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ABSTRACT

Simple and rapid identification of pathogenic fungi from
infested soil is pre-requisite to study the fungal dynamics in
soil. The traditional methods of fungal characterization are
more cumbersome and non-specific. Therefore, a rapid and
specific method of fungal characterization through genomic
DNA is more precise. Hence, in the present study, samples
from infested soil were collected randomly for fungal DNA
isolation. The DNA concentration ranged between 240 to
410 ng/ìlwith A260/280 values of 1.48 to 1.69. The quality of
DNA was confirmed by restriction digestion with Hind III
and Hae III enzymes and further confirmed by PCR
amplification with ITS specific primers. Sequencing and
NCBI-BLAST analysis of 420bp amplicon confirmed presence
of Fusarium spp. and sequence was submitted to NCBI
database (Accession no.: KP153547 to KP153550). Homology
search in NCBI-BLAST, found 94-96% homologues with
Fusarium spp. Thus, the protocol used in present study helps
in rapid detection of soil borne fungi and also gives
information about fungal dynamics and facilitates in proper
disease management.
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Molecular tools are useful for quantitative and
qualitative evaluation of microbial communities in the soil
ecosystem. Polymerase chain reaction has become a
common biotechnological tool to access microbial
communities. Recent molecular tools have been popularly
used for community analysis (Mishra et al, 2012; Kumar
and Anandaraj, 2006). In earlier studies, various microbial
communities in soil were assessed by a number of
morphological and biochemical tests (Fatima et al., 2011).
But these techniques are very time consuming and
laborious. However, microbe specific oligonucleotide
probes to detect the pathogen have proved to be fast and
reliable approaches (Miller, 2001). The filamentous fungi
Fusarium is one of the member of microbial community in
the soil ecosystem. However, few pathogenic species of
Fusarium causes wilt diseases in wide variety of crop plants
and is widely distributed in subtropical and temperate
regions of the world (Saremi and Burgess, 2000). Fungus
starts infection from the roots by penetrating vascular
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tissue; cause wilting, discoloration and death of the plant.
Early detection of pathogens inoculums found in soil is
crucial to avoid disease epidemics. However, the isolation
of fungal DNA from infested soils is a very challenging
task due to inhibitory substances like mineral salts, proteins
and humic substances co-extracted with DNA and
subsequently inhibit polymerase chain reaction (Damm and
Fourie, 2005). The procedures should provide pure and
sufficient quantities of DNA by removing inhibitory
materials. Several procedures have been reported by various
researchers for the extraction of microbial DNA from soil
with large number of purification steps to make DNA suitable
for PCR amplification and diversity study (Roose-Amsaleg
et al., 2001; Soren et al., 2014, 2016). To reduce the cost,
time and equipments involved in isolation and culturing of
filamentous fungi, it is imperative to isolate fungal DNA
from soil for early detection. Thus, the aim of the present
study is to rapid detection of pathogen directly from soil
using molecular tools.

MATERIALS AND METHODS

Sample collection and maintenance

A wilt sick field is located in Kanpur at latitude of
26.40 north and longitude 80.20 east with average rainfall
885mm/year. The soil is alluvial sandy loam with pH 8.0. For
standardization of DNA extraction protocol from soil fungi,
4 soil samples were collected randomly from different
location of Fusarium wilt sick plot, at IIPR(Table 1) before
the onset of rains. Each soil sample was individually
collected in a sterile plastic sample bags and directly used
for DNA extraction. Remaining soil samples were stored at
4ºC.

Extraction of DNA from sick soil samples

Genomic DNA was extracted according to the
procedure of Ogram et al. (1987) with some modifications
as described herein. One gram of dry soil sample were taken
and grounded with sterilized mortar-pestle using liquid
nitrogen. The samples were collected in sterile eppendorf
tubes. Subsequently 1% extraction buffer (100 mMTris-
HCl (pH 7.5), 1.4M NaCl, 20 mM EDTA (pH 8), 3% CTAB, 40
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mg PVP (Polyvinylpyrrolidone) and 1ìl â-mercaptoethanol)
was added and incubated at 65 ° C for 30 min. After
incubation, equal quantity of C:I (24 ml chloroform: 1 ml
isoamyl-alcohol) was added, vortexes and centrifuged at 4
° C, 12000 rpm for 10 min. The supernatant containing DNA
was precipitated using 2.5 volumes isopropanol. The DNA
pellet was washed with 70% ethanol and finally dissolved
in 200ìl of sterilized distilled water.

DNA purification and quantification

About 10 mg RNase enzyme was added to crude DNA
samples (200 ìl) and incubated in waterbath at 37 ° C for 1-
2 hours. After that DNA samples were purified by treating
with equal volume of P:C:I (25 ml phenol: 24 ml chloroform:
1 ml isoamyl-alcohol) and C:I (24 ml chloroform: 1 ml isoamyl-
alcohol) and centrifuged at 4 ° C for 10 min at 12000 rpm.
The supernatant containing DNA was collected in new
centri fuge tubes and precipitated by 1 .5 volumes
isopropanol. The tubes were incubated overnight in a -
200C refrigerator and centrifuged at 4 ° C for 10 min at 12000
rpm. The pellets were washed twice with 70% ethanol; air
dried and finally dissolved in 50 ìl of sterilized TE buffer (10
mMTris–HCl and 1 mM EDTA, pH 8.0). The subsequent
DNA yields and quality were checked it on 0.8% standard
gel electrophoresis. The purity of DNA was checked by
restriction digestion using Hind III and Hae III. Restriction
digestion was performed in 20ìl total volume containing 2 ìl
of 10X restriction enzyme Buffer, a total 5-10 U of restriction
enzymes (New England Biolabs Inc.) with 1 ìg of template
DNA.

