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ABSTRACT

Blast of finger millet is a major biotic constraint known to reduce finger millet production
worldwide. It is caused by Magnaporthe grisea, who attacks all the three plant parts viz.
leaf, neck and panicle, hence, the present experiment was undertaken to characterize leaf,
neck and panicle-derived isolates through morphological characterization and ITS
amplification. Ragi Yeast Lactose Agar was the best medium for growth and sporulation of
all the M.grisea isolates with 7.51mm/day growth rate. Colour of aerial mycelium varied
from creamy white to greyish black with circular colony and crenate edge. All the isolates
tested show cultural variability with neck -derived isolates had maximum radial growth and
finger-derived isolates produced maximum number of conidia. A phylogenetic tree
generated from ribosomal DNA-internal transcribed spacer sequences revealed that all the
isolates have remarkable similarity with one another.
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Introduction

Blast of rice is a very notorious disease due
to the huge losses it causes in all the rice
growing area all over the world (Pal et al.,
2015). Alike in rice, blast is also a major
concern for Ragi or finger millet (Eleusine
coracana) growers worldwide. Ragi blast is
caused by Magnaporthe grisea isolates
pathogenic to E. coracana but not rice
(Ramakrishnan et al., 1996). This disease
causes huge harvest losses from 28% to as
high as 80-90% in susceptible varieties
(ICRISAT and FAO, 1996). In India, M.
grisea isolates from finger millet have been
subjected to both phenotypic and genetic
analysis. The Internal Transcribed Spacer
region is now the most widely sequenced
DNA region in fungi. It has typically been
most useful for molecular systematic at the
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species level, and even within the species
(e.g. to identify geographical races).
Analysis of ribosomal DNA frequently has
been used in mycological investigations
(Bruns et al., 1991). Bussaban et al., (2003)
used the combination of spore morphology
and ITS ribosomal DNA sequences data and
suggested that conidial shape could be a
primary character to distinguish Pyricularia
from related genera. Caps et al., (1994)
evaluated genetic diversity of M.grisea
isolates from different host plants with
ribosomal DNA polymorphisms (RFLP, ITS
sequences). Viji et al., (2001) studied the
population structure and host specificity of
gray leaf spot isolates by comparing DNA
fingerprints obtained with Pot2 and data on
ITS sequences showed that perennial rye
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grass pathogens are closely related to wheat
and triticale pathogens.

The outbreaks of finger millet blast
epidemics in recent years have served as an
impetus for a further understanding of the
pathogen on finger millet (ICRISAT and
FAO, 1996). Blast pathogen is of
hypervariable nature which leads to the
breakdown of host resistance. There are
three distinct stages of plant growth in
which plant is highly susceptible to infection
of M. grisea, viz., seedling stage, and neck
emergence and ear-head stage. Infection
during these 3 growth stages leads to the
development of leaf blast, neck blast and
panicle blast. Because M. grisea causes
three types of symptoms on the same plant,
this leads to the hypothesis whether 3 types
of symptoms caused by same or different
isolates of the blast pathogen. Information
regarding variability or similarity amongst
isolates obtained from different parts of the
same plant was not available. Therefore, the
present investigation was undertaken to
characterize these 3 types of M.grisea
isolates obtained from leaf, neck and panicle
on the basis of  morphological
characteristics, their cultural variability and
ribosomal amplification.

Materials and Methods

Samples of infected leaves, panicles and
necks were collected from Bangalore,
Vizianagram, Jagdalpur and Ranichauri
during 2006-2008. Monoconidial isolation
of 90 isolates (30 each) was done on slants
of Ragi Yeast Lactose Agar medium
(RYLA; ground ragi seeds-20gms, lactose-
5gms, yeast extract-1gms, agar-20gms)
(Srivastava et al., 2009). Oatmeal agar
medium and Ragi yeast lactose agar medium
were used for comparison among the
isolates. Petri plates containing 25 ml of the
medium were inoculated at the center with 5
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mm diameter disc of actively growing
mycelium in three replications, for each leaf,
neck and panicle-derived isolate and
incubated at 28°C and stored in filter paper
disc as described by Valent et al., 1986.
Observations on radial growth, colony
characters and number of conidia were
recorded till the colony covered the full
plate. To compare the morphological
variations among different isolates of
Magnaporthe grisea, two factorial CRD
(Completely Randomized Design) was used.

