pBS8rXalOwere used as
probes. pB8vrXalOcontains a 3.1ktBanH1 frag-
ment internal to theavrXalOgene ofX. oryzaepv.
oryzae (Hopkins et al., 1992). Both probes were
produced as described elsewhere (Nelson et al.,
1994). The probes were labeled with digoxigenin by
random priming using Boehringer-Mannheim DNA
labeling reagents according to the manufacturer’s
recommendations.

For RFLP analysis, genomic DNA was digested
at 37°C with EcoR1 or with BanH1 (Boehringer-
Mannheim, Germany or Quadrant) as described by
the manufacturer. DNA fragments were separated
by electrophoresis through 0.7% agarose inx0.5
TBE buffer at 20—40V for 16 -48h. Alkali trans-
fer to Hybond N or Hybond N (Amersham, U.K.),
prehybridization, hybridization, and posthybridization
washes were done according to the membrane manu-
facturer’s instructions. Hybridized bands were visual-
ized by an alkaline phosphatase-conjugated antibody
against digoxigenin, followed by NBT-X-Phosphate
color reaction according to the manufacturer’s
procedure (Boehringer-Mannheim) or by chemilu-
minography on Du Pont Cronex X-ray film using
AMPPD (3-[2-spiroadamataie4 - methoxy -4-[3-
phosphoryloxy]-phenyl-1,2-dioxetane) as chemoillu-
minescent substrate for alkaline phosphatase (Tropix,
Inc.). DNA of each strain was electrophoresed at least
twice to confirm banding patterns.

IS1113patterns were determined for all 214 strains -
and combined patterns based on all three probe/enzyme
_cl:_?]mbmlatl?ns Weregete:jmlnelgl;OIll?’AftQ seIe(:tgctj.StramsdFigure 1 Blots of EcoR1 Qigested DNA fromXanthomonas

€ selecton W?‘S ase O_n ype and ume an oryzaepv. oryzaeprobed with probe$S1113(a) andAvrXal0
place of the strains’ collection (data not shown). (b). Strains are identified with strain record numbers at the top of

each lane.

Numerical analysis of RFLP data.Strains with

unigue banding patterns (‘haplotypes’) were elec-

trophoresed on the same gel (Figure 1) to confirm band into binary data, i.e., the presence and absence of bands
identities and differences. RFLP patterns were com- at different positions were recorded as 1 and 0, respec-
pared visually to previously recorded patterns (Nelson tively. If a band was present in all strains it was omit-
et al.,, 1994) and by electrophoresing strains side by ted from the analysis. Dice’s coefficient of similarity
side and named accordingly. Patterns were converted(2m,,/[m, + m,], wherem,, is the number of bands



746

in common between two haplotypes and y, and it was inoculated instead. Each test was replicated
[m, + m,] is the total number of bands of the two hap- three times. Because of the large number of strains
lotypes; Rohlf, 1992) was calculated for all possible to be tested, inoculations had to be conducted over
pairs of strains for the three probings separately and for periods of several weeks (3 Feb. 93 to 1 Mar. 93,
the combined data. The unweighted pair-group method, and 1-30 Sept. 93). Therefore, two control strains
arithmetic average (UPGMA, Sneath and Sokal, 1973) that are routinely used at IRRI as representatives of
was used to generate dendrograms based on the simithe two majoriS1113groups (IRN135= PXO79,
larity matrix. For the separate RFLP analyses, haplo- group B and IRN254= PXO87, group C) were inoc-
types that clustered together usually at 75% similarity ulated on a set of differentials at each inoculation
were assigned to groups named with capital letters. Dif- date to assess possible effects of inoculation date.
ferent haplotypes within clusters were given numerical One person measured the lesion length 14 days after
designations. The robustness of the dendrograms wasinoculation.
assessed with bootstrap analysis running 2000 itera- Differences in pathogenicity and aggressiveness
tions (Felsenstein, 1985, 1988; Nelson et al., 1994; Yap among RFLP groups on the differential host cultivars
and Nelson, 1996). and effects of inoculation period were analyzed with
t-tests (SAS, 1988).

