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Abstract

Molecular characterization of 42 isolates of mango (Mangifera indica L.) malformation pathogen Fusarium
moniliforme var. subglutinans collected from different agro-climatic zones of India were performed using
RAPD markers. Twenty RAPD primers of OPA series were selected for screening of which; six primers
OPA-1, 3,7, 8,9 and 18 were found to be clearly discriminates and differentiated the F. moniliforme var.
subglutinans isolates and showed reproducible banding patterns. Asum total of 598 bands were generated
from these random primers having range from 4i0%to 90.9% of similarity among the 42 isolates of F.
moniliforme var. subglutinans. The data were used to construct a dendrogram with unweighted pair group
method of arithmetical averages (UPGMA) algorithm, using the NTSYS-software. Dendogram revealed
more than 90% similarity among all the 42 isolates which shows that all isolates approximately have same
genetic identity. Hence, in the current researchifindings RAPD proved a reproducible and tractable means
of differentiating F. monififorme var. subglutinans isolates.
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Introduction

Mango (Mangifera indica L.) occupies a pre-eminent
place amongst fruit crops in India and is acknowledged as/King of
fruits'in the country (Kumar et al., 2011a). Mango malformation is
the most serious disease of mango which affects.thewield upto
90% (Ploetz et al., 2002) and production of mango in India:and
other mango growing countries of the world (Crane and
Campbell, 1994, Kumar et al., 2011a). This disease iswidely
spread in flowers and vegetative shoots of mango. In spite of
several decades of incessant research, since its recognition, the
etiology of this disease remained confusing and no effective
control measure is known (Bains and Pant 2003, Kumar et al.,
2012), though strong evidence is for its origin of fungal nature
(Misra and Singh, 2002, Kumar et al. 2011b). It was reported that
association of Fusarium moniliforme Sheld. with malformation
(floral and vegetative) and proved pathogenicity of the fungi on
mango plant. Accordingly, Kumar et al. (2011b) performed the
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studies on mass isolation and recovered above 82% F
moniliforme var. subglutinans colonies. Cultural and
morphological studies give an idea about the variability in the
pathogen but do not give definite answer about inter and intra
species variability.

Molecular phylogenetic analyses have helped to clarify
ambiguity in traditional identification and classification systems of
Fusarium. Genetic distances among strains have been evaluated
through analyses of pathogenicity, vegetative compatibility group
(VCG), chromosomal features, restriction fragment length
polymorphism (RFLP) and other molecular markers (Bateman et
al., 1996). Most studies have focused on individual Formae
speciales seeking to characterize the diversity therein, especially
as it relates to physiological races. In many cases, it was found
that formae specialis are genetically heterogeneous and can
sometimes have a polyphyletic origin (O'Donnell et al., 1996).
Polymerase chain reaction (PCR) has been widely and
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successfully employed for the diversity analysis of important
plant-pathogenic fungi including Fusarium spp. (Kim et al., 1993,
Guptaetal., 2009;Arifetal., 2011).

Conventional methods of identifying pathogenicity and
vegetative compatibility analysis of F. moniliforme is usually time-
consuming and laborious (Jana et al., 2003). RAPD analysis does
not require previous detailed knowledge of DNA to be analyzed
and have been shown to be reliable technique to distinguish small
genomic differences. RAPD has proved successful in generating
amplification patterns specific to F. mangiferae (Ploetz et al.,
2002; Igbal et al., 2006) a causal agent of mango malformation.
These molecular marker based techniques are useful in
development of early diagnosis and identification of pathotypes
and races (Arif et al., 2011). In the present study, level of genetic
diversity was tested among the F. moniliforme var. subglutinans
isolates, which were collected from severely mango malformation
affected regions of India.

Materials and Methods

Pathogencity assay : Roaming surveys were conducted in the
major mango growing areas of India and vegetative and floral
samples were collected from malformed affected mango plants.
After washing in fresh and sterilized water, small pieces from
malformed tissue were surface sterilized with 0.1 % mercuri¢
chloride solution, washed thoroughly thrice with sterilized water
and dried on sterilized blotting paper. These malformed pieces
were subsequently transferred to Petri dishes under aseptic
conditions, having 20 ml sterilized potato dextrose agar medium
and incubated at 28+2°C. Pure cultures from each isolate were
made using the single spore isolation or hyphal tip isolation
technique following standard procedure (Ali and Jackson, 1989).

Pathogencity tests of 42 F. moniliforme var. subglutinans
isolates were performed on the mango seedlings, of Dashehari
cultivar (since Dashehari has no known-resistance to"mango
malformation) under field condition. Stem hole  inoculation
technique was employed in order to/reproduce. the typical
symptoms of malformation (Misra and Gupta2010). Pure culture
of F. moniliforme var. subglutinans was inoculated‘in the month of
November in the host tissue and covered with sterile and moist
cotton. Prior to inoculation, buds werestreated with 20% (H,0,)
which detoxified mangifefin (thehost defense anti Fusarium
compound) as described by Chand and Chakrabarti (2003). All
the experiments were carried outinspolyhouse at a temperature
maintained up to 10-19°C and high relative humidity (> 85 %). The
appearance of malformation was recorded in inoculated
seedlings and compared with control seedlings of plant.