DNA extraction — All isolates of fungus
were grown in liquid fries medium with

constant shaking at 100 rpm in an
environmental shaker (REMI, India). After
seven days of incubation at room

temperature, fungal mycelium was harvested
by filtration through Whatman filter paper
and washed with distilled water. Mycelial
mats were obtained and total DNA was
extracted following the procedure of Murray
and Thompson (1980) for plant DNA with
modifications for mini-scale preparation as
described by Scott et al., (1993). The
concentration of the DNA was measured by
using U. V. spectrophotometer (Thermo
Spectronic - Biomate 5) and adjusted to
40ng/uL and quality was assessed by a mini-
gel electrophoresis (1.0% agarose gel).

Ribosomal PCR amplification

PCR Amplification of 90 M.grisea isolates
was performed with long specific primers
synthesized from Life Technologies, India.
PCR reactions were performed using ITS1
and ITS4 primers (White et al., 1990). The
amplification was carried out in a 25 pL
reaction volume containing PCR Buffer 1X,
1.5 mM MgCI2, 0.4 mM each dNTP, 30 ng
primer, 3 U Tag DNA polymerase
(Biotools), and 30 ng of genomic DNA.
Initial denaturation was for 4 min at 94°C;
followed by 35 cycles of 1 min at 94°C, 1
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min at 55°C, and 1 min at 72°C; with a final
7 min extension at 72°C. The DNA products
were separated by gel electrophoresis on
agarose (1.4%) and 0.5 X Tris-borate (TBE)
buffer for four hours at 90 Volts. Molecular
(DNA) marker, size 100bp (Fermentas, Inc.)
was loaded along with the samples for
marking the bands. After applying 20 puL of
reaction and 5 pL of bromophenol blue
stain, the gels were treated with ethidium
bromide. The gels were later photographed
under ultra-violet light, utilizing the photo
documentation system, (Bio Rad).

Data Analysis

DNA fingerprints were scored for the
presence (1) or absence (0) of bands of
various molecular weight sizes in the form
of binary matrix. Data were analyzed to
obtain Jaccard’s similarity coefficients
among the isolates by using NTSYS-pc
(version 2.11W; Exeter Biological Software,
Setauket, NY, Rohlf, 1997). The SIMQUAL
program was used to calculate the Jaccard’s
coefficients. A common estimator of genetic
identity and was calculated as follows:
Jaccard’s coefficient = Nag/ (Nag+ Na+ Ng)
Where, Nag is the number of bands shared
by samples, Na represents amplified
fragments in sample A, and Ng represents
fragments in sample B. Similarity matrices
based on these indices were calculated.
Similarity matrices were utilized to
construct the UPGMA (Unweighted Pair-
Group Method with Arithmetic average)
dendrograms.

Results and Discussion

Colony characters of
Magnaporthe grisea isolates

ragi-derived

In an attempt to prepare a customized
culturing media for finger millet blast
isolates, Srivastava et al., (2009) developed
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a RYLA media. In present experiments,
RYLA media and Oat meal agar media were
compared regarding colony characteristics
of M.grisea isolates and data in Table 1
showed that Ragi Yeast Lactose Agar
(RYLA) was the best medium for the
growth and sporulation of all the 90 ragi-
derived blast isolates. The average radial
growth of the M.grisea on RYLA was 75.10
mm that was significantly higher than radial
growth on OMA. The pathogen produced
raised or fluffy and velvety growth on
RYLA with growth rate of 7.51mm/day. The
colour of aerial mycelium on RYLA
medium varied from creamy white to
grayish-black with circular colony and
crenate edge (Plate 1). The fungus had
luxurious growth on this medium, which
might be due to the availability of better
nutrition. It has been proved previously in
the case of rice, wheat and millet (Kato and
Yamamaguchi, 1980; Kato et al., 2000;
Yaegashi, 1981) blast that M.grisea isolates
are host-specific. Addition of ground ragi
seeds in the medium is providing an
excellent basic substrate for the growth and
sporulation of ragi-derived  M.grisea
isolates. These findings are confirmatory to
the findings of Srivastava et al., (2009) who
also found that RYLA medium promoted
growth and sporulation of ragi-derived
M.grisea isolates at 28°C and pH 7.5 with
abundant production of perithecia. Use of
ragi flour as a component of a culture media
is quiet economic and could be the cheapest
and effective source for culturing and
maintenance of this fungus. In case of rice
blast pathogen also, Hirata (1961) suggested
addition of 1% rice decoction enhanced the
mycelial growth of the fungus. While
comparing the growth rate of leaf, neck and
finger blast isolates it is found that of the
three types of isolates, neck-derived
M.grisea isolates were fastest growing in
comparison to leaf and finger-derived
isolates (Fig.1).
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Table.1 Cultural characteristics of ragi-derived Magnaporthe grisea isolates

