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Pseudomonas syringae Strains Are Classified into Five Groups 
by Comparing DNA Homology at the hrp Neighboring Regions 

Yasuhiro INOUE1y2* and Yuichi TAKIKAWA’ 

ABSTRACT 

Previously, we classified Pseudomonus syringue strains into at least three groups (I, I1 and U) by comparing DNA 
homology at the hrp cluster and its neighboring regions (Inoue and Takikawa 1999). However, heterogeneous strains 
remained in the undetermined group (group U). We further classify group U, using pvs. syringue and coronufuciens as 
references. Comparison of restriction sites for regions of each pathovar revealed distinct differences. By using probes 
from the two pathovars, comparisons of DNA homology at the regions separated two additional distinct groups (I11 and 
IV) from group U. Therefore, P. syringue strains are classified into at least five groups. 
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Causing disease on susceptible plants and eliciting a 
hypersensitive response (HR) on nonhost plants are two 
features shared by many plant pathogenic bacteria 
controlled by clustered hrp genes. An hrp gene cluster 
has been identified in several gram-negative phyto- 
pathogenic bacteria2). The hrp genes are highly con- 
served, though their relative positions are considered to 
have been rearranged. Pseudomonas syringae strains 
have an ca. 80-kb homologous region encompassing the 
hrp cluster and its neighboring regions6). This region 
contains genes participating in the manifestation of patho- 
genicity as well as some repeating fragments7). 

We showed that P. syringae strains could be grouped 
into at least three types by comparing DNA homology at 
the hrp cluster and its neighboring regions6). Through 
hybridization studies, group I strains produced strong 
signals to probes from P. s. pv. phaseolicola (Psp), and 
group I1 strains gave strong signals to probes from P. s. 
pv. maculicola (Psm). The third group is negatively 
dehed  as strains having a’ moderate or weak signal to 
probes of either Psp or Psm. Therefore, this group was 
referred to as group U (U for ‘undetermined”). They are 
clearly heterogeneous, although some of them closely 
resembled each other. Among them, P. s. pv. syringae 
(Pss) and P. s. pv. coronafaciens (Psc) represent two 
more distinct groups, as suggested by our preliminary 
studies. In this study, we classify group U into several 
groups using large genomic regions including the hrp gene 

cluster and its neighboring regions in Pss and Psc. 
Genomic libraries from Pss strain LOB2-1 and Psc 

strain AVPCO8101 were constructed as described 
before6). We selected cosmid clones covering more than 
80-kb of the region containing the hrp genes. These clones 
were digested with appropriate restriction endonucleases, 
and restriction site maps were constructed. Comparison 
of restriction sites of the large genomic region of Pss, Psc, 
Psp and Psm revealed distinct differences (Fig. 1). All 
tested strains had homologous regions deduced to be avrE 
genes on the right outside of hrpR. This result suggested 
that hrp genes and its neighboring genes are located in the 
same order in Psc and Pss as in Psp and Psm. 

The avrE locus has been isolated from P. s. pv. tomato 
and, when introduced into P. s. pv. glycinea, caused the 
soybean pathogen to elicit the HR on leaves of certain 
soybean cultivars8). In addition, Bogdanove et al. ’) report- 
ed that avrE genes have homology to dsp genes of 
Erwinia amylovora. The function of these genes is un- 
known in P. syringae strains, but they are expected to 
participate in pathogenicity. Therefore, this region may 
form a pathogenicity island in P. syringae4). 

Several DNA fragments from clones of Pss and Psc 
were used as probes for Southern hybridization per- 
formed as described before6). Briefly, 0.5 or 5,ug of 
digested DNA from each strain was transferred onto a 
nylon membrane. Hybridization was performed for 16 hr 
at 68°C. The membranes were washed twice in wash 
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Fig. 1. Restriction map of Pseudomonas syringae pathovars. Filled patterns indicate hybridization probes (a-e). Lines and 
numbers under each probe indicate the position and the name of corresponding subclones. Dotted line is represents 
a gap. Vertical lines and letters on the lines indicate restriction sites : B, BamHI ; E, EcoRI ; H, Hind111 ; K, KpnI. 

buffer 1 (2 X SSC, 0.1% SDS) at room temperature for 5 
min and then in wash buffer 2 (0.5 X SSC, 0.1% SDS) at 
68°C for 15 min before immunological detection. Strength 
of the hybridization signal was ranked and scored at four 
levels as described before6). 

