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Introduction

The genus is the largest and
predominant genus of Actinobacteria and the type genus of
the family Streptomycetaceae (Kampfer, 2006). It is
cosmopolitan in distribution and having more than 550
species (Euzeby, 2008; Kampfer, 2012). It is characterized
by aerobic, gram positive, chaemo-organotrophic, non-acid
fast, with of aerial and substrate mycelia bearing short chains
of spores. The species of produce a wide range
of pigments that are responsible for the colour of the substrate
and aerial mycelia (Kampfer, 2012). They are widely
distributed in different soils and play an important role in the
recycling of organic matter and produce important secondary
metabolites (Kekuda et al., 2010), antimicrobial (Oskay et

Streptomyces

Streptomyces

al., 2004; Baltz, 2007), anticancer (Naine et al., 2011),
antioxidents (Diraviyam et al., 2011), anti-tubercular
pigment (Radhakrishnan et al., 2015), enzymes,
immunosuppressant and industrially important compounds
(Watve et al., 2001; Willey et al., 2008).

The taxonomic affinities of species and
their strains have been equivocal and hampered by opinion
regarding the basic criteria used in segregation of species.
They are often distinguished by the combination of
morphological and biochemical characters. The
morphological observations viz., colour of the aerial and
substrate mycelia, morphology of spore chain, spore
arrangement, spore surface; biochemical tests viz., gram
staining, Methyl red, Vogues proskauer, indole production,
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the predominant genus of Actinobacteria and plays an important role in the
recycling of soil organic matter and production of important secondary metabolites. The
occurrence and diversity assessment of species revealed alkaline and poor nutrient
status of soils of semi-arid region of Jodhpur, Rajasthan. The morphological and biochemical
characterization of 21 isolates facilitated Genus level identification but were
insufficient to designate species. Species designation based on 16S rRNA gene delineated 21
isolates into 14 species. Upon BLAST search, the test isolates exhibited 98 to 100%
identities with that of the best aligned sequences of the NCBI database. The GC content of 16S
rRNA gene sequences of all the Streptomyces isolates tested ranged from 59.03% to 60.94%. The
multiple sequence alignment of all the 21 isolates generated a phylogram with high
bootstrap values indicating reliable grouping of isolates based on nucleotide sequence variations
by way of insertion, deletion and substitutions and 16S rRNA length polymorphism. Some of the
Streptomyces species molecularly identified under present study are reported for the first time
from semi-arid region of Jodhpur.
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melanin pigment production and enzyme activities i.e.,
starch, casein and urea hydrolysis, catalase, citrate and nitrate
reductase and utilization of various carbohydrates have been
used for characterization and identification of
species (Shirling and Gottlieb, 1966; Kuster, 1972).
Currently, the 16S rRNA gene sequences marker based
approaches have adequately addressed correct identification
and resolved the taxonomic chaos and relationships of

and related genera at different taxonomic level
(Anderson and Wellington, 2001). The 16S rRNA sequences
polymorphism might occur at genus, species, stains or
individual level making it useful for phylogeny, evolution
and biogeographically diversity studies (Zhi et al., 2009).

The present study was aimed at morphological,
biochemical and molecular characterization of
species to identify and assess the genetic diversity from semi-
arid soils of Jodhpur, Rajasthan.

The soil samples
were collected from various localities of Jodhpur district,
Rajasthan, India during the November, 2013 to April, 2014
(Table 1). The soil samples were collected from humus layer
of rhizosphere (10-15 cm depth) from 10 randomly selected
points from each location and mixed thoroughly to form a
composite sample, brought to laboratory and kept in
refrigerator at 4 C until analyzed. The latitude and longitude
of each sampling site was recorded with the help of GPS
system.

