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ABSTRACT

Aim: Several methods described previously for isolation and purification of soil DNA. Most of these
protocols use combination of techniques or methods but the role and contribution of each individual
method or component used is not clearly discussed. This study aims at analysing the effect of
individual components used in extraction of DNA from soil and finally to optimize soil DNA isolation
protocol and its validation by using 16SrDNA sequence analysis.

Methods and Results: The soil was washed with anionic buffers before lysis step to reduce humic
substances and release microbial cells from soil matrix, then the cells were lysed using
combination of SDS, heating and vortexing and finally humic substances were removed using
chemical flocculation. Pre-lysis washing of soil with 100 mmol -1 Na2EDTA proved good for
releasing microbial cells from soil matrix. Heating the soil sample at 75°C yielded good quantity
(15.73 pg g-1 soil) DNA followed by 2% SDS (10.28 ug g-1 soil) and vortexing at 1400 rpm (8.94
Mg g-1 soil). Combination of heating, SDS and vortexing yielded 25 ug DNA per gram of soail.
Different concentrations of chemical flocculants like AINH4(SQO,),, FeCl;, CaCl, and MgCl, were
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simultaneously.

used to reduce humic substances. Flocculation with 100 mmol |-1 CaCl, removed 5.2 mg humic
substances without significant loss of DNA. 16S rDNA sequence analysis of DNA extracted from
soil reveals presence of all the common soil bacterial species indicating the protocol is unbiased.

Conclusion: Combination of chemical (SDS) and physical (heating and vortexing) methods yield
good DNA whereas addition of enzyme (lysozyme) did not show significant effect on cell lysis. The
digestion of isolated DNA with restriction enzyme and amplification of 16S rDNA using Tag DNA
polymerase indicates the isolated DNA is pure enough for metagnomic analysis. 16Sr DNA
sequencing of soil DNA indicates that this protocol can extract good quality and quantity DNA from
range of bacteria present in soil varying in their cell wall composition. The optimised protocol is
unbiased, very simple, does not need special equipments and many samples can be processed

Keywords: Metagenomics; soil DNA; humic acid; PCR; protocol; sequencing.

1. INTRODUCTION

Soils are highly complex environment containing
diverse microbial species. A gram of soil can
contain between 10° and 10° different bacterial
species [1]. Traditionally, microbes have been
isolated, purified and characterized by their
morphological and biochemical properties [2].
Due to limited information about nutrient
requirement and culture conditions, it is now
known that less than 1% of the microbial species
can be cultured in laboratory [3]. Analysis of
nucleic acid extracted directly from
environmental sample allows the researcher to
study both culturable and non-culturable
microbes. Molecular tools like PCR amplification
followed by gel-based profiling or 16S rDNA
sequencing gives a basic idea about the
microbial community composition, diversity and
dynamics, whereas the whole metagenome
sequencing helps us to study the functional
capabilities of microbial species present in the
sample without being culturing them [4]. Further,
a potentially efficient gene could be isolated from
unculturable species through metagenomic DNA,
cloned and expressed in culturable species to
produce agriculturally or industrially important
protein [4].

Good quality and quantity DNA from
environmental sample is a fundamental step for
all metagenomic studies. Several protocols are
developed for Soil DNA isolation and these are
broadly classified into direct and indirect lysis.
Indirect lysis involves separation of cells from soil
matrix followed by cell lysis and DNA extraction
[5]. Cell lysis in the soil matrix followed by
separation and purification of DNA from matrix
and cell debris forms the direct lysis method
[6,4]. Releasing of microbial cells from soil
particle, cell lysis and purification of soil DNA
from contaminants like humic substances are
critical and challenging. The procedures for soil

DNA isolation belong to physical [7,8], chemical
[9,5] and enzymatic [10,11] lysis of cell followed
by purification using density centrifugation [12],
column chromatography [13] and chemical
flocculation [14].

