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Abstract: Attempts were made to assess the biochemical characteristics and genetic diversity of 111 and 50
strains of Pseudomonas fluorescens, respectively. The strain was isolated from the rice rhizosphere of several
paddy fields in Northern provinces of Iran. The isolates were tentatively identified up to species level based
on biochemical and physiological characteristics. Among the isolates, 44.2% were tentatively identified as
fluorescent pseudomonads, 33.3% as P. putida and 22.5% as P. aeruginosa. Fifty isolates were subjected to
RFLP–PCR with two primers using UPGMA method. A high level of genetic diversity was observed in these
isolates. The dendrogram constructed for the pooled data had five clusters in  eleven  16s  rDNA  genotype.
The strains’ RFLP of 16S rDNA confirmed that these bacteria are genetically  diverse  and  mainly  belong  to
P. fluorescens, P. putida and P. aeruginosa, mixture of P. fluorescens with P. putida and complex of the three
species.
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INTRODUCTION can be regarded as the amount and distribution of genetic

Pseudomonadaceae has allocated to a very large and Microbial  diversity  studies  are  important  in order
important family of gram negative bacteria. They are a to understand the microbial ecology in soil and other
group of chemoheterotrophic bacteria with versatile ecosystems.  Microorganisms  are  the  most  numerous
functions and are predominantly present in soil. They and ancient biotic communities which have successfully
have the ability to colonize rhizosphere of a wide variety colonized  every  possible  ecological  niche  on this
of crops including cereals, pulses, oilseeds and planet. Their presence and activity is essential to the
vegetables [1]. The genus Pseudomonas includes both health and functioning of ecosystems and the whole
fluorescent and non-fluorescent species. The fluorescent environment through recycling of important elements,
species produce water soluble yellow green pigments and photosynthesis, proper conditioning and fertility of the
fluoresce under low wavelength UV radiation. Although soil. The extraordinary activity of microorganisms is based
some strains of fluorescent pseudomonads are well on their remarkable metabolic diversity and genetic
known as plant pathogens (Pseudomonas syringae). In adaptability. However, the isolated microorganisms were,
past decades, it was recognized that other members of this characterized, preserved and sometimes exploited by
group are beneficial to plants [2]. The biodiversity has humans constitute only a minute fraction of earth’s
lead into common usage, encompassing not only the microbial genetic diversity. Vast majority of microbial
immense richness of life on this planet but also our species are yet to be recognized and their genetic
concerns over its destruction. The term ‘diversity’ spans potential realized [4].
from a molecular to a global level of biological Comparison of phenotypic  and  DNA  based
organization. It can be applied to different ecosystems, analysis of bacterial diversity contributes to a better
populations and different individuals. Biological diversity understanding of soil microbial populations. With the
can be defined as the variety of species in the recent  developments   in   the   area   of  recombinant
ecosystems, as well as the genetic variability within each DNA  technology   and   bioinformatics,   it  is  evident
species. Diversity is, therefore the range of significantly that microbial resources will undoubtedly contribute
different kinds of organisms and their relative abundance increasingly to the development and improvement of
in natural assemblage and habitat. Theoretically, diversity agriculture, health and environment management [4].

information in a natural community [3].
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A  vast  diversity  exists  among   this   group of electrophoresis in 1.3% (w/v) agarose gels. Gels were
organisms and it can be  studied  by  various  methods stained in an aqueous solution of 1 mg/l ethidium bromide
like biochemical tests, multilocus enzyme electrophoresis, and photographed by the use of UV light. PCR products
SDS-PAGE, PCR based RAPD and RFLP patterns [5-7]. were digested with the restriction endonucleases HaeIII
Molecular diversity by PCR based RAPD analysis allows and MspI. The digestion products were separated by
identification and placement of the strains in genetically electrophoresis on 3.0% agarose gels for 2 h using a
distinct and the related groups [8]. Genetic diversity of current of 100 V. Gels were stained with ethidium bromide
Pseudomonads in rhizosphere of rice can influence their and photographed under UV light. The genotypic
efficiency to enhance the growth of inoculated plants. diversity data were converted into a binary matrix that was
PCR-RFLP based on 16S rRNA has been used by several analyzed using the simple matching similarity coefficient.
authors for rapid taxonomic and strain-typing purposes The Dice similarity coefficient [14] matrix was subjected to
[9]. However, Thakuria et al. [10] isolated three groups of UPGMA analysis and a phenogram was created using
Rhizobacteria from rice rhizosphere.  RAPD analysis of average linkage procedure. The calculation of the simple
the PGPR isolates indicated that they belonged to four matching similarity coefficients and the construction of
distinct genotypes. The aim of this study is to determine the UPGMA dendrograms were conducted using the
biochemical characteristics and genetic diversity of the NTSYS-pc [15], while the Multivariate Statistical Package
isolated Pseudomonas strains from the rhizosphere of rice. (NTSYSpc2.0, V.2.02e.) software was used in the analyses.

