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Attempts were made to assess the biochemical charac-
teristics and genetic diversity of 52 fluorescent pseu-
domonads isolated from the soils of different forests in
the Western Ghats of Uttara Kannada District, Karna-
taka. The isolates were tentatively identified up to spe-
cies level based on biochemical and physiological
characteristics. Among the isolates, 37 were tentatively
identified as Pseudomonas fluorescens, 13 as P. aerugi-
nosa and two as P. aureofaciens. Fifteen isolates were
subjected to RAPD-PCR with eight random primers
using UPGMA method. A high level of genetic diversity
was observed in these isolates. The dendrogram con-
structed for the pooled data had six clusters and clearly
grouped the biochemically identified species of pseu-
domonads together.
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FLUORESCENT pseudomonads are ubiquitous bacteria that
are common inhabitants of the rhizosphere and are the
most studied group within the genus Pseudomonas. They
can be visually distinguished from other species of Pseu-
domonas by their ability to produce water-soluble yellow—
green pigmentsl. They comprise of Pseudomonas aerugi-
nosa, the type species of the genus, P. aureofaciens, P.
chlororaphis, P. fluorescens, P. putida and the plant
pathogenic species, P. cichorii and P. syringae”.

All fluorescent pseudomonads fall into one of the five
‘ribonucleic acid homology groups’ as defined by rRNA—
DNA complementation experiments. The G + C content”
ranges from 58% to 68%. The plant beneficial pseudomo-
nads are heterogenous in that they comprise of a collec-
tion of non-enteric, Gram-negative strains that are generally
aerobic, non-fermenting and motile’. Fluorescent pseu-
domonads are well recognized as plant growth promoting
rhizobacteria with nutrient mobilizing ability and as bio-
control agents against plant pathogens’.

In the present communication, we report the biochemi-
cal characteristics and molecular diversity of fluorescent
pseudomonads isolated from Western Ghats of Uttara
Kannada District, Karnataka.

Fifty-two isolates of fluorescent pseudomonads iso-
lated from the forest soils of Western Ghats, Uttar Kan-
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nada District and maintained as culture bank in the Depart-
ment of Agricultural Microbiology, University of Agricultural
Sciences, Dharwad were used. Among the 52 isolates, ten
each were from dry decidous forest (DDF), moist deci-
dous forest (MDF), evergreen forest (EG) and degraded
forest (DF); eight isolates were from the semi-evergreen
forest (SEG) and four were from the coastal area (CF).
All the isolates were subjected to biochemical and mo-
lecular characterization as detailed below.

All the 52 isolates were tested for their biochemical
characters, viz. starch hydrolysis, lipid hydrolysis, casein
hydrolysis, arginine hydrolysis, H,S production, acid and
gas production, indole production, catalase test, oxidase
test, urease test, denitrification and gelatin liquefaction
according to the procedures outlined by Cappuccino and
Sherman®. The isolates were also examined for their ability
to grow at 41°C and 4°C. They were identified tentatively
up to species level based on these biochemical and physio-
logical characteristics by referring to the Bergey’s Man-
ual of Determinative Bacteriology'.

Further, 15 selected isolates [DDF 37, DDF 104(2),
DDF 433(1), MDF 47(2), MDF 371(1), MDF 427, EG
200(1), EG 274(1), EG 374(1), SEG 76, SEG 177(1),
SEG 386(1), DF 139(2), DF 440(1), DF 521(2)] and five
reference strains [two each of P. fluorescens (NCIM 2099
and MTCC 103) and P. aeruginosa (MTCC 1934 and
NCIM 2036) and one of P. aureofaciens (NCIM 2026);
the reference strains with MTCC numbers were obtained
from Indian Microbial Type Culture Collection, Chandigarh,
whereas strains with NCIM numbers were obtained from
National Collection of Industrial Microorganisms, National
Chemical Laboratory, Pune were subjected to diversity
analysis using RAPD-PCR as detailed below.

The genomic DNA of each of the 20 fluorescent pseu-
domonads was isolated and purified following the metho-
dology of Stahl and Flesher’. Purified genomic DNA
extracts from the individual isolates were used as tem-
plate DNA. Commercial kits of ‘C’, ‘D’ and ‘O’ random
decamer DNA primers were obtained from Operon Tech-
nologies, Inc., USA. A total of eight random decamer
DNA primers, viz. OPC-09 (CTCACCGTCC), OPD-02
(GGACCCAACC), OPD-03 (GTCGCCGTCA), OPO-06
(CCACGGGAAG), OPO-09 (TCCCACGCAA), OPO-13
(CTCAGAGTCC), OPO-15 (TGGCGTCCTT) and OPO-
16 (TCGGCGGTTC) were used for RAPD analysis.