Media Colony characters of ragi-derived Magnaporthe grisea isolates
Colour | Shape Edge Elevation Surface Growth rate
texture (mm/day)
RYLA | White | Circular | Crenate Raised Velvety 7.51
to grey
OMA Grey | Circular | Crenate | Submerged Velvety 7.24

CD (1%) 0.13

Fig.1 Growth rate of ragi- derived Magnaporthe grisea isolates
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Fig.2 Sporulation of ragi- derived Magnaporthe grisea isolates
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Fig.3 UPGMA cluster analysis of the 90 isolates of Magnaporthe grisea based on ITS primers
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Plate.1 Cultural variations shown by leaf-derived isolate (1L), finger-derived isolate (1F) and
neck-derived isolate (LN) of Magnaporthe grisea on (a) OMA and (b) RYLA
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a. OMA

Among all the 30 neck-derived M.grisea
isolates, isolate B13N had maximum growth
rate and radial diameter, R10F was the
slowest growing isolate. Fig. 1 showed that
all the isolates are having variations in terms
of their radial growth, irrespective of the
plant part from which they originated.

Maximum numbers of conidia were
produced by the finger-derived isolates (Fig.
2). Finger-derived isolate, R7F produced
maximum number of conidia (7.70X10°/ml)
followed by another finger-derived isolate,
B4F (7.00X10° /ml), B3F and B2F
(6.70X10° /ml and  6.00X10° /ml,
respectively).In case of, leaf-derived isolates

Leaf isolate
(1L)

Fingerisolate

(1F)

Neck isolate
(1N)
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b. RYLA

B5L ; while in the case of neck-derived
isolate, R4N produced maximum conidia
(4.90X10° /ml and 3.50X10° /ml,
respectively). In terms of sporulation also all
the isolates were showing variability i.e.
isolates obtained from leaves were variable
to one-another; neck and panicle derived
isolates were also variable. Hence, Ragi-
derived M. grisea isolates had variations in
their morphology and sporulation but these
variations were not specific for leaf, neck
and panicle-derived isolates. Ou (1985)
reported different growth rates of M.grisea
isolates among the different isolates and
media. Lee et al., (2000) also found that
growth rate and appearance of M.grisea
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cultures varied with individual isolate and
medium.

ITS amplification

ITS amplification of finger millet blast
pathogen population was done and it was
found that all the M.grisea isolates had of
455 base pairs (bp) amplicon. The size of
the PCR fragment using conserved ITS1 and
ITS4 primers in all the isolates was same
with an exception of B4L, B4F and B4N
isolates, these 3 isolates showed an identical
PCR product of >600 bp. Agarose gel
electrophoresis showed a single band from
most of the isolates but in isolates, R8L,
R8F and R8N two bands within the range of
450-600 bp were observed. In the cluster
analyses using Unweighted Pair Group
Method with Arithmetic mean (UPGMA)
method, most isolates regardless of their
origin were sorted into a large cluster (Fig.
3), while the remaining isolates were basal
to this group. Of all the isolates tested, 60
isolates were 100% identical to each other
and fell in one cluster while isolates, B4L,
BAF and B4N formed a closely related
cluster. Cluster one is divided into two small
clusters at 50% similarity. When DNA
fingerprints of leaf, neck and panicle-
derived M.grisea isolates were compared,
most of the leaf-derived isolates showed
noticeable similarity to the neck and panicle-
derived isolates and vice-versa (Puri and
Kumar, 2011). The presence of two bands in
three isolates, viz., R8L, R8F and R8N
suggested that they possessed two rRNA
operon and were identical (Boyer et al.,
2001).

Present study showed that growth
characteristics and sporulation behaviour of
different isolates from different organs of
same plant were overlapping, and were also
influenced by the type and amount of media
and environmental conditions. As such these
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characteristics are not very stable and hence
cannot be used to identify or group, organ-
specific isolates of M.grisea. DNA
fingerprinting and other molecular tools
were used globally to characterize blast
pathogen population in rice as well as in
grasses. These studies have suggested that
Pyricularia spp. isolated from different
hosts were genetically distinct (Borromeo et
al., 1993; Shull and Hamer, 1996; Kato et
al., 2000; Couch and Kohn, 2002; Goodwin,
et al., 2003). In the present study the
amplification of ribosomal region of all
isolates helps in the identification and
characterization of the isolates but this ITS
analysis was not able to generate enough
information required for grouping targeted
pathogen population according to their
origin i.e. leaf, neck and panicle of same
plant. This is a preliminary study to
characterize M.grisea isolates of finger
millet using a large population size.
Furthermore, a set of data generated by
using pathogenicity and molecular tools for
analyzing population of M.grisea isolates
infecting different plant parts will be useful
for studying diversity and molecular
characterization of these isolates.
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