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Abstract | Chickpea is the most important pulse legume that serve as dietary protein source for poor farmers
in the developing countries. Yield and production severely challenged by biotic stresses. Wilt complex is the
major biotic factor that contribute significantly in yield loss. Wilt complex is caused by various pathogens,
including diverse type of Fusarium species. Molecular approach is a useful technique for the identification
of wilt complex pathogens. The study conducted to identify the polygenetic association of the pathogens of
chickpea wilt complex. Universal Rice Primers based diversity analysis indicates high polymorphism within
the collected wilt isolates. Primers ITS 1 and ITS 4 generated internal transcribed spacer fragments that
were restricted four restriction enzymes (HhaeI, MboI, BsuRI, HinfI). PCR ITS-RFLP banding pattern
identified two Fusarium species i.e. Fusarium oxysporum and Fusarium solani. In conclusion, PCR-ITS-RFLP
proved to be an efficient and easy technique for the identification of wilt complex pathogens.
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Introduction

C

hickpea or gram is the most important cool
season pulse legume of the semi-arid tropics.
Its yield and ultimately production is severely
challenged by various biotic and abiotic factors.
Among biotic factors, gram wilt or chickpea wilt is
the most demolishing facultative group of parasites
that can cause damage to whole crop under favorable
weather conditions (Sharma and Muehlbauer, 2007).
Different strains of pathogenic Fusarium species
take part in this complex and later cause the root
rot and wilting of the host plants. Pathogens of wilt
complex are divided into more than 100 forms which
are not possible to identify morphologically (Baayen
et al., 2000), (Di Pietro et al., 2003), (Lievens et al.,
2008). Chickpea wilt is caused by the combination
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of different pathogens. The most common pathogen
of wilt complex is F. oxysporum f. sp. ciceris. Other
pathogens includes F. solani, Rhizoctonia bataticola,
Botrytis cinerea, etc. (Nene et al., 1996). Pathogens
attack the plant at two different stages i.e. first at
seedling stage (20 -25 days after sowing in the autumn
season (Sept-Oct) and second at reproductive stage in
the spring season (Feb-Mar). Dry and warm climate
is suitable for the spreading of wilt (Pande et al.,
2005). It damages the roots of plant and penetrate in
the vascular tissues, causing disturbance in root-water
relation, leading to reduction/stoppage of movement
of water to the aerial parts of the plant. As the result
of wilt, yellowing of leaves and drooping of petiole,
rachis and leaflets are observed in the infected plant
as the disease progress, ultimately plant dies after
showing these symptoms.

In Pakistan, chickpea crop is severely threatened by
wilt disease due to the presence of drought conditions
in the recent years. It remains a continuous problem
due to its saprophytic ability and can remain alive
for a very long period of time which can help the
pathogen to develop many new physiological races of
high resistivity (Bendre and Barhate, 1998).
All the species of Fusarium are both seed and soil born
and can survive in the soil for up-to six years without any
host (Haware et al., 1996). Due to the survival ability
and mode of damage, management of the disease is
very difficult by means of fungicides and crop rotation.
The cultivation of resistant varieties is the most suitable
and efficient way to overcome the losses due to disease
(Bakhsh et al., 2007; Nene and Reddy, 1987). However,
wilt resistance in chickpea is seriously threatened due
to the evolution of new races and species.
Therefore, regular monitoring is needed to identify
new isolates from different cultivated geographically
regions for efficient resistance breeding program.
There are different approaches to identify the strains
of pathogens. However, the most accurate and easiest
way to identify and characterize the genetic variation
within the pathogens is molecular based approach.
These approaches include PCR based ITS-RFLP
(internal transcribed spacer -restriction fragment
length polymorphism), gene specific amplification,
ISSR (inter simple sequence repeat), translation
elongation factor 1 alpha (EF-1a) sequencing and
AFLP (amplified fragment length polymorphism).
Identification of wilt complex strains using ITSRFLP analysis is most precise (Gurjar et al., 2009).
The use of universal rice primers (URPs), designed
from wild rice genomic sequence has been successfully
demonstrated for the dissection of genetic diversity in
plants, animals and microbes. Besides, URPs have also
proved their worth in characterization of eukaryotic
and prokaryotic genomes at specific and intra-specific
level (Kang et al., 2001).
Universal Rice Primers (URP) were developed from
Korean weedy rice through repetitive sequence
of DNA. URP-PCR protocols provides the high
reproducibility throughout the thermo-cycling
reactions. Under the PCR condition, each single URP
primer produced characteristic fingerprints from
wide range of genomes containing plants, animals
and microbes, indicating its universal applicability.
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URP-PCR technology has been applied for accessing
genetic diversity of various fungal species.

