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Abstract

Two molecular methods, namely Restriction Fragment Length Polymorphism
of Polymerase Chain Reaction amplified gene fragment (PCR-RFLP) and simpli-
fied Amplified Fragment Length Polymorphism (AFLP), were tested in order to
differentiate the Pseudomonas spp. strains and isolates. The isolates were identified
based on the selected biochemical tests and comparing sequences of PCR ampli-
fied 16S rDNA fragments.

The obtained results show that of gyrB, recA and rpoD gene fragments studied,
the most useful in PCR-RFLP analysis for genotyping of Pseudomonas syringae pv. to-
mato and P. syringae pv. syringae was gyrB fragment. Simplified AFLP analysis allows
for differentiation of three pathovars of P. syringae: P. syringae pv. tomato, P. syringae
pv. syringae, P. syringae pv. lachrymans and P. savastonoi pv. phaseolicola. Simplified
AFLP analysis seems to be the method, which is more effective and easier to per-
form than PCR-RFLP for the genetic differentiation of Pseudomonas species and
pathovars.
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Introduction

The genus Pseudomonas comprises Gram-negative, non-spore-forming, aerobic
or facultative anaerobic, rod-shaped bacteria with one or several polar flagella.
Pseudomonas syringae van Hall is a plant-associated bacteria species, which is divided
into many pathovars. Pseudomonas syringae causes diseases in all major groups of
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plants, producing mainly necrotic lesions on aerial parts of plants. In this study,
two techniques, namely PCR-RFLP of amplified fragments of housekeeping genes:
gyrB, recA and rpoD and simplified AFLP, were applied to discriminate three
pathovars of P. syringae: P. syringae pv. lachrymans, P. syringae pv. syringae, P. syringae
pv. tomato and P. savastonoi pv. phaseolicola. Several additional strains from our col-
lection were also analyzed by simplified AFLP for comparison purposes.

Materials and methods

Bacteria strains

Five reference strains obtained from BCCMTM/LMG BACTERIA COLLEC-
TION (LMG 1276 P. corrugata Roberts & Scarlett, LMG 2204 P. syringae pv.
lachrymans, LMG 2245 P. savastonoi pv. phaseolicola, LMG 2147 P. syringae pv. syringae,
LMG 5093 P. syringae pv. tomato), nine isolates at ZOBR (Intercollegiate Faculty of
Biotechnology, Gdańsk, Poland) from beet, carrot, chrysanthemum, radish (seven
isolates of P. putida Migula, two isolates of P. fluorescens Migula), two strains ob-
tained from Research Institute of Vegetable Crops in Skierniewice, Poland (RIVC,
two of P. syringae pv. tomato) and six isolates from Plant Protection Institute in
Poznań, Poland (PPI, three strains of P. savastonoi pv. phaseolicola, one strain of P.
syringae pv. lachrymans, one strain of P. syringae pv. syringae and one strain of P.
syringae pv. tomato) were characterized using selected biochemical tests, DNA se-
quencing (Table 1) and PCR-RFLP analysis of amplified fragments of gyrB, recA
and rpoD genes. Simplified AFLP analysis was performed also on 14 additional
Pseudomonas ssp. strains from ZOBR collection. Bacterial strains were grown in LB
(Luria Broth) or on LA (Luria Agar) media, at 28°C and where necessary were
stored at 4°C. For a long-term storage, bacteria were kept at –80°C in LB medium
mixed with 80% glycerol (1:1).

Biochemical methods

Analysis of biochemical features of Pseudomonas was performed according to
Schaad (1994). Ability to produce oxidase and growth on media with sucrose,
arabinose, sorbitol and mannitol as a carbon source was checked. Chosen tests
should allow for preliminary classification of the tested isolates.

16S rDNA PCR

17 fragments of 16S rDNA (for isolates P1A, P4, P5, P6, P7, P8, P13, P17, P19
from ZOBR collections, PPI P22, PPI P23, PPI P25, PPI P26, PPI P27, PPI P28 and
RIVC P29, RIVC P30) were PCR amplified. Nucleotide sequences of PCR products
obtained with primers for the 16S rDNA gene: F984 and R1378 (Heuer and Krsek
1997) were determined using the ABI PRISM 377 sequencer (Perkin-Elmer) ac-
cording to the manufacturer’s instructions. For every PCR product both strands
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were sequenced. The sequences were compared with 16S rDNA gene sequences
available in the GenBank database using BLAST-n program.

PCR-RFLP for the chosen housekeeping gene

On the basis of the former work for Erwinia carotovora Jones identification
(Waleron 2002, Waleron et al. 2002), a method based on the analysis of gyrB, recA
and rpoD genes polymorphism was applied for the differentiation of bacteria from
different species and pathovars of the Pseudomonas genus. Three pairs of primers
were used for amplification of each of the studied genes: Up1 and Up2r
(Yamamoto and Harayama 1998) for gyrB, pra1 and pra2 (Waleron et al. 2002) for
recA and 70F and 70Rs (Yamamoto and Harayama 1998) for rpoD. The amplified
DNA fragments of gyrB, recA and rpoD were digested by two restriction endo-
nucleases: AluI, HpaII (for gyrB and rpoD) and AluI, HaeII (for recA) in separate reac-
tions.

