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DGGE: denaturing gradient gel electrophoresis 
EDTA: ethylenediaminetetraacetic acid 
PCR: polymerase chain reaction 
rRNA: ribosomal RNA 
SDS: sodium dodecyl sulfate  
SRB: sulfate reducing bacteria 
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A reliable method for characterizing microbial 
communities on the basis of their differences in the 16S 
ribosomal RNA (rRNA) gene sequences in the hot arid 
zone sandy soils has been optimized. A desert plant 
(Calligonum polygonoides) was chosen to provide the 
rhizospheric soil samples, collected from three different 

agro-ecological locations. Total community DNA was 
efficiently extracted at small-scale level using direct lysis 
with hot sodium dodecyl sulphate (SDS), glass bead 
beating and finally subjecting the sandy soil to liquid 
nitrogen freeze-thaw cycles. To amplify V3 region of 
bacterial 16S rRNA gene, universal conserved primers 
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were used. Second round polymerase chain reaction 
(PCR) was attempted to increase product concentration 
and to minimize the effect of inhibitory substances. To 
enhance the detection sensitivity of the denaturing 
gradient gel electrophoresis (DGGE), the effect of 
change in template DNA concentration was studied. The 
separation of bands were greatly enhanced in the 
fingerprints obtained after the second round of PCR 
representing low abundant species which were not 
differentiated at single optimized concentration of DNA. 
 
 
Although, a wealth of information is available about many 
microorganisms isolated from soil by culturing techniques, 
the nature of a substantial part of the soil microbiota is 
essentially unknown due to their unculturability (van Elsas 
and Smalla, 1995). Introduction of nucleic acid based 
techniques into microbial ecology has allowed 
identification and characterization of unculturable 
microbial communities. The extraction and analysis of total 
microbial community DNA from soil is useful in several 
ways such as it provides insight in the prevalence of 
specific genes in microbial communities in the soil 
ecosystem, resulting in better understanding of natural 
selection and in describing microbial communities in terms 
of their population structure of both culturable and non 
culturable cells abundant in soil. To detect and monitor 
microorganisms in these situations an efficient extraction of 
DNA is a prerequisite to support polymerase chain reaction 
(PCR). Various protocols are available to isolate DNA from 
different kinds of soils (Smalla et al. 1993; Volossiouk et 
al. 1995; Zhou et al. 1996; Clegg et al. 1997) but there are 
few reports on extraction of soil DNA from arid soils 
(Kuske et al. 1997; Wechter et al. 2003). 
 
Application of PCR to selectively amplify 16S ribosomal 
RNA (rRNA) genes from DNA isolated directly from the 
environmental samples has made possible to assess the 
diversity of microbes in a wide range of habitats 
(Hugenholtz et al. 1998). The use of denaturing gradient gel 
electrophoresis (DGGE) to separate mixed PCR products 
generated from the environmental samples, offers a culture-
independent way for tracking dominant bacterial 
populations in space and time (Muyzer et al. 1993). 
Optimization of this technique has been performed using 
different parameters like DGGE primer designing (Wu et 
al. 1998), gel composition and electrophoretic conditions 
(Hayes et al. 1999), comparison of different hypervariable 
regions for generating fingerprints of microbial 
communities (Yu and Morrison, 2004), a double or nested 
PCR approach for improving the sensitivity of detection 
(Dar et al. 2005) and the efficiency of various different 
methods of DNA extraction and purification from soil 
samples for improved analysis at community levels (Niemi 
et al. 2001; Costa et al. 2004). 
 
In this study we have optimized the DNA extraction 
protocol, at small scale level for the arid zone soil samples. 
To perform the PCR-DGGE based community analysis, 

universal bacterial primers (Lane, 1991; Muyzer et al. 
1993) were used. We have also evaluated the effect of 
change in template concentration in DGGE banding 
patterns. This step could help in analyzing the microbial 
communities in environmental samples with greater 
detection efficiency. 
 
