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Head scab of wheat caused by Fusarium species is char-
acterized by bleaching of the wheat spike, shrivelled
kernels and accumulation of mycotoxins which may
cause various ailments in humans and animals. Un-
derstanding the variability of the fungal population
associated with head scab could improve disease con-
trol strategies. RAPD was used to study genetic varia-
tion in 15 isolates of Fusarium graminearum, collected
from naturally infected wheat from Punjab, Tamil Nadu
and high ranges of Himachal Pradesh during 2000-02.
A screening of sixty-one 10-mer oligonucleotide prim-
ers (OPAA 1-20, OPAC 1-20, OPAD 1-20, OPV 14),
revealed 19 RAPD primers which produced strong
and reproducible DNA amplicons by PCR. The ampli-
fication products were in the range of 300 bp to 1.2 kb.
Maximum number of bands (11) was obtained with
primer OPAD 12 followed by ten bands with OPAA
12. Punjab isolates of F. graminearum from Gur-
daspur (G 31) and Ludhiana (1.23) were found geneti-
cally most similar (91.38%), whereas Wellington
isolates of F. graminearum (W 5 and W 7) were found
genetically most dissimilar (14.92%). Cluster analysis
of band-sharing coefficients separated isolates of F.
graminearum into four clusters. Lahaul valley isolates
of F. graminearum (D 3, D 4 and D 5) grouped together
(Group I), while F. graminearum isolates of Punjab

*For correspondence. (e-mail: mssaharan7 @yahoo.co.in)

CURRENT SCIENCE, VOL. 92, NO. 2, 25 JANUARY 2007



RESEARCH COMMUNICATIONS

(G 31 and L 23) formed a separate group (Group II).
F. graminearum isolates of Wellington, viz. W 1, W 2,
W5 and W 3, W4, W6, W 8 clustered in groups IIT
and IV respectively.

Keywords: Fusarium graminearum, genetic variability,
head scab, isolates.

FUSARIUM species are important pathogens of almost all
cultivated crops. Mycotoxigenic Fusarium species cause
significant quantitative and qualitative losses to global
agriculture'. In addition, Fusarium species can cause se-
rious animal and human diseases by producing harmful
mycotoxins. Harvested grain is often contaminated with
mycotoxins such as nivalenol (NIV), deoxynivalenol (DON)
and zearalenone, which is unfit for consumption by poultry,
humans and pigs**. Although several Fusarium spp. can
cause head scab or head blight of wheat, F. graminearum
Schwabe teleomporph Gibberella zeae (Schwein) Petch is
primarily responsible for the recent epidemics in USA,
China and other countries>®. In the 1990s, scab caused an
estimated US $3 billion loss to wheat and barley farmers in
the US alone’. In India, F. graminearum causing ear blight
and scab of wheat was reported from Arunachal Pradesh®
and from Wellington, Tamil Nadu®!°, Losses of 15.1 to
29.0% in grain yield have been reported due to ear blight
incidence on different wheat varieties from Arunachal
Pradesh''. Maximum yield loss of 21.6% was recorded in
wheat variety PBW 222 due to Fusarium head blight in
Punjab'’,

Under the new WTO regime, wheat quality will be of
paramount importance as this disease may hinder exports
since Fusarium spp. are known to produce mycotoxins in
grains. Wheat head scab is currently a disease of minor
importance in India. However, due to global climate change
there are chances of having more rainy days and high
precipitation during the time of anthesis which will make
wheat vulnerable to head scab. During 2005, due to con-
tinuous rain in March in Punjab, head scab appeared in a
severe form on durum variety PDW 274 in Gurdaspur
area. Panayotou ez al."” have proposed that India will suffer
severely from potential changes in temperature and pre-
cipitation. Due to lack of effective fungicides for control-
ling the disease, the development of resistant cultivars
has become an important goal in breeding programmes of
cereal crops'. For applying efficient strategies in the breeding
process, knowledge about the genetic diversity and structure
of naturally occurring pathogen populations is indispen-
sable. Fusarium spp. identification by morphological
characters like size, shape of conidia and pigmentation
are highly dependent as these are influenced by cultural
conditions. Considerable expertise is required to distin-
guish between closely related species and to recognize
variations within the species'”. Studies on molecular variation
in Fusarium spp. are numerous'®'’. Like in other pathogen
systems, molecular techniques have become reliable and
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are highly suitable tools for identifying Fusarium species
and for assessing genetic variation within collections and
populations'®. RAPD offers a promising, versatile and in-
formative molecular tool to detect genetic variation
within populations of plant pathogens'’. Strains of F.
graminearum have high degree of phenotypic variability.
However, the genetic diversity of this fungus among Indian
isolates has not been studied using DNA markers. The
objective of the present study was to characterize F.
graminearum isolates belonging to different locations of
India at a molecular level.