DNA concentration was quant ified by using
Biophotometer plus (Eppendorf). The ratio of the readings
at 260 nm and 280 nm provides an estimate of the purity of
DNA (Table 1).

PCR amplification of ITS region for detection

Detection of Fusariumspp. was performed using the
DNA isolated from four infected soil samples as template.
The fungal internal transcribed spacer (ITS) regions were
amplified using primers ITS-F
(5´AACTCCCAAACCCCTGTGAACATA 3 )́ and ITS-R (3´
TTTAACGGCGTGGCCGC 5´) proposed by Yazeed et al.,
2011. PCR amplifications was performed in 10 ìl total volume
containing 1X Taq Buffer, 0.2 mM of dNTPs mix (Fermentas)
(100 mM of each dNTPs), 2.5pmole each forward and
reversed primer (25 pmole each primer), 0.06 U of Taq
polymerase (G Biosciences) with 25 ng of template DNA.
PCR conditions were; initial denaturation at 94°C for 3 min
followed by 35 cycles of 94°C for 1 min, annealing at 58°C
for 1 min, elongation for 2 min. The thermal cycles were
terminated by a final extension of 10 min at 72°C. Amplified
products were resolved in 1.5% agarose gel using 0.5X
TAE buffer. The PCR products amplified from soil samples
were sequenced (Integrated DNA Technologies) and

homology search was carried out using NCBI-BLAST
analysis.

RESULTS AND DISCUSSION

The protocol employed presently eliminates the time
consuming and laborious steps of other protocols (Van
Burik et al., 1998; Al- Samarrai et al., 2000).  The DNA quality
and quantity is affected by adsorption of DNA to soil
particles or degradation and co-extraction inhibitors. Direct
isolation of DNA from soil samples accumulates impurities,
which are the potential inhibitors of polymerases and
restriction endonucleases (Ghany and Zaki, 2002).Garcia-
Pedrajaset al. (1999) developed DNA isolation protocol from
soil by using skimmed milk to prevent loss of DNA by
adsorption to soil particles. Amount and quality of DNA
obtained in the study was suitable for PCR amplification
and other molecular studies. The quantity of DNA obtained
in this study was reasonably high compared with other
literatures due to existence of high microbial load in the
sick field and sandy loam soil. DNA yield was influenced
by type of the soil type and microbial population in the
soil. Sandy soils act as natural abrasive results in higher
yield than clay soil (Gracia-Pedrajas et al.1999).

The detection of Fusarium spp. by conventional
methods were very time consuming and laborious leading
to delay in the process of disease management decisions.
In the present study, DNA was isolated from 4 sick field
soil samples randomly. The concentration of DNA was
ranged from 240ng to 410 ng/ìl with A260/280 ratio around
1.48 to 1.69 (Table 1).The results of DNA electrophoresis in
agarose gel are demonstratedin Fig.1 and visualized as sharp
and distinct bands for all the soil samples. A clear and
distinct restriction pattern upon restriction digestion of
DNA using enzymes Hind III and Hae III confirmed the
purity of DNA (Fig.2). The PCR amplification of DNA was
carried out using ITS primer (Table 1). All four DNA samples
produced the amplicon size of 420bp and the amplified
bands were of the expected size (Fig. 3). This coincided in

Soil samples Location DNA  
concentration  

(ng/µl) 

Ratio  
readings at 
260 nm and  

280 nm 
Sample 1 Wilt sick plot, IIPR 318 1.64 
Sample 2 Wilt sick plot, IIPR 410 1.48 
Sample 3 Wilt sick plot, IIPR 370 1.56 
Sample 4 Wilt sick plot, IIPR 240 1.69 

 

Table 1. DNA quantification of four wilt infested soil samples

Figure 1. DNA extracted from four wilt infested soil samples,
Lane M: ë  DNA (600 ng).
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length with the positive control DNA extracted from
mycelium of Fusarium oxysporum f.sp. ciceris (Foc) culture.
A healthy chickpea plant extracted DNA was used as
negative control and these controls never produced visible
bands. The PCR amplification of ITS regions represented,
the protocol of DNA extraction is efficient and can be
employed for soil microbial genomic studies.

The sequence homology of the amplified sequenced
products by using NCBI-BLAST analysis was confirmed
to be Fusarium spp with 94-96% similarity (Table 2). The
sequences were submitted to NCBI database and GenBank
accession numbers were obtained (Table 2). Several
researchers have developed PCR based detection tests for
several pathogens like Phytophthoraspecies (Grote et al.,
2002; Hussain et al., 2005), Ralstoniasolanacearum (Kumar
and Anandaraj, 2006), Phytophthoracinnamomi (O’Brien,

2008) and Agrobacterium tumefaciens (Yang et al., 2011).
SCAR markers developed against race 5 of Foc was obtained
by RAPD analysis and were utilized for detection of
pathogen from soil samples (Garcia-Pedrajaset al.1999).
Detection of pathogen from soil helps in quantification of
inoculums load in the field and helps indecision making
system.

Based on the above discussion we conclude that the
DNA isolated from soil samples in this study was suitable
for molecular studies. Such a study can facilitate fungal
dynamics, evolution and taxonomy studies at molecular
level within a very short time span.
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