Genetic analysis : Fresh mycelium of F. moniliforme var.
subglutinans were collected and used for extraction of genomic
DNA following the protocol of Abd-Elsalam et al. (2003). The
fungal mycelial mat was homogenized using 300 pl of extraction
buffer [200 mM Tris-HCI (pH 8.5), 250 mM NaCl, 25 mM EDTA
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and 0.5 % of sodium dodecyl sulphate] for 5 min. Then 150 pl of
sodium acetate (pH 5.2) and reaction mixture was cooled for 10
min at 20°C. reaction mixture was centrifuged at 13,000 rpm for 5
min, supernatant transferred in fresh tube and equal volume of
isopropanol was added. Pregipitated DNA was then subjected
centrifugation at 13,000 rpm for, 10 min collect pellet and washed
with 70% ethanol two timesifor the.removal of excess salt. Dry out
the pellet containing DNAand resuspended in Tris-EDTA (10 mM)
and stored at 4°C. ‘DNA™was quantified using standard
spectroscopic methods.

RAPD-PCR reaction was performed using Eppendorf
Master Cycler in 25 pl reaction volume containing 25 ng genomic
DNA, 0.4 pl (5 pmole) primer, 1.5 pl dNTPs (25mM), 3l of 10 X
assay bufferWith MgCI2 (15mM), 0.5ul (3U pI") of Tag DNA
polymerase (Bangalore Genei Pvt. Ltd.). The reaction condition
employed for the:RAPD reaction were as follows: denaturation for
5 min at 94°C followed by 35 cycles of 1 min each at 94°C and
35°C followed,by 2 min at 72°C and final extension for 5 min at
72°C. PCR products were resolved by horizontal electrophoresis
using,1.2% agarose gel with 1% TAE buffer containing ethidium
bromide.

Cluster analysis : Based on RAPD data, genetic diversity and
variability among 42 F. moniliforme var. subglutinans isolates
were assessed by using Jaccard's coefficient (1908). The data
were subsequently used to construct a dendrogram with
Unweighed Pair Group Method of Arithmetical averages
(UPGMA) algorithm, as described by Sneath and Sokal (1973)
using NTSYS-software (Rohlf, 1998).

Results and Discussion

All 42 isolates of F. moniliforme var. subglutinans were
found pathogenic to mango seedlings of Dashehari cultivar (Table
1). The minor signs of disease (bud swelling, scale like leaves)
appeared approximately 2-3 months after inoculation. Complete
symptoms after 6-7 months. Comparison of healthy (control) and
malformed plants clearly differentiated the normal and malformed
expression. The apex of healthy six-months-old seedling showed
normal apical growth while vegetative malformation reflected its
unique manifestation on inoculated seedling. The disease was
characterized by excessive proliferation of leaves. The gathering
of stubby leaves into close folds was similar to incipient bunchy
top met under natural normal condition. This finding was in
accordance to the earlier reports Igbal et al. (2006) for the
pathogencity.

Twenty operan series RAPD primers (OPA1-OPA20) were
tested for molecular characterization of 42 isolates of F. moniliforme
var. subglutinans. The generated fingerprints were evaluated for
overall clearness of the banding pattern. Primers OPA1, OPA3,
OPA7, OPA8, OPA9 and OPA18 were found to be ideal RAPD
markers for characterization of F. moniliforme var. subglutinans
(Fig. 1 a-c) which showed typical profile and polymorphic bands
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Table 1 : Description of mango malformation pathogen F. moniliforme var. subglutinans isolates collected from different mango growing regions of India

Place of sample Molecular Pathogen Symptoms Culture Metabolite
collection culture no. isolated colour colour
Sabour F1 mFMS FM Light pink Pink
Sabour F2 FMS VM Light pink Pink
Sabour F3 FMS FM Light pink Pink
Sabour F4 FMS FM Cream Light pink yellow margin
Sabour F5 FMS VM Light pink Light pink
Dholi F6 FMS FM Pink Lightpink
Dholi F7 FMS VM Pink Pink