Fusarium head blight (FHB) or head scab-infected sam-
ples were collected from naturally infected wheat earheads
in Punjab, the high ranges of Himachal Pradesh and Wel-
lington (Nilgiri Hills, Tamil Nadu) during 2000-02 (Table
1). Wheat seeds were surface-sterilized in 0.5% sodium
hypochlorite for 1 min, rinsed in sterile distilled water,
plated on potato dextrose agar*’ and stored at 4°C prior to
use. Identification of Fusarium spp. was got confirmed
by Indian Type Culture Collection (ITCC), Department of
Plant Pathology, Indian Agricultural Research Institute,
New Delhi.

Fungal cultures were grown in potato dextrose broth
containing potato flakes (200 g), dextrose (20 g) in 1000 ml
double distilled-water for 10 days at 25-28°C on a shaker.
Lyophilized mycelia (250 mg) of 15 F. graminearum iso-
lates which also showed pathogenic variability on a set
of Indian wheat varieties were used for the study’'*’.
DNA was isolated from fresh mycelia using the CTAB
method®’. PCR amplifications were carried out in a total
reaction volume of 25 ul comprised of 2 ul (20 ng) geno-
mic DNA, 2.5 ul PCR buffer (10X) containing MgCl,
(15 mM), 1 ul of 10 mM dNTP, 0.2 ul of Taq DNA poly-
merase (3 U/ul), and 2 pl (15 ng) each of oligonucleotide
primer using a thermocycler (MJ Res.). PCR conditions
consisted of DNA denaturation at 94°C for 2 min, 45 cycles
of 1 min at 92°C, 1 min at 37°C and 2 min at 72°C. Ampli-
fication products were electrophoresed in 1.5% agarose
gel in TAE buffer and visualized under UV light after
staining with ethidium bromide. The assays were repeated
at least thrice with each primer to confirm reproducibility
of the amplification.

DNA bands that could be scored unequivocally for
presence or absence were included in the analysis. Faint
bands were not scored. The binary matrix was built pair-
wise and the presence or absence of the determined RAPD
bands were scored as 1 and O respectively. The 100 bp DNA
ladder was loaded in each lane on agarose gel to determine
the band size. DICE coefficients were used to generate a
dendrogram using the SAHN clustering program, select-
ing the unweighted pair-group method with arithmetic
average (UPGMA) algorithm in NTSYS-pc™*. The relation-
ship among different isolates is given graphically in the form
of a dendrogram.

We used RAPD to determine the genetic variability
among 15 isolates of F. graminearum collected from dif-
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Table 1.

Fusarium graminearum isolates used in molecular analysis

Fusarium spp.

Collected from  Year of

(source of isolate) Place of collection Mountain/plain (altitude) soil/plant collection
Fg (D3) Lahaul valley (Himachal Pradesh) High Himalayas (4000 m) Wheat 2000
Fg (K4) Lahaul valley (Himachal Pradesh) High Himalayas (4000 m) Wheat 2000
Fg (D4) Lahaul valley (Himachal Pradesh) High Himalayas (4000 m) Wheat 2000
Fg (G31) Gurdaspur (Punjab) Foothills of Punjab (400 m) Soil 2001
Fg (L23) Ludhiana (Punjab) Plains (300 m) Soil 2001
Fg (G32) Gurdaspur (Punjab) Foothills of Punjab (400 m) Wheat 2001
Fg (DS) Lahaul valley (Himachal Pradesh) High Himalayas (4000 m) Wheat 2002
Fg (W1) Wellington (Tamil Nadu) Nilgiri Hills, Tamil Nadu (1850 m) Wheat 2001
Fg (W2) Wellington (Tamil Nadu) Nilgiri Hills, Tamil Nadu (1850 m) Wheat 2001
Fg (W3) Wellington (Tamil Nadu) Nilgiri Hills, Tamil Nadu (1850 m) Wheat 2002
Fg (W4) Wellington (Tamil Nadu) Nilgiri Hills, Tamil Nadu (1850 m) Wheat 2002
Fg (W5) Wellington (Tamil Nadu) Nilgiri Hills, Tamil Nadu (1850 m) Wheat 2002
Fg (W6) Wellington (Tamil Nadu) Nilgiri Hills, Tamil Nadu (1850 m) Wheat 2001
Fg (W7) Wellington (Tamil Nadu) Nilgiri Hills, Tamil Nadu (1850 m) Wheat 2001
Fg (W8) Wellington (Tamil Nadu) Nilgiri Hills, Tamil Nadu (1850 m) Wheat 2001

Fg, Fusarium graminearum; D, Dalang Maidan; K, Keylong; L, Ludhiana; G, Gurdaspur.