Many authors reported protocols using above
methods or components, but most of them did
not discuss the effect of each component used in
isolation of DNA from soil. Because of lack of
comparative studies, the efficiency of each
method for cell lysis and purification is not clearly
understood. Here we made an attempt to
compare different methods for releasing
microbial cells from soil matrix, lysis of cell and
removal of humic substances from soil DNA, and
finally an optimized soil DNA isolation protocol is
presented. The optimised protocol is further
demonstrated for its suitability for metagenomic
studies by high throughput 16S rDNA sequence
analysis using soil metagenome.

2. MATERIALS AND METHODS
2.1 Pre-lysis Wash

To release microbial cells from soil matrix and to
reduce the co-extraction of humic substances
with DNA, the soil sample was washed with
different concentrations of sodium phosphate
buffer (pH 7.0) and disodium EDTA (Na,EDTA)
(pH 7.0). Two hundred milligram of soil was
mixed with 1 ml of 0, 20, 40, 60, 80, 100, 120,
140, 160 and 180 mmol I sodium phosphate
buffer (pH 7.0) and Na,EDTA (pH 7.0) separately
and gently shaken for 1h in orbital incubator
shaker at room temperature. The sample was
centrifuged at 10,000 g for 5 minutes and the
supernatant was collected. Quantity of humic
acid was measured in spectrophotometer at 320
nm with humic acid sodium salt (Sigma Aldrich)
as standard [15,16]. The soil pellet was
processed further to extract DNA.



2.2 Cell Lysis

Physical, chemical and enzymatic methods and
their combinations were used to lyse the
bacterial cells in soil. One ml of soil DNA
isolation buffer (100 mmol I"' Tris, 100 mmol I
Na,EDTA, 1.5 mol I'' NaCl and 1.25% PVPP)
was mixed with 200 mg soil and vortexed at 1400
rom at 37°C for 0, 30, 60, 90, 120 and 180
minutes on thermomixer (Eppendorf, Germany).
For heating, the sample was incubated at 75°C
for 0, 30, 60, 90, 120 and 180 minutes in water
bath. Sodium dodecyl sulphate (SDS) at the rate
of 1, 2, 3, 4, 5 and 6% was used for chemical cell
lysis in DNA isolation buffer at 65°C temperature.
lysozyme (HiMedia, India) at the concentrations
of 0, 25, 50, 75, 100, 125 and 150 mg was used
for enzymatic lysis at 37°C.

2.3 Removal of Humic Substances

Chemical flocculation using aluminium
ammonium sulphate (AINH4(S0O,),), calcium
chloride (CaCl,), ferric chloride (FeCl;) and
magnesium chloride (MgCl,) were used to
remove humic substances from the soil DNA.
Concentrations ranging from 0 to 180 mmol M in
increments of 20 mmol I'" was added in lysis
buffer (100 mmol I Tris, 100 mmol I'' Na,EDTA,
15 mol ' NaCl and 1.25% PVPP). After
treatment, the supernatant was mixed with equal
volume of chloroform : isoamyl alcohol (24:1) and
centrifuged at 13,200 g. Aqueous layer was
transferred to fresh tube, mixed with equal
volume of chilled isopropanol and centrifuged at
13,200 g for 10 minutes at 4°C.

2.4 Protocol Optimized in Brief

Two hundred mg soil (clay loam with 0.41%
organic carbon, pH 7.55 and 58.59 me.100g™
CEC) free from pebbles and debris was mixed
with 1 ml of 100 mmol I’ Na,EDTA, shaken for 1
h at room temperature and centrifuged at 10,000
g for 5 minutes. The supernatant was discarded
and the soil pellet was dissolved in 1 ml of DNA
extraction buffer (100 mmol I Tris, 100 mmol I
Na,EDTA, 1.5 mol I Nacl and 1.25% PVPP)
containing 2% SDS and 100 mmol I CaCl, and
vortexed at 1400 rpm for 1 h 30 minutes at 75°C.
The sample was centrifuged at 13,200 g at room
temperature for 10 minutes, supernatant was
transferred to fresh 2 ml centrifuge tube, mixed
with equal volume of chloroform : isoamyl alcohol
(24:1) and centrifuged at 13,200 g. The upper
aqueous layer was then transferred to fresh 1.5
ml centrifuge tube, 1/10™ volume of 3 M sodium
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acetate buffer (pH 7.5) and equal volume of
chilled isopropanol was added, mixed and
incubated overnight at -20°C. The DNA was
collected by centrifugation at 13,200 g at 4°C for
10 minutes, washed with 70% alcohol,
dried and dissolved in 50 ul of T4E;. The
below flowchart (Fig. 1) represents the protocol
in brief.