MATERIALS AND METHODS RESULTS AND DISCUSSION

Fifty rice fields from three provinces (Mazandaran, Density of bacterial cells isolated from rhizosphere of
Guillan and Golestan) at different locations in north of Iran rice: fluorescent pseudomonads could be considered as
were selected for the collection of rice rhizosphere a dominant part of rice rhizosphere. Population density of
samples. For the isolation, serial dilutions were prepared fluorescent pseudomonads showed that maximum and
with  transferring  1  ml  suspension to 9 ml sterile distilled minimum of number of these bacteria were in limits of
water. A 0.1 ml of diluted suspension was spread out on 9.1x10 -3.1x10  CFU/g soil, respectively (Table 1).
Cetramid agar medium. The procedure as described by Identification of strains based on biochemical tests:
Tarnawski et al. [11], the colonies which fluoresced under A microscopic study of bacteria showed that all isolates
UV light was selected and also the counting of were represented by gram negative non-spore forming
Pseudomonades strains was performed. In this study, one cells morphologically correspond to well-known
hundred and eleven strains of fluorescent pseudomonads Pseudomonas species. The isolated bacterial tested under
were evaluated. Three fold transfers of selected colonies UV light, displayed fluorescence and had yellow, green,
by planting on agar medium have been applied to verify yellow-green, blue, brown, orange and white colors. The
the purity of the isolated strains. majority of isolates had blue color. Then the color of

Fifty isolates were randomly selected among superior colonies distributed in the following trends: yellow >
strains along with three reference strains, Pseudomonas green > brown > white > yellow-green and, at the last
fluorescens ATCC 49642, Pseudomonas putida ATCC position, orange color. The isolates were characterized by
12633 and Pseudomonas aeruginosa GRP3 were biochemical and physiological traits. Presence of enzymes
subjected to 16S rDNA-PCR-RFLP analysis. DNA was such as oxidase, catalase, citrate and arginine hydrolyses
extracted and purified by a modified Phenol Chloroform and the ability to ferment glucose was peculiar to all
Isoamyl alcohol (PCI) method [12]. The 16S-rDNA region tested species. As for the ability to liquefy gelatin, some
was amplified using the primers fD1: 5´- of the tested isolates were negative: according to the
AGAGTTTGATCCTGGCTCAG and rD1: 5´- different  classification  systems  such isolates belong to
AAGGAGGTGATCCAGCC [13]. Amplifications were
carried out in a thermo-cycler (Perkin Elmer PCR system
2400) with the following program: initial lysis of bacterial
cells and denaturation for 2.5 min at 95°C, 32 cycles of
denaturation (35 s at 94°C), annealing (1 min at 51°C),
extension (2 min at 72°C) and final extension (10 min at
72°C). Amplification of DNA was confirmed by

7 5

Table 1: Population density of fluorescent Pseudomonads  strain in
different  provinces (in mln average CFU / g soil)

Mazandaran Golestan Guillan
---------------------- ----------------------- -------------------------
Min. Max. Min. Max. Min. Max.

0.36 91 0.32 2.3 0.31 86
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Fig. 1: Percentage of fluorescent pseudomonads species isolated from rice rhizosphere.

Fig. 2: UPGMA dendrogram of fluorescent Pseudomonad, based on 16S rDNA profiles obtained by using restriction
enzymes MspI and HaeIII and NTSYSpc software (distance calculation with the Dice index) in P. fluorescens
(ATCC 49642), P. putida (ATCC 12633) and P. aeruginosa (GRP3)

the species P. putida [16, 17]. Some isolates could grow energy, some of the isolates were able to use trehalose
at 41°C, which indicates to the different classification and  mesoinositol.   Such   species    were   identified  as
systems that the ability to grow at this temperature is P. fluorescens [19, 20].
peculiar to P. aeruginosa [18]. Though all isolates were Thus, based on the obtained results, it was
able to use glucose as single source of carbon and concluded that there were three predominant fluorescent
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pseudomonads species among the isolated strains: most
of the isolates were identified as P. fluorescens (which
were able to utilize trehalose and mesoinositol) – 44.2%;
some isolates such as P. putida (which were unable to
liquefy  gelatin)  –  33.3%;    and   other   strains   such   as
P.  aerugenosa   (were   able   to   grow   at  41°C) -  22.5%
(Figure  1). Fluorescent pseudomonads were distributed
in various provinces in irregular forms. In Mazandaran
province fluorescent pseudomonads species were
distributed in an arrangements of P. putida > P.
aeruginosa > P. fluorescens; in Guillan province - P.
fluorescens>  P.  putida > P. aeruginosa, respectively.
The same regularity was established for Golestan
province.