Restriction Fragment Length Polymorphism (RFLP)
detects the polymorphism that results from variation
in the DNA sequence recognized by restriction
enzymes. Different RFLP reported for detecting the
variation in genomic structure for the identification
of fungal species.
Genotyping of the isolates using these approaches is
not only helpful in identification of microbial species
and isolates, but it also generates information that is
useful for the disease-resistance breeding program.
In this context, the present study was conducted to
assess the genetic variability in the pathogens of wilt
complex that were collected from chickpea growing
areas of Punjab, Pakistan.

Materials and Methods
Collection, isolation, and DNA extraction of wilted
samples
A total of twenty-three wilted samples were collected
from main chickpea growing districts (Bhakkar,
Khushab, Jhung and Mianwali). The samples were
collected after 25 days of germination. Out of these
twenty three disease samples eight were collected
from Athara Hazari (Isolate 1, Isolate 2, Isolate 3,
Isolate 4, Isolate 5, Isolate 6, Isolate 7 and Isolate 8)
and one from Garh More (Isolate 19) Jhung district,
four from Bhakar district (Isolate 9, Isolate 10, Isolate
11 and Isolate 12), four from Piplan (Isolate 13, Isolate
14, Isolate 15 and Isolate 16) and two from Harnauli
(Isolate 17 and Isolate 18) Mianwali district, and four
samples were collected from Adhikot (Isolate 20,
Isolate 21, Isolate 22 and Isolate 23) Khushab district.
The infected roots of these samples were cut into
small pieces of 4 to 5cm at collar region and below,
and surface sterilized with 2% sodium hypochlorite
solution and in 70% ethanol solution for 30 seconds
respectively. After sterilization samples were dried on
sterilized filter paper for 10-20 seconds and placed on
petri dishes containing water agar media. After that
media containing wilted samples incubated at 25°C
± 2°C for 7-10 days for the preliminary isolation of
fungus. The initial fungal growth was further purified
on Chickpea Seed Meal Agar (CSMA) medium. For
the extraction of DNA, fungal isolates were grow
on potato dextrose medium (PDB) to get mycelium
(Farooq et al., 2005).

DNA extraction from fungal cultures
Mycelium was used to extract fungal DNA using
CTAB method (Khan et al., 2004). Five to six (5-6)
gram of fungal mycelium mass was centrifuged in
the tissue lyser (Biospec Product Mini Beadbeater)
by adding 1000 µl of CTAB in each centrifuge tube
for 2 minutes. After grinding, samples were placed
at 65oC for 45 minutes in water bath. Then 440µl
solution of chloroform and isoamyl alcohol (24:1)
was added in each centrifuge tube containing fungal
DNA and shaken manually for 10 minutes followed
by centrifugation at 24000 rpm for 20 minutes. The
supernatant from each centrifuge tube was collected
in a separate Eppendorf tube. After that 400 µl of
isopropanol was added in each sample. Eppendorf
tubes were shaken manually for 2-3 times and
placed at room temperature for 30 minutes. The
samples were again centrifuged at 24,000 rpm for
10 minutes and DNA pellet was collected. Then 500
µl of 70% ethanol was added in each tube having
DNA pellet and kept at room temperature for 5
minutes and then centrifuged at 24,000 rpm. After
5 minutes of centrifugation DNA was collected and
dried in vacuum dryer for 10 minutes. At the end
dried DNA pallets were re-suspended in 100µl of
TE buffer.
Universal rice primers-based genetic diversity analysis
Ten Universal Rice Primers URPs were used to find
out the genetic diversity of the collected isolates
(Table 1). Each URP reaction contained 100 ng of
DNA, 0.4μM primer, 0.2 mM of dNTPs, 1 U Taq
DNA polymerase, 50 mM KCl, 2.5 mM MgCl2,
10 mM Tris–HCl pH 8.8 and PCR grade water up
to final volume of 25μl. The amplification reactions
were conducted in thermal cycler (MyGene MG 96
G). The thermal cycler was programed at 94 oC for 3
minutes for initial denaturation 55 oC for 1 minute
for annealing followed by 40 PCR cycles. Primer
extension temperature was 72 oC for 2 minutes,
denaturation temperature was 94 oC for 1 minute,
extension temperature was 72 oC for 2 minutes and
final extension temperature were 72 oC for 10 minutes.
PCR products were visualized under UV light on
1.5% agarose. 1kb+ DNA ladder (Enzynomics: Cat
# DM003) was used to differentiate PCR product
and estimate the size of the bands. On the basis
of banding patterns of URPs, dendrogram of unweighted pair group method of arithmetic mean
(UPGMA) using SPSS 16.0 was constructed (Singh
et al., 2016).
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Amplification of ITS region and its restriction digestionbased species identification
ITS region from the genomes of the collected isolates
were amplified using ITS-1 and ITS-4 primers (Table
1) (Datta and Lal, 2012). The PCR was initiated with
initial denaturation temperature at 95 oC for 3 min
followed by 30 cycles with primer annealing for 40 secs
at 58 oC, extension for 40 secs at 72 oC, denaturation
for 40 sec at 94 oC and final extension for 5 minutes
at 72 oC. The amplified fragments restricted using
restriction fragment length polymorphic primers
(MboI, BsuRI, HhaI and HinfI) (Chehri et al., 2011).
For the restriction of fragments, 2-3 µl of restriction
enzymes were separately applied in the microfuge tube
containing 10µl of ITS PCR product along with 18µl of
nuclease free water and 2µl of 10x buffer and incubated
at 37 oC for 16 hours. The restricted fragments were
visualized using 1.4% agarose gel under UV light and
the molecular weight of each band were calculated
using UVI BandMap 1.1 software.
Table 1: List of Primers along with sequence.
Sr. #
1
2
3
4
5
6
7
8
9
10
11
12

