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Abstract

With the objective to study the geographical distribution pattern and pathotype classification, isolates from
12 major pigeonpea growing states of India were examined at morphological and molecular levels. Two
DNA based internal transcribe spacer (ITS) region derived primers FDP 3 (ITS1/ITS2), FDP 25 (mRNA,
LOC100383610) and two elongation factors FDP 4 (F98-BKR5) and FDP 29 (M9968PY) were employed to
genetically differentiate the isolates. As a result, each marker system gave an average of 3 alleles/marker.
The higher efficiency of ITS over EF-1a marker was revealed using detailed comparative analysis that
included various parameters like gene diversity index, effective marker ratio, and marker index. Neighbour
Joining tree analysis grouped the isolates into three major clusters and showed narrow existence of genetic
divergence. Combination of genotyping data with pathological measurements indicates dominance of
variant 1in the Central zone, South zone and North East Plain Zone, while North East Plain Zone and North
West Plain Zone were largely dominated by variants 2 and 1, with strong possibility of evolving other
variants. The present study would help in identifying specific isolate and patterns of its distribution in various
pigeonpea growing regions thereby enhancing the scope for precise resistance breeding for crop

improvement.
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Introduction

Fusarium sp. is one of the most devastating soil-borne
pathogen worldwide for field crops (Roncero et al., 2003). The
pathogen invades a wide range of hosts causing severe loss to
agricultural produce, extending up to 100% vyield penalty in
susceptible cultivars (Kiprop et al., 2002). In legume crops,
pigeonpea remains an important food legume in India, however
its cultivation is subjected to vulnerability against number of root
and foliar diseases, like Fusarium wilt, at different stages of crop
growth (Mahesh et al., 2010). The disease occurs almost at every
pigeonpea growing areas in India, especially Maharashtra,
Rajasthan, Madhya Pradesh, Uttar Pradesh and some parts in
Southern India. Therefore, quick and accurate methods are
required to identify various pathogenic isolates, based on
morphological features and genetic analysis for appropriate

disease management. Since the growth of isolates is influenced
by a plethora of factors like environmental conditions, type of
media, nutrients and cultural conditions however classification of
these isolates exclusively on the morphological basis remain a
difficult task. Therefore, DNA based fingerprinting technology will
be the best tool to understand the underlying genetic basis of
diversity and phylogenetic relationships among various Fusarium
species.

So far, DNA-based marker system like random amplified
polymorphic DNA (RAPD) in Fusarium sp. (Datta et al., 2009), ITS
in different Fusarium sp. (Datta et al., 2011), restriction fragment
length polymorphism (RFLP) marker system in F. semitectum
(Avinash et al., 2011), amplified fragment length polymorphism
(AFLP) in F. oxysporum (Robert et al., 2000) were employed
effectively to differentiate fungal species. In the recent past, highly
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conservative ITS regions in F. oxysporum f. sp lycopercicon,
translation elongation factor (EF-1a) for genus Fusarium and F.
solani (Arif et al., 2012), intergenic spacer region (IGS) in F.
oxysporum f.sp cubense (Dita et al, 2010), vegetative
compatibility group (VCG) in F. oxysporum f.sp cubense (Fourie
et al., 2009) and PCR detection of nuclear protein gene SGE 1
(secreted in xylem 1) for parasitic growth in F. oxysporum
(Caroline et al., 2009), matting type alleles (MAT1-1, MAT1-20) in
F.oxysporum (Lidia et al., 2012) and F. oxysporum f.sp Phaseoli
(Bahar et al., 2010) have widely been used in genetic diversity
analysis. In certain ribosomal rRNA genes family: 26S, 28S, 18S,
5.8S, and 5S rRNA are arranged in head-to-tail tandem repeats
fashion and separated by spacer region; viz internal transcribed
spacer (ITS) and intergenic spacer region (IGS). These regions
are mainly located in between 18S Small Sub Unit (SSU) and 28S
Large Sub unit (LSU) of nuclear ribosomal DNA separated by
5.8S gene and source for variable sites. Therefore, the present
study aimed at elucidating the population diversity of F. udum in
different pigeonpea growing regions in India employing ITS and
EF-derived markers, and establishing correlation between
geographical distributions of isolates and their pathotypes.