Pathogenicity tests

Results
Differential cultivars. Seeds of differential cultivars
were soaked for 24 h, incubated for 48 h, and planted as RFLP analysis
a dense stand. Three 17-19 day old plants were trans-
planted into black plastic pots approximately 12cmin Between 7 and 21 bands were observed for
diameter and 20 cm high. To increase organic matter IS1113/Ec®&l, 12-18 foravrXalO/Ec&1 and 5-9 for
content, ground rice straw was routinely added to the avrXalO/Barhi1 (Figure 1). A total of 99 band posi-
soil at approximately 0.01% of the soil dry weight. tionswere scored for the composite data-set of the three
Plants were fertilized with 1 g ammonium sulfate per €nzyme/probe combinations. Thirte&$l113haplo-
pot one week after transplanting and again 18—20 daystypes were identified for the Race 3 strains, cluster-
later. Insecticides were applied when needed. All plants ing into three groups at the 75% similarity level. The
were 54-56-days-old at inoculation. more common haplotypes were found in most of the

The differential cultivars used for the first and sec- five regionsinthe Philippines. Three strains originating

ond test and their resistance genes are listed in Table 3.from three different fields from the island Palawan on
Seeds were obtained from the Division of Plant Breed- the same dayin 1989 clustered in a previously unknown
ing Genetics and Biochemistry at IRRI. All cultivars ~group G (Figure 2). The same three clusters of Race 3
except Tetep were near-isogenic to the cultivar IR24 strains were formed based on tierXal0/EcoRand
(Ogawa et al., 1991). IR24, and probably the isolines, avrXal0/BamHHata-sets, though the bootstrap values
possess the resistance g&@e18 which is ineffective ~ were lower (data not shown).
against all known strains of. oryzaepv. oryzaein the Based on the combined data from 149 strains,
Philippines. 36 haplotypes were defined for the Race 3 strains, clus-

tering into the same groups as basedI8t113in

a very robust phenogram (Figure 2). Strains that had
Inoculations and assessmentd-or the first differen- identical haplotypes when analyzed with one probe
tial test, refrigerated cultures on WF-P slants (cultures alone differentiated into up to 13 different haplotypes
had been re-isolated recently) were used to producewhen using additional probe/enzyme combinations.
inoculum. For the second test, cultures were revived One haplotype comprised strains of both Races 2 and
from skim milk stocks and cultured for four to five days 3 (IRN1342 [Race 2], IRN1361 [Race 3], IRN2463
before sub-culturing for inoculum production. [Race 3]). Four haplotypes were represented only by

For each cultivar/strain combination, three to four Race 2 (IRN3804, 3805, 3833, and 3841), and one

young but fully expanded leaves per plant per replicate additional haplotype was defined for the single Race 1
were clip inoculated. If the youngest fully expanded strain included. IRN689 had a unique haplotype but
leaf of a tiller was damaged, the older leaf next to could not be assigned a race as it has lost virulence
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Percent Similarity Haplotype
avrXa10 No. of Reaction
025 0.50 0.76 1.00 IS1113  EcoR! BamHl lsolates Region to IR-BB7
18 C-1 A-1 B-1 1 L R
22 C-1 A1 B-7 1 L R*
1473 C-2 A-2 B-7 1 M S
269 C-5 A-4 8-7 1 L R
1243 c-2 A4 8-7 1 M S
703 C4 A5 B-7 1 M R
] 526 C-2 A-7 B-7 1 v S
464 C-4 A4 B-4 3 L SR®
688 C-4 A-3 B-4 7 LP S/R®
1019 C-4 A-6 B-4 1 \ S
953 C-4 A-4 B8-6 1 L S/R®
99.9 1002 C-2 B-2 B-1 1 N R
994 C-2 B-2 B-7 2 N R
1171 C-4 B-2 B-7 1 L R
254 C-1 B-1 B-7 3 LN R
3854 Cc-2 B-3 B-1 1 L s
813 1502 C-2 B-6 B-7 2 P SR
8| 1355 c-2 B-4 B-g 35 L S/R®
1375 C-2 B-4 B-10 1 L R
2487 C-2 B-5 B-9 5 L SIR®
___9&9_:: 35 F-1 G-1 D1 1 L Rrace 1
1504 G-1 F-1 E-1 3 P S
135 B-5 C-6 Cc-3 1 M R
153 B-2 [o2] C-3 1 M R
1342 B-5 C-3 C-3 3 L Rrace2 and 3
3804 B-2 C-3 C-3 19 L M/R all race 2
1451 B-5 C-3 C-9 1 \% R
3808 B-2 C-3 C-5 1 L Rrace 2
1372 B-6 C-3 c-11 1 L R
332 B-8 C-1 C-3 1 L R
925 B-2 C-1 C-3 3 LPV R
405 B-1 C-1 C-3 21 LMV R
682 B-3 C-1 C-3 2 LP R
924 B-1 C-1 C-5 7 \' R
834 B-10 c-1 c-3 1 L R
689 B-9 C-2 C-3 1 L R race unclear
1045 B-11 C-4 C-5 1 \Y R
1960 B-5 C-5 Cc-10 3 N R
684 B-1 c-7 Cc-3 1 L R
100 3833 B2 D1 c5 1 L R race 2
3841 B-2 D-2 C-5 5 L R/M* race 2
E—{ B-2 E-1 c-3 A M R
42 149