Simplified AFLP procedure

The simplified AFLP method was based on AFLP method described by Clerc et
al. (1998). This procedure is neither laborious nor complicated and requires only
standard laboratory techniques, like PCR and agarose gel electrophoresis. In the
analysis, the endonuclease (HpaII) and discriminating primers with three addi-
tional nucleotides were used, which allowed selective amplification of an average
of four to seven products. In a single-step reaction the bacterial genomic DNA was
digested with HpaII and then the obtained fragments immediately ligated to the
adaptors. As adaptors double stranded, 11-bp oligonucleotides complementary to
the HpaII site were used. Original HpaII sites were not restored after the adaptors
were ligated which prevented digestion of ligation products. HpaII restriction frag-
ments tagged with the specific adaptors were used as a template DNAs for selec-
tive PCR amplification, directed by a single 16-bp primers, with complementary to
the adaptor sequence and three additional nucleotides at the 3’ end. Every addi-
tional nucleotide decreased the number of products by four times. Highly reduced
number of the products enabled simple visualization of obtained fragments on
agarose gel, but also could cause trouble due to the possibility of finding small dif-
ferences in DNA sequences between closely related pathovars. Several primers
were tested in the AFLP method (Clerc et al. 1998, Przysowa unpublished) and the
single 16-bp primer 5’-CCAGGATCCTCGGAGC-3’ was finally selected as the
most suitable for Pseudomonas sp. analysis.

Results

The results of biochemical tests and the analysis of the sequences of the gene
coding 16S rDNA performed for Pseudomonas strains are shown in Table 1. The data
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obtained in biochemical test did not allow for the identification of pathovars.
Primers applied for amplification of the fragments of 16S rDNA and comparison of
the obtained sequences with GenBank data allowed for the identification of isolates.

The three other pairs of primers allowed for amplification of the fragments of
gyrB (1200 pz), recA (650 pz) and rpoD (800 pz) genes. All the obtained products
were digested with restriction endonucleases. The differentiation of the RFLP
products was obtained after digestion of the gyrB gene fragment by HpaII and AluI
endonucleases. The results of the gyrB PCR-RFLP analysis, based on the number of
bands and their position, revealed presence of 13 different RFLP patterns (restric-
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Table 1
Results of biochemical tests and 16S rDNA analysis of the Pseudomonas spp.

strains and isolates

Strain Oxidase
activity

Saccharose
utilization

Arabinose
utilization

Sorbitol
utilization

Mannitol
utilization

16S rDNA sequence
analysis

LMG 1276 P. corrugata + ND – ND ND –

LMG 2204
P. syringae pv. lachrymans

– – – + + –

LMG 2245
P. savastonoi pv.
phaseolicola

– + – – – –

LMG 2147
P. syringae pv. syringae

– + – + + –

LMG 5093
P. syringae pv. tomato

– + – + + –

ZOBR P1A – – + + + P. putida

ZOBR P4 – – – – + P. putida

ZOBR P5 – – – – – P. putida

ZOBR P6 + – + + + P. putida

ZOBR P7 + – – – – P. fluorescens

ZOBR P8 – + – – – P. putida

ZOBR P13 + – + + – P. putida

ZOBR P17 – – – + + P. putida

ZOBR P19 – – – – – P. fluorescens

PPI P22 – + – – + P. savastonoi pv. phaseolicola

PPI P23 – – + – – P. savastonoi pv. phaseolicola

PPI P25 – + – – – P. syringae pv. syringae

PPI P26 – – – – – P. savastonoi pv. phaseolicola

PPI P27 – – – – – P. syringae pv. lachrymans

PPI P28 – + + – – P. syringae pv. tomato

RIVC P29 – + + – – P. syringae pv. tomato

RIVC P30 – + + – – P. syringae pv. tomato

+ – positive, – – negative, ND – not done.



tion groups) within the tested isolates (Table 2). The combined RFLP patterns for
gyrB gene were characteristic for P. syringae pv. syringae and P. syringae pv. tomato
(Table 2). However, in case of the P. savastonoi pv. phaseolicola and P. syringae pv.
lachrymans different patterns were obtained for tested isolates than those of refer-
ence strains.

A small differentiation between the RFLP patterns of amplified fragment of
recA and rpoD genes was obtained. Only four or five different combined patterns
were obtained, for each of them respectively. None of the obtained patterns was
characteristic for the pathovars (data not shown).