MATERIALS AND METHODS 
 
Site and soil sampling 
 
The area selected for the present study was Western sandy 
plain sub-region, one of the agro-ecological zone of North 
Western hot arid region of India, which has been 
characterized by dune complex physiography and poor 
surface and ground water resources (Faroda et al. 1999). 
Calligonum polygonoides (Phog) is a shrub which grows on 
stabilized, longitudinal, parabolic and transverse dunes in 
this area and used for wood, fuel and fodder by the local 
people in addition to the main importance in soil 
conservation and stabilization. Rhizosphere soil samples 
from this plant were collected from three different zones of 
this sub-region (Table 1, Faroda et al. 1999). Five samples 
were collected from 100-150 sq m area and were mixed 
together to give one homogeneous sample (~50 g of 
rhizosphere sample and 1 kg of bulk soil as control) from 
one sampling site. Similarly three samples were collected 
from each zone. Sampling was done near the active feeder 
roots and clinging soil was collected in pre-sterile sample 
collection vials, transported to laboratory and stored at 4ºC. 
All the samples were processed within a week. The 

 
 
Figure 1. Agarose gel electrophoretogram of the total DNA 
extracted from one rhizospheric soil sample (sampling site 
1) with three different approaches independently and with a 
combination all the three approaches. Lane 1: hot SDS lysis; 
Lane 2: bead beating; Lane 3: freeze thaw cycles; Lane 4: 
extraction with hot SDS followed by bead beating and freeze 
thaw cycles and Lane 5: Molecular size marker (λDNA digested 
with Hind III and pUC18 DNA digested with Sau 3AI and Taq I). 
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corresponding control samples were also collected from 
each sampling site, a few feet away from plant vicinity. 
 
Extraction of soil DNA 
 
Soil DNA was extracted in to TENS buffer. Briefly, 0.5 
gram of soil was taken and 1 ml of TENS buffer (50 mM 
Tris [pH 8.0], 20 mM disodium ethylenediaminetetraacetic 
acid (EDTA), 100 mM NaCl, 1% [w/v] sodium dodecyl 
sulphate (SDS)) was added to each soil sample and 
vortexed to mix thoroughly. Further processing was done 
using the following four different approaches, (1) Hot SDS 
lysis-samples were incubated at 70ºC for 20 min in a dry 
bath (Techne, DB-3D, UK). The samples were vortexed 
after every 5 min and finally stored on ice, (2) liquid N2 
freeze thaw cycles-samples were kept in liquid nitrogen for 
2 min and then rapidly thawed in a boiling water bath. 
These freeze thaw cycles were repeated twice and samples 
were finally stored on ice, (3) Bead beating-900 mg of glass 
beads (300 mg each of 0.1 mm, 0.5 mm and 1.0 mm 
diameter) were added in each sample and they were 
homogenized in a bead beater (BioSpec, Inc.) at maximum 
speed for 3 min and the samples were finally stored on ice 
and (4) Combined approach of above three-samples were 
first processed with hot SDS lysis followed by bead beating 
and finally subjected to liquid N2 freeze thaw cycles (as 
described above). All samples were then centrifuged at 
10,000 xg for 10 min at 10ºC in a microfuge (Biofuge 
Primo-R) and supernatant was collected. The pellet was 
washed once with 750 µl TEN buffer and again centrifuged 
to collect the supernatant. These supernatants were pooled 
and extracted with equal volume of tris-saturated phenol 
(pH 8.0) and then with chloroform:isoamyl alcohol (24:1 
v/v). DNA was precipitated from aqueous phase using 0.1 
volume of 5M NaCl and 2.0 volumes of ice cold ethanol. 
The brown coloured pellet was washed once with 70% 

ethanol and air dried for 10 min. The dried pellet was 
finally dissolved in 100 µl TE buffer (10 mM Tris [pH 8.0], 
1 mM EDTA). 
 
PCR amplification of soil DNA 
 
The primers (BioServe Biotech. Ind. Ltd.) used in the 
present study were the universal primers conserved for the 
V3 region of bacterial 16S rRNA gene, PRBA 338F 5’ AC 

 

 
 

Figure 2. Agarose gel electrophoretogram of the total DNA 
isolated from three sampling sites. Lane 2 and 3: rhizosphere 
and its corresponding bulk soil from site 1; Lane 4 and 5: 
rhizosphere and its corresponding bulk soil from site 2; Lane 6 
and 7: rhizosphere and its corresponding bulk soil from site 3. 
Lane 1: Molecular size marker (λDNA digested with Hind III and 
pUC18 DNA digested with Sau 3AI and Taq I). 

Table 1. Characteristics of soil samples. 
 

Sampling 
site 

Agroecological 
zones/ 

sub-zonesa 
Annual 

rain falla (mm) Soil typesa pHb 
Electrical 

conductivityb 
(µS) 

Organic 
carbonc (%) 

Western Sandy Plain Sub-Region 

 1. 