Figure 2 Phylogenetic tree based on the similarity (unweighted pair-group method, arithmetic average, UPGMA) among DNA fingerprints
for strains of bacterial blight{anthomonas oryzgav. oryzag. The tree was constructed based on the combined fingerprintd&coRi

digested DNA probed with probi&113or probe pBavrXalOandBanH1 digested DNA probed with pBfyrXalQ Type strains are

identified by strain record number (IRN). Haplotypes based on either of the three probes alone, the number of strains found per haplotype
and the regions where the haplotypes were found are noted to the right of the type strain number. Regions were lowlands, Luzon island
(L), highlands, Luzon island (N), Mindanao (M), Palawan (P), and Visayas (V). Unless indicated otherwise, strains were Race 3. The
numbers on the branches of the tree indicate the percentage of times the strains to the right of the branching point were grouped together
during bootstrapping analysis. Numbers close to 100 indicate a robust pattern.

during storage. Fourteen haplotypes were representedPathogenicity tests

by more than one strain, and four of these haplotypes

were found on more than one island. IRN1355 repre- A total of 92 strains were subjected to virulence anal-
sented the most common haplotype, which included ysis: 45 strains were tested on nine differentials in
35 strains collected in the lowlands of Luzon between February/March 1993, and 80 were tested on eight dif-
1989 and 1992. Twenty-one strains shared their hap- ferentials in September/October 1993. The second test
lotype with IRN405; this group was collected from included 33 strains fromthe firsttest. Eighty-one strains
three distinct regions of the Philippine archipelago (the from the historical collection that had been recorded as
Visayas, Luzon, and Mindanao) between 1981 and Race 3 were tested. Four strains (IRN1057, IRN1468,
1989. IRN1451, and IRN1342) were found to be avirulent
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on IR-BB10, and were therefore reclassified as Race 2. on IR-BB7. Twenty-seven out of 50 group C strains and
IRN689 had lost its virulence during storage and no all 3 strains of group G, produced water-soaked lesions
race could be assigned. These strains and all otheron IR-BB7. These lesions were substantially longer
strains of Races 2 and 1 were not included in the sta- than those induced on IR-BB5 and were sometimes
tistical comparisons discussed below. over half the length of the lesions produced on IR24
Seeds of IR-BB5 were contaminated, at a low fre- (Table 2). However, other strains from group C-002 and
quency, with seeds of an unknown but susceptible geno- C-004 produced very short, resistant-type lesions. Fif-
type. Long lesions that were produced on the supposedteen of the group B strains, 14 of the group C, and all 3
IR-BB5 plants were not used for the means’ compar- group G strains were included in the second test during
isons because they were not repeatable. There was ndSeptember 1993. Strains that had been avirulent and
reason to suspect that any of the other seed sources wasirulent to IR-BB7 in the first test behaved similarly in
contaminated, as the results were very similar betweenthe second test except for two cases where previously
replications. moderately virulent strains were avirulent in the sec-
The two control strains, IRN135 and IRN254, exhib- ond test. Overall, lesion lengths on IR-BB7 were sig-
ited considerable variation in lesion length throughout nificantly greater for strains of group C than for strains
the two periods of inoculation (Figure 3). Differences from group B (Table 3). No statistical comparison with
between the two strains were small and not repeat- group G was made because that group contained only
able over time. For example, IRN254 produced longer 3 strains.
lesions than IRN135 on IR-BB4 and IR-BB10 during The differences between groups B and C interacted
the first inoculations (differences were 4.3 and 4.4 cm, with testing period. In addition to the differences in
respectively, P < 0.05). The differences were much reaction to IR-BB7, the group B strains produced sig-
smaller and non-significant during the second period. nificantly shorter lesions than the group C strains on alll
There was also no substantial effect of the two test peri- differentials except on IR-BB5 during the second test
ods on the performance of the two strains, although (Table 3). While group C strains produced almost iden-
sometimes differences of 1-4cm were statistically tical lesion lengths during both test periods, the group
significant atP < 0.05. B strains produced significantly shorter lesions during
In both tests, strains belonging 161113group B the second test as compared to the first test (Table 4).
consistently produced necrotic, resistant-type lesions The three strains from group G were affected like the