The results of the AFLP analysis based on the number of bands and their posi-
tion revealed the presence of 24 different AFLP patterns for the 40 tested isolates
and strains. The AFLP patterns for all tested strains of P. syringae pv. tomato, P.
syringae pv. lachrymans, P. syringae pv. syringae and P. savastonoi pv. phaseolicola were
consistently very characteristic for the tested pathovars (Phot. 1, Fig. 1).
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Table 2
RFLP groups obtained on the basis of the restriction analysis of gyrB gene

fragments with restriction endonucleases AluI and HpaII

Pseudomonas species/pathovar
assigned

Symbol of strain
or isolate

RFLP patterns for specific
restriction endonucleases RFLP group*
AluI HpaII

P. fluorescens

P. fluorescens

ZOBR P7

ZOBR P19

X

XI

J

L

1

2

P. syringae pv. lachrymans

P. syringae pv. lachrymans

LMG 2204

PPI P27

III

III

C

E

3

4

P. savastonoi pv. phaseolicola

P. savastonoi pv. phaseolicola

P. savastonoi pv. phaseolicola

P. savastonoi pv. phaseolicola

LMG 2245

PPI P22

PPI P23

PPI P26

II

III

VII

II

A

C

F

A

5

3

6

5

P. syringae pv. syringae

P. syringae pv. syringae

LMG 2147

PPI P25

I

I

B

B

7

7

P. syringae pv. tomato

P. syringae pv. tomato

P. syringae pv. tomato

P. syringae pv. tomato

LMG 5093

PPI P28

RIVC P29

RIVC P30

IV

IV

IV

IV

A

A

A

A

8

8

8

8

P. putida

P. putida

P. putida

P. putida

P. putida

ZOBR P17

ZOBR P13

ZOBR P1A

ZOBR P8

ZOBR P6

V

VI

IV

VIII

IX

D

K

H

I

G

9

10

11

12

13

*Number of RFLP group based on the patterns combination.



The genetic distances between strains were calculated and the tree was drawn
by distance-based method (neighbour joining). The consensus tree and bootstrap
data are shown in Figure 1.

Simplified AFLP analysis occurred to be more useful than PCR-RFLP in charac-
terization of the genetic differentiation among Pseudomonas species and pathovars.
Four characteristic patterns were obtained for P. syringae pv. tomato, P. syringae pv.
syringae, P. syringae pv. lachrymans and P. savastonoi pv. phaseolicola. Simplified AFLP
analysis seems to be more effective for identification and genetic differentiation in
Pseudomonas species and pathovars.

Discussion

Presented results indicated that the combined RFLP patterns for gyrB gene
were characteristic for P. syringae pv. syringae and P. syringae pv. tomato and can be
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Phot. 1. Electrophoretic separation of the AFLP products obtained for different Pseudomonas
species and pathovars. Lanes: M1 and M2 – molecular mass size markers (Ladder 100 bp DNA

and pUC19/MspI), lane 1 – P. syringae pv. tomato (RIVC P29), lane 2 – P. syringae pv. tomato
(RIVC P30), lane 3 – P. syringae pv. tomato (RIVC P31), lane 4 – P. syringae pv. tomato (RIVC P32),
lane 5 – Pseudomonas sp. (ZOBR A227), lane 6 – P. syringae pv. fluorescens (ZOBR P7), lane 7 – P.

putida (ZOBR P6), lane 8 – Pseudomonas sp. (ZOBR A279), lane 9 – Pseudomonas sp. (ZOBR A330),
lane 10 – Pseudomonas sp. (ZOBR A332), lane 11 – P. putida (ZOBR A28), lane 12 – P. putida

(ZOBR A39), lane 13 – P. putida (ZOBR IPO 702), lane 14 – P. alcaligenes (ZOBR A313),
lane 15 – P. alcaligenes (ZOBR A311), lane 16 – P. putida (ZOBR P8), lane 17 – P. corrugata

(ZOBR P33), lane 18 – P. syringae pv. tomato (ZOBR P36) (photo by M. Sławiak)



used for the confirmation of their identification. The applied method can be also
used for the differentiation of strains of different pathovars of P. syringae similarly
as RFLP of ITS fragment (Fisher and Triplett 1999, Toth et al. 2001) or RAPD of
the full genome (Maki-Valkama and Karjalainen 1994, Momol et al. 1997).

The highest number of different genetic profiles was obtained when simplified
AFLP analysis was performed. The obtained results are in agreement with data of
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Fig. 1. Dendrogram showing the genetic relatedness of Pseudomonas strains based on AFLP analyses.
The numbers of the branches indicate the bootstrap percentage at each node



Clerc et al. (1998) and showing that simplified AFLP analysis is useful in charac-
terization of the genetic differentiation among Pseudomonas species and pathovars.

In conclusion, the simplified AFLP method can be used to identify three
pathovars of P. syringae: P. syringae pv. tomato, P. syringae pv. syringae, P. syringae pv.
lachrymans and P. savastonoi pv. phaseolicola.
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