The amount of humic substances was measured
using Cary 50 Bio UV-spectrophotometer at 320
nm with humic acid sodium salt (Sigma Aldrich)
as standard [15,16]. DNA was analysed by
agarose electrophoresis followed by
documentation in Synegene G box gel
documentation unit and quantified by Syngene
Genetool software using Lambda DNA Hindlll
single digest (Bangalore Genie, India) marker as
reference. The effect of treatments used in pre-
lysis wash, cell lysis and removal of humic
substances was statistically analysed by t
test.

2.5 PCR Amplification

16S rDNA was amplified using PRBA338 and
PRUN518 primers [17,18]. Each PCR reaction
contained 1X PCR buffer, 1.2 mmol I MgCl,,
250 pmoles of each dNTP, 5 yM of each primer,
1-unit Tag DNA polymerase, and 100 ng
template DNA. To check the inhibitory activity of
humic acid, unpurified and purified DNA was
used as template. Purified DNA was four-fold
diluted to check the effect of traces of humic acid
on Taq DNA polymerase. The template DNA was
denatured at 95°C for 5 minutes followed by 32
cycles of denaturation at 94°C for 50 seconds,
primer annealing at 55°C for 30 seconds and
extension at 72°C for 50 seconds. The amplified
product was checked on 1.2% agarose gel along
with 100 bp DNA ladder (Bangalore Genie,
India).

2.6 Restriction Digestion

Five hundred ng of metagenomic DNA was
digested by 5 units of EcoRl and Hindlll
(Bangalore Genie, India) restriction
endonuclease at 37°C for 2 hours under
optimum conditions of buffer and pH. The
digested DNA was separated in 0.7% agarose
gel along with undigested control DNA and
Lambda DNA Hindlll single digest (Bangalore
Genie, India) marker as reference, stained with
ethidium bromide and documented in Syngene
gel documentation unit.
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Soil

Pre-lysis washing with Na,EDTA

Cell lysis with SDS, vortexing and heating

Removal of humic substances with CaClg

Removal of proteins by Chloroform:Iso-amyl alcohol

DNA Precipitation with chilled isopropanol

Fig. 1. Flowchart depicting brief steps involved in protocol for soil DNA extraction

2.7 Sequencing of 16SrDNA

Suitability of the above soil DNA isolation method
for metagenomic studies was analysed by high
throughput  sequencing of 16S  rDNA.
Amplification of 16S rDNA was done as
mentioned above. An aliquot (2ul) of amplified
product was checked on 1.2 % agarose gel. The
remaining amplified product was purified and
sequenced using 316 chip on lon torrent
personal genome machine according to the
manufacturer protocol. The Q20 reads generated
by lon torrent sequencer were deposited in MG-
RAST database (Accession number 4564423).
The good quality sequences were
phylogenetically  classified using MSRNA
annotation source of MG-RAST [19]. Species
richness and their diversity was calculated by
Species Prediction and Diversity Estimation
(SPADE) [20] with cut off value of 10 and 200
bootstrapping.

The species (based on sequence reads) were
searched manually for Gram reaction and
classified as gram positive, gram negative and
gram variable. The species whose Gram staining
reaction information is not available were
classified as others.