Materials and Methods

A systematic collection comprising of 45 F. udum isolates
that represent 12 states and four agro-ecological zones as North-
Eastern Plains Zone (NEPZ), North Western Plain Zone (NWPZ),
Central Zone (CZ) and Southern Zone (SZ) in India were used in
the present study.

Mycelia growth estimation and pathogenicity test : A single
conidium from individual isolates were inoculated. in potato
dextrose agar (PDA) plates for 4-5 days at 25°C to observe
morphological character of mycelial growth, colour, type of
septum and colony pattern as described by Sinha et al. (2008).
The extent of pathogenicity was tested by purified isolates on
wilt susceptible pigeonpea cultivar 'Bahar' under pot
experiments in growth chamber. The isolates were further
tested for host pathogen interaction on fifteen differential
genotypes of pigeonpea to classify F. udum isolates into
variants. Thus, sterilized seeds of pigeonpea in 0.5% HgCl,
were put in sterilized soil inoculated with 5% inoculum
(1x10’conidia ml"). Disease symptoms were regularly
monitored at 30 days after germination under day temperature
of 37°C and night temperature of 28°C with relative humidity of
80%. The details relating to geographic origin and pathogenicity
of variousisolates are givenin Table 1.

Genomic DNA extraction and quantification : Genomic DNA
from 12-15 days old mycelia was extracted according to the Lee
and Taylor procedure (1990). The quality and quantity of
extracted DNA were estimated by nano spectrophotometer
(Eppendorf) and gel-electrophoresis. DNA was normalized to
working concentration of 20ng I for downstream PCR analysis.
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PCR amplification of ITS and EF-1a loci : PCR amplification of
four Fusarium specific primers ITS (2) and EF-1a (2) regions were
performed in 45 isolates. The PCR reactions were performed in
20ul volume containing 1X Taq buffer, 0.2mM of dNTPs mix, 25
pmole each forward and reversed primer and 0.3 U of Taq
polymerase (Merk Biosciences) with 25ng of template DNA. PCR
conditions for primer pair were as follows; denaturation step at
94°C for 3 min, followed by 35 cycles 0f 94°C for 1 min, annealing
for 1 min (appropriate annealing temperature were used for each
primers set), elongation Tm at 72°C for 2 min with final extension
of 10 min at 72°C and finally amplified products were resolved in 3
% agarose gel, using 0.5X TBE buffer.

Data scoring and statistical analysis : Statistical analysis for
distinct polymorphic fragments, detected by marker systems was
converted to binary form to generate binary matrix. These binary
data were then analysed using numerical taxonomy and
multivariate analysis system (NTSYSpc 2.02i) software package
(Rohlf, 2000) and Darwin (Version 5.0.156) software. The
UnWeighted Neighbor-Joining tree constructed using Darwin
(Version 5.0.156) software was used to establish the genetic
relationship of the 45 F udum isolates. The robustness of
dendrogram was tested by generating cophenetic values for each
dendrogram. Mantel matrix correspondence test was then used
to compare cophenetic matrices (Mantel, 1967).

Demonstrating utility of the marker system : The utility of
marker systems mental test was performed to compare the
correlation coefficient between Jaccard's and cophenetic
similarity matrix to analyse the 'goodness of fit' for dendrogram,
generated by individual's marker system (ITS, EF-1a, ITS+EF-
10). This was further re-evaluated by genetic parameters like
marker discriminatory power, polymorphism information content
(PIC), markerindex (M) and effective marker ratio (EMR). The DI
of primer is defined as 1- o (pi)* where piis frequency of i" allele,
using Popgene software, version 1.31 (Yeh et al., 1999), while
EMR of primer was calculated as “product of fraction of
polymorphic bands and number of polymorphic bands for an
individual marker system” described by Milbourne et al. (1997).
Marker index (MI) was used to evaluate the overall utility of each
marker system by the following formula

MI = DIBn,

where DI is total gene diversity, 3 is percentage of polymorphic
allele and niis the number of alleles detected per primer.