Primer
URP-21
URP-22
URP-23
URP-24
URP-25
URP-26
URP-27
URP-28
URP-29
URP-30
ITS-1
ITS-4

Sequence
ATCCAAGGTCCGAGACAACC
GTGTGCGATCAGTTGCTGGG
CCCAGCAACTGATCGCACAC
AGGACTCGATAACAGGCTCC
GGCAAGCTGGTGGGAGGTAC
ATGTGTGCGATCAGTTGCTG
TACATCGCAAGTGACACAGG
AATGTGGGCAAGCTGGTGGT
GATGTGTTCTTGGAGCCTGT
GGACAAGAAGAGGATGTGGA
TCCGTAGGTGAACCTTGCGG
TCCTCCGCTTATTGATATGC

Results and Discussion
URP analysis
A comprehensive survey of the major chickpea
growing area in Pakistan (Thal region) was carried
out to identify the chickpea fields affected by wilt. The
genetic diversity of collected isolates were determined
using a total of 10 different URPs. A dendrogram was
developed from URPs data that indicates maximum
polymorphism present among the isolates (Figure
1). Dendrogram grouped the isolates into ten
clusters. Isolate 14, 17 and 18 shared same group
showing monomorphism. Other isolates were mostly
polymorphic and isolate 1 and 11 showed maximum
polymorphism with other isolates.
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Figure 1: UPGMA dendrogram of collected isolates based on
Universal Rice Primers.

Species identification
The Fusarium species were identified based on band
size produced with the amplification of ITS primers
(Table 1). ITS primers gave the amplification product
to all the isolates. Isolate 1, 3, 5 and 12 produce the
band size near 650 base pairs. Isolate 2, 6, 7, 8, 16,
19, 22 and 23 showed the band size near 600 base
pairs. Isolate 11 and 21 produced the band size near
790 base pairs and isolate 20 gave the amplification
product of almost 400 base pairs (Figure 2A). These
PCR-ITS amplicons were restricted with four
restriction enzymes and different sizes of bands were
produced. With HhaeI restriction enzyme, isolate 1,
3, 5 and 11 produces two bands with a size of nearly
430 base pairs and 160 base pairs. Isolates 2, 6, 7, 8,
16, 19, 20, 22 and 23 also produce two restriction
fragments, one with a band size of almost 395 base
pairs and second with a band size of 190 base 2
pairs. Two bands of 465 and 155 base pairs were
produced by isolate 11. Isolate 21 produces three
restriction fragments with this restriction enzyme
with a band size of 335 base pairs, 150 base pairs
and 139 base pairs (Figure 2B). When these isolates
restricted with BsuRI restriction enzyme, isolate 1, 3,
6, 7, 8, 16, 19, 22 and 23 produced single band with
a size of nearly 480 base pairs. Isolate 5 produced
two bands, one with a size of almost 360 base pairs
and other with a size of almost 289 base pairs.
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Figure 2: Agarose gel showing (A) amplification of ITS regions (ITS1 and ITS-4) and restriction pattern of PCR-amplification product
digested with HhaeI (B); BsuRI (C); HinfI (D) and MboI (E).