3. RESULTS

Sodium phosphate and Na,EDTA was found to
extract 7.33 and 2440 mg humic acid
respectively from a gram of soil (Table 1). There
was no additional humic acid extracted with
increase in the concentration (above 180 mmol I
"y of Na,EDTA. However, higher concentration
(above 180 mmol I'1) of sodium phosphate buffer
resulted in the extraction of more humic

substances (Table 1). Along with humic
substances, lot of debris were also precipitated
when sodium phosphate buffer was used for
washing the soil before cell lysis. Though the
amount of humic subsances extraction increased
with the increase in concentration of Na,EDTA,
the difference was significant only up to 100
mmol I”" (Table 1). The amount of DNA extracted
decreased drastically after 100 mmol I" of
Na,EDTA used in pre-lysis wash step. Hence,
we used only 100 mmol I Na,EDTA for pre-lysis
wash.

The highest yield of DNA was obtained by
heating the soil at 75°C followed by incubating
the soil with SDS and vortexing at 1400 rpm.
Significant difference in the yield of DNA was
observed by heating at 75°C up to 90 minutes,
vortexing at 1400 rpm for 90 minutes (Table 2)
and treating with 2% SDS (Table 3). Along with
DNA some amount of humic substances were
also precipitated and the amount of humic
substances precipitated was more with heating
(Tables 2 and 3). Treatment of soil slurry with
different concentrations of lysozyme did not yield
DNA (Table 3).

Vortexing at 1400 rpm for 90-minute, heating at
75°C for 90 minute and incubation with 2% SDS
for 90 minutes yielded 8.94, 15.73 and 10.28 ug
DNA g of soil respectively with 3.94, 9.29 and
3.64 mg humic acid g'1 of soil respectively. The
combination of three methods; vortexing at 1400
rom with heating at 75°C for 90 minutes in
presence of 2% SDS yielded the highest DNA
(25 ug g'1 of soil) as compared to any of them
alone and control (Fig. 2). However,
large amount of humic substances (10.88
mg g'1 of soil) was also extracted with this
method.
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Table 1. Effect of pre-lysis washing on DNA and humic acid concentration

Conc. of Humic acid in DNA concentration Humic acid in DNA
Sod. supernatant (mg_g'1 soil) (ug_g'1 soil) (mg_g'1 soil)
Phosphate  Sodium Na,EDTA Sodium Na,EDTA Sodium Na,EDT
I Na,EDTA  phosphate phosphate phosphate A

used

00 mM 0.00 0.00 21.27 21.27 24.87 26.50
20 mM 1.50" 8.03° 19.73° 27.63° 23.23¢ 17.17°
40 mM 2.13° 9.80° 18.77° 27.38° 23.03° 14.80°
60 mM 2.83¢ 10.83° 17.23° 27.03° 22.10° 11.87°
80 mM 3.67° 14.00° 16.13° 26.50° 21.40° 8.20°
100 mM 4.13° 20.53° 14.57° 25.10° 20.17° 5.37°
120 mM 5.00° 21.77° 13.00° 20.57° 19.03° 4.50°
140 mM 6.10° 22.33° 12.40° 17.00° 18.50° 3.93°
160 mM 6.43° 24.40° 11.63° 12.20° 16.90° 3.47°
180 mM 7.33° 23.80° 10.17° 7.10' 16.13° 2.70°

Values followed by different letters are significantly different between treatments at p < 0.01, as calculated by t

test

Table 2. Effect of vortexing and heating on cell lysis and DNA yield

Incubation time Vortexing at 1400 rpm at room Heating at 75°C
(Minutes) temperature

Humic acid DNA Humic acid DNA

(mg g™ soil) (wg g™ soil)  (mgg” soil) (ug g soil)
0 3.33 0.00 3.45 0.00
30 3.51 1.53° 5.83° 6.72°
60 3.73 5.13° 7.54° 9.48°
90 3.94 8.94° 9.29° 15.73°
120 4.16 9.20° 9.80° 17.64°
150 4.44 9.44° 10.34° 18.48°%
180 4.81 9.89° 10.49° 19.09°