One primer at a time was used to study polymorphism
between the 20 strains by RAPD-PCR assay with genomic
DNA extracts from all strains as template DNA. Master mix
was prepared afresh using 10x assay buffer with MgCl,
(2.5 ul), dNTPs 2.5 mM (1.0 ul), primer (1.0 pl), Taq
DNA polymerase 30 U/ul (0.33 pl) and sterile double-
distilled water (19.17 pl) for all the strains to avoid handling
errors. (The dNTPs and Tag DNA polymerase were ob-
tained from M/s Bangalore Genie Pvt Ltd, Bangalore.)
The master mix was distributed to 20 microfuge tubes of
0.5 ml capacity @ 24 pl per tube and 1 pl of template
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Table 1. Biochemical and physiological characteristics of fluorescent pseudomonads isolated from Western Ghats

Isolate A B C D E F G H I J K L M N O P Q
DDF 37 +++ - - - + + - - + + + + - - + —  Pseudomonas fluorescens
DDF 38 +++ - - - + + - - + + + + - - + —  P. fluorescens
DDF 72 ++ - + + + + - - + - + + - + + P. aeruginosa
DDF 97(1) +HH+ - + + + + - - + - + + - - + —  P. fluorescens
DDF 104(2) ++ - + + + - - - + - + + - + - +  P. aeruginosa
DDF 207(1)  +++ - + + + + - - + + + + - - + —  P. fluorescens
DDF 246(2) ++ - + + + + - - + + + + - + - +  P. aeruginosa
DDF 252(1) ++ - + + + - - - + + + + - + - +  P. aeruginosa
DDF 295(2) + - + + + + - - + + + + - - + —  P. fluorescens
DDF 433(1) + - + + + + - - + + + + - - + —  P. fluorescens
MDF 47(2) +HH+ - + + + + - - + + + + - - + —  P. fluorescens
MDF 68(2) +HH+ - + + + + - - + + + + - + - +  P. aeruginosa
MDF 304(1) ++ - + + + + - - + + + + - - + —  P. fluorescens
MDF 309(1) ++ - + + + + - - + - + + - - + —  P. fluorescens
MDF 324(2) +++ - + + + + - - + + + + - - + —  P. fluorescens
MDF 371(1) ++ - + + + + - - + - + + - + - +  P. aeruginosa
MDF 391(1) ++ - + + + + - - + + + + - - + —  P. fluorescens
MDF 412(1) ++ - + + + + - - + - + + - - + —  P. fluorescens
MDF 427 + - + + + + - - + - + + - - + —  P. fluorescens
MDF 511(1) ++ - + + + - - - + + + + - + - +  P. aeruginosa
EG 200(1) +++ - - - + - - - + - - + - + + —  P. aureofaciens
EG 274(1) ++ - + + + + - - + + + + - - + —  P. fluorescens
EG 282(1) ++ - + + + + - - + + + + - + - +  P. aeruginosa
EG 318(1) ++ - + + + + - - + + + + - + - +  P. aeruginosa
EG 332(1) +++ - + + + + - - + - + + - - + —  P. fluorescens
EG 335(1) ++ - + + + + - - + + + + - - + —  P. fluorescens
EG 346(2) ++ - + + + + - - + + + + - + - +  P. aeruginosa
EG 374(1) ++ - + + + + - - + + + + - - + —  P. fluorescens
EG 396(1) ++ - + + + + - - + - + + - - + —  P. fluorescens
EG 432 ++ - + + + + - - + + + + - - + —  P. fluorescens
SEG 61(1) +++ - + + + + - - + + + + - - + —  P. fluorescens
SEG 76 +++ - + + + + - - + + + + - - + —  P. fluorescens
SEG 134 ++ - + + + + - - + - + + - - + —  P. fluorescens
SEG 177(1) +HH+ - + + + + - - + + + + - - + —  P. fluorescens
SEG 237(1) +HH+ - + + + + - - + + + + - - + —  P. fluorescens
SEG 340(1) ++ - + + + + - - + + + + - - + —  P. fluorescens
SEG 356(4) + - + + + + - - + - + + - - + —  P. fluorescens
SEG 386(1) + - + + + + - - + + + + - - + —  P. fluorescens
DF 73 +HH+ - + + + + - - + - + + - - + —  P. fluorescens
DF 75 +++ - + + + + - - + + + + - - + —  P. fluorescens
DF 139(2) ++ - + + + + - - + + + + - - + —  P. fluorescens
DF 440(1) ++ - + + + + - - + + + + - - + —  P. fluorescens
DF 441(1) ++ - - - + - - - + - - + - + + —  P. aureofaciens
DF 505(1) ++ - + + + + - - + + + + - + - +  P. aeruginosa
DF 521(1) +HH+ - + + + + - - + + + + - + - +  P. aeruginosa
DF 521(2) +HH+ - + + + - - - + + + + - - + —  P. fluorescens
DF 521(3) +HH+ - + + + + - - + + + + - - + —  P. fluorescens
DF 521(4) + - + + + + - - + - + + - - + —  P. fluorescens
CF 494(1) + - + + + + - - + + + + - + - +  P. aeruginosa
CF 494(2) ++ - + + + + - - + + + + - - + —  P. fluorescens
CF 518(1) ++ - + + + + - - + + + + - - + —  P. fluorescens
CF 518(2) + - + + + + - - + - + + - - + —  P. fluorescens