Results and Discussion

The pathogenicity of isolates was determined by
inspecting the appearance of wilt symptoms and percentile
mortality observed in susceptible pigeonpea cultivar “Bahar”.
Based on disease severity scores, isolates were classified as
high (80-100%), moderate (40 to below 80%) and weak (0-40%)
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Table 1. Geographical distribution of F. udum isolates collected from different states in India and their pathogenicity index with morphological features of
mycelial growth and colony growth pattern

Isolates State Pulses growing Pathogenicity test

gg:lzecologmal Pathogenicity Mycelial growth Growth Pathological

rate pattern reaction

MP-132 MadhayaPradesh  CZ NA Slow Fluffy V3
KA-1 Karnataka Sz NA NA NA NA
KA-8 Karnataka SZ NA Medium Intermediate NA
KA-14 Karnataka Sz NA Slow Fluffy V1
KA-15 Karnataka Sz NA Slow Fluffy NA
AP-1 Andhra Pradesh Sz NA Slow Fluffy NA
AP-5 Andhra Pradesh Sz NA Slow Appressed NA
AP-7 Tamilnadu Sz NA Slow Fluffy NA
MSF-4 Maharashtra (674 NA Medium Fluffy V1
MSF-12 Maharashtra Cz NA Medium Fluffy NA
MSF-14 Maharashtra (674 NA Medium NA NA
AKOLA-1 Maharashtra (674 NA Medium Appressed NA
MP-133 MadhayaPradesh  CZ NA Slow Fluffy V1
MP-134 MadhayaPradesh  CZ NA Slow Appressed NA
MP-137 MadhayaPradesh  CZ NA NA Intermediate V2
MP-142 MadhayaPradesh  CZ NA Slow Fluffy V1
H-1 Haryana NWPZ Weak Slow Appressed V3
HF-1 Haryana NWPZ Moderately Fast Fluffy NA
DF-3 Delhi NWPZ Moderately Fast NA V2
RF-6 Rajasthan NWPZ Weak Slow Fluffy V3
HF-23 Haryana NWPZ Moderately Fast Intermediate V2
FU-12 Bihar NWPZ High Fast Fluffy V2
FU-24 Bihar NWPZ Weak Slow Fluffy NA
FU-37 Jharkhand NWPZ Moderately Slow Fluffy V4/V1
FU-43 Bihar NWPZ Moderately Medium Fluffy V2/V1
FU-61 WestBengal NWPZ Moderately Medium Fluffy V4
FU-88 Jharkhand NWPZ Moderately Slow Appressed V2
F-3 Uttar Pradesh NWPZ High Medium NA NA
F-8 Uttar Pradesh NWPZ High Fast Fluffy NA
F-17 Uttar Pradesh NWPZ High Slow NA NA
-3 Uttar Pradesh NWPZ High Slow NA V1
-8 Uttar Pradesh NWPZ High Slow Fluffy V2
-9 Uttar Pradesh NWPZ High Slow Intermediate V1
ICRI-1 Andhra Pradesh SZ High Fast Fluffy NA
NF-3 Uttar Pradesh NEPZ High Slow Intermediate V2
NF-16 Uttar Pradesh NEPZ High Slow Intermediate NA
NF-20 Uttar Pradesh NEPZ Weak Fast Intermediate NA
NF-27 Uttar Pradesh NEPZ High Slow Fluffy NA
NF-36 Uttar Pradesh NEPZ Weak Slow Fluffy NA
NF-55 Uttar Pradesh NEPZ Weak Slow Intermediate NA
NF-59 Uttar Pradesh NEPZ High Medium Fluffy V2
NF-72 Uttar Pradesh NEPZ High Fast Appressed NA
NF-81 Uttar Pradesh NEPZ High Fast Fluffy V1
NF-92 Uttar Pradesh NEPZ High Fast Fluffy V4
NF-117 Uttar Pradesh NEPZ High Fast Appressed NA