Values followed by different letters are significantly different between treatments at p < 0.01, as calculated by t

test

Table 3. Effect of SDS and lysozyme on cell lysis and DNA yield

Sodium dodecyl sulphate (SDS) Lysozyme
Conc. of Humic acid DNA (ugg Conc. of Humic acid (mg DNA (ug g’
SDS (%) (mg g™ soil) ! soil) lysozyme (mg) g soil) soil)
0.00 3.26 0.00 0.00 3.33 0.003
1.00 3.50 4.92° 25.00 3.85 0.005
2.00 3.64 10.28° 50.00 4.06 0.007
3.00 3.81 10.53° 75.00 3.94 0.006
4.00 4.00 10.717 100.00 4.06 0.007
5.00 414 10.97° 125.00 4.10 0.008
6.00 4.26 11.12° 150.00 4.09 0.008

Values followed by different letters are significantly different between treatments at p < 0.01, as calculated by t
test

All the chemical flocculants used to remove
humic  substances also reduced the
concentration of DNA. AINH4(SO,), and MgCl,
FeCl; reduces DNA concentration drastically
without having much effect on the concentration
of humic substances. But CaCl, yielded good
concentration DNA with less of humic
substances (Table 4). There was significant
reduction in humic substances even up to 180

mmol I CaCl,, but the concentration of DNA
reduced drastically after 100 mmol " CcaCl,
(Table 4).

PCR amplification and restriction digestion (Figs.
3 and 4) of soil DNA purified with 100 mmol r
CaCl, indicates that the extracted DNA is pure
enough for enzymatic activity and can be used
for metagenomic analysis.
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Fig. 2. Effect of combination of methods on cell lysis. Heating at 75°C with vortexing (1400
rpm) in presence of 2% SDS for 90 minutes yield highest DNA followed by heating with
vortexing and heating with SDS. heating also extracts lot of humic acid. Values followed by

letters indicate significant difference as calculated by t test

Table 4. Effect of chemical flocculants on concentration of DNA and humic acid

Concentration AINH,4(SO,), CaCl, FeCl, MgCl,
(mM) Humic DNA Humic DNA Humic DNA Humic DNA
acid (Mgg” acid (Mgg” acid (Mgg”’ acid HO g
(mgg” soil) (mgg” soil) (mgg” soil) (mg g™ soil)
soil) soil) soil) soil)
0 5.200 2573  5.207 25.51 4.840 2543  5.130 25.64
20 4.260' 17.81°  3.450"  23.04° 4.270 18.15°  5.010° 18.01°
40 3.620" 12.46° 2.067° 22.19° 3.680" 10.78°  4.880' 13.54°
60 34109 7.88° 0117 21.24°  3.400° 1.64° 4.720°  8.96°
80 3.040' 4.23° 0.075°  21.22°  3.050' 0.52¢ 4560°  5.02°
100 2.740° 243°  0.007° 19.93° 2.850° 0.32¢ 4.450°  3.15°
120 2.620° 2.04° 0.003° 15.01° 2.710° 0.18° 4.350° 1.87'
140 2.440° 1.34' 0.002° 10.36° 2.440°  0.15° 4.170° 1.05¢
160 2.110°  0.93' 0.001®  5.15° 2.080°  0.09° 4.020° 063"
180 1510° 0.60°  0.001®  1.00' 1.640°  0.06° 3.880°  0.42"

Values followed by different letters are significantly different between treatments at p < 0.01, as calculated by t
test

Table 5. Proportion of bacterial phyla in soil metagenome based on 16S r DNA sequencing