The
pH of soil samples was determined using digital pH meter (EI
Company Pvt. Ltd.). Electrical conductivity using
Conductivity Bridge, cation exchange capacity (CEC) of soil
using 1N ammonium acetate solution and available nitrogen
was estimated by alkaline permanganate method was
determined following Jackson (1973). Organic carbon
content was determined by adopting chronic acid-wet
digestion method (Walkley and Black,1934).Available
phosphorous (Olsen P) in soil was determined using
chlorostannous-reduced molybdophosphoric blue color
method by extraction with 0.5 M sodium bicarbonate for 30
min (Olsen et al., 1954).Available potassium was extracted
from soil with neutral 1N ammonium acetate (1:5) and the
potassium content in the extract was determined by using
flame photometer (Stanford and English, 1949).

Isolation of species
from soil was carried out using serial dilution method (Seong
et al., 2005). Each composite soil sample of 0.5 ml of 10
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dilution was inoculated in separate Petri plate containing
Actinomyces Isolates Agar (AIA) media for the isolation of

by the dilution plate technique. Each sample
was replicated thrice. Inoculated Petri plates were incubated
at 37 C in a BOD incubator for 7 days. After incubation
period, the Colony Forming Units (CFU's)
were recorded, isolated, sub cultured, purified and
maintained in Starch casein agar (SCA) medium until used
(Madigan et al., 1977).

Characteristics of the
spore bearing hyphae and spore chains determined by using
coverslip culture technique (Arifuzzaman et al., 2010). The
observed structures were compared with
description from Bergay's manual of Determinative
Bacteriology (Holt et al., 1994)and separated from other non-
filamentous bacteria. Confirmation of separated

isolates was made by culturing them on starch
casein media and observing typical characteristics.

The potent isolates
were characterized by morphological and biochemical
methods. Morphological methods included both
macroscopic and microscopic characterization. Macroscopic
characteristics recorded were colour of aerial and substrate
mycelia, texture of colony and growth response on two
selective media (AIA and SCA media) in accordance with the
guidelines established by the International
Project (Shirling and Gottlieb, 1966).Whereas microscopic
characteristics of arrangement of spores in chain on the
mycelia under high resolution microscope facilitated
separation of species from other
Actinomycetes and Bacteria.

Biochemical characteristics of
isolates were determined following the methods of
International Project (ISP) (Shirling and
Gottlieb, 1966). Gram's staining, Methyl Red, Vogus-
Proskauerand Indole tests were carried out following Cowan
(1974). Whereas Melanin pigment production test according
to Pridhamet al., (1957),Hydrolysis of starch, casein, urea
and Nitrate reduction using Gordon(1966) and Citrate
utilization and Catalase test were performed according to the
method of (Jones, 1949).Carbohydrate utilization test was
done by observing growth on carbon utilization medium
(ISP-9) supplemented with 1 % carbon source tested
(Pridham and Gottlieb, 1948).

Each culture isolate was inoculated
separately in conical flasks containing 50 ml of autoclaved
starch casein broth media (20 g/Litre). The inoculated flasks
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were kept on to rotary shaker for 72 hours. The genomic DNA
was isolated following Bacterial and yeast Genomic DNA
purification spin kit (Hi Media Laboratories, Mumbai, India)
following manufacturer's protocols.

The genomic DNA of each
strain was used for amplification and

sequencing of 16S rRNA gene. The PCR primers EUB 1 (5'
AGA GTT TGA TCC TGG CTC A 3') (19 bp) and EUB 2 (5'
GCT CGT TGC GGG ACT TAT CC 3') (20 bp) were used to
amplify the 16S ribosomal DNA (Pancholy ., 2011).
Amplification by PCR was performed in a total volume of 50

l containing: 1U Taq DNA polymerase (Bangalore Genei),
2.5 mM MgCl , 160 mdNTP mix (Bangalore Genei), 50
pmol of each EUB 1 and EUB 2 primers, 50 ng genomic DNA
in DH O. The reactions were performed in a gradient thermal
cycler with following conditions: one min denaturation at
95°C, 30 s annealing at 50°C, 1 min 20 S elongations at 72°C
for 36 cycles with a final elongation step of 72°C for 10 min.
The PCR products were visualized on 1.5% agarose gel in 1X
TAE buffer at 60 V for 100 min. Agarose gels were stained
with ethidium bromide and photographed under UV light.
The PCR products were directly sequenced using EUB 1
(forward) and EUB 2 (reverse) primers by big dye terminator
method in ABI prism DNA sequencer.