A, Fluorescence; B, Starch hydrolysis; C, Lipid hydrolysis; D, Casein hydrolysis; E, Arginine hydrolysis; F, H,S production; G, Acid production;
H, Gas production; I, Indole production; J, Catalase test; K, Oxidase test; L, Gelatin liquefaction; M, Urease test; N, Denitrification; O, Growth at
4°C; P, Growth at 41°C and Q, Tentative identification. Fluorescence: +, Weak; ++, Medium; +++, High fluorescence. +, Positive, —, Negative.

DNA from the respective isolates was added to make the
total reaction volume in each tube equal to 25 ul. PCR
amplification was done following the method of Castrillo
and Brooks® with slight modification [I stage: one cycle
of denaturation at 94°C for 4 min; II stage: 35 cycles
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(consisting of denaturation at 94°C for 1 min; annealing
at 37°C for 3 min and extension at 72°C for 2 min) and
111 stage: one cycle of extension at 72°C for 10 min]. Af-
ter the completion of the required cycles of amplification,
the contents were loaded onto 1.2% agarose gel for elec-
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trophoretic analysis. The amplification profiles for all the
primers were compared and bands of DNA fragments
were scored as present (1) or absent (0), generating the 0,
1 matrices. Genetic similarity was estimated using Dice
coefficient with NTSYS PC-2.0 software program”®. Clus-
tering was done and dendrograms were drawn following
unweighted pair group arithmetic mean (UPGMA) rou-
tine, using the above program. Other parameters, viz. per
cent polymorphism and the discrimination power of a
primer were computed by the formulae given below:

{ Total number of }
§ hic band
polymorphic bands <100,

Per cent polymorphism =
poLymorp Total number of bands

{Nurnber of unique}
Discrimination RAPD phenotypes

£ - = x 100.
power ol a primer — Tota] number of phenotypes

The results of biochemical and physiological tests (Table
1) indicated that all the 52 isolates were positive for gelatin
liquefaction, arginine hydrolysis and indole production;
48 isolates were positive for lipid and casein hydrolysis.
While most of the isolates produced H,S and were posi-
tive for oxidase and catalase tests, none was positive for
starch hydrolysis, urease test, and acid and gas produc-
tion. Fifteen isolates possessed denitrification ability and
13 showed growth at 41°C. Thirty-nine isolates showed
growth at 4°C. All the 52 isolates showed fluorescence on
King’s B agar, but the intensity of fluorescence varied
among the isolates. Based on these morphological, bio-
chemical and physiological characters, 37 isolates were
tentatively identified as P. fluorescens, 13 as P. aerugi-
nosa and two isolates as P. aureofaciens.

Polymerase chain reaction (PCR) refers to the in vitro
amplification of particular DNA sequences using arbi-
trary or specific primers and a thermostable DNA poly-
merase enzyme’. Randomly amplified polymorphic DNA
(RAPD) involves the use of random primers in PCR reac-
tions’® and has been used increasingly to distinguish
closely related organisms'’ based on polymorphism in the
RAPD product patterns. The PCR-based RAPD markers
help in diversity analysis as well as fingerprinting of an
individual. Picard et al.'® reported that RAPD-PCR analy-
sis could be used as an effective tool to study the fre-
quency and biodiversity of Pseudomonas strains.