Phylum Janssen, 2006 This study
Range (%) Average (%)  With unclassified Without
(%) unclassified (%)
Proteobacteria 10-77 39.00 35.95 55.92
Actinobacteria 0-34 13.00 19.88 30.92
Acidobacteria 5-46 20.00 0.18 0.28
Verrucomicrobia 0-21 7.00 0.09 0.14
Bacteroidetes 0-18 5.00 2.15 3.35
Chloroflexi 0-16 3.00 0.41 0.64
Planctomycetes 0-8 2.00 0.03 0.03
Firmicutes 0-7 1.80 4.31 6.71
Gemmatimonadetes 0-4 2.00 0.15 0.24
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Fig. 3. PCR amplification of 16S rDNA from soil metagenome. No amplification was observed
in (lane U) DNA without using chemical flocculant, indicating humic acid inhibits Tag DNA
polymerase activity. Lane 01 to 05 is purified DNA using CaCl2, 01, 02, 03, 04 and 05 are
undiluted, one-fold, two-fold, three-fold and four-fold diluted DNA respectively. Amplification
in all samples indicates the extracted DNA is pure enough for enzymatic activity. NC is no
template control and M is 100bp DNA marker

- VI UD) e DDH |

Fig. 4. Restriction digestion of metagenomic DNA. 5 unit of EcoRI (DE) and Hindlll (DH) could
able to digest 1 ug DNA in 3 hours indicating DNA is free from humic acid and can be used for
metagenomic studies. UD is undigested DNA and M is lambda DNA Hindlll single digest
marker

High throughput sequencing of 16S rDNA sequences, 55.92, 30.92, 6.71, 3.35,
amplified from isolated soil DNA identified 0.96, 0.64, 0.35, 0.27 and 0.24% sequences
1558 species with the Shannon diversity index of  belonged to Proteobacteria, Actinobacteria,
442 and 83 effective number of species. Fermicutes, Bacteroidetes, Cyanobacteria,
Around 35.7% 16S rDNA  sequences Chloroflexi, Nitrospirae, Acidobacteria
could not be classified to any of the known and Gemmatimonadetes respectively
phylum of bacteria. Among classified (Table 5).
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M Gram variable ® Others

Fig. 5. Proportion of gram positive and gram negative bacteria in soil metgenome. 49.9%,
46.74%, 0.34% and 3.03% 16S r DNA sequences belong to gram positive, gram negative, gram
variable and others respectively. The ratio between gram positive and gram negative bacteria

is 1.07

Around 49.90% and 46.73% species belonged to
gram positive and gram negative bacteria
respectively with the ratio of 1.07 between gram
positive and gram negative bacteria (Fig. 5).

4. DISCUSSION

Good quality and quantity DNA is very much
essential for the culture independent genomic
analysis of environmental sample. There are
several protocols available to extract DNA from
soil, but none of them analysed effect of
individual component or method and cannot be
accepted as standard for different soil types and
among scientific community [21,22]. Extraction of
microbial community DNA from soil has many
challenges. Soil texture and its organic matter
content pose serious problem to the extraction of
microbial community DNA from soil [7]. High
levels of clay particles inhibit the cell lysis and
the extracted DNA is adsorbed back to the clay
particles [21]. More than 80% of the microbial
cells stick on to the soil particles rich in clay and
organic material [23]. Adhesion of bacterial cell to
the soil particle is complex phenomena involving
characteristics of cell, soil particle and the liquid
phase [24].

Clay particle, organic matter and bacterial cells
have net negative charges and the bacterial cells
adhere to soil particle by cation bridging involving
polyvalent cations [25]. Different concentrations

of sodium phosphate buffer (pH 7.0) and
Na,EDTA (pH 7.0) was used to disperse and
dislodge the microbial cells adhered to soail
particles. It is assumed that the anions of these
buffers compete for the adsorption sites on clay
particle and organic matter and hence release
the microbial cells and their DNA by breaking the
cat ion bridging [26]. Na,EDTA was found to be
more efficient in releasing the cells and removing
humic substances as evidenced by the good
concentration DNA with less humic acid
observed in this study. EDTA is known to
destabilise the cell by chelating divalent cat ions
[27]. This may be the reason for loss of DNA with
the higher concentration of Na,EDTA in pre-lysis
buffer. Pre-lysis wash is also known to remove
persisting  extracellular DNA from dead
organisms [28]. The amount of DNA extracted
was less with more of contaminating humic
substances and also formation of insoluble
precipitation in the tube when sodium phosphate
was used for pre-lysis washing. Hence, it is not
used in pre-lysis and lysis buffer.