Dholi F8 FMS VM Light Pink Lightbrown
Pusa F9 FMS FM Light Pink Lightbrown
Pusa F10 FMS VM Pink Light pink
Pusa F11 FMS FM Light Pink Lightyellow
Ranchi F12 FMS FM LightRink Lightbrown
Ranchi F13 FMS FM Light pink Purple
Ranchi F14 FMS FM Light pink Purple
Ranchi F15 FMS FM Light Pink Darkred
Lucknow F16 FMS VM Red Lightbrown
Lucknow F17 FMS VM Yellow. Pink
Lucknow F18 FMS VM Pink Purple
Lucknow F19 FMS VM Pink Light pink
Lucknow F20 FMS VM Pink Pink
Lucknow F21 FMS VM Light pink Pink
Lucknow F22 FMS VM Pink Pink
Lucknow F23 FMS VM Lightyellow Cream
Chittour F24 FMS VM Pink Pink with yellow margin
Chittour F25 FMS VM Light pink Light pink
Chittour F26 FMS VM Light pink Cream
Chittour F27 FMS VM Lightpurple Purple
Chittour F28 FMS VM Lightpurple Violet
Lucknow F29 FMS VM Light Pink Pink
Bangalore F30 FMS FM Light Pink Purple
Bangalore F31 FMS FM Light pink Purple
Bangalore F32 FMS FM Purple Purple
Bangalore F33 FMS FM Light Pink Darkred
Bangalore F34 FMS FM Red Lightbrown
Shaharanpur F35 FMS FM Yellow Brown
Shaharanpur F36 FMS FM Light pink Purple
Shaharanpur F37 FMS FM Light pink Light pink
Shaharanpur F38 FMS FM Light pink yellow Light pink yellow margin margin
Shaharanpur F39 FMS FM Light Pink Purple
Lucknow F40 FMS VM Pink Light pink
Lucknow F41 FMS VM Pink Pink
Lucknow F42 FMS VM Light Pink Lightbrown

mFMS- Fusarium moniliforme\var. subglutinans; mFM- Floral malformation; mVM- Vegetative malformation

generated with the primers. The number of scorable bands for
corresponding primer ranged from1-5 with an average of 5 bands
per individual. Products size ranged from 100 bp to 3000 bp.
Similarly, lgbal et al. (2006) and Saharan et al. (2006) reported an
average of 5 bands per individual for F. graminearum isolates and
product size ranging between 300-2072 bp.

RAPD analysis showed highest similarity coefficient
greater than 90 % in isolates of F17 (Lucknow) and F34

(Bangalore) followed by similarity greater than 80 % inF3 and F4
(Sabour), F6 (Dholi), F9 and F11 (Pusa), F12, F13 and F14
(Ranchi), F16, F18, F19, F20, F21 and F29 (Lucknow), F33
(Bangalore), F35, F36, F37 and F38 (Shaharanpur) isolates
used for molecular characterization. Isolates F17 (Lucknow) and
F34 (Bangalore) were genetically most similar (90.90 %
similarity) and showed highest similarity among the isolates. This
showed that they were genetically similar or may have originated
from single lineage. Isolate F36 (Shaharanpur) was genetically
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Fig. 1: RAPD based allelic pattern of F/moniliforme var. subglutinans obtained from primer a) OPA-01 (b) OPA-03 and (c) OPA-18

similar to F19 (Lucknow). The Jleastagenetic similarity was
observed among isolates F7, F22, F24, F4, F29, and F3.
Coefficients of similarity among/Fusariumisolates ranged from 4
t090.9%. These similarity coefficients were used for construction
of dendogram to determinetheigrouping of isolates.

Pertaining to the results, isolate F15 (Ranchi) was out
grouped as compared to;other isolates that fell in cluster Aand B
(Fig. 2). Dissimilarity-per cent of cluster B in relation to cluster A
was recorded to be approximately 5.0 % which is not statistically
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significant (P=0.05) and hence it may be concluded that all
isolates of cluster Awere almost similar and nearly same to those
with isolates of cluster B. It was also noted that isolates of F.
moniliforme var. subglutinans collected either from same or
different regions showed high similarity values indicating that
there existed narrow molecular variation and almost all the
isolates were genetically related. Similar to our findings, Igbal et
al. (2006) reported a low level of genetic variation in Fusarium
isolates collected from malformed tissues of different
geographical locations in Pakistan based on UPGMA clustering.
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Fig. 2 : Dendogram constructed using an UPGMAfrom.daccard's similarity matrix data from RAPD data

Similarly, Freeman and Maymon (2000) and Sabif (2006)
reported that low level variability among, Fusarium isolates
collected from different geographical locations. Arif-ef al. (2011)
also reported variability among the F “monififorme var.
subglutinans isolates of mango malformationyby using RAPD but
this study was limited to assessment of genetic diversity of
Fusarium moniliforme isolates of Pantnagar, India. However,
present study represented the collection ofisolates from severely
affected area of mango malformation across India followed by
pathological and molecular characterization. This variation in
isolates may be because they belong to different geographic
regions of India where the climate and farm practices and/or crop
rotations vary greatly. There are different reports suggesting the
existence of genotypic diversity among the isolates of Fusarium
(Saharan et al., 2006). Moreover, because of this low level
variability there was no possibility of different races among the
isolates even though they were from different agro-climatic
regions.

The current research findings clearly show that RAPD
markers can efficiently be used as a marker for the
characterization and variability analysis among F. moniliforme
var. subglutinans isolates causing mango malformation from
different geographical regions of India. Hence, this study further
helps in ameliorating the disease using proper management
practices which can be implemented efficiently.
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