 Dune complex with 
 scrub and grass Zone-
2,  Western dune 
complex  sub-zone 2.1 

100-150 Torripsamments 8.30 195.0 0.05 

 2.  Hard pan Zone-3, Hard 
 pan soil sub-zone 3.1 150-250 

Petrocalcids 
Lithic Cambids 
Lithic Calcids 

8.22 195.0 0.07 

 3. 

 Sandy plain with 
 scattered dunes Zone-
4,  Sandy plain with 
<300  mm rain fall sub-
zone  4.2 

250-300 
Torripsamments
Haplocambids 
Haplocalcids 

8.10 157.4 0.08 

aFaroda et al. 1999. 
bMeasured as per standard protocols. 
cMeasured using Walkley and Black (1934) method. 
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TCC TAC GGG AGG CAG CAG 3’ (Lane, 1991) and 
PRUN 518R 5’ ATT ACC GCG GCT GCT GG 3’ (Muyzer 
et al. 1993). A GC clamp (5’ CGC CCG CCG CGC GCG 
GCG GGC GGG GCG GGG GCA CGG GGG G 3’) was 
added to the 5’ end of the forward primer. The 
amplification mixture for each sample DNA contained 100 
pmol of each primer, 200 µM dNTPs, 0.2% BSA, 1X PCR 
buffer, 1.5 mM MgCl2 and 2.5 units of Taq DNA 
polymerase (Bioline GmbH, Germany) in a 100 µl reaction 
volume. Template DNA used was in the range of 1 pg to 
100 µg in a total of 100 µl final reaction volume. Control 
PCR included DNA of a pure E. coli (NCIM 2599) culture 
and a negative control contained autoclaved Milli-Q water 
in place of template DNA. PCR was performed in an 
automated thermal cycler (PTC-200, MJ Research Inc.) 
with an initial 94ºC denaturation for 9 min, followed by 30 
cycles of 94ºC for 30 sec, 55ºC for 30 sec, 72ºC for 30 sec 
and a final extension at 72ºC for 7 min. The reamplification 
was carried out by taking 1 µl of the first PCR product as a 
template and the PCR mixture contained 100 pmol of each 
primer, 200 µM dNTPs, 1X PCR buffer, 1.5 mM MgCl2 
and 2.5 units of Taq DNA polymerase (Bioline GmbH, 

Germany) in a 100 µl reaction volume. Initial denaturation 
was done at 94ºC for 9 min, followed by 30 cycles of 94ºC 
for 30 sec, 55ºC for 30 sec, 72ºC for 30 sec and a final 
extension at 72ºC for 7 min was also performed. Crude 
DNA extracts were loaded on 1% agarose gel (BioRad, 
Hercules, CA) prepared in 1 X TAE buffer containing 
ethidium bromide (0.5 µg/ml). Gels were electrophoresed 
in 1 X TAE buffer at constant voltage of 75 volts, 72 min 
and visualized using gel documentation system (Uvipro, 
Uvitec) and then digitized. For PCR amplified products, 
1.5% agarose was used with the similar buffer 
concentration at constant voltage of 75 volts, 48 min. 
 
DGGE analysis 
 
The DGGE was carried out using a DcodeTM Universal 
Mutation Detection system (Bio-Rad) with modifications in 
the procedure as described (Nakatsu et al. 2000). Briefly, 
PCR products were resolved on 8% (w/v) polyacrylamide 
gels in 0.5 X TAE using denaturing gradients ranging from 
40 to 55% (where 100% denaturant contains 7 M urea and 
40% formamide). The gels were prepared by using 8% 
(w/v) acrylamide stock solutions (acrylamide/bisacrylamide 
ratio 37.5:1). For each sample 10 µl PCR product was 
loaded to the bottom of the well. Electrophoresis was 
carried out at a low voltage (20 V) for 20 min and then at 
150 volts for 3 hrs 15 min at a constant temperature of 
60ºC. The gels were stained for 20 min with ethidium 
bromide and washed twice for 5 min with Milli-Q water 
prior to UV transillumination. 
 