The PCR amplicons of fluorescent pseudomonads (15
selected isolates and five reference strains) obtained from
eight random primers produced 127 polymorphic bands
across the 20 strains in the present study (Table 2). While
the minimum number of bands (9) was produced by the
primers OPD-02 and OPO-09, maximum number of bands
(25) was produced by OPO-16 (Figure 1). All the primers
showed 100% polymorphism. The differentiating power
of the random primers on fluorescent pseudomonads was
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also analysed, which indicated that the primers OPC-09,
OPO-06, OPO-13 and OPO-16 had the highest differenti-
ating power of 100% (Table 3). These primers could be
useful for differentiation of fluorescent pseudomonads in
future studies.

The dendrogram constructed for the pooled data (Fig-
ure 2) clearly grouped the biochemically classified species
of fluorescent pseudomonads. Rangarajan et al." also
analysed populations of Pseudomonas isolated from the
rhizosphere soils of pearl millet, cotton and paddy grown
in saline soils for their biochemical characters and genetic
diversity using molecular tools, including RAPD and
PCR-RFLP. They found majority of the isolates belonged
to P. pseudoalcaligenes and P. alcaligenes, irrespective
of the host rhizosphere.

The dendrogram constructed for the pooled data (Figure
2) indicated the existence of six clusters. The first cluster
consisted of two reference strains of P. fluorescens (NCIM
2099 and MTCC 103) with a genetic similarity value of
0.18. The second cluster consisted of one of our isolate EG
200(1), which was tentatively identified as P. aureofa-
ciens based on biochemical and physiological characters,
and the reference strain of P. aureofaciens (NCIM 2026)
with a genetic similarity value of 0.36. Similarly, the
third cluster was formed by the isolate MDF 371(1), and
the reference P. aeruginosa (NCIM 2036) at a genetic
similarity of 0.13. The fourth cluster consisted of refer-

Table 2. Summary of RAPD analysis of selected fluorescent pseudo-
monads
Total number Total number of Per cent
Primer of bands polymorphic bands polymorphism
OPC-09 18 18 100
OPD-02 9 9 100
OPD-03 23 23 100
OPO-06 12 12 100
OPO-09 9 9 100
OPO-13 13 13 100
OPO-15 18 18 100
OPO-16 25 25 100
Total 127 127
Table 3. Differentiating powers of primers used in RAPD analysis of
fluorescent pseudomonad isolates
Total number Total number of Differentiating
Primer of phenotypes RAPD phenotypes power (%)
OPC-09 20 20 100
OPD-02 20 19 95
OPD-03 20 18 90
OPO-06 20 20 100
OPO-09 20 19 95
OPO-13 20 20 100
OPO-15 20 17 85
OPO-16 20 20 100
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Figure 1. RAPD profiles of fluorescent pseudomonads with different primers. Lanes 1-20: NCIM 2099, NCIM 2036, NCIM 2066, MTCC 103,
MTC 1934, DDF 37, MDF 47(2), SEG 76, DF 139(2), SEG 177(1), EG 274(1), DDF 104(2), EG 200(1), MDF 371(1), SEG 386(1), MDF 427,
DDF 433(1), EG 374(1), DF 440(1), DF 521(2); M: A HindIII digest.

ence strain P. geruginosa (MTCC 1934) and the isolate of these two native strains [MDF 371(1) and DDF
DDF 104(2) at a genetic similarity of 0.30. The identity = 104(2)] in the third and fourth clusters as P. aeruginosa
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Figure 2. Dendrogram obtained for the pooled data.

based on their morphological, biochemical and physio-
logical characters was also confirmed through their cluster-
ing with the reference strains of P. aeruginosa. Campbell
et al."* used RAPD as a method for distinguishing P.
aeruginosa strains and found high reproducibility and
discriminating power with this technique. They were able
to identify 131 distinct RAPD types among the 600 sam-
ples from patients with cystic fibrosis.

The fifth cluster formed by DDF 37, MDF 47(2), DF
139(2), SEG 177(1), SEG 76 and EG 274(1) at a genetic
similarity of 0.26, consisted of four sub-clusters. DDF 37
and MDF 47(2) formed the first sub-cluster. The second sub-
cluster was formed by DF 139(2) and SEG 177(1). The
third and the fourth sub-clusters were formed by SEG 76
and EG 274(1) respectively.

The sixth cluster had three sub-clusters at a genetic
similarity value of 0.26. Two isolates, viz. SEG 386(1)
and DDF 433(1) formed the first sub-cluster, whereas EG
374(1), DF 440(1) and DF 521(2) formed the second sub-
cluster. Only one isolate, MDF 427, formed the third sub-
cluster. All the isolates that belonged to the fifth and
sixth clusters were tentatively identified as P. fluores-
cens, which however diverged from the reference strains
of P. fluorescens (NCIM 2099 and MTCC 103) at a genetic
similarity coefficient of 0.26. The formation of different
sub-clusters within the fifth and sixth main clusters by the
P. fluorescens isolates indicates the existence of diversity
among the isolates.