Table 2. RAPD primers used in the study of intraspecific variability of F. graminearum isolates

Sequence
Primer (5" to 3) No. of amplicons Size range of amplicon (bp)
OPAD-4 GTAGGCCTCA 7 600-2072
OPAD-5 ACCGCATGGG 6 800-1500
OPAD-10 AAGAGGCCAG 6 500-1700
OPAD-12 AAGAGGGCGT 11 500-2072, one band > 2072
OPAD-14 GAACGAGGGT 9 400-2072, one band > 2072
OPAD-15 TTTGCCCCGT 7 750-2072, one band > 2072
OPAA-7 CTACGCTCAC 7 650-2072, one band >2072
OPAA-8 TCCGCAGTAG 6 800-2100
OPAA-9 AGATGGGCAG 5 300-1200
OPAA-12 GGACCTCTTG 10 400-2072, one band > 2072
OPAA-13 GAGCGTCGCT 9 450-2072, two bands > 2072
OPAA-16 GGAACCCACA 9 900-2072, four bands > 2072
OPAA-17 GAGCCCGACT 8 700-2072, one band >2072
OPAC-3 CACTGGCCCA 5 750-2072, one band > 2072
OPAC-10 AGCAGCGAGG 6 900-2072, 2 bands >2072
OPAC-11 CCTGGGTCAG 6 500-1700
OPAC-12 GGCGAGTGTG 5 1100-2072, one band > 2072
OPAC-17 CCTGGAGCTT 7 800-2072, one band > 2072
OPAC-19 AGTCCGCCTG 8 55-2072, one band > 2072

ferent regions of India. From the initial screening of sixty-
one 10-mer oligonucleotide primers (OPAA 1-20, OPAC
1-20, OPAD 1-20, OPV 14), 19 informative primers were
selected for analysis of all the isolates (Table 2). Primers
which resulted in minimum five distinct bands were used
for amplifying all the isolates. The level of polymorphism
was different with different primers among different isolates
(Figure 1). No primer alone could differentiate all the F.
graminearum isolates.

The number of polymorphic bands generated by all
RAPD primers and their sizes (bp) is given in Table 2.
We detected most of the polymorphic fragments ranging
from 2072 to 300 bp. Maximum number of bands (11)
was scored with primer OPAD 12 followed by ten bands
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with OPAA 12 (Table 2). A minimum of five fragments
were amplified with primer OPAA 9 (Table 2). The ampli-
fication products were in the range of 300 bp to 1.2 kb
with this primer. An example of DNA fingerprints ob-
tained with some RAPD primers is shown in Figure la—f.
Multivariate analysis was conducted to generate a similarity
matrix using DICE coefficient to estimate genetic diver-
sity and relatedness among 15 F. graminearum isolates.
Isolates from Punjab, viz. G 31 (Gurdaspur) and L 23
(Ludhiana) were genetically similar (91.38% similarity),
while Wellington isolates (W 5 and W 7) were genetically
dissimilar (14.92%). Coefficient of genetic similarity was
calculated by the UPGMA method. These similarity coef-
ficients were used to construct a dendrogram using

CURRENT SCIENCE, VOL. 92, NO. 2, 25 JANUARY 2007



RESEARCH COMMUNICATIONS

4 S 678 210 NN2IZKISIONT

1. 8.3

KO0

Figure 1.

1 2 34856 789 1011213 14151617

o0

123 4

S6 7 8901121341516 17

23 s T 890010 121314151617

DNA fingerprint profiles of 15 isolates of Fusarium graminearum obtained with primers OPAC3 (a), OPACI10 (b),

OPAA16 (c), OPACI19 (d), OPADI12 (e) and OPADI14 (f). Lane 1, 100 bp ladder; lanes 2—17, F. graminearum (Fg) isolates D3,
K4, D4, G31,1L23, G32, D5, W1, W2, W3, W4, W5, W6, W7, W8, respectively, except F. semitectum isolate in lane 7.