Sequenced
data of EUB 2 reverse primer was inverted and complimented

16S rRNAgene amplification:

Sequence similarities and phylogenic analysis:

Streptomyces
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using Gene doc software and aligned with sequence data of
EUB 1 primer to obtain continuous sequence of amplified
products. All the sequences of 16S rRNA gene were aligned
using the multiple sequence alignment program
CLUSTALW (Thompson 1997). The MEGA 6
package (Tamura ., 2013) was used for construction of
phylogenetic trees, inferring distances and percent similarity.
The trees were generated using neighbour-joining method
(Saitou and Nei, 1987) with default parameters. The pair wise
evolutionary distances were computed using the Kimura 2-
parameter model (Kimura, 1980). To obtain the confidence
values, the original data set was resembled 1000 times using
the bootstrap analysis method.

Present study is first report on diversity assessment of
in semi-arid region of Jodhpur. The physico-

chemical features of the 10 soil sample collection sites are
given in Table-1. It is clear from the data that out of 10 semi-
arid soils sites, Osian had sandy soil and all other sites had
sandy loam soil type. All the sites were recorded with
alkaline soil pH ranging from 7.7 to 8.9 indicating alkaline
nature of soil in semi-arid region of Jodhpur. Electric
conductivity ranged from 0.16 to 0.36 ds m- , cation
exchange capacity ranged from 2.5 to 4.1 C mol PKg . The
organic carbon and all the three macronutrient (NPK) where
recorded higher in Tiwri and Mathania site as compared to

et al.,
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Results and Discussion

Characterization of Streptomyces in semi-arid soils

Table 1 :

Collection site Latitude and Soil Soil EC CEC OC Available Available Available CFU Isolates

longitude type (ds m ) (Cmol N P K (g ) assign code

P kg ) ha ) ha ) ha )

Soil characteristics and isolates of different collection site of semi-arid region of Jodhpur, Rajasthan

University 26° 24’50"N Sandy 8.3 0.25 3.8 0.23 40.0 16.35 165.0 6X 10 ITD-5
campus 73°01’90"E Loam
AFRI campus 26° 22’87"N Sandy 8.2 0.27 4.1 0.24 46.8 18.90 184.0 10X 10 ITD-6 & ITD-7

73°03’14"E Loam
CAZRI campus 26° 24’84"N Sandy 8.5 0.34 3.9 0.23 44.4 18.90 180.0 15X 10 ITD-8, ITD-9

72°99’77"E Loam ITD-10 & ITD-11
Soorsagar 26° 31’62"N Sandy 8.7 0.23 2.5 0.18 40.1 21.76 155.0 7X 10 ITD-12 & ITD-13

73°00’21"E Loam
Mandore 26° 35’35"N Sandy 7.9 0.16 3.0 0.18 46.4 22.19 190.0 14X 10 ITD-14, ITD-15

73°03’31"E Loam & ITD-16
Kailana 26° 25’33"N Sandy 8.0 0.32 3.9 0.16 35.5 24.76 157.0 8X 10 ITD-17 & ITD-18

72°96’67"E Loam
Machiya 26° 23’89"N Sandy 8.2 0.22 4.2 0.16 47.3 20.23 187.0 5X 10 ITD-19
Safari Park 73°02’43"E Loam
Mathania 26° 57’47"N Sandy 7.8 0.35 3.5 0.28 58.2 25.50 204.0 7X 10 ITD-20

72°84’30"E Loam
Tiwri 26° 55’34"N Sandy 7.7 0.36 3.5 0.25 55.0 25.30 210.0 12X 10 ITD-21, ITD-22

72°88’40"E Loam & ITD-23
Osian 26° 83’76"N Sandy 8.9 0.2.8 3.0 0.14 35.0 15.45 145.0 7X 10 ITD-24 & ITD-25