pathogens. The differential behaviour of isolates in host-
pathogen interaction was also observed and recorded.
Accordingly, eleven isolates from NEPZ, eight from SZ, nine from
CZ and seventeen from NWPZ were collectively designated as
five variants viz. V1, V2, V3, V4 and V5 classes. In PCR analysis,

ITS markers gave 90 reproducible and scorable products, with
fragment sizes (average of 45 bands per primer) ranging from 690
bp to 850 bp (Fig 1a). However, EF-1a markers generated 101
polymorphic bands with product sizes lying within the range of
700-1000 bp (average of 50 bands per primer), with an average of
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Fig. 1 : Gel photograph of Fusarium udum (a) ITS profile by primer pair FDP-2 (ITS1/ITS2) and (b) EF-1a profile by primer pair FDP-29 (EF-1q,

M9968PY)

3 alleles per primer (Fig 1b). Concerning the PIC values of ITS
markers, the values were 0.44 for FDP 3 (ITS1/ITS2) and 0.35 for
FDP 25 (mRNA, LOC100383610), with an average of 0.39,
whereas the PIC values for EF-1a were 0.27 for FDP 4 (EF-1q,
F98-BKR5) and 0.37 for FDP 29 (EF-1a, M9968PY) with an
average of 0.32. Furthermore, the usefulness of each marker
system was evaluated by analyzing DI, EMR and MI,
consequently these values for ITS were found to be higher i.e.
0.48, 6.0 and 1.44 respectively. A comparison among MI, DI and
EMR values demonstrated higher effectiveness of ITS marker
system as compared to EF-1a-derived markers (Table 2).

UnWeighted neighbour-Joining tree for both marker
systems was constructed using Darwin 5 (Version 5.0.156)
software. ITS marker analysis led to the grouping of 45 isolates
into two clusters (Fig. 2). Cluster | included isolates belonged to
eleven states and four agro ecological zones of which fourteen
isolates (43%) were from Uttar Pradesh, namely 28, 30, 33, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44 and 45, where majority of the
isolates representing V-1, V-2 and V-4, five (15%) isolates from
Madhya Pradesh (1, 13, 14, 15 and 16) representing V-1, V-2 and
V-3, three (9%) from Haryana (17, 18 and 21) representing V-2
and V-3, two each (6%) from Maharashtra (11, 12) and Bihar (22,
25) representing V-1 and V-2, one each (3%) isolates from
Karnataka (4) representing V-2, Delhi (19) representing V-2,
Rajasthan (20) representing V-3, Andhra Pradesh (6), West
Bengal (26) representing V-4 and Tamilnadu (8). In this cluster,
majority (55%) of isolates were from NEPZ. The second cluster
comprised thirteen isolates from six different states and three
agro ecological zone, in which three (23%) were from Uttar
Pradesh namely 29, 31 and 32 representing V-1 and V-2, three
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(23%) isolate from Karnataka namely 2, 3 and 5, two each (15%)
from Maharashtra (9, 10) representing V-1, Jharkhand (24, 27)
representing V-1, V-2 and V-4, Andhra Pradesh (6, 7) and one
(7%) isolates from Bihar (23). In case of Cluster II, majority (46%)
ofisolates were from NEPZ.