Isolate 11 also produced two fragments with a size
of 344 base pairs and 125 base pairs. Two bands of
380 base pairs and 290 base pairs were produced in
isolate 12 while two fragments of 269 and 168 base
pairs were produced in isolate 20. Isolate 21 produces
a single band with a size of almost 720 base pairs
(Figure 2C). More than two bands were produced
in each isolate when treated with restriction enzyme
HinfI. Isolate 1 produced four fragments with a
size of 221 base pairs, 168 base pairs, 125 base pairs
and 115 base pairs. Isolate 2, 6, 7, 8, 19, 22 and 23
produced three bands of almost 350 base pairs, 130
base pairs and 119 base pairs. Isolate 3 produced four
bands of 210 base pairs, 119 base pairs, 105 base pairs
and 91 base pairs. Isolate 5 produced three bands
of 276 base pairs, 109 base pairs and 94 base pairs.
Three bands of 321 base pairs, 228 base pairs and
119 base pairs were produced in isolate 11. Isolate 12
produced four bands of 221 base pairs, 108 base pairs,
88 base pairs and 71 base pairs. Isolate 20 and 21 also
produced four fragments each with a band size of 250
base pairs, 113 base pairs, 107 base pairs, 72 base pairs
and 225 base pairs, 156 base pairs, 148 base pairs and
89 base pairs, respectively. (Figure 2D). With MboI
restriction enzyme, the ITS-PCR fragment of isolate
1 cut into two fragments of 344 base pairs and 216
base pairs. Isolate 2 restricted into two bands of
416 base pairs and 216 base pairs. Isolate 3, 5 and
12 produced two bands of 390 base pairs and 255
base pairs. Isolate 6, 7, 8, 16, 19, 22 and 23 splits into
two fragments having 450 and 225 base pairs size.
MboI cuts ITS-PCR fragment of Isolate 2 and 7 into
three bands of 459 base pairs, 192 base pairs and 152
base pairs. Isolate 21 splits into two segments of 365
and 284 base pairs (Figure 2E). Similar studies were
conducted by (Chehri et al., 2011) and (Abd-Elsalam
et al., 2003) and reported the band size of different
Fusarium species. If we correlate our study with them,
we can conclude that isolate 2, 6, 7, 8, 16, 19, 22 and
23 may be belongs to F. oxysporum on the basis of
ITS-PCR amplification product and fragments
produced by restriction enzymes (Table 2). Isolate 2
does not behave like F. oxysporum when treated with
HinfI restriction enzyme (Table 2). In the contrary to
this, isolate 20 shows similar banding pattern like F.
oxysporum only when treated with HhaeI restriction
enzyme. ITS-RFLP PCR produced similar banding
pattern like F. solani in isolate 1, 3, 5 and 12. Isolate
1 and 3 produced F. solani like banding pattern when
fragments 1 were restricted with BsuRI restriction
enzyme and isolate 3 produced similar banding
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pattern to F. solani when restricted with HinfI
restriction enzyme (Table 2). But overall, we can
conclude that isolate 1, 3, 5 and 12 might be belongs
to F. solani (Table 2). The ITS-RFLP PCR of other
isolates does not show any similarity to the banding
pattern of ITS –RFLP of any reported Fusarium
species. Two restriction enzymes EcoRI and HhaeIII
and amplified ITS regions were used to study the
genetic diversity of F. solani (Brasileiro et al., 2004).
(Zarrin et al., 2016) identified five Fusarium species
using ITS1 and ITS4 primers and two restriction
enzymes HhaeIII and SmaI.
Seventy isolates of Fussarium oxysporium f.sp. ciceris
(Foc) were characterized using universal rice primers
(URPs), random amplified polymorphic DNA,
simple sequence repeat and inter simple sequence
repeat (Dubey et al., 2012). The UPRs gave 100%
polymorphism in all the isolates in accordance with
other molecular markers used. These results show
similarity with our findings as URPs are useful
molecular markers for characterization.
(Baite et al., 2017) analyze the genetic diversity of 25
Ascochyta rabei isolates with universal rice primers
and simple sequence repeats. Both the molecular
markers showed high similarity among these isolates.
Their results are opposite to our findings regarding
diversity but showing the reliability of UR Primers
for the diversity analysis.
Table 2: Identified isolates with ITS regions and
restricted fragments.
Isolates
1
2
3
5
6
7
8
11
12
16
19
20
21
22
23