73°05’11"E

EC= Electric conductivity; CEC= Cation exchange capacity; OC= Organic carbon; N= Nitrogen; P= Phosphorus; K= Potassium; CFU= Colony Forming
Unit
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other sites. Higher diversity of species in this
semiarid region is attributed to the nutritive status of soil with
alkaline pH. Poor macronutrient status of the observed sites
favored occurrence of indicating poor
nutritional requirement for their abundance. Arifuzzaman

, (2010) reported that the number and variety of
present in any soil sample significantly

influenced by geographical location and soil characteristics.
C

Tiwari ., (2015) characterized 100 different
morpho-types of Actinomycetes based on phenotypic
characterization and detected strong antimicrobial activities
in 13 Actinomycetes form the great Indian Thar Desert.

Density of isolates counted as CFU's
is shown in Table1. All isolates grew well on Actinomycetes
Agar media and Starch Casein Agar media showing typical
morphology to the genus . It was observed that
the soil samples of CAZRI (Central Arid Zone Research
Institute) campus site contained the highest CFU's of total

counts (15X10 cells/g).The maximum
diversity and occurrence in species from the
soil of CAZRI campus is ascribed to the highest CFU's. A
total of 91 CFU's observed from 10 soil samples
were separated into 21 isolate types exhibiting
significant variations. The results are in corroboration with
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4

ulturable actinomycetes from desert ecosystem in northeast
of Qinghai-Tibet Plateau have been reported by Ding .,
(2013).

et al

the findings of Korn-Wendisch and Kutzner (1992) who also
demonstrated that in most soils, constitute
about 1–20% of the total viable count that is 10 –10 (CFU's)
per gram of soil. These 21 different isolates were assigned
code from ITD-5 to ITD-25 and sub-cultured for
identification and characterization of species.
The soil of CAZRI campus yielded the highest number of

isolates (ITD-8 to ITD-11).

The cultural characteristics of 21
isolates are represented in Table 2. The colour of the aerial
mycelia and substrate mycelia with growth response of 21

isolates varied significantly on two selective
media AIA and SCA tested. On AIA media, 15 isolates
exhibited white and 6 isolates gray colour of the aerial
mycelia. Whereas, Colour of substrate mycelia varied
significantly from white, yellow, gray to blue. On SCA media
14 isolates showed white and 7 isolates gray colour of the
aerial mycelia. While, colour of substrate mycelia on SCA
media also varied significantly among isolates.

Morphological observations under present study
revealed that white color colony is dominant colour while
Saadoun and Al- momani (1998) reported that frequency and
dominance of grey colour in in soils. The
insignificant differences in colour of colony, aerial
mycelium, and other culture characters of many
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Table 2

Isolate AIA media SCA media

Colour of aerial Colour of substrate Growth Colour of aerial Colour of substrate Growth

mycelia mycelia response mycelia mycelia response

: Culture characteristics of isolates on AIA and SCA media.

ITD-5 Gray Gray Poor Grey Yellow Poor
ITD-6 White Grey Moderate White Yellow Good
ITD-7 Grey Yellow Moderate Gray Yellow Moderate
ITD-8 White White Poor White Yellow Good
ITD-9 White Yellow Good White Yellow Good
ITD-10 White Gray Good White Yellow Good
ITD-11 Grey Yellow Moderate Gray Yellow Poor
ITD-12 White Grey Poor White Grey Moderate
ITD-13 Grey Yellow Good White Gray Good
ITD-14 White Yellow Good Grey Yellow Poor
ITD-15 White White Moderate White Yellow Good
ITD-16 White Grey Poor White Gray Good
ITD-17 White Yellow Good White Yellow Good
ITD-18 Gray White Good Gray Yellow Moderate
ITD-19 White Blue Poor White Yellow Good
ITD-20 White Grey Poor White Grey Good
ITD-21 White White Good White Yellow Good
ITD-22 White Grey Moderate Grey Yellow Good
ITD-23 White Yellow Good White Yellow Good
ITD-24 White Yellow Good White Yellow Good
ITD-25 Grey Yellow Good Grey Brown Moderate