Using RAPD as a genetic tool, Suneesh™ analysed mole-
cular diversity of ten fluorescent pseudomonads from
moist decidous forest soils of the Western Ghats and ob-
served them to be distributed in five clusters. Though
RAPD is used for molecular diversity analysis, according
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to Palleroni®®, popular methods of molecular analysis of
natural microbial communities lack resolving power
when it comes to the identification at the species level
and they also fail to give sufficient information to infer
the functions of newly isolated organisms. However,
these methods have a role in surveying the composition
of microbial communities and in the characterization of
bacterial isolates. In the present study, we find a good
match between the biochemical identification and group-
ing through RAPD-PCR analysis.

1. Holt, J. G., Kreig, N. R., Sneath, H. A, Staley, J. T. and Williams,
S. T., Bergey’s Manual of Determinative Bacteriology, Williams
and Wilkins, 1994, 9th edn, pp. 151-157.

2. Dwivedi, D. and Johri, B. N., Antifungals from fluorescent pseu-
domonads: Biosynthesis and regulation. Curr. Sci., 2003, 85,
1693-1703.

3. Bhatia, S., Dubey, R. C. and Maheshwari, D. K., Enhancement of
plant growth and suppression of collar rot of sunflower caused by
Sclerotium rolfsii through fluorescent pseudomonads. Indian J.
Phytopathol., 2005, 58, 17-24.

4. Cappuccino, J. G. and Sherman, N., Microbiology: A Laboratory
Manual, The Benjamin/Cummings Publishing Company Inc.,
California, 1992.

5. Stahl, D. A. and Flesher, B., Application of ribosomal RNA se-
quencing to studies of microbial ecology. Gray Freshwater Bio-
logical Institute Summer Course, Urbana, I1I, 1987.

6. Castrillo, L. A. and Brooks, W. M., Differentiation of Beauveria
bassiana isolated from the darkling beetle Alphitoblus diaperinus
using isozyme and RAPD analysis. J. Invertebr. Pathol., 1998, 72,
190-196.

7. Dice, L. R., Measures of the amount of ecological association be-
tween species. Ecology, 1945, 26, 293-302.

8. Nei, M. and Li, W. H., Mathematical model for studying genetic
variation in terms of restriction endonucleases. Proc. Natl. Acad.
Sci. USA, 1979, 70, 5269-5273.

9. Joshi, S. P, Ranjekar, P. K. and Gupta, V. S., Molecular markers
in plant genome analysis. Curr. Sci., 1999, 6, 230-240.

10. Williams, J. G. K., Kubelik, A. R., Livak, K. J., Rafalski, J. A. and
Tingey, S. V., DNA polymorphisms amplified by arbitrary primers
are useful as genetic markers. Nucleic Acids Res., 1990, 18, 6531—
6535.

11. McClelland, M. and Welsh, J., DNA fingerprinting by arbitrarily
primed PCR. PCR Methods Appln., 1994, 4, 559-565.

12. Picard, C., Cello, F. D., Ventura, M., Fan, R. and Gucket, A., Fre-
quency and diversity of 2,4-diacetyl phloroglucinol producing
bacteria isolated from the maize rhizosphere at different stages of
plant growth. Appl. Environ. Microbiol., 2000, 66, 948-955.

13. Rangarajan, S., Loganathan, P., Saleena, L. M. and Nair, S., Di-
versity of pseudomonads isolated from three different plant
rhizospheres. J. Appl. Microbiol., 2001, 91, 742-749.

14. Campbell, M., Mahenthiralingam, E. and Speert, D. P., Evaluation
of random amplified polymorphic DNA typing of Pseudomonas
aeruginosa. J. Clin. Microbiol., 2000, 38, 4614-4615.

15. Suneesh, K., Biodiversity of fluorescent pseudomonads in soils of
moist-decidous forests of Western Ghats of Uttara Kannada Dis-
trict. M Sc (Agriculture) thesis, University of Agricultural Sci-
ences, Dharwad, 2004.

16. Palleroni, N. J., Genus I Pseudomonas nigula. In Bergey’s Manual
of Systematic Bacteriology (eds Krig, N. R. and Holt, J. G.), Wil-
liams and Wilkins, Baltimore, 1984, pp. 141-199.

Received 4 December 2006; revised accepted 3 September 2007

1437