Extraction of DNA from soil bacterial community
is challenging as the soil harbour diverse
bacteria varying in cell size, shape and their cell
wall composition [29]. The cell lysis protocols in
metagenomics could be biased due to above
reasons [30]. Physical, chemical and enzymatic
methods and their combination were used for cell
lysis. Heating at 75°C was the most efficient
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Phylum

Actinobacteria 77.30 94.20
Aquificae
Bacteroidetes 90.30
Caldiserica 78.80
Chlamydiae 68.30 73.80

Chlorobi 69.10 93.50

Chloroflexi 64.20 92.30 94.30
Chrysiogenetes 87.50
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Fig. 6. Heatmap showing coverage rate of PRBA338 and PRUN518 primer pairs with different
phyla of bacterial domain. The primer sequence in combination was searched for similar
sequences with 0, 1, 2 and 3 mismatches in RDP databse using ProbeMatch algorithm. Red
colour is lowest coverage and green colour is highest coverage

93.30

method followed by SDS and vortexing at 1400 Thicker peptidoglycan layer in the cell wall of
rpm. Longer heating causes more cell disruption gram positive bacteria makes them difficult to
and release of DNA [31], but the quantity of DNA lyse [31] and hence enzymatic (lysozyme) lysis
obtained by incubation at 75°C for more than 90  of glycosidic linkages of glycan polymer is the
minutes is non-significant. standard method [32] for extraction of DNA from



bacteria. Though many soil DNA isolation
protocols used lysozyme [27,33] along with other
methods of cell lysis, but their experiment did not
clearly mention the effect of using only lysozyme
on cell lysis. This study reveals that amount of
DNA extracted with only lysozyme (even at 150
mg concentration) is negligible (0.008 pg g soil)
as compared to other methods used here like
heating, SDS and vortexing. This could be due to
inhibitory effect of humic substance on the
activity of lysozyme as there was 5.87 mg humic
substances present in soil pellet used for
lysozyme treatment. Li et al. [34] reported the
inhibition in activity of lysozyme by humic and
fulvic acid.

Since good amount of DNA is obtained in this
study even without using lysozyme, we analysed
whether the protocol is biased with gram positive
bacteria. Cell wall of gram-negative bacteria tend
to break easily than gram positive bacteria [22]. If
the protocol is inefficient then it could be problem
with lysis of gram positive bacterial cell. 16S
rDNA sequence analysis shows similar
proportion of gram positive (49.90%) and gram
negative (46.74%) bacteria in this study sample.
There are few studies which reported isolation of
DNA from gram positive bacteria even without
using lysozyme [35,36] Yuan et al. [37] reported
that lysozyme alone is not efficient in extracting
DNA from human microbiome (especially gram
positive bacteria). Shahriar et al. [38] isolated
good amount of DNA from gram positive bacteria
(Bacillus subtilis) using only SDS. SDS is a
strong anionic detergent which dissolves proteins
and lipids. Since cell wall of some gram positive
bacteria contains significant amount of non-
peptidoglycan amino acids and covalently
attached proteins [39], it is expected that the
combination of heating and SDS extracted DNA
from both gram positive and gram negative
bacteria in this study.