AIA= Actinomycetes Isolate Agar; SCA= Starch Casein Agar

Streptomyces
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Streptomyces

S. gancidicus, S. coelicolor and

S. rubrogriseus and Streptomyces sp. .

Streptomyces

et al

Streptomyce

Streptomyces werrensis

S. werrensis

S. werrensis

Streptomyces

Streptomyces

isolates recorded under present study indicates
that they cannot be distinguished on the basis of these
morpho-teximetrics alone. For example, Isolates ITD9,
ITD17, ITD23 and ITD24 showed morphological
similarities in colony characters but in phylogram delineated
them into different species (

) Similarly same
species (ITD-19 & ITD-20, ITD-5 & ITD-6,

ITD-8 & ITD-9, ITD-10 & ITD-18, ITD-12 & ITD-25 and
ITD-19 & ITD-20) showed different morphological
characters with different colony colour contrast.

Lo ., (2002) concluded that morpho-metrics is
not sufficient criteria to distinguished species as well as
strains due to broad colour ranged produced by
isolates on different source of nutrition. Jodhawat et al.,
(2012) isolated from western
Rajasthan and did morphological and biochemical
characterization. They reported colour of aerial mycelium of

on AIA and SCA media was white and off white
while in the present study two isolates of (ITD-
10 and ITD-18) showed white and grey colour of aerial
mycelium on AIA and SCA media respectively.

The biochemical characteristics of
isolates are represented in Table3. All the
isolates tested were recorded Gram-positive in nature. Out of
21 isolates, 18 were positive to methyl red test, 16 isolates
were positive to vogues proskauer test and 16 resulted in

melanin pigment production. Whereas, all 21 isolates of
exhibited negative reaction to indole

production. Table 4 revealed the enzymatic activities of
isolates. All the 21 isolates hydrolyzed starch

and casein, 15hydrolyzed urea, 16 showed catalase
production, 11 utilized citrate and 17 isolates exhibited
nitrate reductase activity.

The carbon utilization ability of
isolates is revealed in Table 5. Most of the test isolates were
able to utilize dextrose as a carbon source which was
followed by Maltose, Lactose and Sucrose. Whereas and D-
Raffinose was found the least preferred carbon source for the
growth of isolates.

Jodhawat , (2012) reported that
showed negative response against casein and urea hydrolysis,
melanin pigment production, MR test, VP test and utilization
of sucrose, D- Xylose, maltose and fructose but under
present course of investigation both isolates ITD-10 (

ITD-10) and ITD-18 ( ITD-18 )
exhibited positive response against casein and urea
hydrolysis, melanin pigment production, MR test, VP test
and utilization of sucrose, D- Xylose, maltose and fructose.

Kaviyarasi (2011) reported that strain of
has given positive reaction against citrate, catalase,

urease and nitrate and negative reaction against MR and VP
test but under present investigation isolate ITD-19 (

Streptomyces

Streptomyces

Streptomyces

Streptomyces

et al. S. werreansis

S.

werrensis S. werrensis

et al., S.

cyaneus

S.

Characterization of Streptomyces in semi-arid soils

Table 3 :

Isolate Gram stain Methyl red test Vogues proskauer test Indole production test Melanin pigment production test

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

–

Biochemical tests of isolates

ITD-5 + + - +
ITD-6 + + + +
ITD-7 + + + +
ITD-8 + + + -
ITD-9 + - + +
ITD-10 + + + +
ITD-11 + + - +
ITD-12 + + - -
ITD-13 + - - +
ITD-14 + + + +
ITD-15 + + + +
ITD-16 + + + -
ITD-17 + + + +
ITD-18 + + + +
ITD-19 + - - +
ITD-20 + + + +
ITD-21 + + + +
ITD-22 + + + -
ITD-23 + + + +
ITD-24 + + + +
ITD-25 + + + -

+ = Positive test; = negative test)