IRN135, spring 93 IRN254, spring 93
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Figure 3 Reaction of six differential rice lines to two strains during two testing periods with 12 inoculations each. Testing periods were
February/March and September 1993.
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Table 2 Differential reactions of rice line While strains belonging to clusté81113B were con-
IR-BB7 carrying bacterial blight resistance gene sistently avirulent t&a-7, about half of the strains from
Xa-7to 76 rice bacterial blight Race 3 isolates group C and all three group G strains were virulent to
belonging to different haplotypes as defined by Xa-71

probelS1113 Reactions were considered sus-

ceptible (S) when the lesion length was more than TheXa-7gene has been known to give variable reac-

50% of that observed on the susceptible control tions (T. Mew, IRRI, personal Co_mm-)1 _and therefore
IR24; intermediate (M), when the lesion length IR-BB7 has not been used as a differential host for race
was between 20% and 50% of that observed on typing. Our results indicate that at least part of that vari-
IR24 and otherwise resistant (R) ability might be due to qualitative differences among
IS1113group _ Number of strains Total pathogen strains that had been as§|gned to the same
reacting to IR-BB7 race but that are genetically very different. Although
S —— the markers used allowed us to define a group of strains
S M R that is consistently avirulent aXa-7, the markers did
B-001 0 0 9 9 not discriminate between virulent and avirulent geno-
B-002 0 0 7 7 types in general.
E‘ggg 8 8 i i All Race 2 strains included in the study including
B-008 0 0 1 1 the strains that were reclassified as Race 2 belonged
S to group B confirming results by Nelson et al. (1994).
ubtotal 0 0 23 . .
c.001 0 5 5 4 Like the group B strains from Race 3 they were all
002 3 13 15 31 avirulent to IR-BB7.
C-004 4 5 5 14 Susceptible-type lesions on IR-BB7 were often
C-005 0 0 1 1 shorter than on the other differentials and, on a few
Subtotal 7 18 23 occasions, repeated tests were inconsistent, suggest-
G-001 > 1 0 3 ing that these specific host—pathogen interactions are
Total 9 21 46 76 highly sensitive to environmental conditions. Plant and

leaf age may also play a role, because differences
between plants and leaves that differed only a few days
in age appeared greater than in the other differentials
group B strains by greenhouse conditions. However, (personal observation).
the ¢-tests were Only margina"y Significa(lP < 01) Group G Consisted Of 0n|y one hap|otype and was
because of the small sample size. very different from all other haplotype groups that
were identified by Nelson et al. (1994). The strain with
. . the most similar haplotype to group G was IRN35
Discussion (=PX035; Race 11S1113group F, Figure 2), which
has been noted in previous studies for its unique and
Race 3 ofX. oryzaepv. oryzaewas shown {0 €CON-  yery gistinct haplotype (Leach et al., 1992; Nelson
sist of three distinct lineages, which showed inter- and 4 al., 1994) and which had been included as a refer-
intra-lineage variation for virulence on the resistance once for that reason in this study. IRN35 was collected
geneXa-7. Inter-lineage differences in aggressiveness i, 1972 near IRRI in the island of Luzon, while the
on several near-isogeniclines were sensitive to environ- 4, ..o group G strains were all collected in Palawan on
mental effects. In previom_Js studies, two Iir_1eages WEre the same day in 1989 from three different but nearby
detected for Race 3, which has been defined by Viru- fie|4s and no surveys have been made there ever since.
lence to rice varieties/lines carryingp-4, Xa-1Q and Group C strains were detected in the Philippines
Xa-14and avirulence on those carrying-5 (Leach  gjnce the earliest collections made in 1972. Two Group

etal., 1992; Mew et al., 1992; Nelson etal., 1994). In g gyains (IRN153 and IRN682) were collected in
the present study, the polyphyletic origin of Race 3was \jinganao, the southern-mostisland of the Philippines,

confirmed and extended, using a much larger sample;, 1975 and 1976. By the 1980s, Race 3 strains of
of isolates from the historical collection of strains col-

lected from 1972 to 1992. Using RFLP markers, three !Information on virulence and RFLP phenotypes of all the

distinct groups were defined with a within-group sim-  strains tested in this study can be obtained from the first author
ilarity of at least 75% based on DNA band similarity. Dr. Maria Finckh.
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Table 3 Effects of IS1113 RFLP genotype on the aggressiveness of bacterial blight Race 3 strains on
differential rice cultivars during two test periods in February/March (Test 1) and in September 1993
(Test 2). Each test was replicated three times during each period