Another important problem in soil DNA extraction
is co-extraction of humic substances with DNA.
Similarity in physico-chemical properties of humic
acid and DNA makes it difficult to separate humic
acid from DNA [40]. The extracted DNA was dark
in colour and no enzymatic acitivity (PCR
amplification and restriction digestion) was
observed. Humic acid inhibits PCR amplification,
restriction digestion and transformation efficiency
[41]. Many methods are in use to reduce the
concentration of humic substances from soil
DNA, we tried chemical flocculation method of
Braid et al. [14] which is simplest and does not
require special equipments to purify soil DNA
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from humic substances. We tested different
concentration of AINH,(SO,),, MgCl,, FeCl; and
CaCl, to reduce humic substances in DNA. In
this study, CaCl, was found most effective in
removing humic substance with retaining good
concentration of DNA. Similarly, Sagova-
Mareckova et al. [42] observed addition of CaCl,
to the crude DNA extracted from variety of soils
differing in clay content, moisture and pH
reduced humic acid content. This observation
contradicts the Schulze-Hardy rule [43,44],
according to which trivalent cations are more
effective in coagulating humic substances
followed by divalent and monovalent.

The optimized protocol was further validated by
high throughput sequencing of 16S rDNA of DNA
extracted from soil. 16S rDNA sequence reads of
the isolated DNA were classified to large number
of bacterial species with Shannon diversity index
of 4.42, indicating the protocol is able to extract
DNA from wide range of species. Around 1/3"
sequences cannot be classified to any of the
known species but belong to bacteria, indicating
the potential efficiency of protocol to extract DNA
from diverse species even which are vyet
unculturable in lab. Among classified sequences,
the distribution pattern at phylum level is similar
to other soil metagenomic studies [45-47]. We
analysed and compared our 16S rDNA sequence
data with Janssen [48], who surveyed 32 libraries
of 16S rDNA from published articles of different
bulk soils to assess the biases in metagenomic
studies. Except for Acidobacteria the proportion
of each phylum observed in this study is within
the range of Janssen’s observation (Table 5).

The less representation of Acidobacteria in 16S
rDNA sequence data could be due to bias in
DNA  extraction, PCR amplification or
characteristic of sample (soil type and land
management practices). Since most of the
species belonging to Acidobacteria are gram
negative [49], inefficiency of the protocol to lyse
cell may not be the reason for less Acidobacteria
observed as they can be lysed easily [22]. The
bias in PCR ampilification is also ruled out as the
coverage rate of the primer pair PRBA338 and
PRUN518 for Acidobacteria is more than other
dominant phyla observed in this study
(Actinobacteia, Proteobacteria and Fermicutes)
(Fig. 6). [18] We believe the less proportion of
Acidobacteria observed in this study could be
due to the characteristic of soil sample used in
this study. Species belonging to Acidobacteria
are known to be predominant in extreme and
contaminated soils [50] and their abundance is
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negatively correlated to the organic carbon
content [46]. The soil used in this study is from
organic farm with good organic carbon, known to
contain fewer toxic compounds and is considered
to be healthy and support beneficial copiotroph
microbes [51,52]. This is also supported by
presence of higher proportion of Proteobacteria
(55.92%) and Actinobacteria (30.92%) in this
study (Table 5) [46].

5. CONCLUSION

Several methods were described previously for
isolation and purification of soil DNA. Most of
these protocols used combination of techniques
or methods, hence the effect of each method
individually is not clearly understood. We tested
different methods and analysed their efficiency.
Washing the soil with Na,EDTA before cell lysis
reduces the co-precipitation of humic substances
and increased DNA concentration. We observed
addition of lysozyme does not yield DNA and can
be excluded while extracting DNA from soils rich
in humic substances. Heating with vortexing in
presence of SDS proved to be most efficient
method for cell lysis. Chemical flocculation using
CaCl, is the most efficient in removing humic
substances with retaining good quantity DNA.
The amount of CaCl, required to remove or
reduce humic substances need to be adjusted
based on the amount of humic substances
present in soil. Finally, we demonstrated the
validity of optimized protocol for soil
metagenomic studies by largescale sequencing
of 16S rDNA from soil metagenome. We found
that this protocol is unbiased and can extract
good quality and quantity DNA from range of
microbes varying in their cell wall composition.
This protocol is very simple, does not need
special technique/equipment or hazardous
chemicals like phenol and many samples can be
processed simultaneously.
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