Streptomyces
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Table 5 :

Isolate D-Xylose D-Glucose D-Fructose Dextrose Sucrose Maltose Lactose D-Raffinose

Carbon utilization of isolates

ITD-5 + + + + + + + -
ITD-6 + + - + + + + +
ITD-7 - + + + + + - +
ITD-8 - + - + - + - +
ITD-9 - - - + + + + +
ITD-10 + + + + + + + -
ITD-11 + - + + + - - +
ITD-12 + + + + - + + -
ITD-13 + + - + + + + -
ITD-14 + + + + - + + -
ITD-15 + + + + + - + -
ITD-16 - + - + + + - -
ITD-17 + + + + - + + -
ITD-18 + + + + + + + -
ITD-19 - + - + + - + +
ITD-20 + + + + + + + -
ITD-21 - - - + + + + -
ITD-22 - - + + + + + -
ITD-23 - - - - + + + -
ITD-24 + + + + + + + +
ITD-25 - + + + + + + -

Streptomyces

Table 4 :

Isolate Starch hydrolysis Casein hydrolysis Urea hydrolysis Catalase production Citrate utilization Nitrate reductase

Enzymatic activity of isolates

ITD-5 + + + + - +
ITD-6 + + + + + +
ITD-7 + + + - - +
ITD-8 + + - + - +
ITD-9 + + + + - -
ITD-10 + + + + - -
ITD-11 + + + + + +
ITD-12 + + - - + +
ITD-13 + + - + - +
ITD-14 + + + + + +
ITD-15 + + - + - +
ITD-16 + + + + + -
ITD-17 + + + - + +
ITD-18 + + + - + +
ITD-19 + + + + - +
ITD-20 + + - + - +
ITD-21 + + + + - +
ITD-22 + + + + + +
ITD-23 + + + + + +
ITD-24 + + + + + +
ITD-25 + + + - + -

Streptomyces

cyaneus

S. cyaneus

) exhibited positive reaction against catalase, urease,
nitrate and negative reaction against citrate, MR and VP test
while isolate ITD-20 ( ) exhibited positive reaction
against catalase, nitrate, MR test and VP test and negative
response against citrate and urease activity. Previous
researchers have emphasized the significance of

physiological and biochemical tests for classification and
identification of (Kampfer , 1991; Kim

, 1999; Shimizu ., 2000). Kutzner (1981) also reported
that the colour of colony is influence by medium
composition, temperature, pH and age of culture. Therefore,
morphological characters and biochemical test are used as

Streptomyces et al. et

al. et al

S. Kumar et al.932
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subjective traits of isolates (strain) which cannot be used as
identification tool for assortment of species.

Different strains belonging to the same bacterial
species have been reported to be capable of producing
different secondary metabolites while identical secondary
metabolites were produced by taxonomically diverse
bacterial strains (Krieg, 2005; Larsen ., 2005). The
inconsistency of morphological characterization and
biochemical assays within species indicates
both the criteria are insufficient to designate
species. Nevertheless the identification of
isolates at generic level is complemented with the
description of species in Bergey's Manual of
Determinative Bacteriology (Holt ., 1994).

The results of molecular characterization using
16S rRNA gene sequences of all isolates are
represented in Table 6. The amplified product of 16S gene
of isolates ranged from 838 to 1085 bp. The Guanine and
Cytosine (G+C) values of 16S gene sequences of all the

isolates tested ranged from 59.03% (ITD-
20) to 60.94% (ITD-7). The results are in substantiation
with Jodhawat et al., (2012) who also reported 59.38 % and
59.71 % GC content in 2 species. By
contrast, previously 69-73% GC contents of
species have been reported (Embley and Stackebrandt,
1994; Stackebrandt and Goebel, 1994; Ventura .,
2007). The present study does not support GC value

et al

Streptomyces

Streptomyces

Streptomyces

Streptomyces

et al

Streptomyces

Streptomyces

Streptomyces

Streptomyces

et al

hypothesis and its significance in classification of
species.