Genetic diversity of the strains: PCR of 16S rDNA
from  all  50  strains  (except  one  strain)  produced a
single  band  around  1200   bp   as   estimated by
summing the sizes of the restricted fragments after
digestion with restriction enzymes. In general, enzyme
digestions  of  the 16S rDNA produced restriction
patterns including 3 to 6 bands with molecular sizes
ranging from 130 to 950 bp for enzymes HaeIII and MspI.
Differences between genotypic RFLP profiles of the
isolated strains were observed for enzymes HaeIII and
MspI. In general, enzyme digestions of the 16S rDNA
products resulted in six distinct restriction patterns: with
two to four restricted fragments per detected pattern for
HaeIII restriction enzyme and three to five restricted
fragments per detected pattern for MspI restriction
enzyme. For the type of strains, three to four restricted
fragments per pattern were detected for MspI and HaeIII
restriction enzymes. Eleven 16S rDNA types were
obtained after combining the data for  two  enzymes
(Table 2).  A dendrogram was constructed based on the
UPGMA algorithm by analyzing the similarity between
different RFLP patterns (Figure 2).

 The   clustering   data   showed   that   all  strains
were  clustered into  five  groups   at   a    similarity  level
of  83%.  Thirty  five  strains  were  genetically  related  to
P. fluorescens ATCC 49642, among them twenty one
strains showed a similar gene type of P. fluorescens
ATCC 49642 and fourteen isolates were genetically close
to it. P. putida ATCC 12633P was a cluster and eight
strains were genetically related and close to P. putida
ATCC 12633P in different similarity levels. Four strains
were genetically related to P. aeruginosa GRP3, among
which two strains showed a similar gene type of P.
fluorescens ATCC 49642 and two isolates were genetically
close to it. 

Table 2: 16S rDNA types of the selected strains
a. 16S r

Strain Origin Species DNA type
MZ 3 Mazandaran I
MZ 7 Mazandaran I
MZ 8 Mazandaran VIII
MZ 9 Mazandaran I
MZ 10 Mazandaran I
MZ 11 Mazandaran I
MZ 13 Mazandaran I
MZ 14 Mazandaran I
MZ 15 Mazandaran I
MZ 16 Mazandaran I
MZ 18 Mazandaran I
MZ 20 Mazandaran I
MZ 21 Mazandaran I
MZ 22 Mazandaran I
MZ 24 Mazandaran I
MZ 26 Mazandaran I
MZ 29 Mazandaran VI
MZ 33 Mazandaran I
MZ 36 Mazandaran I
MZ 37 Mazandaran I
MZ 42 Mazandaran III
MZ 44 Mazandaran III
MZ 45 Mazandaran IV
MZ 47 Mazandaran VIII
MZ 49 Mazandaran III
GO 1 Golestan I
GO 2 Golestan II
GO 5 Golestan X
GO 7 Golestan X
GO 11 Golestan VII
GO 12 Golestan III
GO 15 Golestan II
GO 20 Golestan III
GO 22 Golestan II
GO 23 Golestan III
GU 1 Guillan I
GU 4 Guillan IV
GU 5 Guillan IX
GU 7 Guillan III
GU 8 Guillan I
GU 10 Guillan IV
GU 22 Guillan IV
GU 23 Guillan IX
GU 24 Guillan III
GU 25 Guillan XI
GU 28 Guillan VI
GU 34 Guillan III
GU 35 Guillan III
GU 36 Guillan VI
GU 37 Guillan III
P. fluorescens ATCC 49642 b. SWRI Culture Collection I
P. putida ATCC 12633 SWRI Culture Collection V
P. aeruginosa GRP 3 SWRI Culture Collection VIII
a. The 16S rDNA type represents a combination of restriction patterns
obtained by using enzymes
b. Soil and Water Research Institute
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In the present study, PCR-RFLP analysis of 16S 5. Jimenez-Salgado, T., L.E. Fuentes-Ramirez, A. Tapia-
rDNA region was used to evaluate the genetic diversity
of the isolated bacterial strains. Also based on existing
literatures, the finger printing of 16S rDNA has been used
by several researchers to discriminate genetic differences
between bacterial species [21, 22].

CONCLUSION

It is shown  that  the  fluorescent  pseudomonads
was considered  as  a  dominant  part  of  rice  rhizosphere.
Based  on  findings  in the present study, it was
concluded that among the isolated strains; there were
three   predominant     fluorescent   pseudomonads
species: most of isolates were identified as P. fluorescens
– 44.2%; some isolates such as P. putida – 33.3%; and
other stains such as P. aerugenosa –22.5%.  Fluorescent
pseudomonads were distributed in various provinces in
irregular  form. Conclusively, the results obtained from
this study showed that the majority of the selected
isolates belong to P. fluorescens.  Determination of the
biodiversity and analysis of the genotypic rDNA by
means of PCR - RFLP can be employed as a good marker
for identifying fluorescent pseudomonads  due to its
easiness and rapidity. Furthermore, this method was used
to confirm the results obtained from the biochemical tests.
In this study, the bacteria were genetically diverse and
mainly belonged to species of P. fluorescens, P. putida
and P. aeruginosa.
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