Marker analysis using EF-1a, grouped 45 isolates into
three clusters (Fig. 3). Cluster first included fourteen isolates
representing six states and four agro climatic zones, in which six
isolates (42%) were from Uttar Pradesh namely 28, 37, 38, 40, 41
and 42, four (25%) from Madhya Pradesh (1, 12, 13, 14 and 15)
representing V-1, V-2, V-3 and one each (6%) isolates from
Haryana (18) and Jharkhand (27) representing V-2, Maharashtra
(12) and Andhra Pradesh (7). Here majority (50%) of the isolates
were from NEPZ. Second cluster consisted of total of twenty nine
isolates from eleven different states, representing four zones, in

Table 2 : Effectiveness of marker system in detecting polymorphism of
45 Fudumisolates

ITS marker EF-1o.
Total amplified bands 90 101
Total numberofallele 6 6
Number of polymorphic allele 6 6
Percentage of polymorphic bands 100 100
Number of primers used 2 2
Number of polymorphic allele/primer 3 3
Range of PIC value 0.35-0.44 0.27-0.37
Average of PIC value 0.39 0.32
DI 0.48 0.41
EMR 6 6
MI 1.44 1.23
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Fig. 2 : Dendrograms of 45 Fusarium udum isolates derived based on ITS marker system

which eleven isolates (37%) were from Uttar Pradesh namely 29,
30,31, 32,33, 35, 36, 39, 43, 44 and 45 representing V-1, V-2 and
V-4, Four (13%) from Madhya Pradesh (3, 2, 5 and 16)
representing V-1, three (10%) isolates from Bihar (22, 23 and 25),
representing V-1/V-2 and Maharashtra (9, 10, 11) representing V-
1 and one each (3%) isolates from Delhi (19) representing V-2,
Rajasthan (20) representing V-3, West Bengal (26) representing
V-4 and Tamilnadu (8), Haryana (17) representing V-3 and
Jharkhand (24) representing V-1, V-4. Here majority (55%) the
isolates were from NEPZ. Two isolates namely 4 and 21 from
Madhya Pradesh (V-1) and Haryana (V-2) respectively, were
placed in the third cluster.

In combined analysis (ITS+EF-1a), all the isolates were
categorized into three main clusters (Fig. 4). First cluster had a
total of twenty one isolates from nine different states representing
four agro ecological zones. Of which, seven (33%) from Uttar
Pradesh namely 29, 30, 31, 32, 33, 44 and 45 representing V-1,
V-2 and V-4, three (14%) isolates from Maharashtra (9, 10, 11)
representing V-1, Bihar (22, 23, 25) representing V-1 and V-2 and
Karnataka (2, 3, 5), one-one (5%) isolates from Delhi (19)
representing V-2, Rajasthan (20) representing V-3, Jharkhand

(24) representing V-1/V-4, Andhra Pradesh (6) and Madhya
Pradesh (16) representing V-1. Here majority (52%) of the
isolates were from NEPZ. Second cluster consisted of total
twenty one isolates from seven different states representing four
zones, in which ten (47%) from Uttar Pradesh namely 28, 35, 36,
37,38, 39,40,41,42 and 43 representing V-1 and V-2, four (19%)
isolates from Madhya Pradesh namely 1, 13, 14, 15 representing
V-1, V-2 and V-3, three (14%) from Haryana namely 17, 18 and 21
representing V-2, V-3 and one each (5%) isolates from Jharkhand
(27) representing V-2, Karnataka (4) representing V-1,
Maharashtra (12) and Andhra Pradesh (7). Here also majority
(52%) of the isolates were from NEPZ. Three isolates namely 8,
26 and 34 from Tamilnadu, West Bengal and Andhra Pradesh,
respectively were placed in third cluster.