UPGMA analysis to determine the grouping of isolates
(Figure 2). Coefficient of similarity among F. graminearum
isolates ranged from 14.92 to 91.38%. The dendrogram
obtained from cluster analysis of the DNA fingerprints
revealed a great deal of heterogeneity among the isolates
as forming four clusters. Out of four Lahaul valley isolates,
three (D 3, D 4 and D 5) grouped together (Group I), while
one (K 4) did not group in any cluster. F. graminearum
isolates from Punjab (G 31 and L 23) formed a separate
group (Group II). One isolate (W 7) collected from Welling-
ton clustered along with F. graminearum isolates of Pun-
jab (G 31 and L 23) in Group II. F. graminearum isolates
from Wellington (W 1, W 2 and W 5) formed a group
(Group III), while other isolates obtained from Wellington
(W 3, W4, W6 and W 8) clustered in a separate group
(Group IV).
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This study has shown that there is considerable geno-
typic variability among F. graminearum isolates obtained
from infected wheat earheads from different geographic
regions of India. This variation may be because isolates
belong to different geographic regions of India where the
climate and farm practices and/or crop rotations vary
greatly. There are differing reports in the literature on the
genotypic diversity among the isolates of F. graminearum.
Using PCR-based DNA fingerprinting, low genetic diversity
among the isolates of F. graminearum was noted in Canada®.
Genetic characterization of European isolates of Fusarium
species associated with FHB revealed large variation
among isolates of the Fusarium species’®?’. Genetic diver-
sity among isolates of F. graminearum in a recent study
of 72 isolates from Queensland, Ontario and Prince Ed-
ward Island revealed that each isolate possessed a unique
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DNA profile’®. In F. graminearum, genetic variation can
be introduced and maintained by mutation and somatic
recombination of heterokaryons during asexual propoga-
tion via conidia. Furthermore, this species is homothallic
and can undergo selfing and outcrossing with a high poten-
tial of recombination during meiosis leading to variation
among ascospore propagules®. Using a large set of RAPD
markers, high genetic diversity among F. graminearum
isolates within fields and within heads of wheat has been
observed in Germany’’,

RAPD has been successfully used to identify strains
and races in phytopathogenic fungi’"**. It has also been
used for studying inter- and intraspecific variability among
populations from different as well as from the same geo-
graphic regions™. The RAPD pattern analysis showed
variations at DNA level and is thus suitable for differen-
tiation of Fusarium isolates below species level'®*>*,
Traditional markers used to study the variability in plant
pathogens are based on the differential hosts, cultural
characteristics, morphological markers and biochemical
tests. These markers distinguish pathogens on the basis of
their physiological characters, i.e. pathogenicity and growth
behaviour. However, these markers are influenced by
host age, inoculum quality and environmental conditions.
Moreover, these techniques are time-consuming, laborious
and in some host—pathogen systems, including FHB of
wheat, differential hosts are unavailable. In such cases,
molecular markers are used for studying genetic variabi-
lity in plant pathogens™. Using PCR, closely related
strains of a pathogen can be distinguished without prior

D3 Groups
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G32

|C13]

lo3| T

w7

wa| TI
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w4
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v
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Figure 2. Dendrogram obtained from the combined dataset of 15
F. graminearum isolates with UPGMA based on DICE coefficient.
Branches are labelled by isolate numbers. D, G, L, W and K represents
F. graminearum isolates of Dalang Maidan, Gurdaspur, Ludhiana, Wel-
lington and Keylong, respectively.
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knowledge of the nature of polymorphic regions by the
use of RAPD. PCR-based DNA fingerprinting, particu-
larly with short oligonucleotide primers, has been used by
various researchers for the analysis of genetic variation in
plant pathogens'’.

In the present study, Dalang Maidan isolates of F.
graminearum (D 3 and D 4) which were found to be more
aggressive in causing head scab on Indian wheat varieties
clustered into one group, while Ludhiana and Gurdaspur
isolates (L 23 and G 31), which were less aggressiveﬂ,
formed a separate group. Wellington isolates of F. grami-
nearum also formed a separate group, though these iso-
lates also caused severe effects on a set of wheat varieties
compared to Punjab isolates of F. graminearum®'. This
large genetic variation detected at the DNA level indicates
the ability of a pathogen to adapt to different life-cycle
conditions. Since host resistance is quantitatively inherited
in FHB, resistance genes of different origin should be
pyramidized for effective management of disease.
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Anti-inflammatory and antitumour
activities of cultured mycelium of
morel mushroom, Morchella esculenta

B. Nitha, C. R. Meera and K. K. Janardhanan*
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Mushrooms are nutritionally functional food and a
source of physiologically beneficial and non-toxic
medicines. They have been used in folk medicine
throughout the world since ancient times. Morchella
esculenta (L) Pers. is an edible and highly priced
mushroom. Commercial cultivation of this mushroom
has not been successful till now and hence its mycelinom
is extensively used as a flavouring agent. Anti-infla-
mmatory and antitumour activities of ethanolic extract of
cultured mycelium of M. esculenta were investigated.
The extract showed significant dose-dependent inhibi-
tion of both acute and chronic inflammation. The ac-
tivity was comparable to that of the standard reference
drug, Diclofenac. Antitumour activity of the extract
was determined using both DLA cell line-induced
solid tumour and EAC cell line-induced ascites tu-
mour models in mice. The extract exhibited significant
antitumour activity against both ascites and solid tu-
mours. The finding suggests the potential therapeutic
use of aqueous-ethanolic extract of morel mushroom
mycelium in chemotherapy.

Keywords: Anti-inflammatory activity, antitumour acti-
vity, cultured mycelium, medicinal mushrooms, Morchella
esculenta.

INFLAMMATION, a fundamental protective response, can
be harmful in conditions such as life-threatening hyper-
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