RESULTS AND DISCUSSION 
 
DNA extraction 
 
Rhizosphere soil samples and their respective bulk soil 
samples were collected from three different agro ecological 
sub zones. In our study the primary aim was to successfully 
isolate a high molecular weight DNA from the indigenous 
bacterial communities present in the rhizospheric soils from 
hot arid zones. Indigenous bacterial populations are more 
difficult to lyse than the seeded bacteria in the soil (Zhou et 
al. 1996). Hot SDS treatment, freeze thaw cycles and 

 Figure 3. Agarose gel electrophoresis showing the effect of 
total soil DNA template concentrations on PCR product 
yields. PCR reactions were performed as described in methods 
section, taking a wide range (1 pg to 100 µg) of purified DNA as 
template from one rhizospheric soil sample (sampling site 1), 
using the universal conserved primers to amplify native bacterial 
species in the soil samples. Five µl of PCR product was applied 
on the gel. Lanes 2 through 11 contain 1 pg, 10 pg, 100 pg, 1 
ng, 10 ng, 100 ng, 500 ng, 1 µg, 10 µg, and 100 µg DNA 
templates, respectively. Lanes 12 and 13 contain positive and 
negative control PCR products, respectively. Lane 1 and 14 
contain molecular size marker in base pairs (1 µg low range 
DNA ruler, Bangalore Genei). 

Table 2. The quality and yields of soil samples DNA extracted by hot SDS lysis followed by bead beating and freeze thaw 
cycles. 
 

Sample Soil Source A260/230 
Yield* 

(μg/g soil) 
Rhizosphere 0.88 (± 0.07) 164.2 (± 5.20)  1. 

Bulk 1.00 (± 0.11) 65.5 (± 3.66) 
Rhizosphere 0.77 (± 0.06) 53.5 (± 2.82)  2. 

Bulk 0.66 (± 0.03) 7.2 (± 0.30) 
Rhizosphere 0.63 (± 0.03) 129.9 (± 5.14)  3. 

Bulk 0.69 (± 0.04) 112.2 (± 2.19) 
*The yield of the crude DNA was calculated by assuming that an O.D. of 1 at 260 nm corresponds to 50 μg/ml for double stranded DNA  
(Sambrook et al. 1989). 

        Values in the table are mean of three replicate samples with the standard deviations in parentheses. 
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mechanical homogenization (bead beating) were also 
evaluated individually as the three techniques, to isolate the  
DNA from arid zone soil samples. All these techniques 
were first tested for their feasibility to isolate DNA from 
soil samples of one site (sampling site no. 1). Figure 1 
shows the effect of four different DNA extraction 
approaches and the increase in the yield of DNA when a 
combined approach was used in the experiment. We found 
that each of these techniques were having their own 
advantages and disadvantages e.g. the molecular weight 
was higher and the quantity of the sheared fragments were 
low in case of samples treated with either hot SDS or 
freeze-thaw cycles alone, but in these treatments the yield 
was, in general, low and medium in all samples. Hot SDS 
and freeze thaw cycle approaches failed to extract DNA in 
bulk soil samples from sampling site 2 whereas, bead 
beating and combined approach gave low and medium 
yields, respectively (Table 3). For increasing yield of the 
DNA the bead beating treatment was found effective but 
the loss in molecular weight and shearing effect was 
dominated (Figure 1). The use of bead beating has been 
recommended earlier for efficient cell lysis in the extraction 
of soil DNA (Miller et al. 1999). Hot SDS treatment and 
freeze thaw cycles were ineffective in rupturing Bacillus 
globigii endospores and Fusarium moniliforme conidia and 
only the bead mill disruption was found to effectively 
release large amounts of DNA from microbial suspensions 
as well as seeded sandy loam soils differing in texture, 
chemical composition and organic matter content (Kuske et 
al. 1998). Combination of hot SDS, grinding and freezing 
thawing the samples for much higher yields from most of 
the gram positive bacteria but without severe shearing have 
also been reported earlier (Zhou et al. 1996). In our study, 
we observed that combined approach of DNA extraction 
was found to be effective to efficiently extract reasonably 
high molecular weight DNA along with high yields in the 
samples from all the three studied sites (Table 3). The soil 
DNA was isolated from these samples and was 
electrophoretically analyzed, as shown in Figure 2. It shows 
that, a high molecular weight DNA can be obtained from 
all the soil samples. It was also observed that the yield was 

higher in case of all the rhizosphere soil samples as 
compared to their corresponding controls. This was also 
confirmed by spectrophotometric analysis (Table 2). We 
also used three different sizes of glass beads in a single 
reaction mixture to facilitate more efficient extraction from 
a wider range of microbial cells and spores and the similar 
observations have been reported earlier (Kuske et al. 1998). 
The absorbance ratios (260/230) for the crude DNA 
extracts in all samples were found low (2.0 is indicative of 
pure DNA; Sambrook et al. 1989) due to the presence of 
humic contaminants in the crude DNA preparations and 
which could be seen in all the samples (having a brown to 
light brown colour). Similar low ratios at absorbance 
260/230 have been reported in other studies (Zhou et al. 
1996) whereas, it has also been suggested that these 
absorbance ratios alone are not sufficient as a guide to 
purity but, the accessibility of the DNA to restriction 
enzyme or Taq DNA polymerase enzyme is more important 
for a successful PCR reaction and it could be used as an 
indicator of purity (Clegg et al. 1997). 
 