The values of correlation coefficients of similarity matrix
between ITS and EF-1a were fairly low (0.01). The value of
cophenetic correlation coefficient between dendrogram and
distance matrix was found to be higher for ITS (0.97) than EF-1
alpha (0.96). These results from cophenetic correlation
coefficient between dendrogram and original distance matrix
reconfirmed for superiority of ITS marker over EF-1 to represent
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Fig. 3 : Dendrograms of 45 Fusarium udum isolates derived based on EF-1 alpha marker system

the relationship between isolates. Grouping the isolates based on
colony growth pattern, mycelia growth rate and to make direct
correlation among isolates into different pathotype is quite difficult
(Kiprop et al., 2002; Mishra and Vishwadhar, 2003; Baayen et al.,
2000; Bao et al, 2002). Therefore, based on the host-plant
reaction in fifteen differential sets of pigeonpea isolates were
classified into five variants viz. V1, V2, V3, V4 and V5 (Tiwari and
Vishwadhar2011).

In order to analyse the population distribution of these
isolates, information generated by combined analysis of two
marker systems (ITS & EF-1a) was used. Several limitations
associated with classical taxonomic method were overcome by
using DNA marker systems, thereby offering a precise
classification for the geographically distinct isolates. Beside
isolates classifications, appropriate marker systems for F. udum
differentiation were also applied to detect the level of
polymorphism and discriminatory power efficiency. The values
observed for EMR, DI and MI were significantly higher for ITS.
The result obtained in this study revealed that ITS marker
system was more powerful and effective for population
discrimination in fungus than EF-1a (Nilsson et al., 2008). The
findings suggest that both marker systems were unique in
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origins, that amplified unique sequences from different regions.
Earlier reports also suggested that ITS marker was more
informative, ideal and more successful in reliable differentiation
of Fusarium sp. isolates and species for many other eukaryotic
taxa (Oechsler et al., 2009). Moreover, in an effort to add more
robustness to the present analysis, single dendrogram was
constructed by combining genotyping data generated using two
markers systems (ITS and EF-1a). The combined analysis
(ITS+EF-1alpha) resulted in grouping of isolates into three major
clusters (cluster I, cluster Il & cluster lll). In fact, cluster |
represented isolates from CZ, SZ, NWPZ and NEPZ where it
included variant 1, variant 2, variant 3 and variant 4 but the
percentage occurrence of variant 1 was more prevalent.
However, cluster Il included isolates from CZ, SZ, NWPZ and
NEPZ, where the percentage occurrence of variant 2 was more
prevalent than the other. Likewise, in cluster Ill isolates
representing the SZ and NEPZ belonged to variant 4. With this
finding it can be interpreted that the occurrence of variant 1 and 4
was more prevalent in the agro climatic zone. The phylogenetic
relationship, evident from bootstrap UnWeighted Neighbour-
Joining analysis and statistical analysis, clearly indicated that
Indian isolates of F. udum had variable ITS sequences and best
choice for molecular analysis.
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Fig.4: Consensus tree of 45 Fusarium udumisolates derived based on ITS+EF-1a marker system

In a similar manner, Wang et al. (2011) found that the ITS
rDNA sequences were variable in 14 Z. Nicaraguensis. Gomes et
al., (2002) also reported sequence variations in 26 isolates of
ectomycorrhizal fungi belonging to 8 genera and 19 species in the
ITS of rDNA region using restriction fragment length
polymorphism (RFLP). In addition, the study highlighted
existence of genetic variation in pathogens at species level and
revealed relative superiority of ITS-based marker system over
EF-1a. Dissecting F. udum isolates genetically and establishing
the evidence about their distribution across different pigeonpea
growing states strongly support the localization of specific
variants confined to specific geographical region. However, at the
same time gradual genetic evolution of the novel variants
alongside existing one cannot be ignored. Moreover, given the
complexity in variants, precise classification is needed using
virulence genes, which will be more meaningful in correlating the
isolates with their geographical distribution and virulence status.
In summary, this article highlights the growing demand for
integrated resistance breeding schemes aiming at pyramiding
multiple genes into good agronomic base against various

variants. The variant-specific molecular tools would greatly assist
the pigeonpea breeder to precisely manipulate the genetic
architecture of Fusarium resistance, thereby speeding up the
pace of development of wilt resistant publically accepted
cultivars.

