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Abstract: Seventy eight strains of Xanthomonas oryzue pv. oryzae collected mostly from North, Northeast
and a few from Center and South China have been assessed the RFLP types for analyzing the population struc-
ture and genetic diversity by using two probes, pJEL101, and pBSavrXal0. Genomic DNA from each strain of X.
0. pv. oryzae was digested to completion by enzymes EcoRI or BamHI tor blots probed with pJELI0OI or
pBSavrXal0. Sixteen RFLP types were identified respectively. Fourteen RFLP types were found in strains of
pathotypes 1, 2 and 6, which were from North and Northeast China ( using pJEL101). Among them differed only
at one or 3—4 banding positions. In comparison between those with RFLP types of strains from Guangdong and
Yunnan provinces were distinct from one another at 7 or 8 positions varied. Cluster analysis based on RFLP ban-
ding showed six groupings at 85% similarity. The majority of strains from pathotypes 1. 2 and 6 were grouped in
clusters 1, A few strains, LN43, GD1358 and YNS5 were grouped in clusters 4,5 and 6, respectively. The genetic di-
versities of the population of strains tested was 0.77 (for pJEL10!) and 0.83 ( for pBSavrXal0) respectively.
Genetic diversities for each pathotypes tested as a subpopulation has been also calculated. The preliminary analy-
sis here showed that the genetic diversity of X. o. pv. oryzae in China was various. It will be necessary to assess
more strains collected from South, Center and Southwest China for analyzing the population constructure ard
genetic relationship of X. 0. pv. oryzae in China systematically.

Key words: bacterial blight; genetic diversity; population structure; RFLP type: strains

In previous studies, Xanthomonas oryvzae pv. clear—cut. The pathotype groupings provided little
oryzae (X. o. pv. oryzae) population in China have
been classified seven pathotypes on the Received Apirl 4,1994
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insight into the genetic structure of the bacterial
population. Recently, restriction fragment length
polymorphism (RFLP) analysis, which exploits the
abundant variation in the DNA sequence, has been
used to generate a large number of markers for the
measurement of genetic diversity in population®>* .
In order to better understand the population struc-
ture of X. 0. pv. oryzae, two probes were used to
measure the genetic diversity of X. o. pv. oryzae pop-
ulations and relate the diversity to previous

characterization of the pathogen in China.
1 Materials and Methods

1.1 Bacterial strains and DNA probes

Seventy eight strains were used in this study in
RFLP analysis. Most of the strains were collected
from North and Northeast China, a few from South
and Southwest China. The data of collection, source
cultivar, and pathotype grouping for the X. o. pv.
oryzae strains used are shown in Table 1. All stock
cultures were kept as lyophilized cultures. The
strains were revived in fresh slants of PBS medium
for DNA isolation.

Two DNA probes were used in this study. One
is pJEL101, a pUCI18 plasmid containing a 2.4 kb
EcoR 1 — Hind |l fragment derived from Philippine
race 2 strain PXO86 of X. o. pv. oryzae. The insert
of pJELI101
repetitive DNA element present in DNA from over

contains a high—copy—number
100 X. o. pv. oryzae strains tested. Other one is
plasmid pBSavrXal0, containing a 3.1 kb BamH 1
fragment internal to the avrXal0 gene of X. o. pv.
oryzae'.
1.2 DNA analysis

Genomic DNA from strains of X. o. pv. oryzae
was isolated as described by Leach er /., and di-
gested with EcoR I or BamH 1 for blots probed
with pJEL10! or pBSavrXal0. DNA fragments
were electrophoresed in 0.7% agarose gel (20 by
21.5 ecm) in TBE buffer. A 1-kb ladder was in-
cluded in gel as a size standard. Southern transfer
onto a nylon membrane was done according to in-
structions of the manufacturer. The entire pJEL101
and pBSavrXal0 plasmids were labeled with P by

using a nick translation kit. Hybridization and
washing conditions were  high  stringency.
Autoradiography was done at —80 T with Cronex
film with Cronex Lightning—Plus intensitying
screens. DNA from strains of same geographic ori-
gin analyzed in the same gel primarily. Distinct
RFLP types were analyzed in a single blot to con-
firm that each RFLP type was unique.
1.3 Data analysis

To determine the genetic relationships among
RFLP types, the presence or absence of bands at 20
(for using pJEL 101, based on appearing a difference
in banding) or 19 (for using pBSavrXal0, appeared
19 total markers) different marker positions was
converted into binary data; i. e., the presence or ab-
sence of a band was coded as | or 0 respectively™.