PCR amplification 
 
The PCR was performed using the V3 region primer sets. 
To find out the optimum template concentration for a PCR 
reaction, a wide range of DNA templates were used (1 pg to 
100 µg). Figure 3 represents the optimization of amount of 
template for maximum amplified product. When the 
concentration of the template DNA was less than 10 ng no 
amplified product was detected. We observed that to 
initiate PCR reaction an optimum concentration of template 
DNA is needed, below this optimum concentration, the 
PCR reaction could not be initiated which was observed by 
low amplified product formation. At higher concentration a 
similar effect was noticed which could be due to the 
inhibitory effect of template DNA. Here, our results are not 
completely in agreement with those reported earlier (Kuske 
et al. 1998), where recommended template concentrations 
are 100 pg to 1 ng per reaction for maximum PCR product 
yield whereas, in our experiments it was in the range of 100  

Table 3. Yields of crude DNA extracts from bulk and rhizosphere soil samples. 
 

Sampling site 1 Sampling site 2 Sampling site 3 Sample Methods 
Bulk Rh Bulk Rh Bulk Rh 

 1. Hot SDS Medium High - Low Low Medium 
 2. Bead beating Medium Medium Low Medium Low Low 
 3. Liquid N2 Low Medium - Low Low Low 
 4. Hot SDS+bead 

beating+liquid N2 High High Medium High High High 
Low: <1.0 μg. 
Medium: 1.0 to 50 μg. 
High: >50 μg. 
 -: None detected. 
Rh: Rhizosphere soils. 
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ng to 1 µg with maximum at 500 ng. This difference in 
optimization might be due to the differences in the starting 
soil samples or the differences in the PCR primers. It 
indicates that, quantification of the extracted soil DNA and 
its subsequent utilization for determination of the optimum 
template DNA concentration required for PCR initiation is 
a critical step. The above-optimized protocol was 
successfully used for the amplification of V3 region of 16S 
rRNA gene with all the samples, which could be further 
utilized for rhizosphere community analysis in case of the 
studied area. 
 
DGGE analysis 
 
The PCR products obtained as above were loaded in a 
DGGE gel to reveal the diversity of bacterial species in the 
samples. It was observed that these products were not well 
resolved in a DGGE gel with a linear gradient of 40-55% 

(data not shown). To enhance the detection limit and also to 
increase the PCR product concentration, reamplification of 
the first PCR product was performed. Double or nested 
PCR protocols have been used before to improve the 
sensitivity of detection in DGGE based analysis of 
microbial community (el Fantroussi et al. 1997; Heuer and 
Smalla, 1997; Levesque et al. 1997). The capability of 
nested PCR approach for detecting low copy number of D. 
tiedjei in an anaerobic microbial reductive dechlorination 
activity under microcosms study has been shown clearly (el 
Fantroussi et al. 1997). They detected weak signals in the 
first round PCR, which improved in the second round of 
PCR. A recent report (Dar et al. 2005) reveals that a three 
step nested PCR-DGGE approach can be used successfully 
to study the diversity of sulphate reducing bacteria (SRB) 
with high resolution in samples from mixed microbial 
communities containing SRB in low numbers. We have not 
performed the nested PCR rather, a second PCR was done 
to enhance the signals using the same primer set as used in 
the first PCR. This enhanced detection signals (Figure 4 
and Figure 5) in second round of PCR might be due to the 
first round of PCR which resulted in the amplification of 
sufficient amount of products even from the groups present 
in low numbers, and the dilution of inhibitory substances 
such as humic substances present in the sample. 
 
In arid zones, the rhizosphere is an important site where 
maximum microbial activity could be seen, since it 
provides carbon substrates in nutritionally poor soils 
(Bhatnagar and Bhatnagar, 2005). In our study we observed 
positive rhizosphere effect in the samples collected from 
one site only (sampling site 1), Figure 4. Whereas, in the 
samples from other two sites we have not seen such type of 
differences, Figure 5. These variations could be due to the 
differences in the soil DNA extraction protocol and the type 
of soil along with testing conditions and environmental 
conditions (Normander and Prosser, 2000; Duineveld et al. 
2001; Smalla et al. 2001). 
 