Test Host Gene Lesion length (cm) P-value

1IS1113group B 1S1113group C

Mean (Min Max) Mean (Min  Max)

(n=17 (n=18)
1 IR24 Xa-18 211 3.5 30.2) 21.7 (3.2 31.4) 0.8423
1 IR-BB1  Xa-1 18.8 (4.6 27.7) 203 31 31.2) 0.5681
1 IR-BB2 Xa-2 22.7 (4.4 31.8) 229 (4.3 36.3) 0.9458
1 IR-BB4  Xa-4 19 (4.0 28.1) 1838 @5 25.7)  0.9302
1 IR-BB5  xa-5 2.7 1.1 4.5) 2.6 (0.9 5.5) 0.9011
1 IR-BB7  Xa-7 18 0.7 4.1) 6.1 (0.6 12.8) 0.00t6
1 IR-BB10 Xa-10 20.1 3.4 27.0) 20.1 3.7 30.2) 0.9777
1 IR-BB14 Xal4d 18.5 3.3 26.5) 18.8 (2.0 27.6) 0.9259
1 Tetep Xa-1,2,12 22.9 (6.5 33.6) 221 (5.9 30.2) 0.7212

Mean 16.4 17

(n=18 (n = 44)
2 IR24 Xa-18 13.6 (2.5 28.0) 218 35 36.3) 0.0019
2 IR-BB3 Xa-3 9.3 (1.9 20.4) 149 (2.0 23.5) 0.0036
2 IR-BB4  Xa-4 13.2 (2.8 27.1) 209 (2.9 32.1) 0.0025
2 IR-BB5  xa-5 1.7 (0.4 2.8) 2.6 (0.9 6.5) 0.2997
2 IR-BB7  Xa-7 0.6 0.3 1.4) 5.7 (0.4 23.7) 0.0001
2 IR-BB8  xa-8 5.3 (0.6 10.9) 135 (2.3 24.9) 0.0001
2 IR-BB10 Xa-10 13.4 (0.8 27.1) 222 3.7 33.4) 0.0011
2 IR-BB14 Xa-14 12.7 (2.2 27.4) 208 (2.0 32.6) 0.0009

Mean 8.8 15.3

aXa-18does not confer resistance to any known strain of bacterial blight in the Philippines. Thus, all
IR-BB lines (near-isogenic to IR24) could have the gene.

Group B were collected from all regions in the the greenhouse are higher and more variable early in
Philippines. Group G strains have not been detected in the year than in September. The environmental condi-
Luzon, although extensive collections have been car- tions greatly affected the host—pathogen interactions,
ried out in recent years (Ardales et al.,1996; George reducing the lesion length caused by strains belong-
etal., 1997). ing to groups B and G, but not by the strains belong-

The first Race 3 strain virulent ¥a-7was collected ing to group C. We have observed that lesion lengths
in 1982 (IRN526). Only eight Race 3 strains were col- caused by bacterial blight isolates in another green-
lected between 1972 and 1982, however, reflecting the house at IRRI, where light was partially excluded due
low frequency of the pathotype at the time (Mew et al., to insect screens were also substantially lower than in
1992). It appears very likely that commercial deploy- an unscreened part of the greenhouse. To confirm light
ment of rice varieties carryinga-7would lead to the and temperature effects, experiments would have to be
rapid selection of a new race from Race 3, Group C repeated preferably under more controlled conditions.
with virulence toXa-7. ‘“Type’ strains of the known races of. oryzaepv.