Cluster method, UPGMA®? waus used 10 infer
phylogenetic relationships among strains of X. o.
pv. oryzae based on RFLP data. Clusters that sepa-
rated at the 85% similarity level were grouped and
given designations, with cluster 1 being the cluster
whose strains were most similar, cluster 2 being the
cluster whose units were the second most similar,
and so on. Genetic diversity ( H) was calculated ac-
cording to the following equation®.

H=[n/ (n—1)]x (1=-X}), i=1, where X, is the
frequence of the i™ haplotype in the population,
and n is the number of strains examined.

2 Results

2.1 RFLP analysis

Seventy eight strains of X. 0. pv. orvzae for DNA
polymorphisms were examined with two DNA probes
pJELI10I and pBSavrXal0, sixtzen RFLP types were
identified respectively (Fig.1, rig.2). Most of strains
tested within pathotypes 1, 2 and 6 were grouped in
RFLP types | to 4 (Table 2), among them differed on-
ly at one banding position. The banding patterns
among some RFLP types were distinct from one an-
other at several banding positions, i. e., 7 or 8 posi-
15, 6,
respectively(Fig. 3). Similarly, using pBSavrXal0, 7, 8

tions vary between RFLP 11 and I,

and 11 positions vary between RFLP type 11 and 10,
13 and 14, respectively (Fig. 2).
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Table I. X. 0. pv. oryzue strains from China used in RFLP analysis

2
RFLP type?” Year of

Strain  Pathotype" .
pBSavrXal0 pJELIOl  Combined <¢ollection

Geographic origin

(grouping)

Varieties

HLI72 A 2 2 1 1985
HB20 ! 2 2 1 1984
HB2t 1 2 2 1 1984
NX39 1 2 2 i 1984
NX40 1 2 2 1 1985
LN5I 1 2 2 1 1985
LN52 1 2 2 1 1985
LNSs5 1 2 2 1 1985
LN56 1 2 2 1 1985
BJ7 o 3 1 2 1985
HB30 i 3 | 2 1985
LN45 | 3 1 p) 1985
HLJ69 1 3 | 2 1985
HLJ68 1 3 1 2" 1984
LN44 1 3 2 3 1984
BJ3 S 4 4 4 1984
JL62 | 4 4 4 1984
HB25 1 14 2 5 1984
HB24 1 6 6 6 1984
HB23 1 6 6 6 1984
HB32 1 6 | 7 1984
BJ2 1 i 2 8 1984
BJI 1 ! 1 9 1984
SC38 1 | 1 9 1977
BJII 1 9 9 10 1984
BJI12 1 9 9 10 1985
BI74 I 9 14 11 1986
KS6—6 2 1 1 9 -
BJ4 2 | i 9 1984
BJ9 2 1 1 9 1985
BJ10 2 1 1 9 1985
HB14 2 1 1 9 1984
HB17 2 1 1 9 1984
HB22 2 i ! 9 1984
HB26 2 1 | 9 1984
HB27 2 1 1 9 1984
HB29 2 1 1 9 1984
HLI7I 2 1 1 9 1985
HUNI 2 1 1 9 -
SD38 2 i 5 12 1984

* HN3I 2 1 5 12 1984
$X73 2 1 6 13 1985
BJS 2 1 16 14 1984
HBIS 2 1 8 5 1984
HB19 2 1 8 15 1984

Echeng, Heilongjiang
Chengde, Hebei
Fengning, Hebei
Yongning. Ningxia
Wuzhong Ningxia
Donggou Liaoning
Donggou, Liaoning
Donggou, Liaoning
Liaozhong, Liuzoning
Daxing, Beijing
Zhuoxian. Hebei
Liaozhong, Liaoning
Wuchang, Heilongjiang
Wuchang. Heilongjiang
Kaiyuan, Liaoning
Shunyi. Beying
Fian, Jilin
Baigezhuang, Hebei
Tangxian, Hebei
Tangxian, Hebei
Henan

Fangshun. Beijing
Fangshun. Beijing
Sichuan

Daxing. Beijing
Haidian, Beijing
Shuanggiao. Beijing
Jlangsu

Huidian, Beijing
Daxing, Beijing
Daxing. Beijing
Tuanghai. Hebei
Fengrun, Hebei

. Tangxian, Hebei

Baigezhuang, Hebei
Tanghai, Hebei
Funing. Hebei
Baoshan, Heilongjiang
Hunan

Linyi, Shandong
Kaifeng, Henan
Nanzhen, Shaanxi
Haidian, Beijing
Fengrun, Hebei

Fengrun, Hebei

Chengjian 6
Jigeng 60
Muchan 2
Jingyin 35
Xinghuozhan .
7530~4-3
Zhongdan |
Jingyue 1
Liaogeng §
78—10
Zhonghua 8
Liaogeng 5§
Jigeng 60
Jigeng 60
Liaogeng 5
Nongken §
Nuodao
Zhonghua 8
Qianjunbuang
720
Zhengeng 107
Yuclu
Zhonghua 8
Qiuyou 20