ITS Primer
F.S
F.O
F.S
F.S
F.O
F.O
F.O
U.I
F.S
F.O
F.O
U.I
U.I
F.O
F.O

BsuRI
F.S
F.O
F.S
U.I
F.O
F.O
F.O
U.I
U.I
F.O
F.O
U.I
U.I
F.O
F.O

HhaeI
F.S
F.O
F.S
F.S
F.O
F.O
F.O
U.I
F.S
F.O
F.O
F.O
U.I
F.O
F.O

MboI
U.I
F.O
F.S
F.S
F.O
F.O
F.O
U.I
F.S
F.O
F.O
U.I
F.S
F.O
F.O

HinfI
U.I
U.I
F.S
U.I
F.O
F.O
F.O
U.I
U.I
U.I
F.O
U.I
U.I
F.O
F.O

F.S: Fussarium Solonai; F.O: Fussarium oxysporium; U.I: Un-identified.

Different URPs were also employed by to evaluate the
genetic diversity of Ascochyta rabiei and found high
polymorphism among the isolates (Ali et al., 2013).
They also proved that the UPRs can successfully
be utilized for the diversity analysis. Because of the
reliability of URPs, these primers were also used by
(Mann et al., 2014) for molecular characterization of
B. sorokiniana and found maximum genetic diversity.
These different studies show that URPs are efficient
molecular approach for the estimation of genetic
diversity.
In this study, the variation in the ITS regions and
restricted fragments were successfully employed
for the recognition of Fusarium species. Previously
these approaches were also employed (Chehri et al.,
2011). They identified different species of Fusarium
through PCR-ITS-RFLP analysis. Further they
conformed identified species through morphological
characterization. The identified species were Fusarium
oxysporum, Fusarium proliferatum, Fusarium
equiseti, Fusarium semitectum and Fusarium solani.
Banding pattern of F. oxysporum and F. solnai species
developed through PCR-ITS-RFLP method were
exactly in accordance to our study. But we did not get
similar banding pattern to other identified species.
(Dubey et al., 2014) identified Fussarium oxysporum
races through PCR-ITS-RFLP analysis. Most
of the isolates in their study were belongs to race
1. If we corelate their findings with our study, we
can say that ITS region and restricted fragments
can successfully be employed for species and race
identification of Fussarium species. Fusarium species
were also identified in tomato through PCR-ITSRFLP method and random amplified polymorphic
DNA analysis (Singhaa et al., 2016). They identified
F. oxysporum, F. equiseti and F. proliferatum. The
PCR-ITS-RFLP pattern of F. oxysporum is like our
identified F. oxysporum specie.
ITS regions are good target for the identification
of fungi. These regions are mostly conserved within
different species of fungus. There are multiple copies of
these regions are present in most of the fungal genome
which is very useful for the taxonomic classification
for the majority of fungi (Balajee et al., 2009).

Conclusions and Recommendations
The ITS region and restricted fragments with four
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restriction enzymes conformed in this study to
be a suitable molecular tool for the identification
of Fusarium species. Additionally, there are many
sequences available for this locus in Genbank, which
can be used for the comparison of results. In the
present study some isolates are not identified that
can be identified by sequencing of ITS fragments and
blasting of these sequences to sequence alignment
tool (BLAST NCBI). The identified isolates can
be rechecked using other species identification
techniques (Serial analysis of gene expression, DNA
barcoding). The present study also indicates that there
is a mixed population of Fusarium species in different
chickpea growing areas of Punjab, Pakistan. Thus, we
can conclude that the wilt in chickpea is caused by the
complex of different Fusarium species.

Novelty Statement
Wilt complex is major biotic factor that contributes
to yield loss. For chickpea resistant breeding program,
identification of species in wilt complex is very much
important. The PCR RFLP analysis is advanced
molecular approach to identify the fusarium races.
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