Further, to test the effect of different template 
concentrations on DGGE banding pattern, the first PCR 
was done applying five different concentrations of template 
DNA (25 ng to 2500 ng) instead of single/optimal 
concentration (500 ng). When the second PCR was 
performed (using the products of first round PCR) and the 
products were loaded on the DGGE gel, enhancement in the 
number of bands was observed (Figure 4). These patterns 
were found reproducible when gels were run on several 
occasions and from different sets of DNA extractions and 
PCR reactions from the same batch. By varying the 
template concentrations at first round of PCR we have 
detected differences in intensity of the same bands (Figure 
4; lane 1-5 and 6-10) when all the five template 
concentrations were applied in the gel, within a sample. 
During analyzing the gel image we found that there were 
some bands which were more distinguishable at lower 
template concentrations (band numbers 8 and 26, lane 1-5). 
But some of the bands were more distinguishable at higher 

 
 Figure 4. DGGE patterns produced from V3 region of 16S 

rRNA gene templates isolated from C. polygonoides plant 
rhizosphere soil sample (sampling site 1). Fingerprint shows 
the effect of change in template DNA concentration at PCR 
level. Taking 25, 100, 500 1000 and 2500 ng DNA template 
performed the first PCR. Second PCR was performed by taking 
1 µl product of the first PCR. Lane 1-5, rhizosphere soil sample 
amplicons generated at 25, 100, 500, 1000 and 2500 ng DNA 
template, respectively; Lane 6-10, bulk soil sample amplicons 
generated at similar DNA template (as above), respectively.  
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concentrations of template (band numbers 1, 2 and 25, lane 
1-5). In case of control samples (lane 6-10) too, a similar 
type of phenomenon was present. The band numbers 1, 3, 7 
and 21 were more observable at the lower template 
concentrations whereas, band numbers 19 and 20 were 
more prominent at the higher template concentrations. 
Similar observations were also made with the profiles 
generated from other two sampling sites and the change at 
different levels of amplicons generation has been shown in 
Figure 5a and Figure 5b (only the three concentrations have 
been shown instead of five). 
 
The technique of DGGE uses gene fragments amplified 
from a community, but copy numbers of rRNA genes vary 
among individual cells. We cannot optimize the template 
concentration for each individual community member in 
one PCR reaction. Thus, DGGE banding patterns are 
expected to represent dominant community members, 
including species which constitute greater than 1% of the 
total community (Muyzer, 1999). In our study we produced 
the PCR amplicons at five different levels and when they 

were loaded on the gel, almost all produced a different 
banding pattern (differences in the intensity of some bands 
in different lanes). The extremely low template 
concentration amplicons were showing some prominent 
bands (Figure 4 and Figure 5), which were either absent or 
not the prominent ones in the optimum range. This 
difference might be due to the very high template 
concentration (inhibitory to PCR) of those species. 
Similarly, the amplicons generated by higher 
concentrations of template, also showed some bands, which 
were either absent or not the prominent ones in the 
optimum range. This shifting of the bands might be due to 
the very low template concentrations (low to initiate the 
PCR reaction) of those species. The DGGE detects the 
major constituents of a community, overlooking the less 
abundant but potentially very important species. By varying 
the concentration of template DNA at first PCR level, we 
have visualized the species, which are unable to detect even 
at the optimized PCR conditions, particularly the less 
abundant ones. The optimization of this highly valuable 
technique of DGGE has been achieved earlier by varying 
the different parameters as discussed earlier (Wu et al. 
1998; Hayes et al. 1999; Niemi et al. 2001; Yu and 
Morrison, 2004; Costa et al. 2004). We have made an 
attempt in this direction for further improvement, in the 
application of the technique of PCR-DGGE in the area of 
microbial diversity analysis with more precision. 
 
CONCLUDING REMARKS 
 
The results presented here demonstrate that above method 
has been found satisfactory for the extraction of total 
community DNA from the soils of desert regions. It has 
also been found that sensitivity level of fingerprints 
generated after first round PCR was low. When the second 
round PCR was carried out and analyzed by DGGE, the 
detection limit was greatly enhanced. This is most likely 
due to an increase in the concentration of amplified product 
and decrease in the contaminant level. Performing PCR-
DGGE at different concentration of template DNA (below 
and above optimized), we have visualized an increased 
separation of bands, possibly representing low abundant 
species which were not clear at single optimized 
concentration of DNA (500 ng) in PCR. 
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