Jingdio 2

« Zhongzuo 180

Y ueshi
Zhonghua 9
78—10
Jingyue / C57
7608

720
Zhonghua 8
Kenfeng 2
Xingshi
Jingyin 127
Jingyi 119
Zhonghua ¥
Zhenshan 97
Zhongxi 8419
Zhonghua 9

- Kengleng 5
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Table 1—continped

2
. b RFLP type Year of Geographic origin o
Strain Patholype i . Varieties
pBSavrXal0 pJEL10l Combined collection (grouping)

Xindao 68—11

HN33 2 1 7 16 1984 Kaifeng, Henan

JLé4 2 1 2 8 1985 Zhangjiadian, Jilin 126

JLéS 2 1 2 8 1985 Gudianzi, Jilin 126

JL67 2 ] 2 8 1985 Yongji, Jilin Jingyin 127
LIN48 2 2 2 1 1985 Donggou. Liaoning Zhonghua 9
NX42 2 6 1 7 1985 Wuzhong. Ningxia Ninggeng
HN34 2 6 1 7 1984 Kaifeng, Henan Zhengeng 107
JLe3 2 7 1 17 1984 Ji'an, Jilin Jigeng 60
HN35 2 7 1 17 1984 Kaifeng, Henan Zhengeng 107
JL63 2 7 2 18 1984 Ji'an, Jilin Zhongzuo 75
BJS 2 8 1 19 1984 Daxing. Beijing 8-10

T3 2 8 i 19 1984 Jixian, Tianjin Kenxi2
KS1-21 2 13 13 20 - Jiangsu -

HN36 3 6 ] 7 1985 Xinxiang, Henan Zhengeng 107
HN37 3 7 5 21 1985 Xinxtang, Henan 68~11

LN57 4 ] b 12 1985 Liozhong, Liaoning Lizogeng 5
ZHE173 4 b 2 22 - Zhejiang -

FJl 4 5 2 22 ~ Fujian -

ZHEI8 4 S 2 22 - "Zhejiang -

ZHE35 4 5 2 22 - Zhejlang -

JL76 4 16 16 23 1985 Tonghua, Jilin Tongxi 22
GD1358 5 11 11 24 1982 Xinyi, Guangdong Zhi 20-5
HBI1S 6 2 2 1 1984 Zunhua, Hebei Jingyue 1 / C 57
HBI16 6 2 1 25 1984 Zunhua, Hebei Jingyue ]
LN47 6 2 2 1 1985 Xinmin, Liaoning 292

LNS53 6 2 2 1 1985 Donggou, Liaoning Zhongdan 2
LN49 6 4 3 26 1985 Kaiyuan, Liaoning Zhongzuo 59
LN50 6 4 3 26 1985 Kaiyuan, Liaoning Tegeng |
LN54 6 4 3 26 1985 Donggou, Liaoning Jingyue |
LN43 6 10 10 27 1984 Liaoning Liaogeng 5
JS49-6 7 ] 1 9 - Changsha, Hunan -
Jiangling 691 ? 12 12 28 1981 Hubei IR§

YNS5 ? 15 15 29 - Yunnan -

YPathotype was determined by inoculation to the rice differential cultivars. IR26, Java 14, Telep. Nanjing 15, Jingang 30.

DYRFLP type determined from Southern blot analysis of EcoR T —digested total DNA and BumH T digested total DNA from strains of

X. 0. pv. oryzae with pJEL101 and pBSavrXal0 as probes respectively.

To determine the genetic relationships among
strains of pathotypes, the banding patterns were an-
alyzed by using cluster method, UPGMA. All
strains were similar to each other at a level of 85%
similarity, six clusters of strains were observed in six-
teen RFLP types using pJEL101.probe (Fig. 4).

Pathotypes represented in the six clusters were as fol-
lows: cluster 1, pathotypes 1, 2 and 6; cluster 2,
pathotypes 3 and 4; cluster 3, pathotype 1; cluster 4,
S and 6, pathotypes 6, 5 and unknown (strain YNS),
respectively. Most of strains used were contained

within one cluster: pathotype 1 (26 of 28 strains
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RFLP type
Ikb 13 12 11 10 9 !