Probes corresponding to the hrp region hybridized to all 
P. syringae strains with relatively homogeneous strength 
(data not shown). However, patterns of hybridization 
signal strength obtained with probes of the hrpZ and 
avrE regions distinguished at  least three types of strains 
in group U (Table 1). Probe c and d (corresponding to 
avrE and its neighbors) from Pss (Fig. 1) produced strong 
signals against strains of pvs. syringae, aceris, aptata, 
japonica, lapsa and pisi, but moderate or weak signals to 
the other pathovars. Probe e from Psc detected strong 
signals against the strains of pvs. coronafaciens, atropur- 
purea, oryzae, porri, striafaciens and an unnamed patho- 
var isolated from onion and moderate or weak signals to 
other pathovars. We named the two groups group I11 and 
group IV, respectively. P. s. pv. morsprunorum and P. s. 
pv. maculicola strain R1 were not classified into any of 
the four groups. Thus, they remained in group U. 

Previous papers demonstrated the phenotypical simi- 
larity or high DNA homology values between pv. syringae 
and pv. a ~ t a t a ~ , ~ - ' ~ ) ,  pv. ~ i s i ~ 3 ' ~ ) ,  pv. j aponi~a '~)  or pv. 
aceris'4). On the other hand, Schaad et al. reported the 
phenotypic similarity of pv. coronafaciens, pv. atropur- 
purea and pv. striafaciens, proposing that they be united 
into a single species as P. cor~nafaciens'~). Our groups I11 

and IV clearly correspond to these two previously report- 
ed groups in P. syringae, indicating that the distinction of 
P. syringae strains by hybridization with the probes of 
hrp genes and its neighboring regions in our studies 
reflects the profound diversity of the species. While 
preparing this paper, Gardan et aL3) reported the compre- 
hensive grouping of P. syringae pathovars through total 
DNA homology experiments. Their results almost per- 
fectly coincide with ours (Table 1). Using a small portion 
of genomic DNA as probes, we demonstrated significant 
diversity that will lead to the easy and rapid identification 
of P. syringae pathovars. 
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Table 1. Summary of hybridization results 
Grouping Species or pathovar ac) b C d e P) 

P. s. phaseolicolaa’ +++ ++ + ++ + 2 
Group I P. s. glycinea +++ ++ + ++ + 2 

P. s. tabaci +++ ++ + ++ + 2 
P. s. lachrymans +++ ++ + ++ + 2 
P. s. mori +++ ++ + ++ + 2 
P. s. dendropanacis +++ ++ + ++ + 2 
P. s. eriobotryae +++ ++ + ++ + 2 
P. s. myricae +++ ++ + ++ + 2 
P. s. photiniae +++ ++ + ++ + 2 
P. s. sesami +++ ++ + ++ ++ 2 
P. s. ?(kiwi) +++ ++ + ++ ++ 
P. ficuserectae +++ ++ + ++ + 2 

Group I1 
P. s. maculicolab’ ++ +++ + ++ ++ 3 
P. s. tomato ++ +++ + ++ ++ 3 
P. s. theae ++ +++ + ++ ++ 8 
P. s. delphinii ++ +++ + ++ ++ 3 
P. s. magnoliae ++ +++ + ++ ++ 
P. s. actinidiae ++ +++ + ++ ++ 
P. s. spinaciae ++ +++ + ++ ++ 
P. s. syringae 

P. s. japonica 
P. s. aptata 
P. s. aceris 
P. s. pisi 

Group I11 P. s. lapsa 
++ ++ +++ +++ + 1 
++ ++ +++ +++ ++ 1 
++ ++ +++ +++ + 1 
++ ++ +++ +++ ++ 1 
++ ++ +++ +++ + 1 
++ ++ +++ +++ + 1 

P. s. coronafaciens ++ ++ + ++ +++ 4 
Group IV P. s. striafaciens ++ ++ + ++ +++ 4 

P. s. ?(onion) ++ ++ + ++ +++ 
P. s. atropurprea ++ ++ + ++ +++ 4 
P. s. oryzae ++ ++ + ++ +++ 4 
P. s. porri ++ ++ + ++ +++ 4 

Group U P. s. morsprunorum ++ ++ + ++ + 2 
P. s. maculicola (R1) ++ ++ + ++ + 
P. viridiflava 

P. corrugata 
P. fluorescens 
P. aeruginosa 
E. coli 

Pseudomonas spp. P. cichrii 

+ + +, Strong hybridization signal always detected ; + + , Hybridization signal detected but not always at 0.5 ,ug ; +, Weak 
hybridization signal detected but not always at 5 ,ug and was not detected at 0.5 ,ug ; -, No hybridization signal. 
a) Containing two strains. 
b) Containing three strains. 
c) a to e indicate the probes shown in Fig. 1. 
d) Lane f shows genomospecies assigned by Gardan et aL3). 
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