We have provided evidence on interactions between oryzaehave been used for years for screening and
environmental conditions and host—strain interactions. characterization of the resistance of rice varieties. Ini-
The most apparent difference in climatic conditions tially, a single strain of Race 3 was used. Based on the
between February/March and September is the amountDNA fingerprinting results of Nelson et al. (1994), an
of solar radiation. Radiation is markedly reduced dur- additional type strain of Race 3 was added in 1994.
ing the monsoon season (September), when most daysBy chance, however, the two Race 3 type strains cho-
are overcast, while early in the year, sunshine is nearly sen (IRN135= 1S1113B-005 and IRN254= 1S1113
continuous. Concurrently, day-time temperatures in C-001) both belong to relatively rai&1113groups
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Table 4 Effect of testing date on lesion sizes caused by bacterial ~ Southeast Asia detected using PCR-based DNA fingerprinting.
blight Race 3 strains belonging to different RFLP groups as Phytopathology 87: 302—-309

defined by probe 1S1113. Testing periods were February/March Hopkins CM, White FF, Choi SH and Guo AL (1992) Identifica-
(Test 1) and September 1993 (Test 2). Each test was replicated  tion of a family of airvalence genes froanthomonas oryzae

three times during each period pv. oryzae Mol. Plant—Microbe Interactions, 5: 451-459
Karganilla AD and Natural MP (1973) A comparative study
IS1113 Differential n Lesion length (cm) P-value of culture media forXanthomonas oryzaéhilipp Agric 57:
rou host T E——— 141-152
Jrotp Testl Test2 Kauffman HE, Reddy APK, Hsieh SPY and Merca SD (1973) An
B IR-BB10 15 21.2 13.3 0.002 improved technique for evaluating resistance of rice varieties
B IR-BB14 15 19.8 11.8 0.001 to Xanthomonas oryza®lant Disease Reporter 57: 537-541
B IR-BB4 15 20.0 12.4 0.004 Leach JE, Rhoads ML, Vera Cruz CM, White FF, Mew TW and
B IR-BB5 15 2.7 21 0.304 Leung H (1992) Assessment of genetic diversity and population
B IR-BB7 15 1.9 0.6 0.000 structure ofXanthomonas oryzgev. oryzaeusing a repetitive
B IR24 15 22.4 12.5 0.000 DNA element. Applied and Environmental Microbiology 58:
2188-2195
g :Eggig ii gig ggg gggi Leung H, Nelson RJ and Leach JE (1993) Population structure of
) ) : plant pathogenic fungi and bacteria. Advances in Plant Pathol-
C IR-BB4 14 21.6 23.4 0.478 .
c IR-BB5 14 28 31 0.565 ogy 10: 157-205 -
: : : Mew TW, Vera Cruz CM and Medalla ES (1992) Changes in race
c IR-BB7 14 7.1 6.1 0.669 frequencies oXanthomonas oryzgev. oryzaein response to
c IR24 14 25.1 24.8 0.922 the planting of rice cultivars. Plant Disease 76: 1029-1032
G IR-BB10 3 25.8 17.0 0.083 Mew TW, Vera Cruz CM and Reyes RC (1982) Interaction of
G IR-BB14 3 23.0 12.8 0.054 Xanthomonas campestps. oryzaeand aresistantrice cultivar.
G IR-BB4 3 20.0 13.7 0.187 Phytopathology 72: 786—789
G IR-BB5 3 2.6 1.4 0.075 Nelson RJ, Baraoidan MR, Cruz CMV, Yap IV, Leach JE, Mew
G IR-BB7 3 17.2 7.7 0.055 TW and Leung H (1994) Relationship between phylogeny and
G IR24 3 24.8 12.9 0.023 pathotype for the bacterial blight pathogen of rice. Applied and

Environmental Microbiology 60: 3275-3283
Ogawa T, Yamamoto T, Khush GS and Mew TW (1991) Breed-

. . ing of near-isogenic lines of rice with single genes for resis-
and are avirulent t&a-7. They thus neither represent tance to bacterial blight PathogeXanthomonas campestris

the phylogenetic nor the pathotypic diversity within -y oryzag. Jap J Breed 41: 523-529
Race 3. The inclusion of a Race 3 strain virulent on Raymundo AK, Nelson RJ, Ardales EY, Baraoidan MR and Mew
Xa-7in routine tests will widen the range of possible ~ TW (1990) A simple method for detecting genetic variation in

resistance gene combinations that can be detected in Xanthomonas campestgmthovaroryzae(Xco) by restriction
tested varieties fragment length polymorphism (RFLP). Int Rice Res Newsl|

15:8-9
Rohlf FJ (1992) NTSYS-pc., version 1.7. Numerical Taxon-
omy and Multivariate Analysis System. Setauket, N.Y., Exeter
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