Acknowledgments

This work was financially supported by ICAR funded
project on 'Outreach project on Phytopthora, Fusarium and
Ralstonia disease of horticultural and field crops'. Authors also
acknowledge all the people who were directly or indirectly
associated with this works.

References

Arif, M., S. Chawla, N.W. Zaidi, J.K. Rayar, M. Variar and U.S. Singh:
Development of specific primers for the genus Fusarium and F.
solani using rDNA sub-unit and transcription elongation factor (EF-
10a) gene. Afr. J. Biotechnol., 11,444-447 (2012).

Avinash, |. and M. Rai: Genetic diversity among Indian phytopathogenic

Journal of Environmental Biology, September 2015



1070

isolates of Fusarium semitectum Berkeley and Ravenel. Adv. Bio.
Biotechnol., 2,142-148 (2011).

Baayen, R.P., K. O'Donnell, P.J.M. Bonants, E. Cigelnik, L.P.N.M. Kroon,
E.J.A. Roebroeck and C. Waalwijk: Gene genealogies and AFLP
analyses in the Fusarium oxysporum complex identify
monophyletic and nonmonophyletic formae speciales causing wilt
and rotdisease. Eco. Pop. Biol.,90,891-900 (2000).

Bahar, K., J.N. Mohammad, A. Mehrdad and G. Keyvan: Genetic diversity
of Fusarium oxysporum isolates from common bean and distribution
of mating type alleles. Ira. J. Biotechnol., 8, 90-97 (2010).

Bao, J.R., D.R. Fravel, N.R. O'Neill, G. Lazarovits and P.V. Berkum:
Genetic analysis of pathogenic and non-pathogenic Fusarium
oxysporum from tomato plants. Can. J. Bot., 80,271-279 (2002).

Caroline, B.M., W.Ringo, R. Linda, M. M. M. Erik, B. Sonja, O. Chantal, A.
Claude and R. Martijn: The nuclear protein Sge1 of Fusarium
oxysporum is required for parasitic growth. PLOS pathogen, 5, 1-
14 (2009).

Datta, S., R. Rai, V. Dhar, R.G. Chaudhary and S.N. Gura: RAPD based
diagnosis and diversity analysis of Fusarium wilt pathogen of pulse
crops. J. Food Legumes, 22, 77-81(2009).

Datta, S., R.G. Chaudhary, M. Shamim, R.K. Singh and V. Dhar:
Molecular diversity in Indian isolates of Fusarium oxysporum f.sp.
lentis inciting wilt disease in lentil (Lens culinaris Medik). Afr. J.
Biotechnol., 10,7314-7323 (2011).

Dita, M.A., C. Waalwijkb, |.W. Buddenhagen, M.T. Jr. Souza and G.H.J.
Kema: A molecular diagnostic for tropical race 4 of the banana
Fusariumwilt pathogen. Plant Pathol., 59, 348-357 (2010).

Fourie, G., E.T. Steenkamp, T.R. Gordon and A. Viljoen: Evolutionary
relationships among the Fusarium oxysporum f. sp. cubense
vegetative compatibility groups. Appl. Env. Microbiol., 75, 4770-
4781 (2009).

Gomes, E.A., M.C.M. Kasuya, E.G.D. Barros, A.C. Borges and E.F.
Araujo: Polymorphism in the internal transcribed spacer (ITS) of
the ribosomal DNA of 26 isolates of ectomycorrhizal fungi.
Genetics and Molecular Biology, 25,477-483 (2002)

Kiprop, E.K., J.P. Baudoin, A.W. Mwangombe, P.M. Kimani, G. Mergeai
and A. Maquet: Characterization of Kenyan isolates of Fusarium
udum from pigeonpea [Cajanus cajan (L.) Millsp.] by cultural
characteristics, aggressiveness and AFLP analysis. J.
Phytopathol., 150,517-527 (2002).