15 6 4 14 5 3 16 7 8

Fig. 1. Southern blot analysis of genomic DNA of strains of X. «. pv. aryzae in China showed 16 RFLP types (The probe

used was **P—labeled pJEL101)

tested) pathotype 2 (29 of 3{ strains), and pathotype

6( 7 of 8 strains) in cluster | (Table 2).
2.2 Genetic diversity

Genetic diversity values were calculated for
each pathotype based on RFLP data derived with

RFLP type

kb 1312 11 1098 7 6 5 4 3 261615141

-

Fig. 2. Southern blot analysis of genomic DNA of strains
of X. 0. pv. oryzac in China showed 16 RFLP types
(The probe used was “P—labeled pBSavrXalo)

probes pJELI0] and pBSaveXal0 (Tubfe 2y,
Approximative vilues, 0,77 and 0.83 were estimaled

0.560 0640 0.720 0.300 0.880 0.960 1.040 pathotype cluster
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Fig. 3. Dendrogram displaying the relationships among
the 16 RFLP types for strains of X. o. pv. arvzae af-
ter southern blot analysis using  “P— lubeled
pJEL 10| as a probe. Similarily cocflicients were gro-
uped by using the unweighted pair group method

with arithmatic means
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respectively. Genetic diversity calculated for each
pathotype treated as a subpopulation (Hg) was the
highest for pathotype 6 (0.79) and 1 (0.84) and the
lowest for pathotypes 5 and 7 (both 0) using probes
pJEL101 and pBSavrXalO, respectively (Table 2).

On the basis of the occurrence of RFLP types,
most of the pathotypes were heterogeneous groups,
pathotype | and 2, with seven and eight different
types in 28 and 31 strains tested ( using pJEL101)
with both seven types in 27 and 31 strains tested (us-
ing pBSavrXal0). The other pathotypes showed het-
rogeneous groups also, even though in a few strains
treated , i. e., pathotypes 3, 4 and 6, with two, three
and four types in 2, 3 and 6 strains tested. The other
two pathotypes, 5 and 7, with one each different
type in one strain (Table 2).

3 Discussion

In X. 0. pv. oryzae in China, we observe much
greater variations in molecular phenotypes than in
pathogenic patterns as Leach et al. reported®. Al-
though avirulence loci and the genomic distribution
of the repetitive element are not functionally
related, our observation would suggest that the mo-
lecular phenotypes as revealed by pJEL101 or
pBSavrXal0 hybridization patterns, change at a
higher rate than avirulence loci. In general, the
avirulence loci must take account that measurement
of diversity at avirulence loci is limited by the num-
ber of rice differential cultivars available for difin-
ing race. Alternatively, the repetitive element may
play an important role in race differentiation.
Rabecca et al. based on DNA and pathotypic analy-
sis, together with information on the spatial and
temporal distribution of the pathogen types from
their studies, a general picture of X. o. pv. oryzuae
evolution in the Philippines is presented”.

The relationship between pathotype and
putative phylogeny was assessed with two probes
that yielded relatively robust phylogenies. Similar
groups of strains were inferred from the RFLP data
obtained. Strains of pathotypes 1, 2 and 6 formed a
large heterogeneous cluster based on the two
probes. A single strain, LN43 of pathotype 6, strain,

GDI1358 of pathotype 5, and a strain YNS, of
unknown pathotype appeared to be only remotely
related to the other strains based on the both
probes.

Based on the analysis above, it appeared that
some pathotypes consisted of multiple lineages. and
some lineages consisted of multiple pathotypes.
Many strains with very different RFLP patterns
proved to be good candidates for a new race group
and were useful in screening new sources of resist-
ance ® . The molecular technique will be a very
available tool for explanation the host—pathogen re-
sponse in rice—=Xoo system in China and reconnoi-
tring new races.

To determine whether the inferred population
structure would depend on the particular probe util-
ized, we compared the results of RFLP analysis us-
ing two different element probes. Similar estimates
of diversity were obtained for some of Lhe
pathotypes which were assessed a few strains be-
tween the two probes used. Somewhat variation of
diversity however, was appeared for estimating
pathotypes 1 and 2 between the two probes. The
genetic diversities estimated based on pJEL101 and
pBSavrXal0 were 0.74, 0.83 for pathotype 1, and
0.65, 0.52 for pathotype 2, respectively. The prelimi-
nary results suggested that the both DNA probes
can be used for characterizing the population struc-
ture of X. o. pv. oryzae in China.

Although the dendrogram constructed on the
basis of RFLP banding patterns provides new in-
sight into the evolutionary relationship among
those strains predominantly from North and
Northeast China and a few ones from other regions
of China only. Therefore, an intensive analysis of
the pathogen population structure and genetic diver-
sities including the background regarding the time,
location of collection and host origins of strains will

be very necessary.
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