Upon BLAST search the test isolates exhibited 98 to
100% identities with zero Error value with that of the best
aligned available sequences of the NCBI database. The use of
16S rRNA gene sequences for species designation with the
maximum per cent similarities as also advocated by
Anderson and Wellington (2001). The molecular
identification of 21 isolates eventually
designated into 14 species indicating rich
diversity of in this semi-arid region of
Rajasthan. Of 21 isolates, ITD-11 showed
100% identities with the reference sequence EF198894.
Three isolates were designated as two isolates
each as , ,

, one isolate each as , ,
, and

While two isolates ITD-11and ITD-23 were
designated as sp.

The multiple sequences alignment of all the 21
isolates based on nucleotide sequence

variations by way of insertion, deletion and substitutions and
16S rRNA gene length polymorphism generated a phylogram
using tree view software (Fig 1). The isolates
delineated into three main clusters with high bootstrap values
indicating reliable grouping of isolates (Hillis and Bull,
1993). Clusters I included 6 isolates (ITD-8, 10, 15, 18, 19,

Streptomyces

Streptomyces

Streptomyces

Streptomyces

Streptomyces

S. gancidicus,

S. rochei, S. werraensis S. albogriseolus,S. cyaneus

S. griseorubens S. espinosus S. variabilis

S. enissocaesilis,S. flavomacrosporus S. rubrogriseus S.

coelour.

Streptomyces

Streptomyces

Streptomyces

Characterization of Streptomyces in semi-arid soils

Table 6 :

Isolate nucleotide length G+C(%) NCBI Reference Similarity (%) Name of isolate GenBank accession

sequence number allotted

Molecular characterization with GenBank accession numbers of isolates

ITD-5 1085 59.98 KC 747480 99 KJ438290
ITD-6 1033 59.24 KC747480 98 KJ438291
ITD-7 914 60.94 KF806735 99 KM215719
ITD-8 901 59.60 KM081627 99 KM215720
ITD-9 838 59.78 KM081627 99 KM215721
ITD-10 973 59.19 NR112390 99 KM215722
ITD-11 857 59.62 EF198894 100 KM215723
ITD-12 942 59.76 AB748956 99 KM215724
ITD-13 954 60.48 EU841628 98 KM215725
ITD-14 998 59.41 KJ934594 99 KM215726
ITD-15 956 59.10 KM081627 99 KM215727
ITD-16 922 59.21 KJ020693 99 KM215728
ITD-17 1005 59.30 KJ812393 99 KM215729
ITD-18 871 59.47 NR112390 98 KM215730
ITD-19 962 56.75 NR112390 99 KM215731
ITD-20 935 59.03 KC747480 99 KM215732
ITD-21 898 59.57 KF061086 99 KM215733
ITD-22 1015 59.50 KF938603 99 KM215734
ITD-23 1018 59.23 KF803313 99 KM215735
ITD-24 925 59.67 KC42650 99 KM215736
ITD-25 973 59.60 KC029644 99 KM215737
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21), Cluster II included 13 isolates (ITD-5, 6, 9, 11, 12, 14, 16,
17, 20, 22-25) while Cluster III is represented by only two
isolates ITD-7, 13) showing the presence of wide diversity
among the isolates studied.

T h e m o r p h o l o g i c a l a n d b i o c h e m i c a l
characterization of isolates proved insufficient
to validate species level identification. Nevertheless the
species designation based on 16S rRNA gene delineated 21
isolates into 14 species. Some of the species
molecularly identified under present study are reported for
the first time from semi-arid region of Jodhpur. The study has

Streptomyces

Streptomyces

Streptomyces

not only revealed the hitherto unknown wealth of
species in this semi-arid region for their

biodiversity and conservation but also provides an
opportunity to further utilize them for antibiotics and
secondary metabolites production.

The corresponding author is thankful to Head and
Coordinator, CAS program (UGC-SAP II), Department of
Botany, JNV University, Jodhpur for providing laboratory
facilities and financial assistance respectively.
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