Lee, S.B. and J.W. Taylor: Isolation of DNA from fungal mycelia and
single spores. In: PCR protocol: (Eds. M.A. Innis, D.H. Gelfand,
J.J. Sninsky and T.J. White: Academic Press, San Diego, USA. pp.
282-287(1990).

Lidia, 1., B. Jan, W. Agnieszka, W. Zbigniew, K. Zbigniew, G. Piotr, K.
Marian and |. Witold: Genetic variation of Fusarium oxysporum
isolates forming fumonisin B1 and moniliformin. JAppl. Genet., 53,
237-247(2012).

Journal of Environmental Biology, September 2015

K.R. Soren et al.

Mahesh, M., M. Saifulla, S. Sreenivasa and K.R. Shashidhar: Integrated
management of pigeonpea wilt caused by Fusarium udum butler.
E.J.B.S.,2,(2010).

Mantel, N.A.: The detection of disease clustering-and a generalized
regression approach. Cancer Res., 27,209-220 (1967).

Milbourne, D.R.M., J.E. Bradshaw, E. Baird, N. Bonar, J. Provan, J.
Powell and R Wagh: Comparison of PCR-based marker systems
for the analysis of genetic relationships in cultivated potato. Mol.
Breeding., 3, 127-136 (1997).

Mishra, S. and V. Dhar: Comparative conidial morphology and virulence
of Fusarium udum from different pigeonpea varieties. Farm Sci. J.,
12,132-134(2003).

Nilsson, R.H., E. Kristiansson, M. Ryberg, N. Hallenberg and K.H.
Larsson: Intraspecific TIS variability in the kingdom Fungi as
expressed in the international sequence databases and its
implications for molecular species identification. Evol.
Bioinformatics., 4, 193-201(2008).

Oechsler, RAA., M.R. Feilmeier, D.R. Ledee, D. Miller, M.R. Diaz, M.E.
Fini, J.W. Fell and E.C. Alfonso: Utility of Molecular Sequence
Analysis of the ITS rRNA Region for Identification of Fusarium sp.
from Ocular Sources. Inv. Opthalmol. Vis. Sci., 50, 2230-2236
(2009).

Robert, P.B., K. O'Donnell, P.J.M. Bonants and E. Cigelnik: Gene
genealogies and AFLP Analyses in the Fusarium oxysporum
complex Identify monophyletic and non monophyletic formae
speciales causing wilt and rot disease. Phytopathol., 90, 891-900
(2000).

Rohlf, F.J.: NTSYS-pc: Numerical Taxonomy System and Multivariate
Analysis System Version 2.1. Applied Biostatistics Inc., Setautek,
New York (2000).

Roncero, M.I.G., C. Hera, M. Ruiz-Rubio, F.I. Garci, M.P. Madrid, Z.
Caracuel, F. Calero, J. Delgado-Jarana, R. Roldan-Rodri, A.L.
Marti, C. Velasco, J. Roa, M. Marti, D. Cérdoba and A.D. Pietro:
Fusarium as a model for studying virulence in soilborne plant
pathogens. Physio. Mol. Plant Pathol., 62, 87-98 (2003).

Sinha, P., L.N. Kadu, A. Dhandapani, P.K. Jite and V. Dhar: Pathogenic
variability in Fusarium udum isolates causing pigeonpea wilt. Ind. J
Agr. Sci., 78,453-8 (2008).

Tiwari, S. and V. Dhar: Prevalence of new variants of Fusarium udumin
India. Ind. Phytopathol., 64, 243-246 (2011).

Wang, P., Y. Lu, M. Zheng, T. Rong and Q. Tang: RAPD and Internal
transcribed spacer sequence analyses reveal Zea nicaraguensis
as a section luxuriantes species close to Zea luxurians. PLoS
ONE, 6,e16728 (2011).

Yeh, F.C., T. Boyle, Z. Ye and J.M. Xiyan: POPGENE Version 1.31:
Microsoft Windows-based freeware for population genetic
analysis. University of Alberta and Center for International Forestry
Research (1999).



